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AMMA International Implementation Plan (IIP)

The IIP is composed out of an Introduction chapter and 10 TT-documents written within
different time periods due to project development.

The following versions of the whole document or of TT-documents were subsequently published:

Version 1.0~ September 2005
Version 1.1 December 2005
Version 2.0  March 2006
Version 3.0  May 2006

Note: The version indicated at the footnote of each TT-document indicates the version
incorporating the latest changes.
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PREAMBLE

This document is a detailed description of the observing strategy and related
actions carried out to fulfil the scientific objectives of the AMMA international
program, as given in the AMMA International Science Plan.

In 29 countries, more than 140 institutions countries are involved in AMMA,
representing a still larger number of laboratories. The number of active scientists
is in the order of 400 to 500, contributing to the various components of the
program: long term observing program, EOP and SOP field campaigns, diagnostic
studies, preliminary modelling work, data base construction. One challenge in
AMMA is fo build a coherent international program from research proposals
funded and evaluated in a national of pan-national framework. This challenge
starts at the scientific level by setting priorities in our scientific objectives. It
then translates into the observing strategy and associated deployment
requirements. Making sure that there is a real coherency and good coordination of
all the field work scheduled by each of the various AMMA components is the
major task of the International Coordination and Implementation Group (ICIG).
This is a difficult but necessary commitment if one wishes to reach the overall
ambitious scientific goals of the program, and not only the piece wise goals of
each individual project.

To that end, AMMA has been structured in Task Teams (TTs) and Support teams
(STs), defined around a coherent ensemble of instruments in term of observing
strategy. The task teams are thus cutting across the scientific working groups
set up by the International Steering Scientific Committee, as well as across the
individual projects composing AMMA. The organisation of the IIP thus follows the
way the AMMA implementation is structured. Each TT has produced a TT
document which constitutes a chapter of the IIP. Note that each TT document
includes information on how the observations are related to satellite monitoring
and, when applying, to the modelling strategy.

There does exist a self consistency of each Task Team, but there are also natural
links between them. The articulation with the activities of other TTs is thus the
object of one section in each TT chapter.

The current version presents the status of the AMMA implementation at the
start of the SOP (2006). There are still some lacking elements which will be
added as soon as they become available.

As such it is hoped that this Implementation Plan will help AMMA insiders and
outsiders to obtain a global vision of the AMMA deployment and will also
effectively support the field activities.
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Introduction, Version 3.0, 23 May 2006

Chapter 1

Overall Observing Strategy in AMMA

1 A brief reminder of the AMMA Scientific objectives

The three overarching goals of AMMA, as given in the AMMA International Science Plan (ISP)
are:

(1) To improve our understanding of the WAM and its influence on the physical, chemical and
biological environment regionally and globally;

(2) To provide the underpinning science that relates climate variability to issues of health, water
resources, food security and demography for West African nations and defining relevant monitoring
and prediction strategies;

(3) To ensure that the multidisciplinary research is effectively integrated with prediction and
decision making activity.

A detailed description of all the interlaced scientific questions deriving from the above overall
objectives is given in the ISP. The ambition of the programme is both to improve our understanding of
the numerous processes that are the skeleton of the WAM and to gain a new knowledge on how these
processes interact to form a climatic system, characterised by a great interannual and decadal
variability. The consequences of this variability for the population are huge. Unreliable rainfall, poor
predicting capacity, rapid modification of the environment combine to produce harsh agricultural
conditions and to threaten the success of development policies.

The AMMA observing program reflects the complexity of its scientific agenda. While
individual processes are often spanning a limited range of scales, documenting them all, as well as
their interactions, requires a specific observing program covering a broad range of relevant scales,
from regional to local. Factors originating outside of the study area have been demonstrated to interfer
with the WAM, which draws attention towards the global scale. Impact of the WAM variability on
population is felt at the scale of the field plot, which means studying how the regional scale variability
is transferred to the local scale.



Overall AMMA Strategy -1.2-

2 Space and time scales of the AMMA observing program

In order to elaborate a coherent observing strategy and to take into account the multi-scale
nature of the various components of the West African monsoon, the observing strategy of AMMA is
built around a combination of different study areas and observing periods. These are designed to
sample the main space and time scales of interest to AMMA.

2.1 Space scales and study areas
Four main interacting spatial scales are identified, as illustrated in Figure 1.1 above :

(i)

(i)

(iii)

(iv)

Global scale. This is the scale at which the WAM interacts with the rest of the globe;
emphasis is given to improving our understanding of the role of global SST patterns on
WAM variability; seasonal-to-decadal variability are the main time scales of interest. On
this scale we are also concerned with the impacts of chemical and aerosol emissions from
the monsoon system on the entire global climate.

Regional scale. This is the scale at which emphasis is given to improving our
understanding of the interactions between the atmosphere, land and tropical Atlantic
ocean (especially the Gulf of Guinea). It is important to study the role of surface
feedbacks on variability of the WAM at this scale, including the key roles of vegetation
and soil moisture over the continent and SSTs in the Gulf of Guinea. African Easterly
Waves (AEWS) and other synoptic systems are also studied at this scale. This scale
corresponds to a window larger than the one shown in Figure 1.1; it includes a larger
portion of the Ocean to the West and to the South, extends North to the Heat Low
(sounding stations in Tessalit and Tamanrasset) and East to Soudan (sounding station in
Khartoum).

Mesoscale. This is the scale of the typical rain-producing weather systems in the WAM. It
is central for studying the variability of rainfields at the seasonal scale and the coupling
between hydrology and the atmosphere at the catchment scale. It is important to study the
interactions of the mesoscale weather systems with synoptic scales (e.g. AEWSs). In Figure
1.1, this scale is illustrated by the Ouémé catchment (14600 km3).

Local scale or sub-meso scale. From an atmospheric point of view, this is the convective
rain scale, of a few kilometres; it is central to the hydrology of the Sahel and of small
watersheds to the south; it is the main scale of interest for agriculture. In Figure 1.1, this
scale is illustrated by the Donga catchment (576 km?)

AMMA emphasizes the importance of improved understanding of how these scales interact and
combine to characterize the WAM and its variability, including how these interactions impact sources
and transport of water vapour, aerosol and key chemical species (e.g. key greenhouse gases, ozone and
aerosol precursors) in the West African region and globally.

IAMMA International Implementation Plan — Version 3.0}
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Fig 1.1. The regional scale AMMA study area. The radiosounding stations on the continent and the PIRATA buoys are the primary source of in situ information at that scale, in
addition to the observations of the meteorological and hydrological operational networks.
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Fig 1.2. The long term AMMA observations on the continent. On the continent, the regional scale is monitored
both through operational networks and specific networks (PHOTON, IDAF for aerosols and wet/dry deposits). The
three mesoscale areas (Gourma, Niamey, Ouémé) include so-called super-sites and intensive local sites (as shown
by the zoom on the Ouémé catchment). Another mesoscale site is the Nakambé catchment in Burkina-Faso.

2.2 Time scales and periods of study

Three periods of study are considered in order to sample the interannual variability and the
intraseasonal variability as well as to be able to properly document the mean seasonal cycle, and possible
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-1.5- Overall AMMA Strategy

decadal scale trends. These three periods are the Long term Observing Period (LOP: 2001-2010), the
Enhanced Observing Period (EOP: 2005-2007) and the Special Observing Period (SOP: 2006).

221 LOP

Given the great variability of climatic conditions from year to year, observations are needed over
several annual cycles in order to gain a proper vision of the diversity of the seasonal cycles, around a
mean state which is only a statistical concept, but is never observed as such. The operational networks are
precisely intended at this type of monitoring. However, operational networks are not dense enough to
sample properly the spatial scales of interest when studying the links between the climate, the water cycle
and the vegetation dynamics at the intrasesonal scales. Rainfall for instance has been shown to be
extremely variable in space over the Sahel with characteristics scales in the order of 20-30 km, event
when considering accumulation over the whole rainy season. It stems from this that the operational
networks cannot sample the great variability of the seasonal rainfields and that the global rainfall indices
supposed to characterise the rainy season are giving an oversimplified image of what the rainy season is.
Since many other climatic and environmental variables are dependent on rainfall, this mere fact
underlines how important it is to densify, at least locally, the operational networks. Moreover the
operational networks of West-Africa are not in an homogeneous state of maintenance and reliability all
over the region. For this decadal scale documentation of the climate and the environment AMMA is thus
relying on specific observing systems that do not cover the whole region but provide a sampling of the
main eco-climatic conditions encountered in West Africa (Fig 1.2). These systems are part of the
Observatoires de Recherche en Environnement (ORE) program setup by the French ministry of Research.
Five such OREs (2 over the ocean, 3 over the continent) were specifically setup in 2001, building on
previous observations, some of which started as far back as the 1980's.

Special Observing
Period

Specific
measurements for
the EOP

ORE + Operational

networks , Post-EOP

2001 o0z 20032 2004 2003 200E 2007

LOP

< »
>

Fig 1.2. The AMMA observing periods.
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Table 1.1. Parameters measured by the 5 OREs covering the AMMA region since the early 2000's.

ORE Name Parameters Instruments

PIRATA Ocean-atmosphere Fluxes 10 Atlas Buoys

http://www.brest.ird.fr/pirata/
SSS Sea Surface Salinity XBTs and Thermo-Salinographs, since 2003, along

http://www.brest.ird.fr/sss/salinit1. commercial routes.
html

CATCH Hydrology, Vegetation 3 mesoscale sites (Gourma, Niamey, Ouémé):
http://www.Ithe.hmg.inpg.fr/catch/ observations from the mid-1980's and the 1990's.

Increased density of measurements from 2001.
IDAF (DEBITS) Atmospheric Deposits 5 stations in the AMMA region. First installed in 1993.

PHOTONS (AERONET) Aerosols 8 stations from 2001, 2 additional from 2005

Oceanic OREs (see also maps in Chapter 8, TT6).

PIRATA (http://www.brest.ird.fr/pirata/piratafr.html), 10 atlas buoys in the Atlantic Ocean; 5 are
managed by IRD, located at 23°W-0°N, 10°W-0°N, 0°E-0°N, 10°W-6°S and 10°W -10°S; 5 are managed
by Brazil, located at 35°W-0°N, 38°W-4°N, 38°W-8°N, 38°W - 12°N and 38°W-15°N.

SSS (Sea Surface Salinity). Based on data provided by commercial ships, this ORE monitors sea
profile temperatures (XBT) and sea surface salinity (http://www.brest.ird.fr/sss/salinitl.html and
http://www.brest.ird.fr/xbt/xbtorst.html).

Other oceanic international programs of interest to AMMA include the surface drift buoys (SVP)
recording SSTs in the framework of the GOOS Global Drift Programme (http://www.aoml.noaa.
gov/phod/dac/gced.html) and the deep drift buoys (PROVOR) providing every 10 days profiles of
temperature and salinity in the framework of the ARGO program and its French component CORIOLIS
(http://www.ifremer.fr/coriolis/).

Continental OREs.

CATCH: An ensemble of three sites (see Fig. 1.1) devoted to studying the hydrological cycle from
the local to the mesoscale and to its coupling with the vegetation dynamics. The three sites are: Gourma a
25000 km2 area in Mali (2°W-1°W; 14°30'N-17°30'N), CATCH-Niamey a 16000 km?2 area in Niger
(1°40'E-3°E; 13°N-14°N), Ouémé a 14600 km? catchment in Bénin (1°30'E-2°45'E; 9°N-10°10'N). On
Gourma the emphasis is on the vegetation studies with the aim of regional modelling of its dynamics. The
two other sites are densely instrumented in hydrological measurements (detailed maps in chapters 5, 6, 7).

IDAFE: A network of 5 stations documenting the atmospheric deposits; 3 are installed on each of the
CATCH super-site, and 2 are sampling the forest areas (Zoétélé in Cameroon and Lamto in Ivory Coast).

PHOTONS (http://www-loa.univ-IiIIel.fr/photons/). A transect of 4 Sahelian stations Sal, M'Bour,
Ouagadougou, Illorin, plus a station in Morocco (Dakhla), plus one station on each of the CATCH super-
site, that is a total of 8 stations. Note that in 2005, a photometer was installed in Cinzana (Mali) and one
in Maine Soroa (East Niger), thus enlarging and densifying the Sahelian transect for the 2005-2010
period. Further details may be found in Chapter 4 (TT2b)

Other long term programs of interest to AMMA over the continent include the German GLOWA
projects (GLOWA-Impetus on the Ouémé catchment and GLOWA-Volta on the Volta catchment in
Burkina-Faso and Ghana), and the Burkina EIER/INRAB Nakambe catchment.

The LOP also involves atmospheric monitoring on the routine synoptic and upper air networks of
the region (sounding stations shown in Figure 1.1). Some stations in the region have long and successful
climate records, and must be sustained throughout the period, both for direct climatic analysis and to
provide consistency in the atmospheric analyses (e.g. ECMWF reanalyses) in which they are assimilated.
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2.2.2 EOP

The Enhanced Observing Period (EOP) is designed for a detailed documentation of the annual
cycle of the surface and atmospheric parameters for convective to synoptic scales. As such it builds upon
the LOP setup and its mesoscale sites strategy associated with a regional monitoring. The enhancement of
observations over the mesoscale sites is done at two levels: i) a spatial densification of existing
measurements and ii) the installation of instruments allowing for the measurement of variables not
observed during the LOP, because these instruments are too costly to operate over such a long period. The
regional coverage is obtained through various actions: i) a restoration and upgrade of the radiosounding
network operated by ASECNA and national meteorological services; ii) installation of specific new
instruments deployed in networks. Added to this continental deployment are oceanic measurements
carried out by a research vessel during two annual cruises: one in June and one in September of each EOP
year.

As shown in Figure 1.2, some specific EOP instruments will remain in operation after the end of

the EOP, which means that there will be more instruments in operation during the post-EOP LOP than
during the preliminary 2001-2004 period.
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Fig 1.3. The EOP regional observing system on the continent.

2.2.3 SOP

The Special Observing Period, in 2006, focus on the study of processes specific of the main phases
of one monsoon cycle, that is: i) the dry phase (phase 0) lasting from November to February; ii) the onset
phase (phase 1) leading to the monsoon jump (end of June); iii) the well developed monsoon (phase 2:
peak of the rainy season over the Sahel, and little dry season on the coast) from the end of June to mid-
September; iv) the period most favourable for the tropical cyclogenesis over the Atlantic, lasting from
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mid-August to mid-October. This latter period is not a monsoon phase per se and it overlaps phase 2. It
was identified as a separate period (3) because of a specific interest for the Atlantic tropical cyclones that
hit the Caribbean and the South-Eastern coast of the USA; phase 3 is also of interest in certain aspects of
the aerosol export westwards over the Atlantic. While phases 0, 1 and 2 correspond to well defined
regional climatic patterns their exact time frame obviously varies from year to year. Now, the heavy SOP
deployment (aircraft and balloons) cannot cover continuously the entire year; thus only a limited part of
each phase will be documented by the full SOP setup. These sub-periods are called SOPO, SOP1, SOP2
and SOP3 as shown in Figure 1.4. A number of different platforms and instruments will be deployed in
these sub-periods, in different characteristic modes according to their needs and scientific outputs.

Some EOP ground-based networks will be enhanced regionally for a large part of the SOP year —
for instance the GPS network and lidar networks will be enhanced in this period. At the same time new
ground-based systems will be installed for the SOP year: as an example, the ARM Mobile Facility (AMF)
is now installed at Niamey and will operate until 31 December 2006. Other ground-based systems will be
installed for sub-periods, according to their scientific priorities (e.g. radars to target precipitation systems
in the rainy months of SOP1 and SOP2).

Ships, balloons and aircraft, whose deployments are by necessity relatively short, will be
coordinated with the ground-based deployments for specific parts of the SOPs, as illustrated in Fig. 1.5.
Within a given SOP, specific aircraft campaigns are defined with a suffix *_al’, * a2’ or *_a3’, so that,
for example, the second phase of aircraft activity in SOP2, at which we aim to deploy 5 research aircraft
in cooperation, is denoted SOP2_a2. The detailed coordination of these instruments is elaborated later in
this Implementation Plan.

AMMA SOP Year: 2006

Monsoon Phases [[i]: Dry Season |Transition} i 2: Post ONSET
January i F%béuaryi March 5 April 5 May | June July i ugust lStembel’i October E Novemberi December
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<--- SOP Ground instruments remaining on site for the whole annual cycle (AMF, Aerosol Measurements, Lidars, ...) ---->

Fig 1.4. The SOP sub-periods
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Fig 1.5. The SOP regional observing system. Instruments displayed in red are specifically deployed for the SOP.
Note however that not all SOP instruments will be in operation for the whole 2006 year, the deployment of some
instruments being limited to a single SOP (see SOP chapters 9 to 11 for details).

3 Presentation of the main AMMA entities

The implementation of the AMMA field programme is coordinated by the International
Coordination and Implementation Group (ICIG). This group reports to the ISSC, and is responsible for
coordinating the diverse needs of the science teams and instrument teams within AMMA. Given the
broad timescales, spatial scales and multidisciplinarity of AMMA, the ICIG has chosen to structure the
implementation according to temporal scale, LOP, EOP and SOP as defined above. Following this
approach, the implementation is being coordinated by teams whose shared objectives lie in these scales.
These teams are termed ‘Task Teams,” and their remit has been to define coordinated deployment
strategies for sets of instruments with shared objectives. There are certain principles which underlie this
choice of management structure for the implementation:

o AMMA is a multidimensional and multidisciplinary programme, and it is imperative that
communication between Task Teams, and an effective overall vision of the implementation is not
lost. It is the role of the ICIG, reporting to the ISSC, to hold this integrative vision of the
programme.

e Every instrument is managed by at least one Task Team.

e Some instruments with different modes of activity (e.g. radiosondes) may be managed by more
than one Task Team.

o The work of the task teams is a continuous process of refinement of strategy, which will evolve
during the months leading to the actual deployment, and which includes ‘responsive’ strategy
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during the deployment (for instance, the SOP Task Teams are responsible for flight-planning).
However, the work of the Task Teams is time-limited: following the respective periods of
deployment, the Task Teams will not be required and the responsibility for coordination of data

use will lie with the AMMA Working Groups (WGs), which report to the ISSC.

Table 1.2. The AMMA task teams
TT# TT Name Time and Space Scales Type of sampling
TT1 EOP Sounding of the EOP; Regional Homogeneous over the whole
Atmosphere sub-continent, plus transects
TT2a  EOP Surface Flux Measurements ~ EOP; Regional to local scale Concentration on meso-scale
sites, plus station to the South
TT2b EOP/LOP Aerosols Monitoring LOP/EOP; Regional Sahelian transect & Super-sites
and radiation
TT3 EOP/LOP integrative studieson ~ LOP/EOP; Mesoscale to local ~ 1x1 km? "plots" distributed all
the Gourma meso-scale site scale over the study area
TT4 EOP/LOP integrative studieson  LOP/EOP; Mesoscale to local Homogeneous sampling at the
the Niamey meso-scale site scale mesoscale with denser
networks on a super-site
TT5 EOP/LOP integrative studieson  LOP/EOP; Mesoscale to local As in TT4, except for one
the Ouémé meso-scale site scale additional minor super site
TT6 EOP/SOP Oceanic campaigns &  EOP/SOP; Regional (Ocean) Cruises following "rails".
measurements in open ocean
TT7 Dry season SOP SOP; Regional to mesoscale Intensive observations using
aircraft & ground instruments
TT8 Wet season SOP SOP; Regional to mesoscale Intensive observations using
aircraft, balloons & ground.
TT9 Downstream SOP SOP; Regional/ Downstream Intensive observations using
aircraft, & ground instruments

In addition to the AMMA Task Teams, certain ‘Support Teams’ (STs) have been defined, in areas
where an aspect of the implementation crosses the temporal and disciplinary boundaries of the Task
Teams (e.g. ST3, the database team).

It should be made clear that support teams do not provide resources for AMMA scientists, but exist
as a coordination tool for different groups with similar needs. For example, ST2 (SOP Logistics) exists as
a forum between the numerous groups who are coordinating the logistical needs of instruments in Africa,
so that resources can be shared and good practice can be disseminated.

Table 1.3. The AMMA support teams

ST# ST Name
ST1  EOP logistics

Function
Inventories and synthesises the EOP TTs needs and interacts with the
AMMA Operation Centre to determine how these needs can be satisfied.
Evaluate the associated cost and human resources.
Inventories and synthesises the SOP TTs needs and interacts with the
AMMA Operation Centre to determine how these needs can be satisfied.
Evaluate the associated cost and human resources.
Meta data base, data base, data policy.
In charge of raising funds for AMMA-Africa, making AMMA known to
international funding agencies and program with the aim of attracting
funding to the African institutions and scientists involved in AMMA.
Organises summer schools, training sessions, field schools, workshops.
Centralises opportunities for training in University programs in Europe
or USA.

ST2  SOP logistics

Data base
Fund raising, capacity
building and training

ST3
ST4
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4 Sites and Instruments.

The AMMA field program relies on operational networks and on instruments specifically deployed
on various sites for periods of varying duration, as described above. In this section we first provide an
overview of the sites (see also maps 1.1, 1.3 and 1.5) and platforms on which instruments are deployed;
then two tables summarise the instruments in operation during the three main AMMA periods. More
details can be found in the TT chapters and in appendix.

4.1 Sites and Platforms

4.1.1 Ground Sites

Table 1.4. The regional scale windows and transects

Name Position Description Periods of
activity
Continental ~ 4°N -21°N; 18°W-10°E | The whole continental area of interest. The monitoring is 2001-2004
Regional based on the operational networks (Radio-sounding stations, 2005-2007
Window Synoptic stations, Raingauge national networks). IDAF and 2008-2010
PHOTONS networks*. Remote sensing plays a major role.
Sub- Regional | 5°N -18°N; 0-4°E + Includes the three main mesoscale sites, plus the ancillary 2001-2008
Window 11°N -18°N; 2°W-0° | sites of the Nakambe and Dano in Burkina Faso.
780,000 km?
Sahelian M'Bour, Cinzana, Aerosol (3 stations) studies during EOP and post EOP; 2005-2007
Transect Banizoumbou Convective systems studies (radars during SOP), including 2008- ?
their role in dust transport 2006
Water Budget | Cotonou, Tamale, Water budget closure studies during the SOP year 2006
Quadrilateral | Niamey, Abuja
South
* Note that the IDAF network extends to Zoetele 3°N,11°E (Cameroun) and PHOTONS include one station in Morocco.
Table 1.5. The mesoscale sites
Name Position Description Period of
activity
Ouémé |Bénin; 9°-10°N; 1.5°-3°E Densely instrumented catchment with denser instrumentation on sub- 1997-2007
2 catchments (Donga, Aguima, Ara).
Catchment 14200 km ISoudanian climate (different types of rain systems) and Savannah * p0§t E.OP
\Vegetation. monitoring
Global models; impact of climate variability on water resources.
Niamey Niger; 13°-14°N; 1.6°-3°E [The survey of the “Niamey square degree” started in 1990. Heavy 1990-2008
meso-site / 16000 km?2 / observations in 1992, monitoring from 1994 to 2002, densification + post EOP
. . starting again in 2003. o
KO_” de C"_’ltChment in th_e North-East OfSahelian climate with semi-arid vegetation (Millet crops, Tiger bush,...). monitoring
Dantiandou [Niamey meso-site 5800 km2  |Long series of high resolution rain data and groundwater levels.
Gourma [Mali; 14.5°-17.5°N; 2°-1°W ISahelian to saharo-sahelian climate (between isohyets 400 and 100 mm).| 1984-2008
30000 km?2 ISemi-arid natural vegetation composed of annual grasses and a sparse + post EOP
tree layer. Crops only present in the southern part of the area. 16 o
Vegetation sites monitored since 1984. Also satellite products validation | MONItoring
sites (vegetation, soil moisture).
Nakambé [Burkina; 14.1°-10.9°N; Sahelian climate (between isohyets 400 and 100 mm). Semi-arid natural | 2004-2009
2.5°-0.1°W: 40836 km? \egetation. Hydrological monitoring, erosion studies.
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Table 1.6. Super sites

Name Position Description Period of
activity
Donga Bénin; 9.6°-9.9°N; 1.6°-2°E S_ub-catchment oLt(rﬁOué_mé c)atcfgirgent Witr}la dense_recorfin% . 2002-2008
2 raingauge networ stations) and 5 streamflow stations. Land surface |
Catchment| 590 km process studies, hydrological modelling, coupling with the sub-surface pOiSt E.OP
and the atmosphere. monitoring
Aguima Bénin; 9.10°-9.14°N; 1.9°- | Sub-catchment of the Ouémé catchment, with a dense recording 2001-2008
o 2 raingauge network (9 stations, some are in neighbouring catchments) and |
Catchment| 2°E, 30 km 5 water level recorders, 3 weather stations. Evaporation and soil pO_St E.OP
moisture measurements. Land-surface process and agricultural studies; monitoring
hydrological modelling.
Niamey Niger; 2°35°-2°48"; Kori de Dantiandou and adjacent areas. Dry vegetation cover. Land 1991-2008
. 09E7_1720E? 2 surface process studies, hydrological modelling, coupling with the sub- +
Super- Site 13°25°-13°45’, 600 km surface and the atmosphere. Rainfall vs vegetation spatial relationship, pO.St E.OP
at the local scale monitoring
Titao Burkina Faso; Sub-_catcE_merF Iocgited in_the north Iof thtle h:}akz_imbé gasin. Hy_drological, 2004-2009
A1 A° 0_noo erosion, bio climatic, environmental, soil physics and vegetation
Catchment| 13°40 124 N, 2°-2°2'W dynamics studies. Water, matters (solid and dissolved) and energy flux.
<50 km Three different soil surface types (bare soils, cultivated lands and natural
vegetation covered surfaces).
Dano Burkina Faso, 11.15°N, Sqdan Savannah,_dam at outlet of supcatchmgnt/testsite, 2005-2007
3.07°W. 20km? micrometeorological system and various devices for C/N/H20 turnover
Table 1.7. AMMA local intensive sites
Name Position Description Period of
activity
Ara Bénin; 9.9°N; 1.6°E Sub-catchment of the Donga and Ouémé catchments. Geophysical and 2003-2008
Catchment | 14 km2 geochemical studies. Flux measurements. X-Band radar and disdrometer.
Emphasis on process studies
Banizoumbou| Niger Ground based measurement of aerosols properties (physico-chemical, 1991-2008
(13031,30”,\] 2°38’21”E) optical) and dust fluxes measurements. Weather station. Local water
! budget.
iger: 2 Flux measurements ; Soil moisture; local recharge -
Wankama | Niger; 1,8 km I il moi local rech 1991-2008
Hombori- | Mali; 15.2°N, 1.3°W Sand dune site with a sparse tree cover. Annual rainfall : 370 mm (1920- | 2002-2008
Agoufou 1 km?2 2003). Vegetation and soil moisture measurements. Automatic Weather
Station. Flux measurements. Sun photometer. Validation of satellite
products. Vegetation modelling.
Tougou Burkina Faso; Sub-catchment located in the north of the Nakambé basin. Hydrological, | 2004-2009
Catchment | 13°40'39" N. 2°13'41" W erosion, bio climatic, environmental, soil physics and vegetation
) ! dynamics studies. Particle transport (solid and dissolved) and energy
36 km flux. Three different soil surface types (bare soils, cultivated lands and
natural vegetation covered surfaces).
Table 1.8. Other Local sites of interest to AMMA
Name Position Description Period of
activity
Dahra Sénégal Sahelian climate (300-450 mm rain) with semi-arid savannah vegetation. | 2005-2008
(Ferlo 15° 49' 09.012" N Annual grasses with a maximum height of 60 cm. Tree and shrub canopy
. o Mot o " cover generally < 5 %. Pastoralism is the dominant activity, but rain-
Region) 15°03'39.118" W dependent cultivation is an important secondary land use. Livestock are
present year-round
Lamto Cote d’lvoire Wet and dry atmospheric deposition. Vegetation studies 1991-2008
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4.1.2 Aircraft and Balloons
Table 1.9. Aircraft characteristics
BAe-146 | ATR-42 Falcon Falcon |Geophysica| DC8
G-LUXE F-HMTO F-GBTM D-CMET 55204 NASA
Weight 442t 16.9t 145t 13.81 246t
Wingspan 26.34m 24.57m 16.32 m 16.32 m 37.46
Length 31m 2267m | 17.15m 18.75m 22,87
w. Noseboom
Height 8.61m 7.59m 5.32m 5.37m 4.83
Take off field length 1600 m 1200 m 1400 m 1830 m >2000 m
Max. Payload 4t 46t 1.2t 1.65t 2.25
Scientific Payload, normal config. | 4 t 251 10t 1.20t 15t
Maximum Endurance 6 hours 5 hours 5 hours 4.6 hours | 5.5 hours
Endurance in AMMA config. 5 hours 3.5 hours | 4 hours 4,0 hours | 4.5 hours
Max cruising speed 796 km/h | 490 km/h | 871 km/h | 917 km/h | 720 Km/h
Scientific cruising speed 220-780 | 250-470 740 km/h | 250 - 720
Max. Range scientif. Config. 3200 km | 1200 km | 3220 km 2780 km | 2800 Km
Max. Range opt. conditions 3700 km | 2000 km | 4100 km | 3200 km | 3300 Km
Logistics
Flying Crew/ Equipage en vol 21 11 6 5-6 1
Ground Crew/ Equipe au sol 6 3 3 3 15
Fuel Weight (Jet A-1) 2800 1/h | 3500 I 4130 kg 4006 kg 7600 kg
GPU / Unité auxiliaire au sol 60 kva 28 kva 28 kva 28 kva 35 KVA
max 285 A | max 600A

Air Control
Low level flight 250" AGL | 150" AGL N 500" AGL N
Dropsondes Y': clearance N Y': clearance N N

Table 1.10. Aircraft deployement in SOP 1 (1% June- 15" June) and SOP2 (1* July- 15" September).

Dates (weeks) / Aircraft 20r5| /6| 12/6| 19/6| 26/6| 3/7| 10/7| 17/7| 24/7| 31/7| 78| 14/8| 21/8] 28/8] 4/9] 11/9] 18/

Bae 146 (UK) 17Juil. - 21 Aout | 22-28/8

ATR 42 (FR) ler - 15 Juin ler-15 Juil. 25 Juil. -25 Aout

F20 (FR) ler - 15 Juin ler-15 Juil. 25 Juil. -25 Aout ler-15 Sept

F20 (D) ler-15 Juil. 31/07 -18/08

M55(EU) 31/07 -18/08

from Niamey (Niger)
from Dakar (Senegal)
from Ouagadougou (Burkina Faso)

In addition to the aircraft listed in the table above, there is the possibility of including in the
AMMA deployment the Skyvan from Helsinki University of Technology (HUT) equipped with the
EMIRAD radiometer, operating from Niamey and/or Gao airport. The Skyvan has short take off and
landing capabilities (typically take off distance of 700m at sea level in standard conditions). The funding

of this aircraft is not yet secured

at that time.
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Table 1.11. Balloons requiring flight clearances
BPCL Drif-Sondes Stratospheric
(SBDS) balloons
Poids - Weight
Envergure — Wingspan 25m 12m 30m
Hauteur - Height 25.m 27m 70m
Aire de lancement/ Launching Pad 30x30m 100 x 100 m 100 m x 100 m
Endurance 15 days 15/20 days 6 hours
Max. Range envisioned for AMMA 400 km
Measured Parameters/ Paramétres | Coordinates + | Coordinates + P, | Coordinates + P, T,
P, T,RH T,U,RH U, RH, chemistry
Logistics
Ground Crew/ Equipe au sol: Science | 2 4 27
Ground Crew/ Equipe au sol: Technic.| 4 11 15
Air Control
Identification flashlight Radar transponder, | Radar transponder,
flash-lamp, Radar | flash-lamp, Radar
reflector reflector
Flight —Altitude- de Vol 850-900 hpa | 50/60 hpa 15000-30000 m
Dropsondes N Y: clearances N
Deployment / Déploiement
SOP1 (1 - 15 Juin) Cotonou
SOP2_al (1-15 Juillet) (1-30 June)
SOP2_a2 (20 Juillet-20 Ao(t) N'Djamena; 8 to | Niamey, about
10 launchings 15 launchings
SOP3 SOP2 and SOP3
interest
interest launchings
4.1.3 Research Vessels
Table 1.12. RVs characteristics
Measurements \ cruises Suroit Atalante Ron Brown | RV Météor | ITAF DEME
(EOP) (SOP)  (SOP) SOP*** SOP
Hydrology (CTDO2) YES YES YES YES YES*
Currents (S-ADCP and/or L- YES YES YES YES NO
ADCP)
Continuous SST and SSS (TSG) YES YES YES YES NO
Temperature profiles (XBT) YES YES YES NO YES*
Salinity profiles YES YES NO NO NO
(XCTD)
Surface drifters deployment (SST) | YES** YES** YES 7? ?
Surface drifters deployment (wind | YES** YES** YES 7? 7
& sea level pressure)
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Table 1.12 (followed). RVs characteristics
ARGO profilers deployment YES YES YES YES YES*
(T&S profiles)
Sea water samples for analysis (S, | YES YES YES YES YES
02, and nutrients)
Ocean microstructures YES *** | YES*** | ?? YES NO
(turbulence)
Helium (air and ocean) for partly YES **** | NO YES**** NO
upwelling rate estimate ool
Meteorological measurements YES YES YES YES YES
(classical station -eg BATOS-)
Atmospheric microstructures & NO YES NO NO NO
air sea fluxes (turbulence)
Radiosoundings (from vessel) NO YES NO YES NO
Sea water samples for analysis YES YES NO YES NO
(018, 13C & CO2 parameters)
Aerosol (photometer) YES YES NO NO NO
Drifting vertical temperature NO YES NO NO NO
profiles (MARISONDE)
*: provided and/or funded by (or in the framework of) AMMA-France (API)
** provided and/or (maybe partly) funded by (or in the framework of) AMMA-US (NOAA)
falaieb provided and funded in the framework of German CLIVAR-TACE contributions (IFM-GEOMAR)

*kkk.

4.2 Instruments

provided and funded in the framework of German SOLAS contribution (University of Bremen)

An AMMA instrument is defined as a sensor or set of sensors allowing for a coherent spatio-
temporal sampling of a geophysical variable or of a set of inter-related variables with respect to the study

of a given process. Following are a few broad types of instruments:

e |solated station making point measurements (ex : a meteorological station).

o Network of stations allowing for a coherent spatio-temporal sampling on a super-site or a meso-
scale site (typically a raingauge network, soil moisture measurement sites, a set of vegetation
plots, an ensemble of similar flux stations), or possibly at the regional scale (Photometres
Network, GPS Network, buoys Network).

o Isolated instrument making spatially integrated measurements and/or with a large spatial
coverage (typically a radar).

o A set of co-located instruments (aerosol, local water fluxes, aircraft instrumentation).

e Mapping Campaigns (vegetation, geophysics).

A complete list of all the instruments deployed in AMMA is given in appendix. The table below
provides a synthetic overview of this deployment. Note that the details of the deployment in the
framework of SOP3 are still not fully known, some funding issues being still not decided.
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Table 1.13. Summary of EOP and LOP instruments. Many instruments agglomerate several sensors, so the total
number of sensors corresponding to the 41 EOP instruments is in the order of a few hundreds.

Type of instruments Number of inst. Scale (or sites) TT
Deployed
(EOP - LOP)
RS networks, GPS network, 5-0 Regional 1,5
Ozone sounding
Met. Radars, UHF, VHF 3-0 Djougou (Rad. X, VHF) 1,5
Bamako, Ouaga (UHF)
Flux and Met. Station (isolated or 7-7 3 Mesoscale sites, most often on 2a,3,4,5
in networks); disdrometers super-sites
Other Flux measurements 2-0 Hombori, Djougou 23, 3,5
(Balloon, Scintillometer)
Aerosols 2-1 Sahel Transect + Lamto 2b, 5
Nox 2-0 Hombori, Djougou 3,5
Hydrological and vegetation 4-2 Gourma Mesoscale site 3
monitoring networks
Hydrological and vegetation 7-4 Niamey Mesoscale site 4
monitoring networks
Hydrological and vegetation 6-6 Ouémé Mesoscale site 5
monitoring networks
Buoys (XBT, CTD, ..) 3-6 Regional (Ocean) 6
EOP: 41
TOTAL LOP: 26
Table 1.14. Summary of SOP ground instruments.
Type of instruments Number of inst. Scale (or sites) TT
Deployed
RS & GPS networks, RS on the 7 Regional 15,6,8
ocean, Ozone sounding
Balloons: BVC and Drift 2 Cotonou & N'djamena 8
Radars, Profilers, Sodars 9 Dakar, Niamey, Djougou 8,9
Other Flux measurements 2 Niamey, Dano 8
(Balloon, Station)
Aerosols: Lidars 4 SS + M'Bour + Tamanrasset 2b, 7,8
Aerosols & Chem.: Nephelo., 4 Super-sites 2b, 7,8
Aethelometers, TMS, Impactors
Collection of Met., Flux, Profile 12 Niamey and Banizoumbou ARM Mobile
and Radiometric measurements Facility
Chemistry 1 Djougou 8
Met. And Fluxes on the Ocean, 5 Regional (Ocean) 6
Buoys (XBT, CTD, ..)
Miscellaneous (Lightning, ( 1 Djougou 8
TOTAL 47
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Chapter 2
Sounding of the Atmosphere
TT1

Andreas Fink, Serge Janicot and Doug Parker

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, VHF/UHF and
GPS Total Columnar Water Vapour (TCWYV) 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:

1)
2)
3)
4)

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:

SOPO Dry season processes: January/February 2006
SOP1 Monsoon onset: 1 June — 30 June 2006

SOP2 Monsoon maximum: 1 July — 15 September 2006
SOP3 Late Monsoon: 15 September — 30 September 2006

The upper air networks of radiosoundings, pilot balloons, UHF/VVHF profilers and GPS stations 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 operational network consists of some stations that have a good recent record of
soundings, and a number which are experiencing problems. AMMA aims at upgrading the existing
stations and will also add a few additional stations for the EOP. AMMA strives for the new stations at
Tamale, Abuja and Cotonou to be incorporated in the long term operational network.
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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, Abidjanl, 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.

2 Observing Strategy

2.1 Overall strategy

All suitable operational radiosonde stations in the AMMA region are listed in Table 2. The
upgrading of stations and the deployment of radiosondes has been designed around some key arrays of
stations.

In order to plan and prioritise the soundings, we have organized the stations into key arrays —
identified as "instruments”, for the purposes of different scientific programmes within AMMA. Several
stations appear in more than on of these arrays, highlighting the importance of these soundings to a
number of AMMA objectives. We suggest four groups of arrays (some of which consist of sub-arrays;
see also Fig.1)

(i) Monsoon array
Monsoon Inflow Stations: Conakry, Abidjan, Cotonou, Douala, Bangui
Climate array: Cotonou, Tamale, Parakou, Abuja, Niamey

This array is needed for study of the monsoon seasonal cycle, and for understanding of the
monsoon and ITCZ dynamics and fluxes throughout the full EOP period. The Monsoon Inflow Stations
monitor the profiles along the southern part of the summer monsoon region, in the zone where the low-
level monsoon winds are carrying moisture from the humid boundary layer over the Gulf of Guinea and
the Congo basin. The Climate Array quadrilateral monitors the seasonal, intra-seasonal, synoptic and
diurnal variations in the monsoon, as it penetrates inland, feeding moisture into the continent. For this
reason, higher frequency soundings (4 per day or more) are desired during the SOPs.

Note that there is likely to be extension of the climate array with soundings from the Ron Brown
research vessel in the Gulf of Guinea during SOPL1.

(ii) Zonal (Sahelian) array

This comprises a series of stations lying in the Sahelian zone across the continent, from Sal to
Addis Ababa, including Conakry (Fig.1).

! Note however that, despite being a GCOS station, Abidjan has not operated since its gas station exploded in June 2001

s Py
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This array is needed for the study of synoptic variability in the monsoon, since weather systems are
initiated in the east of the continent and propagate towards the west and into the Atlantic (where they are
known to initiate a majority of tropical cyclones). Furthermore, it is thought that intraseasonal
fluctuations in the rainfall, including the monsoon onset, are manifested as slowly-propagating anomalies
moving from the west. This array is also needed for validation of satellite winds and temperatures, and for
data assimilation studies. Owing to the northward advance of the monsoon, and the strengthening of the
synoptic variability, this array is of highest importance around the period of the summer monsoon,
including the onset and retreat phases.

(iii) Northern stations
Agadez, Tombouctou, Tessalit, Tamanrasset

These stations lie in a critical zone on the southern fringes of the Sahara. The soundings are needed
for measurements of the northern structure of African easterly Waves (AEW) disturbances, which are
known to be of importance in synoptic development further south, and in propagation over the Atlantic
(Reed et al. 1977, Pytharoulis and Thorncroft 1999), but have never been observed with comprehensive
upper air data. Tombouctou, being further west, is best placed for such study of AEWSs, which tend to
amplify as they move across the continent.

Tessalit is perfectly placed to observe the monsoon trough and heat low in the summer months, in a
zone where the model errors due to aerosol loadings can be large. In this regard, its position is better than
that of Tamanrasset, whose climate is somewhat affected by the Hoggar Mountains.

These northern soundings also represent an extension of the meridional Climate Array in the
summer period. They are needed for understanding of monsoon dynamics and the role of the diurnal
cycle in the zone of strongest thermodynamic gradients, during the monsoon peak. In this context, the
data from the Northern Stations will be used in association with surface observations from the northern
extensions of the flux station network.

These stations are of primary interest in the summer periods, when the low-level thermodynamic
gradients are located in the Northern Sahel.

(iv) SOP Flux networks (quadrilaterals, see Fig. 2)

Southern quadrilateral: Cotonou, Parakou, Niamey, Tamale, Abuja

Northern quadrilateral: Parakou, Tahoua/Birni/tAgadez/Kano, Tombouctou, Ouagadougou, Niamey
Western quadrilateral: Bamako, Dakar, Sal, Conakry, Nouakchott

At the centre of each quadrilateral, a meteorological radar is to be deployed. These quadrilateral
arrays are needed in process studies, for estimation of budgets in the water vapour and energetics of each
region. Such diagnostics are necessary for studies of cloud systems and hydrology. These methods have
been employed in related studies within the GATE, TOGA-COARE and IHOP experiments, for example.
A frequency of at least 4 soundings, during the SOPs, is needed for these purposes.

Due to limitations in hydrogen production, such high sounding frequencies may only be possible
through the use helium. Therefore, the costs and logistic challenges of distributing helium bottles to the
above-mentioned stations must be explored. The price of 9cbm helium in Niger is about $130 per
cylinder.

The US ARM programme will secure 4-daily soundings at Niamey throughout the year of 2006. A
temporary station, to be deployed during the SOP in a location to the east of Niamey, is required to
complete the northern quadrilateral of stations. Possible temporary sites for this station include Birni
n’Konni (13.80N, 5.25E) and Tahoua (14.90N, 5.25E). The Tahoua site would be priority. A substitute
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MODEM ground station from ASECNA Dakar can be relocated to Tahoua along with a spare DCP for
telecommunication purposes. The hydrogen provision problem has to be tackled. If a temporary
radiosonde facility is not available, Agadez or Kano are also possibilities to act as a completion of the
northern quadrilateral, making additional soundings as the easternmost point in the northern quadrilateral.

Note that we must be sensitive to the errors in budget estimates, which may arise where stations are
located close to major topographic features. For instance there may be problems arising from coastal
circulations at Dakar and Cotonou.

The anticipated frequencies of soundings on these stations are outlined in Table Al of Appendix 1.
Note that ‘responsive’ soundings are those which will be deployed flexibly, to support other
observational activities (e.g. aircraft and radar) at relatively short notice.

Intensive observing 10Ps have been proposed by TT8 for the onset period (around 22 — 26 June
suggested) and mature monsoon (probably the main aircraft detachment of SOP2-a2. It is considered that
owing to the high demands on staff, particularly in gas generation that these 10Ps cannot be sustained for
more than 5 days in each case (but see note below regarding helium options).

Ideal sounding capacities, bearing in mind the known facilities and personnel at each site, were
suggested for the following stations:

Agadez 4
Abuja 8
Cotonou 8
Niamey 8 (using ARM and ASECNA’s two GIP 3 hydrogen generators in parallel)
Ouaga 4
Parakou 8
Tamale 8
Tombouctou 4
Tahoua 2
(Kano 2)

2.1.1 Contributing parties to the AMMA radio-sounding program

The currently available budget (~2,5 M€) comprises three sources: AMMA-EU (~ 2.1 Mg),
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 will fund 4 radiosoundings/day at Niamey during the entire year of 2006.
Contact person is Kim Nitschke (nitschke@lanl.gov).

The US GCOS programme is funding a new electrolytic hydrogren generator at Dakar (~80k$). It is
planned to be installed in March/April 2006.

The SCOUT balloon program will contribute to some responsive soundings at Niamey during SOP
2006.

Funded ship-based radiosonde programmes

Within the French AMMA/EGEE programme, the funding of 90 (40) Vaisala sondes to be
launched during the EGGE 3 (4) cruises in the Golf of Guinea between 25 May and 07 July 2006 and in
September 2006 is secured. The sounding data are transmitted to the GTS in real-time.
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Within the German AMMA and SOLAS programmes, the funding of twice daily (total 64) and
(total 52) Vaisala sondes to be launched during two METEOR cruises in the tropical and subtropical
Atlantic Ocean (06 June-08 July 2006 and 11 July-08 August 2006) is secured. The sounding facilities
are provided by the German Weather service (DWD) and the data are transmitted to the GTS in real-time.

Details of the sounding programme on the Ron Brown research vessel are presently unknown.

For further details on the AMMA oceanographic component (e.g. cruise tracks), the reader is
referred to the TT6 document.

Other:

Dropsondes will be released from the British BAe146 and French Falcon during SOP 0, SOP 1 and
SOP 2. The release of driftsondes is also planned for SOPs. It is intended to transmit data from these
soundings to the GTS in real time. For details, the reader is referred to the corresponding TT7 and TT8
documents.

Contacts to the European AMDAR programme revealed that it is planned to enhance the daily
provision of enroute data and profiles from or to African airports. These data (wind and temperature) are
collected and transmitted in real time to the GTS by commercial aircrafts.

Contributed funding:

The project will rely on the large, existing and new operational commitment from ASECNA and
other Meteorological organisations (e.g. Nigerian Meteorological Service (NIMET), Ghana
Meteorological Agency (GMA), and Algerian Meteorological Service).

2.1.2 Communication and infrastructure improvement needs (radiosondes)

SYNOP surface and TEMP and PILOT upper-air data are transmitted into the GTS via the regional
meteorological telecommunication network of WMO Region | (Africa). In short and in principle, the
Regional Telecommunication Hubs (RTHs) are Niamey, Brazzaville and Dakar. Niamey collects the data
from Ghana, Togo, Benin, Nigeria, Burkina and Niger. Brazzaville collects the data from Cameroon and
the Central African Republic and other countries. Dakar collects data from Ivory Coast, Mauritania, Mali,
Guinea and other countries. Dakar, Niamey and Brazzaville are transmitting the data to Toulouse.
Technically, the data are mainly communicated through the regional aviation safety telecommunication
network maintained by ASECNA.

Several stations require new communications systems. More specifically, several ASECNA stations
need a radiolink or another fast connection between the observer’s buildings and the CAT (Centre
Automatique de Télécommunication) building for an automatic transmission of TEMP messages into the
GTS. A benchmark system is about to be installed at the new radiosonde station of Cotonou. If
successful, other stations will be equipped with this system jointly by ASECNA and AMMA-EU (see list
below).

Five SUTRON DCPs (Data Collection Platforms) funded by AMMA-EU are available at Dakar
(for training purposes and a spare part), Cameroon (Ngaoundere), Benin (Parakou), Ghana (Tamale) and
Abuja (Nigeria). A training of Ghanaian, Nigerian and ASECNA technicians funded by AMMA EU took
place at Dakar from 30 Nov. 2005 to 02 Dec. 2005. Currently, TT1 strives for sufficiently long
METEOSAT windows for TEMP transmission. Until Meteosat 9 is operational in mid-2006, the
availability of time windows is limited due to a communication failure on Meteosat 8.

Where needed we recommend a backup communication system through local mobile phone
networks or satellite phones during SOP 2006.

Automatic monitoring of transmission of data from stations in the network is being conducted by
the ECMWEF and can be viewed online at:
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http://www.ecmwf.int/products/forecasts/d/charts/monitoring/amma/

These pages also quantify the assimilation of the data into the ECMWF model. For new stations,
close attention will be paid, manually, to the communication of data to the GTS, until the station is
regarded to be reliably established.

2.1.3 GPS Total Columnar Water Vapour (TCWV) Measurements

A TCWV network can significantly contribute to improve our knowledge of the atmospheric water
cycle in the WAM and to document its variability from the mesoscale to interannual scale. TCWV
provides a column-integrated observation of water vapour with a high temporal frequency (15 min — 1 h),
which is not the case with the radiosounding network. Such a high frequency can provide useful
information on the diurnal cycle. The 3D-Var or 4D-Var assimilation of these water columns, associated
with other observation types (the satellite water channels of MSG and others), can provide a much finer
analysis of the space-time water vapour field in the WAM. Assimilation of GPS data is planned for the
future re-analysis that will be conducted after the field experiment.

Presently 5 permanent GPS stations (IGS network) exist in the domain of interest for AMMA:
25°W-15°E by 5°S-20°N. . At the EOP scale, the objective is to implement 3 stations along a north-south
axis (Djougou, Niamey, Gao) to document the seasonal excursion of the WAM as well as shorter
fluctuations associated to monsoon surges, heat low dynamics and Inter-Tropical Front (ITF) meridional
migrations, and to monitor meridional gradients of integrated moisture associated with the different steps
of the WAM and especially the abrupt shift of the monsoon onset. At the SOP scale, the monitoring of the
water vapour along a second meridional transect (Tamale, Ouagadougou, Tombouctou) west of the EOP
transect will allow to monitor the non-zonal part of the monsoon flow at a much higher temporal
resolution and to enhance the assimilation process through a more dense and regular observational
network, which contributes to the process studies.

Olivier Bock (bock@aero.jussieu.fr) from the Service d’Aéronomie du CNRS is coordinating the
TCWYV measurement campaign.
Six GPS TCWV stations are then planned:

e EOP: Djougou (Bénin), Niamey (Niger), and Gao (Mali) within or near the three mesoscale
sites. These stations have been installed in summer 2005.

e SOP: Tombouctou (Mali), Ouagadougou (Burkina), and Tamale (Ghana) to enhance the
temporal resolution (15 min. — 1 hourly) of RS-based TCWV values. These stations will be
installed at the beginning of 2006.

One difficulty in the operation of these GPS stations is with the transfer of raw GPS data from the
stations to the analysis centre in Paris. This transfer represents an amount of 500 Kb per day per station.
The TCWYV atmospheric product is only obtained after these raw data are processed. A two-week delay is
required for obtaining precise (climate-quality) products (this delay is related to the availability of precise
satellite orbits). Such a processing is planned for the EOP data. A near-real time processing is considered
for the SOP. This depends mainly on the telecommunication capability that can be made available by the
time of the SOP. Presently, two Inmarsat phones are in operation in Benin and Mali. The communications
are very irregular and would not permit near-real time operations. Local cellular phone network solutions
are under study for the SOP. If near-real time data transmission will be possible is not yet determined.

2.1.4 UHF/VHF profiler measurements

The expected five UHF/VHF wind profilers define an observational network with a high time and
vertical resolution from which the 3D synoptic circulation of the WAM can be retrieved, especially when
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it is co-located with radio soundings and GPS TCWV measurements. It provides continuous high-
frequency time and scale measurements of the atmospheric boundary layer and its interaction with the
African easterly waves and the AEJ, the intra-diurnal to seasonal fluctuations of the ITF, the evolution of
the low-level nocturnal jet, the fluctuations due to gravity waves with periods from hour up to several
days in the energy budget and momentum transport. It allows also to measure flux of energy in lower
stratosphere, stratospheric-tropospheric exchanges and studies of the deep and precipitant convection.

Bernard Campistron (camb@aero.obs-mip.fr) for the Laboratoire d’Aérologie of CNRS is
coordinating the UHF/VHF measurement campaign. Presently the status for the array is the following
one:

- It is planned to implement at Djougou a VHF profiler for an 18-month period beginning in
February-March 2006 to participate to the SOP and partly the EOP. This instrument will provide vertical
profiles of wind speed and direction, vertical velocity, radar reflectivity, turbulence data, virtual
temperature if acoustic sources for RASS are implemented and water vapour mixing ratio (tentative, to be
validated). These measurements will be associated with those done at the same location with the
radiosoundings, the GPS TCWV, and the XPORT (EOP) and RONSARD radars (SOP). The combination
with an UHF profiler on the same site should be possible at least for the SOP but this is still uncertain at
the present time due to technical and funding issues.

- A UHF instrument, belonging to ASECNA, is presently doing measurements at the Bamako
airport. The objective is to organize the data collection since presently they are stored locally for the last
four months only. ASECNA has also planned to implement a similar instrument at Ouagadougou in
September 2005. Another one might be implemented at N’Djamena. This instrument is not specifically
“AMMA instrument” as it has not be funded by AMMA and its implementation has not been discussed in
AMMA. So it is not fully integrated in the observation strategy of TT1 but its data will be very fruitful
for some of the AMMA objectives

The US ARM programme is currently looking at having a 1290 MHz UHF profiler at Niamey
sometime in May/June 2006. This has not been secured yet.

2.2 List of sites, instruments and relevant maps

The list of instruments whose main attachment is TT1 is given in Table 1a below, while Table 1b
lists the instruments attached to another TT but whose deployment is closely related to the TT1 strategy.

Table 1a: TT1 List of instruments (P1: priority 1; P2: priority 2).

# Code Pl Name E-Mail Address Instrument Platform
EF1 | AE.GPS 1 | M.-N. bock@aero.jussieu.fr; 3 GPS stations in Djougou, 1st
Bouin, O. bouin@ensg.ign.fr Niamey and Gao Meridional
Bock Transect
EE1 | AERS_1 Andreas fink@meteo.uni-koeln.de 8 P1 RS stations (Conakry, Monsoon
Fink Abidjan, Cotonou, Douala, Array
Tamale, Parakou, Abuja,
Niamey) and 1 P2 (Bangui)
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Table 1a (followed): TT1 List of instruments (P1: priority 1; P2: priority 2).

EE2 | AERRS 2 Serge serge.janicot@lodyc.jussieu.f | 6 P1 RS stations (Sal, Dakar, Sahelian
Janicot r Bamako, Niamey, N'Djamena, Array
Khartoum) and 1 P2
(Ouagadougou)
EE3 | AERS 3 Doug doug@env.leeds.ac.uk 4 P1 RS stations in Agadez, Northern
Parker Tombouctou, Tessalit and Array
Tamanrasset
EF5x | AE.VHF_O | Bernard camb@aero.obs-mip.fr 1 CNRM VHEF radar in Djougou Ouémé Méso
Campistron site
EAl | AE.VHF B Bernard camb@aero.obs-mip.fr 2 Asecna UHF radars in Bamako | Sahelian
X 0 Campistron and Ouaga Array
Table 1b: List of instruments closely related to TT1.
# Code Pl Name E-Mail Address Instrument Platform TT
SF1 | AS.GPS_1 | M.-N. bock@aero.jussieu.fr | 3 GPS stations in Tamale, 2nd 8
Bouin, O. ; bouin@ensg.ign.fr Ouagadougou and Tombouctou | Meridional
Bock Transect
SE1 | AS.RS 1 Andreas fink@meteo.uni- 5 P1 RS stations (Cotonou, SOP 8
Fink koeln.de Parakou, Niamey, Tamale, Southern
Abuja) Quadrilateral
SE2 | AS.RS 2 Doug doug@env.leeds.ac.u | 4 P1_EOP RS stations SOP 8
Parker k (Parakou, Agadez, Tombouctou, | Northern
Niamey), 2 P1_SOP (Tahoua, Quadrilateral
Ouaga) and 2 P2 (Birni, Kano)
SE3 | AS.RS 3 Thd Thd 4 P1 RS stations in Bamako, SOP 8
Sal, Conakry and Dakar + 1 P2 | Western
(Nouakchott) Quadrilateral
SE5 | AS.RS D | Nobert norbert.kalthoff@imk | Radiosonde station at Dano by Dano 8
Kalthoff fzk.de FZK

Table 2: Radiosonde stations in the AMMA region, and their operational priorities for AMMA EOP.

Station AMMA

Country Number Station Name Latitude | Longitude | priority
COTE D'IVOIRE 65578 ABIDJAN 05 15N 03 56W 1
NIGER 61024 AGADEZ 16 58N 07 59E 1
MALI 61291 BAMAKO/SENOU 12 32N 07 57TW 1
GUINEA 61832 CONAKRY 09 34N 13 37W 1
BENIN 65344 COTONOU 06 21N 02 23E 1
SENEGAL 61641 DAKAR/YOFF 14 44N 17 30W 1
CAMEROON / CAMEROUN | 64910 DOUALAR.S. 04 01N 09 42E 1
SUDAN / SOUDAN 62721 KHARTOUM 15 36N 32 33E 1
NIGERIA 65125 ABUJA 09 15N 0700 E 1
CHAD /TCHAD 64700 NDJAMENA 12 08N 15 02E 1
NIGER 61052 NIAMEY-AERO 13 29N 02 10E 1
BENIN 65330 PARAKOU 09 21N 02 37E 1
CAPE VERDE / CAP-VERT | 8594 SAL 16 44N 22 57TW 1
GHANA 65418 TAMALE 09 30N 00 51w 1
ALGERIA / ALGERIE 60680 TAMANRASSET 22 48N 05 26E 1
MALI 61202 TESSALIT 20 12N 00 59E 1
MALI 61223 TOMBOUCTOU 16 43N 03 00w 1
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Table 2 (followed): Radiosonde stations in the AMMA region, and their operational priorities for
AMMA EOP.

ETHIOPIA / ETHIOPIE 63450 ADDIS ABABA-BOL | 09 02N 38 45E 2
NIGERIA 65046 KANO 12 03N 0832 E 2
CENTRAL AFRICAN REP 64650 BANGUI 04 24N 18 31E 2
CAMEROON / CAMEROUN | 64870 NGAOUNDERE 07 21N 13 34E 2
MAURITANIE 61415 NOUADHIBOU 20 56N 15 57W 2
MAURITANIE 61442 NOUAKCHOTT 18 06N 17 02W 2
SENEGAL 61687 TAMBACOUNDA 13 46N 13 41W 2
BURKINA FASO 65503 OUAGADOUGOU 12 21N 01 31W 2
CHAD / TCHAD 64750 SARH 09 09N 18 23E 2
COTE D'IVOIRE 65548 MAN 07 23N 07 31W
BURKINA FASO DANO 11 10N 03 05W

ASECNA Substitute DKR

ASECNA TRAINING NIM

Figure 1 displays the sites and their priorities within the AMMA international programme during
the Enhanced Observing Period (EOP).

Figure 2 displays the sites and their priorities within the AMMA international programme during
the Special Observing Period (SOP) in 2006.

As already mentioned, it is considered to temporarily move the substitute MODEM ground stations
at ASECNA Dakar to Tahoua during at least the SOP 1/2 June-September period.
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Fig. 1: Locations, priorities, transects (arrays), GPS, UHF/VHF profiler and the mesoscale sites of AMMA
international during EOP
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Fig. 2: Locations, priorities, quadrilaterals (flux arrays), GPS, UHF/VHF profiler and the mesoscale sites of
AMMA international during SOP 2006

2.3 Priorities (Radiosondes)

Two priorities have been agreed by this TT for the AMMA EOP radiosoundings: priority 1 and 2,
where ‘1’ is the highest one. Station priorities are indicated in Fig. 1 and Fig. 2, as well as in Table 2.
Seven-teen (17) priority 1 and 9 priority 2 stations have been identified based on scientific justification. A
close partnership with ASECNA has been developed (11 out of 17 P1 stations) whose staff will operate
the soundings, among which are 11 out of the 17 P1 stations.

No specific priorities have been defined for the SOP. A number of soundings in the SOP will be
defined to be ‘responsive’, that is, deployed in response to the day-to-day requirements of coordination
with aircraft and radar.

For the SOP period a GRAW radiosonde system operated by Forschungszentrum Karlsruhe (FZK)
as a responsive research sounding stations will be deployed at Dano, Burkina Faso, in conjunction with
other ground-based instruments. This system will be deployed with the aim of making downstream
observations of systems moving to the west from the intensive mesoscale sites of Niamey and Djougou.
Data are transmitted via ftp and the German Weather Service in real-time to the GPS The strategy for the
deployment is managed by TT8 and is described in the TT8 document.

Priorities for telecommunication and infrastructure are as follows:

Upgrade priorities (by the end of 2005):

1) Improvement of telecommunication. New Data Collection platforms (DCPs) at
Ngaoundere, Parakou, Tamale, and Abuja. Direct links to the GTS at Cotonou, Douala,
Nouakchott, Dakar and Ndjamena (by 12/05).

2) Replacement of existing Digicora | stations by refurbished Digicora Il stations in the
ASECNA network (by 12/05).

3) Upgrade of existing Digicora Il stations in the ASECNA network (by 12/05).
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4) Replacement of key STAR stations by refurbished Digicora Il stations (by 12/05).

5) Operation of 4 new stations (Tamale, Parakou, Cotonou, and Abuja) in early 2006.
Cotonou has become operational in June 2005, and is transmitting properly to the GTS
since 27 October 2005.

6) Implement training of operators on the VAISALA/MODEM groundstations, on VAISALA
(RS92) and MODEM (M2K2) PTU GPS sondes and on DCPs (by 12/05). A MODEM
M2K2 training took place in Cotonou in early June 2005 and in Parakou in mid-December
2005.

Finally due to the special scientific requirements of the funded programmes, there is a set of
additional constraints on the priorities for the radiosondes. AMMA-EU has defined a priority A and B
(with A being higher priority) for its own interests. These priorities take into account both the EOP and
SOP needs of AMMA-EU. The differences between the EU priorities A and B, and the international
AMMA EORP priorities 1 and 2 are

7) Tessalit is priority A for the EU project. The existence of this station was not apparent at
the time of the EOP 1-2 definitions. It is perfectly-placed to sample the monsoon trough
and heat low.

8) Ouagadougou is priority A for the EU and priority 2 for EOP. This is because of the
station’s importance in the SOP, as part of the northern quadrilateral, but its relative
unimportance for the EOP, on longer time and space-scales.

9) Abidjan, Conakry, Douala, Khartoum and Sal (priority 1) are lower priority for the EU
(priority B). This is because the main focus of activity for the EU project is around the
longitudes of Gourma, Niamey and Djougou.

10) AMMA-ACI has placed a special priority on the activation at Cotonou — all of the funds
from this French programme will be directed at Cotonou.

11) AMMA-UK has a budget for radiosondes which will be deployed in the northern
quadrilateral, to the north of Niamey. The sondes will be deployed during the EOP and
SOP, and additional sondes will be specifically deployed in support to the UK Bael46
aircraft operations.

2.4 Other critical issues

There is a clear strategy for the deployment of additional resources should they become available.
Our first aim would be to support those EOP Priority 1 stations which are not covered by the existing
funded projects (primarily Khartoum and Conakry). However the situation of the two stations is different.
AMMA has established links with the met. Service in Guinea, an evaluation of the existing station was
made and ASECNA is willing to help in the deployment, should the appropriate funds be available. In
Khartoum, links with the Meteorological Service and the evaluation of the station remain to be done.

This Abidjan station has for a long time been a major priority for AMMA. Asecna is in the process
of transferring the station to a new location and this has nothing to do with the refurbishing of the old gas
station. What we wanted to do is refurbish this old gas station just for AMMA. Asecna is going to start
building the new station before the end of the year and might not want to spend money in the old gas
station. What is sure is that the new station will not be ready for AMMA.

The radiosonde station of Kano (Nigeria) equipped with a Digicora | has been tested successfully
using RS80 GPS sondes. It is considered to activate this station with 00 and 12 UTC soundings for the
SOP1 period from 01 June to 15 September 2006.
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The Algerian Meteorological Service OMN has confirmed that Tamanrasset can do two additional
soundings at 06 and 18 UTC during SOP 1 and 2 provided that the additional helium, balloons and
sondes costs are supplied. A cooperation contract is negociated between CNRS and ONM Algeria.

3 Deployment

3.1 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 and reproduced
here in the Annex. 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
(given here in Table 2).

3.2 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. Universities of Cologne and Leeds
will manage the infrastructure installation and training at the new stations Tamale (Ghana) and Abuja
(Nigeria) in close cooperation with the national meteorological services The Ghanaian and Nigerian
meteorological services have agreed to assist in customs clearing and transportation.

4 Partnership

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).

MODEM has already performed two trainings at the new Cotonou station at and in Parakou.

There are two important stations that are outside the ASECNA network, in anglophone countries
(Tamale and Abuja). After discussions with the operating agencies in these countries, it was agreed that
training and installation will be conducted in each country by a Vaisala technician in January 2006.

Within the framework of the US ARM programme, a training on the operations of a Vaisala
Digicora Il groundstation is conducted at Niamey in early January 2006.

5 Organisation of TT1

5.1 Leaders, core group, membership
The group currently consists of the following members:
e Andreas Fink (U. Koeln)
e Anton Beljaars (ECMWF)

e Arona Diedhiou (LTHE-IRD, Niamey)
e Boubacar Madina Diallo (DMN Guinea)
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e Cherif Diop (DMN Senegal)

e Chris Thorncroft (U. Albany, SUNY)

e Doug Parker (U. Leeds)

e Francis Dide (DMN, Benin)

¢ Frank Roux (Laboratoire d'Aerologie, Toulouse)

e Ismail Fudl El Moula Mohamed (Meteorological Authority, Khartoum)
e Jean Blaise Ngamini (ASECNA Dakar)

e Jean-Luc Redelsperger (CNRM, CNRS, Toulouse)

¢ Mahaman Saloum (DMN, Niger)

e Karim Traoré (DMN, Niger)

¢ Infeanyi Nnodu (NIMET, Nigeria)

e Mama Konate (DMN, Mali)

¢ Michael Douglas (National Severe Storms Laboratory/NOAA)
e Mohamed Kadi (DMN, Algeria)

e Olivier Bock (IPSL, France)

e Serge Janicot (LOCEAN Paris)

e Thierry Lebel (LTHE-IRD, Grenoble, Niamey)

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

e 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.

5.2 Internal coordination

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

5.3 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 .

Monitoring of the performance of stations in the network, and in the assimilation of data, is being
conducted by ECMWF and can be viewed online at:

http://www.ecmwf.int/products/forecasts/d/charts/monitoring/amma/

The RS consumable deployment planning is closely coordinated with the SOP TT leaders (e.g. Jim
Haywood and Jacques Pelon for TT7 and Doug Parker and Cyrille Flamant for TT8.
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ANNEX 1 : Radio Sounding Frequency at the various stations

Table Al: Anticipated soundings on the EOP and SOP network. Yellow indicates stations operating
one sounding per day (usually 1200 UTC), green indicates 2 soundings per day, and the numbers denote
the additional soundings needed, above the normal operational levels, to achieve these frequencies. The
red cells indicate stations that will do four-times daily soundings during SOP. The additional soundings
needed are indicated (last update: Dec. 2005)

Type Additional AMMA consumables (EOP + SOP)
StationName 2005/2 [2005/3 |2005/4
ABIDJAN
ADDIS ABABA-BOLE
AGADEZ
BAMAKO/SENOU
BANGUI
CONAKRY
COTONOU
DAKAR/YOFF
DANO
DOUALAR.S.
KHARTOUM
MAN
ABUJA
KANO
NDJAMENA
NGAOUNDERE
NIAMEY-AERO
TAHOUA
NOUADHIBOU
NOUAKCHOTT
OUAGADOUGOU
PARAKOU
SAL
SARH
TAMALE \
TAMANRASSET \Y
TAMBACOUNDA M
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ANNEX 2: AMMA Radiosonde Task Group:
Implementation Strategy, as for 19/12/2005

Immediate priorities:
1) Upgrade of Communications/IT-Equipment on key stations in existing network (by 09/05).

2) Installation of new stations at Cotonou, Parakou, Abuja and Tamale (by 05/05-12/05).
Cotonou is active since 05/2005.

Upgrade priorities (by the end of 2005):

3) Replacement of existing Digicora | stations by refurbished Digicora Il stations (except
Dakar that will be equipped with a new Digicora I1l MW21) in the ASECNA network (by
12/05).

4) Upgrade of existing Digicora Il stations in the ASECNA network (by 12/05).
5) Replacement of key STAR stations by refurbished Digicora Il stations (by 12/05).

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

Status of existing stations
Each station name is followed by its code (when it exists), the country, the operator, the AMMA
priority (1 or 2), the EU priority (A or B)

Digicora MW11 (1) stations

Addis Ababa (GCOS station), Ethiopia, ASECNA, P2, B

Status, May 2004 Proposed actions Date, cost, source
Groundstation Digicora None (priority 2)
Communications/IT- ?? None
Equipment
Gas generation ?? None
Building ?? None

Agadez (61024), Niger, ASECNA, P1, A

Status, July 2005 Proposed actions Date, cost, source

Groundstation

Digicora MW11 (1994)
with MF12

Upgrade to RS92
(Refurbished Digicora

12/05, 27 kE,
ASECNA AMMA-EU

1))
Communications/IT- VSAT Cable/Radiolink to 12/05, 4 KE, ASECNA/
Equipment VSAT building; AMMA-EU
Gas generation GIP 3, two old ones None for twice-daily
soundings
Building OK, but old (1974) none
Power Supply Less reliable Power Generator or ASECNA AMMA-EU

UPS
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Dakar (61641 GCOS station), Sénégal, ASECNA, P1, A

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora | MW11 (1989)
and STAR

New Digicora Ill
MW21

09/05, 52 KE, ASECNA
AMMA-EU

Communications/IT-
Equipment/

No automatic transmission
to CAT,

Automatic transmit to
CAT via radiolink

12/05, 4 kE, ASECNA

Gas generation

GIP 3 (Electrolyser
unserviceable)

New Electrolyser

US GCOS programme

Building

OK

None

Douala (64910 GCOS station), Cameroon, ASECNA, P1, B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora MW11 (1986)

Upgrade to RS92,
Digicora Il

12/05, 13 kE, ASECNA,
GCOS support

Communications/IT-

No automatic transmission

Automatic transmit to

5 kE, ASECNA

Equipment to CAT, CAT via radiolink
Gas generation GIP 3 None
Building OK None

Niamey (61052 GCOS station), Niger, ASECNA, P1, A

Status, September 2004

Proposed actions

Date, cost, source

Groundstation

Digicora MW11 (1994) and

Upgrade to RS92,

09/05, 27 KE, ASECNA

STAR (with MF12) Digicora Il AMMA-EU
Communications/IT- No direct connection to Cable/Radiolink to 09/05, 4 kKE, ASECNA,
Equipment CAT VSAT building AMMA-EU
Gas generation GIP 3 None
Building OK None
Power Supply OK None

Khartoum (62721), Sudan,

Meteorological Authority, Sudan, P2, B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation Digicora None
Communications Unserviceable None
Gas generation ?? None
Building ?7? None

Sarh (65548), Niger, ASECNA, P2,B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora |

Communications

Gas generation

Building

Tamanrasset, (60680 GCOS station), Algeria, DMN Algeria, P1, A

Status, May 2004

Proposed actions

Date, cost, source

Groundstation Digicora | None
Communications/IT- ?7? None
Equipment

Gas generation ?? None
Building ?7? None
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Tessalit, (61202), Mali, ASECNA, Abandoned due to logistic problems

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora |

Upgrade to RS92,
Digicora 1)

12/05, 27 KE, ASECNA
AMMA-EU

Communications/IT-
Equipment

None

09/05, 7,5 kE, ASECNA
AMMA-EU

Gas generation

Two new GIP 3

12/05 12 KE, , ASECNA
AMMA-EU

Building

To be determined

Tombouctou (61223) Mali,

ASECNA, P1, A

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora MW11 (1994)

Upgrade to RS92,

12/05, 27 KE,

Digicora Il) ASECNA AMMA-EU
Communications/IT- VSAT Cable/Radiolink to 12/05, 4 KE, ASECNA/
Equipment VSAT building; AMMA-EU
Gas generation GIP 3 None
Building OK None

Digicora MW15 (1) stations

Abidjan (65578 GCOS station), Cote d’lvoire, ASECNA, P1, B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora Il

Upgrade to RS92

Asap, NOAA/GCOS

Communications/IT- No direct connection to Install 12/05, 4 KE, ASECNA,

Equipment CAT AMMA-EU

Gas generation Electrolyser destroyed by GIP 3 needed 12/05 12 KE, ASECNA
June 2001 accident AMMA-EU

Building Under construction Complete ASECNA

construction

Man (65548)Cote d’lvoire, ASECNA, Status of the station unclear

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora |

Communications

Gas generation

Building

N’Djamena (64700) Chad,

ASECNA, P1/A

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora MW15 (1999)

Upgrade to RS92

12/05, 10 kE, ASECNA
AMMA-EU

Communications/IT-

No automatic transmission

Automatic transmit to

12/05, 4 kE, ASECNA

Equipment to CAT, CAT via radiolink
Gas generation GIP 3 None
Building OK None

Ngaoundere, Cameroon, ASECNA, P2/B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation Digicora Il Upgrade to RS92 12/05, 10 kE, ASECNA
Communications/IT DCP currently shipped

Gas generation GIP 3 None

Building OK None
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Nouakchott (61442), Mauritania, ASECNA, P2, B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

Digicora MW15 (1999)

Upgrade to RS92

12/05, 10.0 KE,
ASECNA AMMA EU

Communications/IT-

No automatic transmission

Automatic transmit to

12/05, 5 KE, ASECNA

Equipment to CAT, CAT via radiolink
Gas generation GIP 3 None
Building OK None

Star stations

Bamako (61291), Mali, ASECNA, P1/A

Status, May 2004

Proposed actions

Date, cost, source

Groundstation STAR (1994), PC (DOS Replace by a 12/05, 27 kE,
6.22) refurbished ASECNA AMMA-
DIGICORAII EU
Communications/IT- No direct connection to Install 09/05, 5 KE,
Equipment CAT ASECNA
Gas generation GIP 3 None
Building OK None

Bangui (64650), Central African Republic, ASECNA, P2/B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation STAR Install new 12/05, 35-60 KE,
groundstation ASECNA

Communications/IT- Automatic transmission to None

Equipment CAT

Gas generation GIP 3 None

Building OK None

Nouadhibou (61415) Maur

itania, ASECNA, P2, B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation

STAR (1994),

Install new
groundstation

12/05, 35-60 KE,
ASECNA

Communications/IT-
Equipment

Gas generation

Building

Ouagadougou (65503) Bur

kina Faso, ASECNA, P2, B

Status, May 2004

Proposed actions

Date, cost, source

Groundstation STAR Replace by refurbished | 12/05, 27 KE,
DIGICORAIII AMMA EU

Communications/IT- Automatic transmission to None

Equipment CAT

Gas generation GIP 3 None

Building OK None
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Tambacounda (687) Senegal, ASECNA, P2, B

Status, May 2004 Proposed actions Date, cost, source

Groundstation STAR Install new 12/05, 35-60 KE,
groundstation ASECNA
Communications/IT- ?77? None
Equipment
Gas generation GIP 3 None
Building OK None
Others

Sal (08594 GCOS station), Cape Verde, Cape Verde Meteorological Service, P1, B

Status, May 2004 Proposed actions Date, cost, source
Groundstation ATIR US INC None

(radiotheodolite)

Communications/IT- ?? None
Equipment
Gas generation ?? None
Building ?? None

Status of new stations

Abuja (65125), Nigeria, NIMET, P1, A

Status, December 2005 Proposed actions Date, cost, source

Groundstation None New DIGICORA 111

MW 21 is in Cotonou
Communications/IT- To be reviewed DCP is in Lagos
Equipment
Gas generation None Two new GIP 3

presently in Cotonou
Building None To be finished in NIMET

early January 2006
Power Supply To be reviewed To be reviewed

Cotonou (65344), Benin, ASECNA, P1, A

Status, December 2005 Proposed actions Date, cost, source
Groundstation MODEM SR2K?2 None
Communications/IT- Manual transmission Automatic transmission | 09/05, 4 kE,
Equipment working to CAT via radiolink ASECNA
Gas generation GIP 3 None
Building OK, amendments completeq None
Power Supply OK, no outages None

Parakou (65330), Benin, DMN Bénin/ASECNA, P1, A

Status, December 2005 Proposed actions Date, cost, source
Groundstation None MODEM SR2K2 on site
Communications None DCP available
Gas generation Gip 3 None
Building OK None
Power Supply Reliable, outages Supply of an UPS 09/05, AMMA-EU
infrequent DMN Benin
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Tamale (65418), Ghana, Met. Service, Ghana, P1, A

Status, January 2006

Proposed actions

Date, cost, source

Groundstation None DIGICORA Il MW
21 currently shipped
from Cotonou to Accra

Communications VSAT DCP is in Accra

Gas generation None Two GIP-3 in Accra

Building

Completed in January 2006

GMA/AMMA-EU

Power Supply

OK

UPS provided by AMMA EU

Conakry (61832), Guinea, DMN, P1, B

Status, December 2005

Proposed actions

Date, cost, source

Groundstation

Digicora MW11 (1993)

Upgrade

Communications/IT-
Equipment

VSAT, no automatic link to
VSAT building

None

Gas generation

Electrolytic gas generator,
US manufacturer (1994)
Type MZ8 / AK029T

Replace some wear
parts

Building

OK

None

Power Supply

Poor, also problems with
water supply

technician

Site survey to be conducted by an ASECNA

Status of ASECNA training sites

Dakar, Senegal, ASECNA, Training/Spare station

Status, October 2004

Proposed actions

Date, cost, source

Groundstation

Digicora | and Star

Refurbished Digicora Il

27 ke, AMMA EU
NIMET

Niamey, Niger, ASECNA, Training

Status, October 2004

Proposed actions

Date, cost, source

Groundstation

Digicora | and Star

Refurbished Digicora Il

09/05,ACI/CNRS
(France)
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Chapter 3
EOP Surface Flux Measurements

TT2a

Colin Lloyd, Chris Taylor

1 Scientific justification and objectives

An important component of the AMMA project is the monitoring of surface conditions
continuously over the course of the Extended Observation Period (EOP). Over West Africa, the seasonal
evolution of the atmosphere is accompanied by pronounced changes in surface properties, driven by
rainfall. These properties (notably soil moisture and leaf area) control fluxes of heat and moisture into the
atmosphere and thus affect characteristics of the coupled system. We have at this time little knowledge of
the evolution of these properties and associated fluxes during the annual cycle, and from one year to the
next. Furthermore, their poor representation in large scale models affects the overall simulation of the
monsoon system. Where we do have observations, these are for a limited period over a relatively small
area (e.g. HAPEX-Sahel).

Flux observations are not representative of the areal average fluxes even at the mesoscale, due to
strong heterogeneity in factors such as vegetation cover, soil characteristics, and rainfall. At the larger
scale, these detailed observations by themselves provide little insight into processes occurring elsewhere
on the vegetation gradient between the natural closed canopy forest in southern West Africa and the
desert in the north of the region. The primary aim of the EOP surface flux monitoring in AMMA is
therefore to make continuous observations from a selection of typical land covers under a broad range of
climatic conditions over a minimum of 2 years. The ensemble of instruments (a network of flux stations
augmented by other micrometeorological instrumentation e.g. radiation, soil physics) will provide a
coherent set of observations with which to understand how the land surface typically evolves at
representative points on the gradient. Crucially, the flux stations will provide ground truth to link with
earth observation data, and to constrain surface models. This will feed into the land data assimilation
scheme, the measurements playing a critical role in attempts to quantify the daily to interannual
variability of the land surface at scales from the meso- to the monsoon scale. In addition, the systems will
provide flux observations to support field/catchment scale studies.

The provision of surface fluxes, surface meteorological measurements and soil physics
measurements during the EOP/SOP is required in various of the Work Packages listed in Table 1.

The location and operation of the flux systems provides, not only the time-series of regional point
measurements of sensible and latent heat and carbon dioxide fluxes for the above work packages, but
also the relevant long-term data to vegetation, soil moisture, energy balance and aerosol experiments at
each of the supersites. There are therefore very strong links between TT2a and TT2b, TT3, TT4 and TT5.
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Table 1. Stated measurement requirements by the Work Packages

WP Rainfall Soil Evaporatio  Sensible Co2 Radiation Met Data
Moisture n Heat

1.1 l l v

1.2 v v v v

1.3 Yl Yl Yl \ \ 2l
2.1 \ \ \

2.3 \ \ \ \ \/ \ l
2.4 \ \/ \ \
3.1 Yl Yl Yl \ 2l
3.3 V V V
3.4 \ \ \ l
4.1 \ \ \ \ \ \
4.3 \ \ \ \ Yl
4.4 \ \ \ «/ \/ \ \
5.1 l \ l
6.1 \ \ \ \ \/ \ \/

2 Observing strategy

2.1 Overall Strategy

The primary aim above can be met by addressing the different energy balances of the typical
vegetation surfaces in the region and so the deployment of the flux stations has attempted within the
overall budget constraints to encompass these differences. Of overall concern is the efficient collection of
continuous data during the EOP — an effort that would be compromised by attempting a transect approach
to the measurements.

The network of new equipment, expressly commissioned for the AMMA project, is enhanced
through other surface flux measurement systems, currently operating within other projects but linked to
AMMA. These include wide-aperture scintillometer instruments and modified Bowen Ratio systems.

The scientific need informed the design of a multi-site network of simple and robust heat flux
stations capable of running with minimum maintenance throughout the EOP. This network comprises
four super sites, encompassing the north-south rainfall gradient and the typical vegetation covers found
within a super site. The sites are based around existing measurements and experimental infrastructure.
The sites are in the Hombori-Gao region of N. Mali (5-300 mm annual rainfall), the Niamey region of
Niger (550 mm), the Upper Ouémé catchment in Benin (1200 mm), and another (at present undefined)
site in southern Benin (around 1400 mm, during 2 wet seasons within the year).

The success of funding bids to both NERC (UK) and the EU has provided the flexibility to convert
several of the heat flux stations to full eddy correlation systems measuring water and carbon fluxes. These
conversions are necessary over certain surfaces where the heterogeneity of the vegetation and soil
surfaces severely limits the ability of simple heat flux stations in combination with energy balance

Py

~ =
® [AMMA International Implementation Plan — Version 2.0|




-3.3- TT2a - EOP Surface flux measurements

considerations to provide believable estimates of evaporation. Even the interpretation of sensible heat
flux measurements is complicated by the heterogeneity of these surfaces and an independent measure of
evaporation allows better quality control of the data. Additional full eddy correlation systems have been
funded from other sources (the French API-AMMA and the UK funded CLASSIC programmes).

2.2 Modelling and satellite observations

The surface flux observations will provide an important source of ground truth for land surface
modelling and satellite efforts in AMMA. They will provide:

e the means to develop and calibrate land surface schemes at the point scale

e a characterisation of ‘typical’ land surface functioning across the vegetation gradient for
comparison with surface scheme behaviour in NWP and climate models

e observations which can be compared with both remotely-sensed data and land surface
schemes forced by remotely-sensed data

In the cases of (2) and (3), the spatial scales do not correspond, the flux observations being sub-grid
and sub-pixel scale. On any particular day, direct comparisons might be poor, due for example to spatial
variability of rainfall. However, in many cases the behaviour of the surface at the larger scale should
resemble that which is observed locally when averaged over longer periods, or when account is taken of
spatial variability in vegetation. Given the lack of available ground truth fluxes across the region for
developing satellite and surface modelling schemes, use of the flux data will increase confidence in
results from these larger scale tools.

The sites have been chosen to capture a broad range of surface conditions found in the monsoon
region. The systems will produce standard forcing variables for land surface schemes (summarised in
Table 2) as well as the turbulent fluxes for verification. These will be available at 30 minute resolution for
the duration of the EOP. From the modelling prespective, it is crucial to have long time series of forcing
data, and the more verification (flux) data that is available, the better. However, given the inherent
problems of flux measurements, verification datasets will be shorter than the more routinely observed
meteorological data. Additional data will be made available describing site — vegetation coverage, soil
type etc.

It has been agreed that Quality Controlled data will be available 6 months after the collection from
the field sites. Non quality controlled data can be made available upon request as soon as it has been
added to the flux database. Quality control, in the first instance, will consist of isolation of physically
unrealistic values. While gap-filling strategies based on protocols developed within the CarboEurope
programme are available, these are intrinsically models and should not be used to generate
“measurements” for inclusion in databases. Gap-filling is pertinent when individuals or groups are
preparing period or annual budgets within reported scientific research.

Within the constraints of time (to database submission) and man-power, it will only be possible to
identify physically unrealistic data in the meteorological forcing data. This is known as Level 1 quality
control (QC). Within the flux data, Level 1 QC can generally be applied to scalar values (e.g. horizontal
windspeed, temperature, gas concentration) and most errors will occur during rainstorms. Level 2 QC will
generally apply to the fluxes themselves. With fluxes, even apparently unrealistic data (e.g. energy
balance mismatch) at the 30 minute scale may be perfectly acceptable. While there are detailed analysis
procedures to identify data which does not conform to the basic tenets of surface flux measurements (e.g.
stationarity, advection concerns, stability), there is not the necessary critical mass of expertise within the
AMMA community to be able to quality control all the flux data to this level. A measure of the daily or
period energy closure, and the identification of flux measurements which fail the stability and windspeed
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criteria (mostly nighttime conditions) may be the best quality control on the flux data that can be achieved
with the manpower and time available.

As the Level 1 QC criteria can be specified as a data range for every averaging period, the QC can
be automated and performed locally at the supersites where day-to-day appreciation of the local
conditions will be invaluable. Level 2 QC requires experience of flux data and a more general
appreciation of longer-term and larger scale micrometeorological processes. An appreciation of the latter
will be addressed at a workshop to be convened in Cotonou early in 2006.

The main aim of TT2a is to provide surface flux measurements to the AMMA community. To take
advantage of this data, it is necessary to identify individuals, or groups of individuals, who have an
interest in using the data to augment their other studies (plant physiology, hydrology, aerosols etc.), or are
interested in the comparison of the different land covers at each supersite. The comparison of data across
the mesoscale sites in terms of land surface function is an additional key area of work. This analysis will
be performed in WP1.3 and WP2.3 and will be coordinated from Wallingford, working in close
collaboration with the mesoscale groups.

2.3 List of sites, instruments and relevant maps

The TT2a instrument network consists of 14 flux stations and 2 scintillometer stations grouped at
the following regional locations. The instrument systems and the parameters measured are described in
the tables following the location descriptions.

2.3.1 Mali-Gourma Mesosite

The northernmost main site is in the region of Hombori-Gao, Mali, where a heat flux station (HFS)
will be located at a largely unvegetated desert site at Bamba ( 50 -100mm annual precipitation, >95%
sand soil). In the absence of existing AMMA activity in a completely unvegetated area, this should
provide relevant ground truth for desert conditions. The area around Hombori ( 300 mm annual
precipitation) is largely either low-intensity grazed savannah grassland or laterite areas with little
vegetation. Isolated areas of open acacia forest are also present. An HFS will be established over an
extensive laterite pan (common across the region) while complete CO2/evaporation/Heat flux stations
(Mk4) will be installed over both a typical area of grassland and an open forest site. Instrumental details
for the HFS and Mk4 flux systems are shown in Table 2a and complete instrumentation information is
supplied in ANNEX 1.

2.3.2 Wankama-Banizoumbou Mesosite

A Sahelian region main site will be sited around Wankama, to the east of Niamey, Niger where the
annual precipitation is around 600 mm. Here the typical surfaces consist of Millet (the local grain crop),
heavily grazed fallow bush , degraded fallow bush and laterite pans, mostly covered with poor to good
dense vegetation strips known as Tiger Bush. Methodological difficulties with interpreting Tiger Bush
energy fluxes identified during HAPEX-Sahel have not been resolved sufficiently in the intervening
period for routine data monitoring practice, and the surface will be excluded from the flux station
deployment. Some insight will be gained from consideration of the laterite surface at the northern Mali
site. An API funded CO2/H20 flux station (see Table 2a and ANNEX.1 for instrument details) will be
installed over an area of fallow bush. Another API funded CO2/H20 system will operate over an area of
Millet to characterise the heat, evaporation and carbon dioxide fluxes. An HFS system will operate over
degraded fallow bush close to the API system mentioned above. This will provide a useful comparison of
the energy flux differences that may occur due to climate change or farming practice. An HFS system will
be used on a campaign basis alongside the tower measurements of “erosion” flux (TT2b) in an area of
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Millet to provide the micrometeorological parameters that define, and help to explain, the turbulent
transport of dust and aerosols.

In addition to the above, a heat and water vapour eddy correlation system will be set up at Niamey
airport as part of the ARM Mobile Facility from January to December 2006.

BENIN

2.3.3 Djougou Mesosite

A Soudanian region main site will be sited around Djougou in the Ouémé catchment, northern
Benin (1200mm annual precipitation). The vegetation surfaces here are typically open scrub forest and
croplands with some isolated areas of forest. The small scale homogeneity of the region croplands
presents difficulties in evaluating evaporation from a HFS System owing to the point nature of the
radiation and soil heat flux measurements compared to the field scale of the sensible heat fluxes. In
response to TTS requests for complete latent heat and CO2 flux measurements, funds will be sought to
augment one HFS with a Licor Li7500 H20/CO2 instrument. This will be installed (augmented or not) in
an area of fallow bush. Another HFS system will be deployed over a more homogeneous crop or open
scrub grassland site where energy balance considerations can be adequately applied. A Mk4 System will
measure CO2/H20 and Sensible Heat fluxes over a typical forest site where the heterogeneity requires
direct flux measurements of water vapour and CO?2 (see Table 2a and ANNEX.1 for details).

A micrometeorological & flux station, operated and funded by the Laboratoire d’Aerologie, has
been installed near the village of Nangantchori, 10km ESE of Djougou (9° 38.820” N, 1° 44.460’ E). It
consists of the instrumentation shown in Table 2b and ANNEX.1.

A long path large aperture scintillometer system has been installed between the villages of
Nalohou I and Nalohou II over the Ara water basin in the Djougou region by LTHE, Grenoble. This
instrument will provide long-path averaging of sensible heat flux, (and evapotranspiration from energy
budget considerations) over a distance of 2.4 km (Table 2c and ANNEX.1).

Another flux station is operational at 9° 06°160” N, 1° 56°37.6” E in the HVO catchment near
Parakou in the east of Benin. This is a modified Bowen Ratio machine operated within the IMPETUS
project and run by the University of Cologne. The instrumentation is summarised in Table 2d and more
fully detailed in ANNEX.1

2.3.4 Southern Benin

A more southern site at Ejura in Ghana was to have been established alongside the on-going
GLOWA project. This is a site of 1300mm annual precipitation but with markedly different seasonality
compared to the Ouémé sites. However, the logistical difficulties of operating multiple flux stations
across west Africa that became apparent during the Mali installation, and budgetry considerations,
demanded a re-appraisal of the location of the allocated Mk4 system. In consequence, a MK4 system will
be installed in a similar climatic zone to the previously proposed site at Ejura. Ideally, this would be over
tropical forest in an area close to Cotonou. However, the cost of providing a tower for supporting the flux
system above the tall forest is prohibitively expensive. It is expected that a MK4 flux system will be
installed over a Palm plantation near Cotonou. The instrumentation will be the same as shown in Table 2a
and ANNEX.1.

The flux systems to be installed at the above locations consist of the following instruments and
measurement parameters shown in the following tables. (See Table 3 for symbol explanation).

Table 2a. Systems composing the main network of 12 flux stations funded by AMMA-UK, AMMA-EU,
AMMA-API, and CLASSIC.
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Table 2a Flux stations

System Sensor Measurements
APIFlux ~ Campbell CSAT3 Sonic }u }v F’ w, d TS H M u
system Anemometer

Licor 7500 IRGA CO2¢ H20c¢ Fc LE
Kipp & Zonen CNRI1 Radiation Sin Sout Lin Lout al Rn
Vaisala HMP45 Ta RH
Young Propeller Anemometers Ws wd At 2.5m and 8m heights
Rimco 0.5mm Raingauge Pg Pd Pi
TDR Soil Moisture Profile VWC Profile of 6 sensors
Soil Temperature Profile Tsoil Profile of 6 sensors
HFS Solent R3-50 Sonic I . w Wd Ts H M u*
Anemometer
Vaigala WTX510 Weather Ta RH Pr Ws Wd Pg Pd Pi
Station
Kipp & Zonen CNRI1 Radiation Sin Sout Lin Lout al Rn
Campbell CS616 Soil moisture VWC at 10 and 50 cm depths
Campbell T107 Soil thermistors Tsoil at 10 and 50 cm depths
Rimco 0.5mm raingauge Pg Pd Pi
MK4 =HFS system above + following
(Embedded IRGA) CO2c H20c¢ Fc LE

20 7L ’:Varlance

40 7L +Variance

Table 2b Micrometeorological and flux station operated by the Labo. d'Aérologie in the region of Djougou

(Ouéme)
Operator Sensor Measurements
LdA Solent R1 Sonic Anemometer }u }V %v %Nd ﬁs H M u*
Licor 7500 IRGA CO2c¢ H20c Fc LE
Kipp & Zonen CNR1 Radiation Sin Sout Lin Lout al Rn
Micromet Station u RH Wd Ta Pg Pd Pi
Soil Temperatures Tsoil

Campbell CS616 soil moisture VWC

Table 2c¢ Scintillometers operated by LTHE on the Djougou and Wankama mesosites
Operator Sensor Measurements

LTHE u v H M u*

20 2L LFVanance

20 2L +Variance

Table 2d The modified Bowen Ratio flux system operated by the Univ. of Cologne within the IMPETUS

project
iIMpETUS ~ VIETEK USA-1 Sonic u v w Wd Ts H M u* 20 zL Tvananc
Anemometer es
2 Frankerberger psychrometers Ta Twb
Kipp & Zonen NR-LITE Rn
2 HFPO1 Soil Heat flux plates G
Equitensiometer SWP
Raingauge Pg Pd Pi
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-3.7- TT2a - EOP Surface flux measurements

2.3.5 Other Instrumentation

Other flux Instrumentation

During the Special Observation Periods (SOP), various sites will be operating flux systems for
short periods in combination with other SOP activities.
ALGERIA

A flux site at Tamanrasset ( 22° 47’ N, 5° 31' E) is being set up for the SOP period associated with
the TRESS system operated by IPSL/SA. During this period, a Campbell Scientific CSAT3 sonic
anemometer, together with an IPSL-developed Optical Depth Sensor (ODS) and a CIMEL CE 312
CLIMAT radiometer will be operational. These instruments will augment the TReSS system at the same
site observing the radiative and structural properties of clouds and aerosol layers, and ABL dynamics.
This instrument package includes CIMEL sun photometers, Nephelometers, and an Heitronics IR
radiometer. This SOP instrument primarily associated with TT7 and TTS, has measurements of interest to
TT2a which are shown in Table 2e.

Table 2e Flux measurements associated with the TRESS system operated by IPSL/SA in
Tamanrasset

Operator Sensor Measurements
IPSL/SA Campbell CSAT3 Sonic ‘ u ‘ v ‘ W ‘ wd ‘ TsH M u* 20 zL rVarlanc
Anemometer es
CLIMAT radiometer Lin
Heitronics IR Radiometer Lin

BURKINA FASO

In Burkina Faso, Forschungszentrum Karlsruhe (FZK) will be operating two flux systems at sites in
Bontioli Park near Dano. One will be a Gill Solent/Lyman-a/Licor-7500 flux system with associated
energy balance measurements (PI is Norbert Katthoff), and the other a Campbell CSAT3/Licor-7500 flux
system, again with associated energy balance measurements (PI is Harald Kunstmann). These SOP
systems and their measurements are more fully detailed in TT8 but measurements of interest to TT2a are
shown in Table 2f

Table 2f FZK Flux system measurements at Dano and Bontioli Park sites in Burkina Faso

Operator Sensor Measurements

FZK/Dano_1 Gill Solent R3-50 " u v 'w ! Wd TsH M u* z0 zL Hvariances
Lyman-a humidity sensor H20c¢ LE +variances
Klpp & Zonen CM 14 Sin Sout
radiometer
Vaisala HMP34 humidity sensorTa RH
Licor 7500 CO2¢ H20c¢ Fc¢ LE +variances
Schulze net radiometer Rn
3 Heat flux plates G

Meteolabor Dew-Point sensor Td

Campbell CSAT3 Sonic ‘ u ‘ \% ‘w ‘ Wd ‘ Ts H M u* 2z0 z/L +variances
Anemometer

Licor 7500 CO2¢ H20c¢ Fc¢ LE +variances

FZK/Dano 2

The list of instruments as defined in the introduction of the implementation plan is given in the
tables of section 3.
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Other Instrumentation

Depending on users needs, it may be necessary and useful to increase the measurements by the
addition of PAR (Photosynthetically Active Radiation) sensors, NDVI sensors and Diffuse radiation at
some of the locations. InfraRed Thermometers to record surface “skin” temperature may also be useful.
The current budget does not include the provision of any of these instruments. However, provision of a
limited number of these sensors has been built in to the design, construction and operating software of the
HFS and Mk4 systems. The UK CLASSIC programme has funded the provision of four NDVI sensors
(SKR1800, Skye Instruments, UK) and two Total/Diffuse solar radiation sensors (BF3, Delta-T Devices,
UK). The NDVI sensors will be attached to all the Mali flux stations, while the BF3 sensors will be
attached to the Grassland Mk4 system and the Bamba HFS system. The Institute of Geography,
University of Copenhagen have supplied five SKR1800 dual channel radiometers which correspond to
Meteosat Second Generation (MSG) SEVIRI channels and AVHRR channels. These will be installed at
the Bira fallow bush site in Benin (AVHRR configuration) and at the Wankama degraded fallow bush site
in Niger (SEVIRI configuration).

Table 3 Nomenclature used in Tables 2a-2e.

Legend Description

u, Ws, Horizontal wind velocity in the direction of the
mean wind

v Crosswind velocity

w Vertical velocity

Wwd Wind direction

Ta, Ts, Td Air temperature (air, speed of sound derived),
Dew-point temperature of the air

H Sensible heat flux

M Momentum flux

u* Friction velocity

z0 Roughness length

z/L Atmospheric Stability parameter

RH Relative Humudity

Pr Atmospheric Pressure

Pg, Pd, Pi Rainfall amount, duration, intensity

Sin, Sout Shortwave radiation; incoming, reflected

Lin, Lout Longwave radiation; incoming, outgoing

al Albedo — derived quantity

Rn Net radiation from sensor components

VWC Volumetric Water Content

SWP Soil Water Potential

Tsoil Soil temperatures

CO2c, H20c¢ Surface level CO2 and H20 concentrations

Fc, LE Fluxes of CO2 and Evaporation

G Soil Heat Flux

2.4 Priorities

The HFS, Mk4 and API flux systems cited in this document have secured funding from NERC, the
EU or French API. Priorities with regard to production of such systems is therefore not necessary.

The additional instrumentation that can be attached to the HFS and Mk4 systems, i.e. Diffuse
radiation, PAR, NDVI and IRT do not currently have funding within the EU or NERC funding of
AMMA. The CLASSIC programme is providing funding for the inclusion of some of these
measurements at one or more of the Mali supersite locations.
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-3.9- TT2a - EOP Surface flux measurements

In the case of extra but limited funding being found, priorities will need to be decided for the above
instrumentation.

With regard to risk, the following areas of concern may apply during the operation of the
instrumentation in the EOP. Most of this information is particular to the AMMA-EU and AMMA-NERC
equipment but many of the risks are pertinent to the operation of sophisticated instruments in west Africa.

Delay in manufacture of HFS and Mk4 systems will ultimately impinge on the deployment date for
the systems.

All equipment has allocated funds for airfreight and experience shows that this is the best option for
the shipping of delicate items with low risk of damage and/or non-arrival. Equipment will be shipped
allowing sufficient time for airfreight and customs release.

The deployment of the systems has taken note of the current political and social stability of the
countries within west Africa. Mali, Benin, Niger and Ghana have all been stable for several years and
local knowledge has been sought at every opportunity to minimise this risk.

The production of the HFS and Mk4 systems has taken note of the valuable nature of items in the
systems, e.g. batteries, solar panels etc to the local economy and has taken precautions to prevent
opportunist loss of these items. The deployment has tried to avoid the placement of systems in remote
areas so that adequate local guarding of the valuable equipment can be organised. However, the
requirements of the AMMA programme with regard to the latitudinal rainfall gradient has inevitably
meant that some stations have been located in the north of Mali and southern Algeria. The use of solar
powered battery systems for data measurement and collection has avoided some of the problems
associated with reliance on mains-power.

The risk of loss of data during the EOP has been addressed through a thorough design process of
the instrumentation and logging equipment with regard to the climate, robustness of the sensors, the
current general inexperience of the proposed operators and the length of the EOP. Thorough training of
operators, provision of a complete spare HFS system and regular maintenance field visits by flux system
experts during the EOP will help this situation but this risk cannot be eradicated and some loss of data
should be expected from one or more of these continuously running systems during the EOP. The long-
term unattended running of multiple eddy correlation flux systems in remote and harsh conditions has not
been attempted before anywhere. With visits to field sites often being of the order of every 6 weeks, there
is the very real possibility of up to 6 week gaps in the flux data. More frequent field visits will be effected
during the periods around each SOP.

In the Djougou area, there are frequent power cuts which will affect all systems running on mains
power. The system at Nangantchori is running on mains power with backup APS on line. To further
minimise data loss during long power cuts or through thunderstorm damage, a technician will drive from
Djougou to site to assess the situation and restart the system. It is expected that data loss will be of the
order of a few minutes/hours per day during these events.

3 Deployment

3.1 Instruments and related detailed observation program

3.1.1 Periorities

The HFS, Mk4 and API flux systems cited in this document have secured funding from NERC, the
EU or French API. Priorities with regard to production of such systems is therefore not necessary.
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The additional instrumentation that can be attached to the HFS and Mk4 systems, i.e. Diffuse
radiation, PAR, NDVI and IRT do not currently have funding within the EU or NERC funding of
AMMA. The CLASSIC programme is providing funding for the inclusion of some of these
measurements at one or more of the Mali supersite locations.

In the case of extra but limited funding being found, priorities will need to be decided for the above
instrumentation.

With regard to risk, the following areas of concern may apply during the operation of the
instrumentation in the EOP. Most of this information is particular to the AMMA-EU and AMMA-NERC
equipment but many of the risks are pertinent to the operation of sophisticated instruments in west Africa.

All equipment has allocated funds for airfreight and experience shows that this is the best option for
the shipping of delicate items with low risk of damage and/or non-arrival. Equipment will be shipped
allowing sufficient time for airfreight and customs release.

The deployment of the systems has taken note of the current political and social stability of the
countries within west Africa. Mali, Benin, Niger and Ghana have all been stable for several years and
local knowledge has been sought at every opportunity to minimise this risk.

The production of the HFS and Mk4 systems has taken note of the valuable nature of items in the
systems, e.g. batteries, solar panels etc to the local economy and has taken precautions to prevent
opportunist loss of these items. The deployment has tried to avoid the placement of systems in remote
areas so that adequate local guarding of the valuable equipment can be organised. However, the
requirements of the AMMA programme with regard to the latitudinal rainfall gradient has inevitably
meant that some stations have been located in the north of Mali and southern Algeria. The use of solar
powered battery systems for data measurement and collection has avoided some of the problems
associated with reliance on mains-power.

The risk of loss of data during the EOP has been addressed through a thorough design process of
the instrumentation and logging equipment with regard to the climate, robustness of the sensors, the
current general inexperience of the proposed operators and the length of the EOP. Thorough training of
operators, provision of a complete spare HFS system and regular maintenance field visits by flux system
experts during the EOP will help this situation but this risk cannot be eradicated and some loss of data
should be expected from one or more of these continuously running systems during the EOP. The long-
term unattended running of multiple eddy correlation flux systems in remote and harsh conditions has not
been attempted before anywhere. With visits to field sites often being of the order of every 6 weeks, there
is the very real possibility of up to 6 week gaps in the flux data. More frequent field visits will be effected
during the periods around each SOP.

In the Djougou area, there are frequent power cuts which will affect all systems running on mains
power. The system at Nangantchori is running on mains power with backup APS on line. To further
minimise data loss during long power cuts or through thunderstorm damage, a technician will drive from
Djougou to site to assess the situation and restart the system. It is expected that data loss will be of the
order of a few minutes/hours per day during these events.

3.1.2 Deployment
Planning
Lead times for manufacture and supply of sensors, together with the necessary time to construct and
test the equipment, has meant that hardware for 3 Mk4 systems and 2 HFS systems have already been
ordered and delivered (1 Feb 2005) from within the AMMA-NERC budget which came on-stream at the
beginning of October 2004. This allowed some systems to be installed in Mali in April. OSIL received
their funds from AMMA-EU on the Ist June 2005. Construction of the four HFS systems by OSIL
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commenced at that time. To maintain compatibility within the training, data collection and subsequent
analysis, CEH have liased directly with OSIL in the design and production of the AMMA-EU funded
flux systems being produced by OSIL. The four systems were completed at the beginning of October
2005.

3.2 Logistical considerations

Installation and maintenance field visits to the flux station locations has to correspond with the
presence of local field staff who can organise the transport and accomodation arrangements. It is
imperative that the local knowledge of staff is used at all times with regard to local political activity and
changing governmental bureauacracy and political situation. West African states have different policies
with regard to visas, airfreight and customs control. Sufficient time needs to be allocated for the release of
airfreighted equipment from customs control at the airport. The remote site at Bamba, Mali can only be
serviced at 6 week periods in contrast to the remaining sites which will be serviced at 3 weekly periods -
although operational considerations with regard to the Hombori site may require 6-week visits as well.
This has necessitated some change to the data collection hardware and the controlling software. The
longer time between servicing has attendant risks for the vulnerability of the equipment and loss of data,
but modelled gap filling of lost data is easier at this site than more vegetated sites.

Three of the AMMA-NERC flux systems and the CLASSIC-funded flux system were installed
during 9-25 April. Two HFS systems were installed at the Bamba desert site and at a laterite site. The
CLASSIC funded Mk4 system was installed at the grassland site and the AMMA-NERC Mk4 over a
sparse forest site. The install period also included time for training of local IRD personnel and for field
testing of the systems. No local African researcher has yet been found to service the Hombori sites -
efforts are continuing. In the meantime, IRD staff and occasionally visiting CEH staff are servicing the
systems.

Locations for flux systems at the Wankama, Niger and Djougou, Benin supersites were identified in
early May 2005. Subsequently, the two API funded flux systems were installed at the Wankama, Niger
field site in June 2005.

The IMPETUS flux system has been operational for some time.

The next install was dependent upon the timing of the completion of manufacture and testing of the
systems currently on order. The install timing was also dependent upon the availability of both CEH and
OSIL staff to install the systems and local staff to provide both logistical support and to be available for
system training. For the HFS systems being constructed under the EU funding programme, 20-24 weeks
were required for construction and testing. OSIL did not receive funds from AMMA until the 1¥ June
2005 This set a likely date for delivery of the HFS systems for field testing as the beginning of October
2005 at the earliest. The systems were delivered on time. As the systems, both in design and structure, are
completely new, it would have been beneficial if a period of field testing prior to shipment to their final
locations had been done. However, the time required to clear customs in Niger and Benin (3 weeks) and
the planned installation in early November 2005, precluded this action and the flux systems were
airfreighted to Benin in the second week of October with the other flux systems airfreighted to Niger
during the 3™ week of October. The remaining two Mk4 systems constructed under NERC funding were
available for installation in June 2005. But other fieldwork operations by CEH staff and budgetry
constraints precluded these installations before the major Benin installation in November 2005. It was
also decided at the Biarritz meeting in September 2005 that the planned Mk4 installation at Ejura in
Ghana would now be redeployed over a suitable site in southern Benin.

The two AMMA-EU HFS systems and one AMMA-UK Mk4 Hydra system were installed in the
Djougou area of Benin between 7-12 November. The remaining two AMMA-EU HFS systems were
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installed at the Wankama/Banizoumbou sites during 14-17 November. It is currently planned that the last
AMMA-UK Mk4 Hydra system will be installed at the southern Benin site in February 2006.

The installation timing and operational periods for the flux systems are shown in table 4 below.

Table 4 The installation timings and operational period for the flux systems.

Location Location Site  Operator System Surface JFMAMJJASOND|[JFMAMJJASOND|JFMAMJJASOND]|

Mali AE.H20Flux_G CEH/CESBIO Mk4(C) Grassland
AE.H20Flux_G CEH/CESBIO Mk4(N1) Forest
AE.SHFlux_G CEH/CESBIO HFS(N1) Laterite
AE.SHFlux_G CEH/CESBIO HFS(N2) Desert

Niger AE.SHFlux_Nc CEH/IRD HFS(E1) Degraded Fallow Bush
AE.SHFlux_Nc CEH/IRD HFS(E2) Millet/Aerosol
AE.H20Flux_Ncw IRD CSAT3/7500 (API-1) Fallow Bush
AE.H20Flux_Ncw IRD CSAT3/7500 (API-2) Millet

Benin AE.H20Flux_Odc CEH/IRD Mk4(N2) Forest
AE.SHFlux_Odc  CEH/IRD HFS(E3) Cropland
AE.SHFlux_Odc  CEH/IRD HFS(E4)+7500 Fallow Bush
AE.Scintil_Od LTHE Scintillometer Mixed Surface
AE.SHFlux_Od U.Cologne Bowen Ratio Scrub Forest
AE.H20Flux_Od Lab.d'Aerologie Solent/7500 Composite scrub forest
AE.H20Flux_Ve CEH/IRD Mk4(N3) Palm Plantation

N - AMMA-UK Install
E - AMMA-EU CO2/H20 system — operational
C- CLASSIC Heat Flux System — operational

API - French Funds

The general operation and maintenance of the flux systems and the collection of data will be the
responsibility of the locally trained operators under the supervision of the supersite captains or designated
AMMA personnel. Regular inspection and maintenance field visits will be conducted by CEH and OSIL
staff. The timing of these trips must be flexible in order to respond to instrumental non-operation and the
technical capability and knowledge of the local operating staff in dealing with the problem, and with the
priority placed upon that system at any particular time of year. A general series of field visits by OSIL
and CEH staff prior to the SOPs will help to ensure correct operation during these important periods.
Vehicles

The staff of CEH and OSIL are entirely dependent upon the provision of vehicles by AMMA
organisations resident in Mali, Niger, Benin and Ghana. It is necessary therefore to organise installation
and maintenance visits to coincide with the field operations of the local staff wherever possible.
Installation at each supersite will require carriage of approximately 2000 kg of equipment from the
airfreight airport to the general area of deployment. This can generally be done before the installation
staff arrive. Subsequent deployment of each system will require use of one 4 x 4 vehicle of LandCruiser
size. Each installation trip will therefore need the use of one 4 x 4 vehicle and driver for the duration of
the installation trip i.e. of the order of 2 weeks. Subsequent maintenance visits (requiring one 4 x 4
vehicle + driver) will generally be of the order of 1 week.

After installation, the regular 3 week (6 week at Bamba) visit to each flux station to inspect and
download the data will require transportation to be arranged locally. The close proximity of the flux
stations at each supersite means that all flux stations could be visited in a single day.

Human Resources

The installation of the flux stations will require a minimum of 2 people (for safety reasons) to build
each station. Each station will be built consecutively. It would be more efficient if 3 people were involved
in the assembly of each flux station.

Regular inspection and downloading of the data from each station can be undertaken by 1 person.
That same person will be responsible for the upload of data to supplied computer and subsequent copying
of data to CD-ROM for posting to designated people within the AMMA community for quality control
and databasing.
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Infrastructure

The flux station installation and maintenance personnel will have to liase with and rely upon local
staff for provision of invitation documents for visas, collection of airfreight from airport customs
authorities, provision of vehicles and accomodation. The flux systems are solar panel battery powered
and therefore mains power is not essential. Installation can be done without any specific office facilities
but occasional use of a bench or part of an office for the use of laptops and inspection of sensors may be
necessary.

Four mains-powered Dell PC's have been purchased for the downloading of data and transfer to
CD-ROM. These four PC's will require permanent bench space in an office at each of the supersites in
Mali, Niger, Benin and Ghana for the whole of the EOP. There is no operational reason for these PC's to
be linked into the local computer network

3.3 List of instruments

Table 5 TT2a List of Instruments

# Code Pl Names E-Mail Address Instrument Platform
F.Timouk  franck.timouk@ird.fr 2 MK4 systems in HomboriHombori
AE.H20Flux_G
EBLEF7 e C.Lloyd cri@ceh.ac.uk (grassland and open forest sites) Super Site
F. Timouk, franck.timouk@ird.fr 2 HFS systems in Bamba (veryGourma Meso
AE.SHFlux_G ?
EB2 e C.Lloyd cri@ceh.ac.uk dry) and Hombori (extensiveSite
laterite pan)
S.Galle galle@ird.fr 1 Mk4 system over forestat ~ Ouémé -
AE.H20OFlux_Od
EB3/EFS weeee C.Lloyd cri@ceh.ac.uk Belefoungou Donga Super
Site
S.Galle galle@ird.fr 1 Mk4 system over Palm Benin
AE.H20Flux_BS
EB4 e C.Lloyd cri@ceh.ac.uk plantation in
southern Benin
S.Galle galle@ird.fr 2 HFS (OSIL) systems at BariOuémé -
AL.SHFlux_Od ;
LE2/LFS P9 S Holland  StuartHolland@osil.co.uk (gajjow  bush) and NalohouDonga Super
(Crop) Site
B.Cappelae  Bernard.cappelaere 2 HFS (OSIL) systems atNiamey
LE1/LF8  AE.SHFlux_Nc P
ILF8 e re Stﬁmsﬁglg:év@nggﬂtggﬂ( Wankama (Degraded fallow)Central super
S.Holland ' o and Banizoumbou (Millet) site
N.Boulain  Bernard.cappelaere 2 CSAT3/Li7500 H20/CO2Niamey
AE.H20Flux_N ;
EF8 e B.Cappelae ~ @Msem-univ-montp2.fr g,y gystems over Fallow bushCentral super
re and Millet at Wankama site
Andreas Fink —af@meteo.uni-koeln.de METEK USAl Heat fluxParakou
system
- Jean-Martial ~ Jean-Martial.Cohard@ Sensible Heat FluxDonga Super
AE.Scintil_Od ;
EF10 et Cohard hmg.inpg.fr Scintillometer Site
SF14 ASTRESS Ta  C.Flamant cyfl@aero.jussieu.fr TReSS multi-sensorTamanrasset,
m (TRESS) active/passive remote sensing ofAlgeria
radiative and aerosol layers
EFa3 AE VAN Od D.Serca Serd@aero.obs-mip.fr Gas/combustion particleOuémé -
- T analysers+energy flux+NO2Donga Super
profile Site
EF34 AE_Nox_G D.Serca Serd@aero.obs-mip.fr Iilg;nfgrc Ige;asurements of soil gi(;:rma Meso
Table 6 List of instruments related to TT2a
# Code Pl Name E-Mail Address Instrument Platform = TT
SEO04 Norbert kalthoff@imk.fzk.de  Solent/Lyman-o/Licor7500 Bontioli Park TT8

AS.H20Flu = Norbert
x_D
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Kalthoff
AS.smet S Anthony Slingo

system™

SuU1l as@mail.nerc-essc.ac.uk ARM Mobile Facility Banizoumbou ARM

* A CSAT3/Licor7500 system was reported to be run by Harald Kunstmann on the same site; no further info.

Table 7. Location, system designation and surface type for the TT2a flux systems

Country Site Name Latitude Longitude System Vegetation
Mali Bamba 17°05.907' N 1°24.073' W HFS (NERC) Desert
Hedgerit 15°30.171' N 1°23.460' W HFS (NERC) None — Gravelly Red Soil
Agoufou 15°20.595' N 1°28.841' W Mk4 (CLASSIC) Grassland
Kelema 15°13.422'N 1°33.972' W Mk4 (NERC) Open Forest
Niger Wankama 13°38.853' N 2°38.022'E CSAT3 /Li7500 Fallow Bush
“ 13°38.628' N |2°37.805'E CSAT3 /Li7500 Millet
«“ 13°38.779' N 2°38.581'E HFS(EU) Degraded Fallow Bush
Banizoumbou 13°31.294'N 2°37.737' E HFS (EU) Spare/ Aerosol/dust
Koma Koukou Campaign fluxes Millet
Benin Bari, Djougou 9°49.397'N 1°43.067' N HFS (EU) Fallow Bush
Nalohou, Djougou |9°44.456' N 1°36.335'E HFS (EU) Mixed Crops
Belifoungou, 9°47.279'N 1°43.158'E Mk4 (NERC) Forest
Nangantchori 9°38.820' N 1°44.460' E Solent/Li7500 Secondary forest/woody
Savanna
Djougou Area Wide Aperture Composite
Scintillometer
Parakou 9°06'160” N 1°56'37.6” E Modiﬁed Bowen Open Forest
s. Benin ?7? ?7° 27N 7°977E Mk4 (NERC) Plantation

4 Partnership

4.1 Field observations

It is imperative, in any long-term measurement programme, to have dedicated staff to service the

equipment and to collect the data. Each of the Super sites have very experienced staff who have worked
in the region for many years. They have built up good relationships with the local people and have
experience of the sophisticated equipment comprising the flux systems.

WP 4.2.3 indicated that the “training of African scientists and technicians is a very important
component of the activity of European teams involved in LOP-EOP” This is still the required aim; to
employ and train local African researchers to operate and maintain the equipment, download and analyse
the data and either write scientific papers or contribute to the writing of those papers. However, it has
proved difficult to identify suitable local staff to maintain the novel and instrumentally sophisticated HFS,
Mk4 and similar flux systems and currently there is no general solution within budget. The priority for
CEH and Ocean Scientific International Ltd (OSIL) has been to build and deploy these systems before the
first SOP which has left little time to organise structured and comprehensive training before the systems
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were installed. More effort needs to be applied to find suitable African technicians and to train them
sufficiently to be able to routinely run the flux systems

A local technician employed by the Institut d'Economie Rurale (IER) at the Bamba ( Mali) site has
been recruited. The remoteness of this site and the unavoidable short training programme given to him
during the installation of the flux system has meant that currently data is sporadic from this site. The other
sites in Mali are being operated by staff of IRD from Bamako (16 hours travel from Hombori) which is
expensive and deflects IRD staff from their normal duties.

The situation in Niger and Benin, where field sites are no more than 1 hour from the main supersite
centre, will be easier to organise and maintain. The Site Captains at Niamey and Djougou have identified
competent researchers to undertake the maintenance and data collection from the flux systems. In
Niamey, this is Manon Rabanit (IRD) and at Djougou Simon Alloganvinon (University of Cotonou).

At the Mali Supersite around Hombori, Dr Eric Mougin (Supersite Captain) and the staff of
CESBIO will be conducting intensive vegetation surveys throughout the EOP and will provide the staff to
service the flux systems at Hombori on a 3 week cycle. Currently, this is being performed by Ing. Franck
Timouk (CESBIO, IRD) but it is highly desirable to find an African researcher to take on this
responsibility. The northern site at Bamba is being serviced by M. Lamine Touré, chef d'antenne de
conservation de la nature de Bamba. This site, due to its remote location, will only be serviced every 6
weeks. A strong linkage to IRD is important for transport and other logistics.

At the Banizoumbou, Niger supersite, Dr Luc Descroix (supersite Captain), Dr Bernard Cappalaere,
Dr Jean-Louis Rijot have project interest in the flux data. Mme Manon Rabanit and will be involved with
the collection and use of the flux field data.

At the Djougou, Benin supersite, Drs Sylvie Galle and Christophe Peugeot (supersite Captains) will
be requested to assume overall responsibility for the supervision of the maintenance of the flux systems
and the collection of the data.

4.2 Training programme

Training is an important component of the AMMA programme and OSIL UK and CEH
Wallingford will provide suitable training in understanding the design, technical specification and field
operation of the flux systems. Of equal importance when operating flux systems is an appreciation of the
micrometeorology of the local region around the flux system. A short and concise training package will
be created that provides field operatives with the background knowledge to appreciate the operation of
the flux systems and the micrometeorology of the flux station site. Training will be given locally on the
operation of the measurement systems but funding is being sought to allow a Workshop to be convened in
west Africa that will provide a much wider appreciation of the measurement techniques, operation and
use of the resultant data. Close collaboration with ST4 on this latter topic will help in identifying suitable
candidates, training locations, possible funding and the workshop organisational aspects.

A workshop is being planned for the spring of 2006 in Cotonou, Benin to acquaint AMMA field
scientists involved in the collection and analysis of flux data with pertinent aspects of
micrometeorological theory and practice that will provide them with further information for the correct
appreciation of the strengths and weaknesses of the eddy correlation method in the interpretation of the
flux data.
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5 Organisation of the TT.

5.1 Leaders, core group, membership
Drs Colin Lloyd and Chris Taylor will jointly lead the TT to provide an amalgam of observation

and modelling (Colin Lloyd will spend some length of time in the field).

Surname First name email address Function
TT Leaders
Lloyd Colin crl@ceh.ac.uk Surface Fluxes
Taylor Chris cmt@ceh.ac.uk Land-Atmosphere Interactions
Core Group Members
Boone Aaron aaron.boone@cnrm.meteo.fr ALMIP modelling intercomparison
Cappelaere Bernard Bernard.Cappelaere@msem.univ-montp2.fr ' TT4 Niger & surface interactions
Diedhiou Arona diedhiou@ird.ne AMMA-AFRICA: Meteo-France
Ottlé Catherine catherine.ottle@cetp.ipsl.fr Land surface modelling; Satellite
Serga Dominique serd@aero.obs-mip.fr Benin Flux and Chemistry
measurements
Timouk Franck Franck.timouk@cesbio.cnes.fr TT3 Mali Flux measurements & Satel.
Other members

Beljaars Anton Anton.beljaars@ecmwf.int Numerical Weather Prediction
Boulain Nicolas Nicolas.Boulain@msem.univ-montp2.fr TT4 Niger: API flux measurements
Cohard Jean-Martial  jean-martial.cohard@hmg.inpg.fr  TTS5 Benin Scintillometry
Descroix Luc descroix@ird.ne TT4 Supersite Captain
Fink Andreas af(@meteo.uni-koeln.de Benin (Parakou) Flux measurements
Galle Sylvie galle@ird.fr TTS Benin Supersite Captain
Hanan Niall niall@nrel.colostate.edu Afriflux
Laurent Jean-Paul jean-paul.laurent@hmg.inpg.fr
Marticorena Béatrice marticorena@lisa.univ-paris12.fr  TT2b EOP/LOP Aerosols
Morse Andy A.P.Morse@liverpool.ac.uk Disease Vector Modelling
Mougin Eric eric.mougin@cesbio.cnes.fr TT3 Mali Supersite Captain
Norgaard Anette an@geogr.ku.dk Senegal: remote sensing
Parker Doug doug@env.leeds.ac.uk AMMA-UK Leader
Peugeot Christophe cpeugeot@ird.fr TT5 Benin Supersite Captain
Rabanit Manon rabanit@ird.ne Niger Flux measurements
Rajot Jean-Louis rajot@ird.ne Niger: Dust deposition, Aerosols
Sandholt Inge is@geogr.ku.dk Senegal: remote sensing
Slingo Tony as@mail.nerc-essc.ac.uk ARM Facility, Niger
Kounouhéwa Basile African Representative, Benin
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5.2 Internal coordination

Diffusion of information will be made by email using the member list above. A web-based mailing
list has been set up using the UK academic ISP Jiscmail. This mailing list and its archives is visible to the
whole AMMA community and items can be posted to the list by registered members. The mailing list can
be found at: http://www.jiscmail.ac.uk/lists/ AMMA-SURFACE-FLUXES.html

This mailing list has, as one of its functions, to provide for the rest of the AMMA community, up to
date information on such items as instrumental deployment, travel plans, site visit reports, data reports,
data availability and problems.

5.3 Request handling for new instruments

There is no money in either the AMMA-EU or AMMA-UK budgets to purchase new instruments.
Instruments that will be of use at some sites include a PAR (Photosynthetically Active Radiation) sensor,
an NDVI (Vegetation Index) sensor, a soil heat flux plate and an Infrared thermometer to measure soil
surface “skin” temperature. The ability to plug these instruments in to the Flux Systems is provided.
Funds will then need to be sought to purchase these sensors. Any other requested instruments to run
concurrently with the Flux Systems will need separate power, logging and data collection facilities which
would require negotiation with Site Captains with regard to the training and extra workload placed on
researchers currently engaged in servicing the Flux systems.

5.4 External diffusion of the information and reporting

External diffusion of information will be subject to the dissemination rules decided within AMMA.
News items and contact information in the first instance will be provided via the AMMA International
Implementation Web Page. The TT will report to the appropriate organisational and funding bodies, i.e.
ICIG, AMMA-EU and the relevant national programmes.

6 Coordination with other TTs.

Coordination with the other task teams will initially be through diffusion of information via email
and the mailing list site described above. In particular, the following strong linkages will be maintained.

Coordination with boundary layer radiation measurements

TT2b

T3 Coordination with the intensive vegetation, soil moisture and soil respiration studies. Coordinate to
provide efficient and cost-effective logistical arrangements

TT4 Coordination with the catchment and sub-catchment hydrological studies. Coordinate to provide
efficient and cost-effective logistical arrangements

TT5 Coordination with the ongoing hydrological and vegetation studies. Coordinate to provide efficient and
cost-effective logistical arrangements

TT7 Coordination and comparison with the larger scale radiation, sensible and latent heat fluxes.

TTs Coordination and comparison with the mesoscale modelling aspects of the surface flux regime.

Coordination with the experimental aspects of this TT.
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