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1. Scientific justification and objectives

Key questions to be addressed by AMMA are listed in the International Science Plan.

A number of SOP-Monsoon objectives are also defined by the funded and proposed
parts of AMMA. TT8 will organise these objectives into complementary activities, and
this is described in subsequent sections of this document. Appendix E lists the
objectives and subprojects which are concerned with TT8.

2. Observing strategy

2.1 Overall strateqy

2.1.1 Aircraft and ground-based measurements

A detailed overview of the SOP-Monsoon strategy is included in section 3 of the
AMMA International Science Plan (ISP -
http://amma.mediasfrance.org/international/documents/index).

In order to achieve the scientific objectives related to the onset and mature monsoon
phases decribed in the AMMA ISP, a synergy of observations from up to five
research aircraft (F/ATR-42, F/F-20, UK/BAel46, D/F20 and EEIG/Geophysica),
various ground-based stations and space-borne instruments has been designed to
be operational in June—September 2006.

The overall strategy for the SOP observations is a multidisciplinary, multi-instrument
approach. Research aircraft will be used to gain high temporal and spatial
resolution measurements while ground-based systems will provide continuity in
time. The aircraft will also be used for a ‘Lagrangian’ approach (for instance following
weather systems through more than one phase of their evolution), with the ground-
based systems giving an Eulerian (fixed location) view.

There are two important modes of instrument operation:

1. Intensive observing periods (IOPs) of 1-4 days will be used to focus
attention on specific events in the monsoon: notably the effects of convective
rainfall events on the various environmental systems. Central to these 10Ps
will be the deployment of research aircraft. Prescribed IOP patterns are
numbered 11, 12, ...

2. Intensive monitoring will be conducted throughout the SOP period using
ground-based instruments. The activity of some of the EOP monitoring
systems (such as the radiosonde network) will be enhanced in this period.
This enhancement of monitoring systems will also involve the deployment of
SOP ground instrumentation.

Table 2.1 below lists the deployment dates of various instruments.
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@

Week

29/5

5/6 | 12/6 | 19/6

26/6 | 3/7

10/7

17/

2417

31/7 | 7/18 | 14/8

21/8

28/8 | 4/9

11/9

SOP #

SOP1

SOP2

Dates

1 June — 30 June

1 July — 15 Sept

Aircraft

SOP 1-a

SOP 2-al

SOP 2-a2

SOP 2-a3

Dates

1-15 June

1-15July

BAel46

ATR

F-F20

D-F20

Geoph.

17 July — 25 August

31 July — 18 August

1 - 15 Sept

31 July — 18 August

Ground

Dano fluxes

Dano r'sondes

Driftsondes

Ocean soundings

Oceanic mast

Constant vol. balloons

Tethered balloon

Sodar network

MIT C-band radar

SCOUT Balloons

Ronsard radar

15 June — 15 September

Bistatic radar receivers

15 June — 15 September

Micro rain radar

Lidar network

Lidar ceilometer

Deposition fluxes

Aerosol
characterisation

Chem. instruments

Janua

-December

SOP 2al & 2a2

Lightning network

SOP 1 & SOP 2

Microwave radiometer

January-December

UHF radar

GPS network

RS network

ARM Mobile Facility

Soil moisture radar

Ozone soundings

International SOP-Monsoon Implementation, Version 3

April-September

May 2006

Table 2.1: SOP dates
and periods of
instrument deployment.
Red = Niamey; Blue =
Dakar; Yellow =
Ouagadougou; Green =
Dano; Orange =
Djougou; Pink = ‘other’.
The SOP-Monsoon
periods have been sub-
divided into periods of
coordinated aircraft
deployment labelled
SOP1-a, SOP2-a1l,
SOP2-a2 and SOP2-a3.
Details of instruments
are contained in
Appendix B of this
document.



2.1.2 Modelling and satellite observations

Model and satellite products will be used for planning of IOPs and aircraft operations
(coordinated through the AMMA Operations Centre - AOC). Need for these products,
according to I0OP, is detailed in the forecasting requirements for SOPs (Table 3.1
below). It should be noted that a number of products will be required for SOP
planning, which are beyond the usual remit of operational weather prediction, as per
example the dust and biomass burning plume trajectories.

Data assimilation with certain datasets from the SOP (radiosondes, dropsondes,
driftsondes in particular) is a major priority.

Targetted observations using dropsondes, radiosondes and driftsondes could be
supported (see I5 plan in section 2.4).

Coordination with satellite overpasses needs to be discussed.

Representatives of the modelling and satellite communities are members of TT8.
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2.2 Surface-based deployment strategy

2.2.1 Overview

In the SOP observing startegy, the objective of the surface-based deployment is two-
fold: (i) obtain continuous monitoring of processes and their evolution during the
different phases of the monsoon (i.e. pre-onset, onset, and mature) and (ii) provide
complete and mutidisciplinary datasets for numerical modeling validation as well as
satellite products validation.

The surface-based deployment will be implemented in five ways essentially:

%)

%)

Enhancement of EOP measurements as for example balloon soundings
networks around the Niger and Benin mesoscale sites, and ozone soundings
in Cotonou, Benin;

Addition of new instruments on existing supersites as for example in the
Donga basin (Benin) or around Niamey;

Networking of instruments along transects according to the coherence
of the related measurements as for example the enhancement of the EOP
east-west “aerosol sahelian” transect with lidars and in situ aerosol sampling
devices or the installation of a north-south GPS transect west of the EOP
GPS transect;

Activation of isolated stations/supersites in remote locations or
locations not included in the transects as for example the supersites of
Tamanrasset (Algeria) and Dano (Burkina-Faso), or the balloon releasing
sites of Cotonou (Constant volume balloon) and N’Djamena (Driftsondes);
Seaborne operations in the Gulf of Guinea in the framework of the EGEE-3
cruises envolving the R/V Atalante (balloon soundings, air-sea exchanges
characterization) and other R/V in the Equatorial and Tropical Atlantic.

The list of ground-based instruments proposed for the SOP is included as Appendix
B. There are two characteristic modes of operation for ground-based instruments:

1.

‘Continuous’ monitoring (M). This mode is typical of instruments measuring
vertical profiles or scalar parameters, such as sodars, wind profilers,
automatic weather stations, surface energy balance stations. Such stations
may need periodic maintenance, in some cases daily. Some of these
instruments may be EOP instruments which operate in an enhanced mode
during the SOP,

‘Responsive’ operations (R). In such cases, instrument operation depends
critically on the prevailing conditions, and on the particular scientific objectives
in question. This mode is characteristic of radar, balloon-borne soundings,
and tethered balloon systems. In such cases, the instruments will be linked to
the 10OP patterns listed in section 2.4 (11, 12, ...). In addition, there may be I0P
patterns which involve ground-based instruments alone.

2.2.1.1 Enhancement of EOP measurements
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2.2.1.1.a SOP radiosonde network

The RS network is being upgraded and coordinated for the EOP period by TT1.
Priorities defined by TT1 are largely for EOP monitoring. For the radiosondes, the
additional SOP monitoring is defined on the networks provided for the EOP,
particularly the @Quadrilaterals® and the @onsoon transect® which are now briefly
described.

(i) SOP Flux networks (quadrilaterals, see Fig. 2.2.1)

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

Northern quadrilateral: Parakou, Tahoua/Birni/tAgadez/Kano, @ Tombouctou,
Ouagadougou, Niamey

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. A frequency of at least 4 soundings per day,
during the SOPs, is needed for these purposes.

Concerning the northern quadrilateral, due to the orographic influences on the local
meteorology of Agadez, there is a strong motivation to replace this station. 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 (13.80°N, 5.25°E) and Tahoua (14.90°N,
5.25°E). The Tahoua site would be priority. A further option for this station might be
Kano, in northern Nigeria.

(ii) Northern stations (see Fig. 2.2.1)
Agadez, Tombouctou, Tessalit, Tamanrasset

These stations lie in a critical zone on the southern fringes of the Sahara. 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.
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Figure 2.2.1: Radiosonde stations for AMMA, marking the northern, southern and
western quadrilaterals.

The majority of the stations relevant to TT8 are operated by ASECNA, who are a full
partner in the AMMA-EU programme, and funded directly through AMMA-EU to
deliver the soundings needed. Enhanced soundings from the very effective Algerian
station at Tamanrasset are also planned.

The SOP sounding programme will also be enhanced by the provision of soundings
by the ARM Mobile Facility (AMF), who will launch 4 soundings per day from Niamey.
At the Dano site (1-15 June 2006 for SOP 1 and 23 July — 20 August 2006 for
SOP 2a2), there will be an additional radiosonde station operated by FZK for the
SOP. There will be ship-launched soundings from the R/V Atalante during the
EGEE-3 cruise in the Gulf of Guinea (25 May — 7 July 2006).

It is noteworthy that all these atmospheric profiles will be complemented by
numerous dropsonde launches from aircraft operations during IOPs.

2.2.1.1.b Ozone soundings in Cotonou

The objective is to sample the vertical distribution of ozone in the troposphere and in
the stratosphere in the vicinity of Cotonou to characterise its seasonal (and possibly
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interannual) variability over equatorial Africa,and to assess the transport pathways
from the different source regions. Moreover, these soundings aim at complementing
the SHADOZ network which provides no ozone data over continental equatorial
Africa except in Nairobi (Kenya). The measurement frequency is of one sounding per
week for the EOP period (December 2004 — November 2006) at a fixed day and
time. During the SOP (June-Augut 2006), the frequency will be increased to three
times a week.

2.2.1.2 Addition of new instruments on existing supersites
2.2.1.2.a The Donga basin site in the Ouémé region

In the framework of the EOP, this region has been instrumented mainly for
hydrological applications (X-Port radar, rain gauges, etc..). During the SOP,
additional instruments will be located in three sites (Figure 2.2.2): Kopargo which will
be equipped with the Doppler polarimetric C-band radar RONSARD and Kolokonde
which will be equipped with the DLR bistatic radar receivers. This radar network
together with the X-Port in Djougou will define a Doppler radar area within which the
dynamical and microphysical processes associated with organized MCSs and non-
organized convection will be documented. RONSARD will operate from 15 June to
15 September. Its maximum range is either 200 or 100 km, with range gates of 100
or 200 m. The sampling achieved by RONSARD will also be carefully coordinated
with that of X-Port in order to access the 3D wind field. RONSARD also has clear-air
capabilities which could eventually be very useful for the characterization of low-level
clear-air dynamics ahead of MCSs, where low-level chemical flights will occur in
SOP2a2.

Within this radar array, a third site, Nangatchori, will be dedicated to the in-situ and
vertical stratification of chemistry, aerosol, precipitation, dynamics and energy budget
during the monsoon season, by means of in situ (sampling of chemical compounds
and aerosols, optical spectropluviometer for rain rate and fall speed of hydrometeors,
etc..), active remote sensing (lidar, UHF/VHF radars, micro-rain radar, lidar
ceilometer) and passive remote sensing (profiing microwave radiometer)
measurements. A lightning detection network will also be installed in the Donga
Basin region by DLR.

The UHF and VHF will run unattended onder the control of a technical staff for
Benin. The data will be transfered to CNRM in Toulouse for quality control and data
processing. Quicklooks and possibly data will then be transfered to the AOC in
Niamey.

The primary aim of the Univ. Of York field work at the ground site in Benin is to
determine the dominant C10 and larger biogenic species, (particularly terpenoids
and carbonyl compounds), present in surface layer above this region of West Africa.
The data will be used to determine biogenic influence on both local and regional
ozone processes and potential organic aerosol formation. A small number of filter
samples of ambient aerosols will also be collected and the organic content (both
volatile and macromolecular) determined by subsequent laboratory analysis. Surface
measurements carried out at Djougou will provide a ground constraint to complement
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similar measurements made on the BAE 146 during SOP2 and measurements of
species such as isoprene / ozone made concurrently by CNRS.

Figure 2.2.2: SOP instrumentation in the Donga basin area.

2.2.1.2.b The Niamey-Banizoumbou supersite

During the SOP, a station dedicated to measuring wind erosion fluxes and dust
physical-chemical characteristics as well as aerosol vertical distribution will be
implemented in Banizoumbou (east of Niamey) to measure dust fluxes in the Sahel
related to soil uses and climate variations, and to characterize dust radiative impact
related to dust sources and to dust physical and chemical properties.

An ensemble of instrumental platforms will also be implemented at the Niamey
airport to provide high spatio-temporal resolution observations relevant to AMMA
objectives: the Massachussets Institute of Technology (MIT) Doppler C-band
radar (operational from June 1 to August 15) for the documentation MCS-related
dynamics and precipitation processes as well as hydrology and land-surface
interactions, the ARM Mobile Facility (operation for the whole of 2006) equipped
with a backscatter lidar and a cloud radar, among many other instruments) for the
monitoring of the radiative budget and of the optical, dynamical, and microphysical
properties of cirrus clouds and anvil clouds, and the so-called SCOUT balloons
equipped to document the thermodynamics and the chemistry in the upper
troposphere and lower stratosphere (collaboration with EU SCOUT project). The
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10

SCOUT sondes and balloon measurements are planned between July 17 and
August 30, 2006.

Finally, an array of 4 sodar stations (3 from Univ. of Leeds, 1 from FZK) is planned
for deployment in SOP1 and SOP2 (1 June — 21 August 2006). The sodars measure
winds continuously up to a level of about 500 m, at time resolution of around 10 to 30
minutes and vertical resolution of 10 m or greater (‘Monitoring’ mode). In association
with the sodar array, a tethered balloon system (Univ. of Leeds) will be deployed
during SOP2-a2 (17 July — 21 August 2006), from which wind profiles,
thermodynamic profiles and turbulent fluxes profiles can be made over periods of
many hours (in ‘responsive’ mode). The combination of these instruments will be
used to measure: local circulations due to surface heterogeneity (vegetation and soil
moisture), the diurnal cycle of the low level monsoon flow, the vertical structure of the
low level monsoon flow,®ea-breeze€iype flows forced by the land surface, and low
level wind structure of MCS events. The deployment of the sodars is planned as a
“Y” pattern, of scale around 100 km, @ned©to the typical scales of soil moisture
variability resulting from MCS events.

2.2.1.3 Networking of instruments along transects according to the
coherence of the related measurements

2.2.1.3.a Sahelien aerosol transect

In the framework of the SOP, three stations of the EOP “Sahelien aerosol transect”
(see TT2b), dedicated to study of the evolution of dust properties during their
transport towards the Atlantic Ocean and the role of easterly waves and Mesoscale
Convective Systems (MCS) on dust emission, transport and deposition, will be
equipped with a suite of instruments enabling detailed documentation of the
radiative, optical and hygroscopic properties of dust: M'Bour (Senegal), Cinzana
(Mali), and Banizoumbou (Niger, see section 2.2.1.2.b above). At each of these
sites, the following parameters will be monitored by the instrument indicated into
brackets:

@ dust concentration (PM10) at the ground level (TEOM)

@ total, wet and dry dust deposition (automated passive collector)

@ column-integrated aerosol content and properties (AERONET/PHOTONS

photometer)
@ vertically-resolved aerosol distribution (micro-LIDAR, ISAC-CNR).

2.2.1.3.b GPS meridien transect

GPS-derived total columnar water vapour (TCWV) measurements along meridien
transects 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. In the framework of the EOP 3 stations have been
implemented along a north-south axis (Djougou, Niamey, Gao) to document the
seasonal excursion of the WAM as well as shorter fluctuations associated to
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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. For the SOP, 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. These stations will provide an additional north-south transect to the west
of the EOP GPS transect. The provision of two north-south arrays for the SOP will
reduce the dependence of analyses on the longitude of Niamey, which experience
particular climatology due to the upwind topography.

Fig. 2.2.3: Locations of GPS stations for EOP and SOP.

2.2.1.4 Activation of isolated stations/supersites in remote locations or
locations not included in the transects

2.2.1.4.a Tamanrasset supersite

In the framework of the SOP, the Transportable Remote Sensing Station (TReSS)
will be operated from 15 January to 15 September 2006 in Tamanrasset, under the
auspicies of the ONM. TReSS is an autonomous and high-performance system
designed to observe radiative and structural properties of clouds and aerosol layers,
as well as atmospheric boudary layer dynamics. The overarching objective is to
improve the knowledge of heat low dynamics variability (and its impact on the
monsoon) through detailed seasonal characterisation of above variables, and
in combination with airborne and space-borne measurements. The standard payload
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is made of the following instruments: 1) a multi-wavelength elastic and Raman
channels backscatter Mini-Lidar operating at 532, 1064 and 607 nm (with diverse
polarization capability at 532 nm), 2) a sun-photometer, 3) an IR radiometer and 4) a
full sky visible channel web-type camera. For the AMMA SOP period, the platform
capability will be enhanced with an Optical Depth Sensor (ODS for daytime and
nighttime measurements), a CLIMAT radiometer and a sonic anemometer. During
SOP 0, near-surface extinction and size distribution measurements will also be
performed. The above instrumentation will also be enhanced by the measurements
conducted routinely by the OMN.

2.2.1.4.b Dano supersite

The site of Dano (Burkina Faso) is located west of the Benin and Niger mesoscale
sites and will be operated during 2 SOPs: from 1 to 15 June 2006 for SOP la and
from 23 July to 20 August 2006 for SOP 2a2. The measurements in Dano will
contribute to enable the tracking of the MCSs, and the survey of their modification
and evolution on their path from Eastern Africa to the Atlantic Ocean. High frequency
balloon sounding (3 hourly) will be performed, which will deliver information about the
longitudinal variation of the dynamical and thermodynamic properties of the
monsoon layer. Energy balance measurements are also to be performed for different
land use classes (cultivated area and natural vegetation). Measurements at different
latitudes and with different land use are necessary to cover the whole variety of
energy transformation which exists in the AMMA domain. Finally, soil moisture
measurements are to be performed in different depths and on a grid size of about 1
km® to investigate the spatial distribution of soil moisture. The data provide
information about the spatial heterogeneity of soil moisture. Such data are important
input data for mesoscale models. This combined set of soil moisture, energy balance
and tropospheric data can be used to calculate of the heat and moisture budget of
the monsoon wind layer, the influence of surface conditions on convection and for
the validation of model simulations.

2.2.1.4.c Boundary layer pressurised balloons in Cotonou

The boundary layer pressurised balloons (BLPB) will be launched from Cotonou
(Benin) in the monsoon layer (~850 hPa) between mid-June and mid-July 2006.
The balloons fly at constant density, and are expected to follow the monsoon winds
towards the north-east. The BLPB will be deployed during SOPs 1 and 2 (monsoon
onset) and will allow to address several scientific issues :

@ lagrangian trajectory and humidification of the monsoon (diurnal cycle),

@ modulation of the monsoon by the african easterly waves (maximum of
perturbation at 700 hPa),

@ estimation of the monsoon penetration over the continent and determination
of the monsoon onset,

@ quantification of the performances of NWP on the meteorological fields (wind
speed and direction, pressure, temperature and moisture) in the AMMA
region,

@ validation of research models for the understanding of the dynamical
processes associated with the monsoon onset.
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2.2.4.1.d Driftsondes in Diffa or Zinder (Niger)

Regular dropsonde launches from high-altitude ballons using the driftsonde
technology will enhance in a significant manner the spatial radiosounding coverage
of West Africa. This specific deployment would mostly allow to describe features of
the monsoon climate system not fully covered by the enhanced radiosounding
operations to be documented : the heat-low region, the west coast of Africa,
continental and oceanic easterly waves. This tool fills the gap between
radiosoundings at synoptic scale (except around AMMA supersites) and dropsondes
launched from aircraft at mesoscale. Driftsondes will most likely be launched from
Diffa or Zinder (Niger) between mid-August to mid-September (and maybe
extended to end of September in support of TT9 activities). This deployment will
allow to address several scientific issues :
@ complement the radiosounding network in regions void of measurements
@ impact of the assimilation of the dropsonde data
@ quantification of the performances of NWP (NCEP, ECMWF, ...) on the
meteorological fields (wind speed and direction, pressure, temperature and
moisture) in the AMMA region.
@ validation of research models for the understanding of the dynamical
processes associated with convection and cyclogenesis.

2.2.1.5 Oceanic measurements

The EGEE-3 cruise with the R/V L’Atalante is funded for the period 25 May — 7 July
2006. This cruise will deploy a meteorological instrumented mast and radiosondes,
to complement the ‘monsoon transect’ of soundings on land (Cotonou, Parakou,
Niamey and ‘Northern stations’). During SOP1la and 2al, these radiosoundings will
allow to document the monsoon flow, its evolution until the monsoon onset and the
ocean-land gradient of static energy. Two north-south transects extending this
radiosonde array are planned, to the south of Cotonou that will coincide with aircraft
deployment during SOP 1a and SOP 2al. The first transect is scheduled around 15
June 2006, i.e. at the end of SOP 1a, after the western cruise is completed 26 May -
15 June). The second cruise is scheduled around 7 July, i.e. during Sop 2al, after
the eastern cruise is completed (18 June - 7 July). These transects are to be
ccordinated with aircrfat operations during 11.3 IOPs (see Section 2.4 for details).
During these cruises, 15 drifting MARISONDE buoys equipped to measure near
surface winds and atmospheric pressure as well as oceanic temperatures at different
depths. The objective is to document surface and subsurface variables in the Gulf of
Guinea along the trajectories of the buoys to observe mixed layer depths and their
evolutions. Depending on availability, X-probes could also be released to document
the hydrological structure in the upper layers of the Equatorial Atlantic and more
especially in the Gulf of Guinea, and to survey the oceanic mixed layer and sea
surface temperature.

The NOAA R/V Ronald H. Brown will conduct underway atmospheric surveys
between the eastern US seaboard and the African coast during SOP1.
Interferometric, meteorological, radiative, and flux measurements will be collected in
the SAL outflow region and along a 23°W line in an area of maximum tropical
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Atlantic variability. TAO-like moorings will be deployed and refurbished along this
line, which is part of the larger PIRATA array. Sea surface skin and bulk temperature
measurements will also be collected over the length of the cruise for satellite
validation and algorithm development.

A German cruise with the R/V Meteor is scheduled for 6 June — 8 July 2006 — much
of this cruise will operate along 23°W although operations along 10 W are also
planned. The cruise will involve meteorological measurements, including fluxes and
radiosoundings.

Funding is currently being sought to reactivate the meteorological station at the
island of Sdo Tomé (6° E, 0 °N).

2.2.2 Networking

Networking is key to the SOP observing startegy as in many instances, similar
instruments are deployed on several of the AMMA supersites. Furthermore, in some
instance, the SOP instruments will enhance existing networks. For instruments
operating in a ‘responsive’ mode, acquisition protocols and data processing will
carefully be coordinated.

2.2.2.1 Balloon sounding network
2.2.2.1.a Radiosondes

The SOP sounding programme will be enhanced by the provision of soundings by
the ARM Mobile Facility (AMF), who will launch 4 soundings per day from Niamey. At
the Dano site (1-15 June 2006 and 23 July — 20 August 2006), there will be an
additional radiosonde station operated by FZK for the SOP. There will be ship-
launched soundings from the R/V Atalante during the EGEE-3 cruise in the Gulf of
Guinea (25 May — 7 July 2006).

It is planned that the deployment of SOP soundings will be conducted in three
modes:

1. Enhanced monitoring at key stations, with 4 soundings per day on the southern
guadrilateral and the northern stations of Agadez and Tamanrasset.

2. Two periods of intensive soundings on the southern quadrilateral and at Agadez,
at a frequency of 8 soundings per day (or more if possible). Each period would
deploy 20 additional soundings per day on this array. One such period will be
timed for the onset time of the monsoon (20 — 29 June 2006) and one period for
the peak monsoon, to coincide also with the period of maximum aircraft
observational activity (1-15 August 2006). These periods are to be described as
Intensive Observing Periods (see I5 below).

3. A reserve of sondes exists to support IOPs with high frequency soundings at key
stations, in a short-term responsive mode. These sondes will be coordinated with
the responsive sondes at the Dano site.
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Bearing in mind the known facilities and personnel at each site, likely sounding
capacities were determined/proposed for the following stations by TT1: Agadez (4, or
8 with assistance), Abuja (8), Cotonou (8), Niamey (8), Ouaga (4), Parakou (8),
Tamale (8), Tombouctou (4), Tahoua (2) and Kano (2).

2.2.2.1.b Dropsondes from aircraft

The F/F20 and D/F20 as well as the UK/BAel46 are equipped with AVAPS
dropsonde systems. It is schedule that approximately 350 and 135 dropsondes be
released by the F/F20 and the UK/BAel46 during SOPs 1 and 2. Concerning the
F/F20, the approximate partition between the SOPs is : 200 for SOP 1a and SOP
2al, 130 for SOP 2a2 and 20 for SOP 2a3. It is also proposed to release
dropsondes during the ferry from Europe in and out of Niamey to enhance
observations in the Sahara region (see detailed in Section 2.6). It is not anticipated
that the D/F20 will dropsondes during the SOPs 1 and 2.

2.2.2.1.c Boundary layer pressurised balloons

The BLPB will be launched from Cotonou (Benin) in the monsoon layer (~850 hPa)
between mid-June and mid-July 2006. The balloons fly at constant density, and are
expected to follow the monsoon winds towards the north-east. The number of
balloons is about 20. Since one can not expect more than 2-3 balloons to prepared
every other day, the sampling strategy will consist in releasing a balloon every other
day, with enhanced activity during IOPs (i.e. the launching of a maximum of 2-3
balloons).

2.2.2.1.d Driftsondes

Driftsondes will most likely be launched from Diffa or Zinder between mid-August
and mid-September. Eight gondolas, possibly ten will be available, each gondola
carrying 40 dropsondes (possibly 50). The gondolas will be launched upstream (to
the east) of the main AMMA study areas, and will drift towards the west in the lower
stratosphere (100 or 50 hPa). The gondolas will release the dropsondes, either at
regular times or on demand. The current plan is to have dropsonde releases at
synoptic hours (0000 and 1200 UTC), in addition to droping on demand based on
targeting needs for hurricanes, developing tropical cyclones and AMMA convective
systems. The lifetime of the gondolas being on the order of 15 days, typical
operations will imply that approximately 30 dropsondes will be released for twice
daily soundings and approximately 20 will be available for ‘responsive’ launches.

2.2.2.1.e SCOUT balloons

The SCOUT-03 sondes and balloon activities are planned in Niamey between July
26 and August 29, 2006. The SCOUT-0O3 balloons are part of the tropical activity of
the SCOUT-O3 EU funded programme. The objective of the SCOUT-O3 balloon
campaign during AMMA is to further study the convective vertical transport, water
vapour, cirrus clouds and chemistry in the Tropical Tropopause Layer (TTL) between
14 and 20 km and their possible impact on the lower stratosphere above MCS. Of
particular importance are measurements above cumulo-nimbus cloud turrets during
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their development phase in late afternoon and early evening. They could contribute
significantly to the AMMA objectives, particularly those of the SOP 2_a2 aircraft
(including M55 Geophysica), by carrying daytime and also nighttime observations
close and above MCS in the TTL during their maximum phase of development,
difficult to perform otherwise. Balloon trajectory simulations will be performed for the
final flights decision, e.g. before or after the pass of the MCS, and coordination with
aircratft.

The experiment involves:
. 15 sondes on Raven 1500 m® ballons carrying up to 8-10 kg,
20 ECC ozonesondes,
10-11 small balloons carrying several payloads of 10- 50 kg up to 23-25 km
and then descending slowly through the TTL,
one 4000 m3 Raven balloon (ascending to 33 km and then descending
slowly).

The sondes include Vaisala RS92 soundings which could be used as “responsive”
sondes to study the diurnal variation of temperature and humidity in the TTL as a
complement to the 4 sondes / per day planned in TT1; Flash-B Lyman-a
hygrometers for sensitive measurements in the UTLS; backscatter sondes for
detecting cirrus and ice particles; and ozonesondes. The sondes will be operated by
Danish Meteorological Institute with the Russian Central Aerological Observatory and
CNRS-SA.

The measurements onboard small balloons include tracers of various life time by GC
(micro-DIRAC of UCAM), air samplings (mini sampler of the University of Frankfurt)
further analysed in the laboratory for tracers, water vapour isotopes and a number of
organic species, water vapour and methane by tuneable diode laser (micro-SDLA of
the university of Reims), clouds, aerosol and ice particles by in situ backscatter laser
diode (LABS of CNR-ISAC) and optical counter (OPC of UMIST and the University of
Wyoming) as well as remote by micro-lidar (MULID of ENEA), NO2 and BrO by solar
occultation UV-Vis spectrometry (SAOZ of CNRS-SA), IR and UV-Vis radiometry
(NILUCUBE of NILU, IR radiometer of CNRS-SA), and finally an electric field probe
(AIRS of CNRS-CETP). Several instruments combinations are being defined
depending on the objective to be addressed. They could be prepared in parallel on
the field for an optimum flight according to the meteorological conditions. The current
combinations include i) in situ water vapour, saturation ratio, fast uplift above storms;
i) in situ ice and aerosol redistribution and uplift of chemical species in the upper
TTL and LS above and next to storms; iii) remote anvils, thin cirrus water vapour and
electric field above convective storms; iv) remote / in situ chemistry: BrO/NO2/03,
short lived organic bromine, photolysis rates; v) in situ average transport in
convective area.

The payload of the 4000 m* Raven balloon operated by Univ. Wyoming consists of 2
OPC (Optical Particle Counter) instruments and an ozonesonde (total weight of
about 45 kg). The primary scientific goal is to obtain an in situ measurement of the
size distribution of stratospheric aerosol, with some special interest in the UTLS if
there was other evidence of larger particle/cirrus.
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According to the wind climatology available in Niamey area where SCOUT-O3
balloon launches are planned in the summer convective period, the balloons will drift
westward from Niamey. The maximum measurement range, defined by the telemetry
system, is of about 300 km.

Details on the flights can be found in Appendix H.
2.2.2.2 Surface flux network

Measurements from the EOP surface flux network (described in TT2a) will be
enhanced during the SOP with stations at Dano (1-15 June 2006 and 23 July — 20
August 2006), Tamanrasset (15 January — 15 September 2006), and ship-borne
instrumentation for intermittent periods in the SOP (25 May — 7 July 2006). There is
strong motivation to attempt to deploy some limited surface flux sensors in the heat
low zone, perhaps at the synoptic station at Tessalit (see section 2.6.2 below).

2.2.2.3 Lidar network

The EOP lidar network, which involves an east-west array of nighttime operating
lidars (2 profiles per night during the entire EOP period) in M’Bour, Cinzana and
Banizoumbou (coordinated by TT2b) will be enhanced by:

@ A east-west array of lidar systems able to operate during the day- and
nighttime with a temporal resolution of the order of 5 minutes in a ‘responsive’
mode: The LOA CIMEL min-lidar in M’'Bour and the ARM Mobile Facility
micropulse lidar in Niamey,

@ a north-south transect of day- and nighttime operating systems a temporal
resolution of the order of 5 minutes in a ‘responsive’ mode: the IPSL Mini-
Lidar from the TReSS platform in Tamanrasset, as well as the IPSL CIMEL
lidar and the Univ. Of Bonn lidar ceilometer CT25K in Nangatchori in the
Donga basin (near Djougou).

The IPSL CIMEL lidars will run unattended (10 min. acquisition sequences every 30

min.). It will be under the scientific responsability of the aerosol station Pls of
Djougou. In M’Bour, the aerosol station and the LOA CIMEL lidar will also run
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unattended (the LOA CIMEL lidar acquisition sequences being the same as the one
in Djougou). It will be under the responsibility of an IRD technical staff already in
charge the sunphotometer and other EOP-related instruments.

2.2.2.4 GPS network
See details in Section 2.2.1.3.b above.
2.2.2.5 Sodar network and tethered balloons

An array of 4 sodar stations (3 from Univ. of Leeds, 1 from FZK) is planned for
deployment in SOP1 and SOP2 (1 June — 21 August 2006). The sodars measure
winds continuously up to a level of about 500 m, at time resolution of around 10 to 30
minutes and vertical resolution of 10 m or greater (‘Monitoring’ mode). In association
with the sodar array, a tethered balloon system (Univ. of Leeds) will be deployed
during SOP2-a2 (17 July — 21 August 2006), from which wind profiles,
thermodynamic profiles and turbulent fluxes profiles can be made over periods of
many hours (in ‘responsive’ mode). The balloon can in principle be flown to an
altitude of 2 km, in practice this may be restricted by Air Traffic Control. It is possible
that another tethered balloon system will be deployed in the Gourma region by the
CESBIO team.

The deployment of the sodars is planned as a “Y” pattern, ‘tuned’ to the typical
scales of soil moisture variability resulting from MCS events (see Figure 2.2.4). The
Univ. Leeds tethered balloon will be collocated with the sodar at Banizoumbou
(Koma Koukou site), at the centre of the “Y”.
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Figure 2.2.4: The proposed arrangement of the sodar network — the 4 sites are
indicated by open circles at Gourou Goussa, Alkama, Banizoumbou and Koure Sud.

The AMMA-Niger group is interested in improving the understanding of the
processes leading to MCS breakup in the region of Dosso and Dogondoutchi, east of
Niamey. This interest is compatible with the planned sodar network of Fig. 2.2.4.

Deployment will take place in the following modes:

1. Land-atmosphere IOPs (I11.1 — 11.7 all possible). The balloon will be
deployed on days when the BAel46 or ATR42 are making boundary-layer
flights over the mesoscale region in which the balloon is deployed.

2. Nocturnal transition observations. These measurements would be
considered on days when no aircraft operations were planned over the
balloon region. The balloon will be deployed from 1500 to 1100 (20 hours)
to observe the development and erosion of nocturnal circulations. In order
for these measurements to be made, good recent estimates of the regional
scale (10-100km) soil moisture distributions would need to be available
(see 11.4 description).

The system will not be deployed during cumulonimbus events, due to risk of lightning
damage

2.2.2.5 Radar network

Radar operations are planned for the central locations of the northern and southern
radiosonde quadrilaterals (Niamey and Djougou respectively). The detailed
documentation of MCS-related dynamics, microphysics and precipitation processes
provided by the MIT Doppler C-band radar and the IPSL RONSARD Doppler C-band
in Niamey and Djougou during the SOP will nicely be complemented by
measurements made with the Burkinabe radar based in Ouagadougou, as well as by
the Senegalese radars (Dakar and Linguere) further downstream.

On the Donga basin site, the sampling achieved by RONSARD will be carefully
coordinated with that of X-Port and the DLR bistatic radar receivers. A strength of the
dual-Doppler and bistatic networks is that they can provide a temporally continuous
record of MCS structure throughout the experimental period. A broad description of
convection, associated precipitation, and associated mesoscale 3D dynamics and
microphysics will be achieved in a large area 400 km in diameter (or 200 km
depending on the mode of operation) by the Ronsard radar data only, using single—
Doppler retrieval methods. Then, more detailed dynamics, precipitation patterns, and
microphysical and dynamics processes will be attainable at convective-scale in a
relatively smaller domain (around 40 x 40 km?) using the X-Port and bistatic radar
receiver data.
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2.2.2.5.a RONSARD radar

The Ronsard will operate from 15 June to 15 September from Kopargo, 20 km north
of Djougou, Benin. The Ronsard radar is operating at C-band, Doppler, and has dual
polarization capabilities. Scanning speed is 30 seconds per PPI. Its maximum range
is either 200 or 100 km, with range gates of 100 or 200 m. The sampling achieved by
Ronsard will also be carefully coordinated with that of X-Port in order to access the
3D wind field.

The radar will be used to target MCS events, non-organised rainfall (congestus and
other types of cumulonimbus) and also has clear-air capabilities, which could
eventually be very useful for the characterization of low-level clear-air dynamics
ahead of MCSs, where low-level chemical flights will occur in SOP2a2.

Whenever an MCS is approaching (as seen from MSG images) the radar at 200 km
range, a surveillance PPl mode will be activated (3 to 4 successive elevations at
relatively low elevation angles from 0.5° to 8°, with the 200 km range). These
surveillance PPIs will allow provision of structural information about the approaching
convective system (maximum height of leading convective part, convection intensity,
horizontal extent, apparent propagation speed). This information will be sent to the
AOC and to the pilots of the aircraft in real-time during SOP 1a, SOP 2a2 and SOP
2a3 to refine the 12, 13 and I4 flight plans (see below, section 2.4). When the leading
edge of convection arrives at 80-100 km range from the radar, the volumetric
scanning mode will be activated, with a 100 km maximum range and the 100 m
range gates (best resolution).

The volumetric scanning mode details are still under discussion but it should include:
two interleaved sets of 12 elevations (including a vertical pointing, and the
same value of the lowest elevation in the two interleaved sets, for rainfall
estimation at sufficient temporal resolution), and
2 RHIs (elevation scanning at fixed azimuth) for the microphysical
classification of hydrometeors.

The total duration of this would be around 12 minutes (for 3D wind retrieval), with a
repetition of the lowest elevation every 6 minutes, which is compatible with the
temporal scales required for rainfall estimation, and a new classification of
hydrometeors every 6 minutes. This radar sequence will start with the antenna at 0°
elevation, then will make the first RHI at a given azimuthal direction. Then the first
set of interleaved elevations will be performed, down to the lowest elevation (0.5°,
probably). A second RHI will then be performed with an azimuth shifted with respect
to the first one in order to describe the variability of the microphysical classification
perpendicular to the propagation direction of the MCS. Then the radar sequence will
end with the second set of 12 elevations, with a vertical pointing to start and the
same lowest elevation as in the first set of interleaved elevations.

In addition to providing information valuable to nowcasting of convective storms, for
balloon launches and other ground-based activities and for coordinated MCS flights
in the vicinity of Djougou, RONSARD will provide two products: rainfall estmaites and
2D/3D winds.
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A- Rainfall estimation

Rainfall estimation is used in soil moisture evaluation and moisture budget
computations (supported by fluxes, satellite and radiosonde networks). These issues
are simply fundamental to AMMA - related toWG2 (water cycle) and WG4 (land-
atmosphere), with important input to WG1 (WAM and climate) and WG5 (impacts).

The rainfall estimated using the radar will be used to refine the spaceborne retrievals
of instantaneous rainfall using microwave radiometry over land (there are methods
presently developed for this, see WP4.3), and the more statistical rainfall retrievals
using geostationary satellites (MSG, see also WP4.3).

The radar rainfall data are particularly necessary for the evaluation of scale
interactions (EU WP1.4) — matching the cloud-scale rainfall structures with the
regional-scale distributions. In the northern Sahel, around and north of Niamey,
where vegetation is sparse, the surface state is particularly sensitive to rainfall, so
the distributions which are resolved in the rainfall and resulting soil moisture fields
impact very strongly on the distributions of surface fluxes on scales from a few km up
to the range of the radar. In particular, these scale interactions are critical to:

@ local microclimates and social impacts (mosquito environments; agriculture)
(WG5; WP3.x, WP5.x)
monsoon and cloud dynamics (WG2; WP1.3, WP2.1)
water cycle (WG2; WP1.2)
If the radar has dual-polarization capabilities, it can be used in the study of the
interaction between microphysical and dynamical processes (WG2; WP2.1).
distributions of surface fluxes, and associated model evaluation (WGS3;
WP2.2, WP4.1)
distributions of chemical emissions (WP1.1, WP2.4): in the northern Sahel
where soil emissions are particularly important, patterns of rainfall influence
the spatial distributions of chemical and aerosol fluxes from the surface. The
radar will be used to analyse these patterns, in association with aircraft
missions in the boundary layer.

Q 8 vVavw

In terms of the third major goal of AMMA, prediction of the amounts and spatial
distributions of rainfall is the primary need of decision-making for West Africa. Radar
is an important part of improving our scientific understanding of the rainfall
processes.

B- Wind data for mesoscale analysis of MCS events.

These data are important in the understanding of the dynamics of MCSs and their
interactions both with the larger-scale monsoon (as in 1(b) above) and the land
surface. For instance, from HAPEX-Sahel results it is thought that soil moisture
patterns may persist through an intensification of convective cells over patches of
wet soil (Taylor and Lebel 1998), and the radar will be used to evaluate the
mechanisms of this effect.
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Analysis of the wind fields in MCS systems will also be needed for the analysis of
lightning occurrence, with its consequences for NOx production.

2.2.2.5.b MIT C-band radar

The MIT C-band radar will start to deploy at the Niamey airport on May 15, 2006, and
the radar will be operational from June 1 to August 15 2006. The useful range of the
MIT C-band radar is given at 150 km with a range for reliable rainfall estimates at
100 km. These numbers are compatible with a deployment at the Niamey airport for
a gquantitative monitoring over the Kori de Dantiandou catchment. MIT’s transportable
C-band Doppler radar has been deployed in a wide variety of meteorological
environments around the world. The current operating characteristics of this radar
are included below:

Operating frequency 5590 MHz
Antenna diameter 8 ft
Antenna 3dB beamwidth 1.2 deg
Peak transmitter power 500 kW
Total power consumption ~10 kW

The observing strategy is based on full volume radar scans at 10 minute intervals,
with occasional RHI scans. The measured parameters include: radar reflectivity,
cloud top height, mean, Doppler velocity derived parameter: rainfall rate, Doppler
spectral width.

The deployment of the MIT C-band radar in the Niamey region will enhance AMMA
related science in three major topics:

A- Application to hydrology and land-surface interactions

The value of radar measurements of rainfall over catchments is widely recognized.
In the presence of scattered convective scale rainfall of the kind anticipated in the
premonsoon season around Niamey, the radar will provide superior resolution to the
gage network in defining the areal distribution of rainfall. Soil moisture is a quantity
of key interest in AMMA and the radar will document the rainfall with a sub-kilometer
resolution matched to this interest. The proposed 24/7 radar operation for a 75-day
period during SOPs 1 and 2 will also allow for the exploration of antecedent
conditions in catchment response to a rainfall event, key for analysis of land-surface-
atmosphere interactions. Accurate radar calibration is essential for this application,
and MIT has experience with this aspect. The radar measurements will be combined
with numerous aircraft missions over the Niamey region, as well as intensive satellite
analyses and vertical profiling from the ARM Mobile Facility.

The availability of NASA TRMM satellite observations in the time frame of this field

program will enable the validation of rainfall measurements from space in one of the
most continental tropical regions.
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B- Three-dimensional characterization of convection

Previous field programs in the tropics at other longitudes (Maritime Continent and the
Amazon basin) have clearly demonstrated the distinctions in the vertical
development of the convection in different meteorological regimes, including the
regimes targeted in the various SOPs in AMMA). The three dimensional
characterization of precipitation with radar volume scanning is well suited to expose
this vertical development and the sensitive role of the updraft in modulating ice
microphysics and the convective ice factory. This key information is lacking in both
surface observations and in satellite observations of opaque clouds, and is uniquely
provided by radar. The strength of the updraft is dependent on subtleties of the
thermodynamics of surface air, which will be well documented in AMMA. The
information on the vertical structure of precipitation is valuable in interpreting the
lower level radar reflectivity for quantitative rainfall. The proposed radar location is
well suited for comparisons of the 3D precipitation and wind field with the planned
AMMA meridional transects by aircraft at this longitude.

C- Mesoscale convective systems in the context of the AEWs

It is widely recognized that mesoscale convective systems are key components of
the AEWSs at the synoptic scale. Yet previous studies of the AEWs are primarily
based on satellite imagery that does not resolve the MCSs in any quantitative detail.
In contrast, radar is well suited to investigating the three dimensional structure of
deep, vigorous convection and the accompanying stratiform precipitation with
extensive radar bright band that characterizes MCSs. The availability of multiple
radars in Africa during AMMA, at different locations along the AEW ‘pipeline’, will
provide for a new avenue to explore the mesoscale component of AEWs. The use
of Doppler capability at full radar range may even provide some capability to monitor
the circulations in the large vortices that make up the AEW, some of which evolve
into tropical cyclones and ultimately hurricanes in the western Atlantic Ocean.

Note that the planned deployment ends on 15 August which is during the 5-aircraft
period of SOP2-a2. It would be scientifically desirable to extend the deployment to
15 September 2006; the end of SOP2-a3.

2.2.2.5.c DLR bistatic radar receivers

A bistatic Doppler radar network consists of a transmitting Doppler radar and at least
one remote Doppler receiver. Since a Doppler radar can only measure the radial
component of the 3-dimensional wind vector, measurements of the Doppler velocity
from different locations are necessary to retrieve the 3-dimensional wind vector. A
bistatic Doppler radar network is a less expensive solution compared to operating
two Doppler radars. The remote receiver consist of a fixed passive radar antenna
(2m x 30 cm), a GPS receiver for time and frequency synchronization. The remote
Doppler radar receiver is based on a standard PC with additional cards. Electrical
power is required, a possible operation with solar panels is under investigation. A
communication link to RONSARD is mandatory. Measurements from RONSARD,
bistatic radar receivers, and the X-Port radar at Djougou will be used to retrieve the
full 3 dimensional flow field in the Djougou area.
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2.2.2.6 Ligntning detection network LINET

LINET" (Lightning Detection Network) is a particularly sensitive network working at
VLF/LF range with 3D capability. Thus intra-cloud (IC) as well as cloud-to-ground
flashes can be detected. The efficiency of the system allows for unprecedented low-
amplitude detection power. Since abundant IC events are located an effective
discrimination against CG is performed. Preferentially, the TOA (time of arrival)
method is used for locating the horizontal and vertical position of lightning strikes.
The system can measure the time, the horizontal and vertical location of VLF-
sources as well as the amplitude and the polarity of these events.

Each station of the LINET (6 station DLR network) consists of:
- a crossed loop antenna for measuring the magnetic field,
- a GPS antenna for measuring the precise time reference and
. a PC for data aquisition.

The deployment of LINET is planned in co-ordination with the radar network in Benin
consisting of the French Ronsard polarimetric Doppler radar, the X-Port and the DLR
bistatic receiver. Thus it is possible to observe thunderstorm properties as complete
as possible on the same scale. The deployment and operation is planned to be
performed in cooperation with African partners from UAC - University Abomey Calavi
(Prof. Etienne Houngninou) and the Benin DMN (Francic Dide). The University of
Munich (Prof. Betz) has build the system and cooperates with data analysis and
scientific evaluation.

! http:/mww.pa.op.dir.de/linet/Overview/overview.html
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Figure 2.2.5: Left: Envisaged sensor locations fro the DLR lightning detection
network LINET around Djougou, Benin during the AMMA SOP. Right: The LINET
antenna consiting of two perpendicularly oriented metal rings measuring the
magnetic field emitted from lightning.
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2.3 Aircraft deployment strateqy

Up to five aircraft will be envolved during SOP 1 and 2: the UK FAAM BAel467, the
french SAFIRE Falcon 20 and ATR-42°, the DLR Falson 20* and the EEIG
M55/Geophysica®. Details on the aircraft payloads can be found in Appendix A of
this document.

Aircraft FR F-20 FR ATR-42 | UK BAel46 D F-20 Geophysica
Operating | 500ft- 500ft- 50ft- 500ft- 1000ft-
altitude | 42000ft 25000ft 35000ft 41000ft 68000ft
Payload | 1200kg 2500kg 4000kg 1500kg 1500 kg
Range | 3200km 3000km 3700km 3500km 3500 kg
Staffing | 3 crew, 3 crew, 3 crew, 3 crew, 1 crew
2 scientists 7 scientists | 18 scientists | 3 scientists
Duration | 4 hours 4 hours 5.5 hours 3.5-4.5 4 -5 hours
hours
Ground |170-200m/s |95 m/s 110 m/s 170-220 m/s | 200 m/s
speed

Table 2.3.1: Main characteristics of the three deployed aircraft

The UK/BAel46, the F/ Falcon 20, the D/Falcon 20 and the F/ATR-42 will operate
out of Niamey, Niger. For logistical constraints of operating the M55/Geophysica in
West Africa the M55 and D/F20 will be based in Ouagadougou during SOP 2a2,
Burkina Faso. Most importantly a sufficiently large hangar has been identified which
can house the M55 (pending permission from the Burkinabe military). Ouagadougou
is also close enough to Niamey (approx. 400 km) to perform joint missions with the
AMMA aircraft deployed from Niamey, to make coordinated flights with the SCOUT-
AMMA balloons and to make flights near to the super-site at Djougou with its
lightning detection network, radar and lidar systems.

The aircraft deployment strategy is based around standard IOP patterns which are
detailed in Section 2.4. It also aims to:
link with ground-based networks,
assess the coherence of the datasets via thourough instrument and data
intercomparison,
transmit data to GTS in real time.

2.3.1 Instrument and data intercomparison

Intercomparison of data from different sensors must be planned in advance of the
SOP periods. A detailed strategy for intercomparisons will be developed early in
2006 and refined at the TT8 planning meeting early in April. Key instruments which
must consider a commitment to intercomparison are:

2 http://www.faam.ac.uk/

% http://www.cnrm.meteo.fr/safire/ or http://www.dt.insu.cnrs.fr/avions/avions.php
* http://www.dlr.de/fb/en/desktopdefault.aspx/tabid-527/

® http://www.geophysica-eeig.cnr.it/index.php
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Aircraft platforms,

Turbulence and flux stations,

Surface-based chemical and aerosol instruments,
Radiosondes and dropsondes (also Vaisala/Modem systems).

2.3.2 Transmission of dropsonde data on the GTS in real or near-real time

In addition to radiosondes, dropsondes can also provide valuable information to be
assimilated into numerical weather prediction (NWP) models. It is scheduled that
approximately 350 and 135 dropsondes be released by the F/F20 and the
UK/BAel146 during SOPs 1 and 2. Transmission of data from dropsondes to the GTS
for assimilation into NWP models is considered very important. Particular efforts
must be made by TT8 co-chairs to inform NWP centres of this process and to ensure
that the dropsonde data is assimilated.

2.3.3 Integration of in-situ measurements from low-level flights with
ground-based measurements over the meso-sites

At the Seignosse ‘Process Studies’ meeting in September 2005 we started a debate
among the physical and chemical communities within AMMA, regarding the
integration of aircraft-derived and ground-based measurements, including
atmospheric fluxes. This has been followed with open email discussion among TT8.
Arguments from these discussions are summarised in Apendix F.
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2.4 |10P strategy

The strategy for deployment of responsive instruments in IOPs is based around
some standard ‘IOP patterns’ (labelled 11.1 to I5) described in this section. Funding
sources are listed in Table 2.5.1 (Section 2.5) and scientific stakeholders for these
IOP patterns are listed in Table C1 and C2 of Appendix C.

1.1 Surface-atmosphere-aerosol: Inter-tropical front and heat low surveys
(SOP1-a, SOP2-al — Flamant)

The Saharan heat low (SHL) region is key to understanding the monsoon dynamics
and the thermodynamic budget of the thermal low over the Sahara desert is an
important element of the climate of the West African region. Despite its central role,
the very little is known on the dynamics of SHL as well as the diurnal and seasonal
evolution of its main characteristics (position, horizontal extent, subsidence aloft,
thermodynamic budget, radiative budget, cloud cover) and features (Saharan aerosol
layer -SAL, inter-tropical front -ITF). Furthermore, this region is affected by an
important horizontal variability of its main characteristics and features at the regional
scale.

Within AMMA, we propose to characterize the SHL main characteristics (including
radiative properties) and features at the daily, seasonal and inter-annual scales. This
will be done by two means:

Carrying coordinated aircraft operations in the IFT region to analyse the
dynamical and radiative processes associated with the IFT structure and the
Harmattan-Monsoon-African easterly jet (AEJ) interactions during the SOP1-a
and SOP2-al of AMMA. The role of the surface (soil moisture in particular)
will also be investigated. Aircraft measurements will be enhanced by surface
measurements made at the Banizoumbou (Niger), Gourma (Mali) and
Tamanrasset (Algeria) supersites. Improved knowledge of the above
mentioned processes will be obtained by coupling numerical dynamical
simulations with airborne and ground-based measurements of atmospheric
thermodynamics, surface characteristics and aerosol radiative and optical
properties. This strategy is relevant to TT8 and will be described hereafter,

Characterizing the SAL and IFT structural parameters and radiative properties
at the seasonal and interannual time scales in the Sahel and the Sahara using
continuous in situ (e.g. mass concentration, size distribution) and remote
sensing (e.g. lidar and sunphotometer derived aerosol optical depth)
measurements at the two Sahelian Dust Transect stations of Banizoumbou
(Niger) and IER-Cinzana (Mali) as well as in Niamey (Niger) and Tamanrasset
(Algeria). This strategy is described in the TT2b implementation plan.

During SOP1a, the exploration of the inter-tropical front (ITF), which is assumed to
be north of Niamey at the time of SOP1-a, will be made using 2 aircraft: the F/ATR in
the PBL and the F/F20 flying above the PBL (with the nadir looking LEANDRE 2
lidar) at a level around 500 hPa to enable the documentation of the atmospheric
reflectivity and moisture fields in the lower troposphere. The F/F20 will also release
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dropsondes, as it is highly desirable to document temperature and wind (with a 0.5°
or 1° resolution). High horizontal resolution is not necessarily an issue for
temperature, as opposed to moisture which will be provided by LEANDRE 2. In
addition to measuring mean and turbulent variables, the F/ATR will also be equipped
with the AVIRAD and HYGRO aerosol packages for measuring aerosol optical and
radiative properties in the PBL.

Combining the in situ aerosol meaurements and laser remote sensing

measurements will enable to retrieve two-dimensional fields of aerosol extinction at
high horizontal and vertical resolution.
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Figure 2.4.1: proposed aircraft operations designed to investigate the structure of the
IFT and the SAL during SOP 1-a and SOP 2-al.

Main highlights for the mission are:

1. take off from Niamey and ascend to 6 km msl and 300 m msl for the F/F20
and F/ATR respectively, heading for the Gourma site,

2. exploration of the ITF over the Gourma site. Upon reaching the ITF, the F/F20
will explore the vertical structure of the atmosphere (3 levels) to the south of
the position of the ITF at the surface (as forecasted by ACDMAD and
determined in the fields from lidar measurements). Two series of vertically
stacked flight levels will be performed, separated by at least 50 km. The
vertical exploration will last 2h. In the mean time, the F/F20 will describe a
square pattern around the position of the IFT at the surface to try to grasp
some spatial and/temporal evolution in the coupled monsoon-harmattan-AEJ
system,

3. landing in Gao for refuelling (1h to 2h expected),

4. take-off from Gao, ascend to 6 km msl and 300 m msl for the F/F20 and
F/IATR respectively. Depending on the position of the IFT, the F/ATR will
either fly north with the F/F20 (Option 1), or sample the IFT again, while the
F/F20 heads north (Option 2),

5. exploration of the SHL region by the F/F20, heading for Tessalit. Turn around
in Tessalit and fly back towards Gao to sample the atmosphere in the vicinity
of the IFT. Option 1: the F/ATR also explores the SHL before returning to
Gao. Option 2: the F/ATR heads back to Gao after sampling the IFT,

6. ferry back to Niamey and landing.

All missions are scheduled to start early, around 0700 UTC, to enable a landing in
the daytime. The overall length of the mission will be on the order of 8 or 9 hours,
depending on the time needed for refuelling in Gao.

During SOP 2al, the same basic pattern is proposed. D/F20 (equipped with the nadir
looking Doppler lidar WIND) flights will be coordinated with the French aircraft flights.
The F/F20 will also release dropsondes, as it is highly desirable to document
temperature (with a 0.5° or 1° resolution) in addition to the remotely sensed wind and
water vapour fields. Nevertheless, the D/F20 may not be able to participate to the
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SHL exploration, due to possible overheating problems to be expected during the
refuelling stop in Gao as the heat might be difficult to withstand for WIND. In this
case, the D/F20 will contribute to the IFT exploration and head back to Niamey.

Link with the modelling strategy:

The proposed flight plans will provide three-dimensional (3D) observations of the IFT
structure in the region of the Gourma. The thermodynamical structure of the
monsoon flow and overlying harmattan will be constructed from dropsonde and lidar
measurements in the lower troposhere (below 6 km msl). These measurements will
be compared with the IFT structure obtained from high resolution simulations.
Combining the in situ aerosol meaurements and laser remote sensing
measurements will enable to retrieve two-dimensional (2D) fields of aerosol
extinction at high horizontal and vertical resolution to the north and to the south of
the IFT. These fields will also be compared with high resolution humerical simulation,
to assess the possible impact of saharan aerosol on the IFT structure and
propagation. Sensitivity analyses will also be conducted to assess the impact of soil
moisture in the region of the IFT.

Ground-based cooperation:

Coordination with the radiosonding network: additional soundings to be requested
in the northern quadrilateral (Ouagadougou, Tombouctou, Agadez, Niamey
Tamanrasset) — at least 4 balloons per day,

Coordination with ground sites along the flight pattern in the Gourma site,
including the tethered balloon in Hombori,

Coordination with the Tamanrasset Supersite,

Coordination with the tethered balloon in Niamey.

Forecasting requirements

Cloud cover: clear-air conditions are needs for optimal use of active and passive
remote sensing instruments,

MCS activity: to be avoid during these missions,

Position of the IFT: the success of the mission relies strongly on the prediction of
IFT position, even though adjustement can be made in real time during the
operations. It is particularly important that the position of the IFT is accurately
forcasted as optimal conditions sought for these missions are met when the IFT
(at the surface) is located just north of Gao (Mali),

Position of the SHL core: this information is crucial for the SHL survey part of the
mission (i.e. after refuelling in Gao) as the aircraft will head directly for that region
to experience the strongest gradients in thermodynamical variables and possibly
aerosol properties,

African easterly jet: the position (latitude) and altitude of the core of the African will
be important for pining down the flight levels for the F/F20 and D/F20,

Soil moisture distribution in the Gourma region.

Satellite data
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Flights will be planned on the basis of satellite observations of the cloud cover north
of Niamey. Satellite observations of the aerosol load and soil moisture to the north of
Niamey will also be of great interest for mission planning.

Recommendations for enhancement:
An airborne soil moisture instrument will enhance significantly the analyses of the
land-atmosphere interactions to be achieved in the Gourma region,

The exploration of the SHL will be significantly enhanced if the D/F20 was to
participate to the coordinated F/20 and F/ATR effort.
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[1.2: Surface-atmosphere-aerosol: Squall-line related aerosol emissions
surveys (SOP1-a — Formenti)

We propose to quantify the "net" mineral dust emissions in the Sahelian part of north
western Africa at various time scales: daily, seasonal and inter-annual. This will be
done by two means:

Estimating the mineral dust budget and properties of dust during squall line
events in the Monsoon period by coupling numerical dynamical simulations
with local measurements of erosion and deposition fluxes, and vertically-
resolved dust concentration, size distribution and mineralogy. Measurements
at the ground station of Banizoumbou and onboard aircrafts (F/ATR-42 and
F/F-20) will be conducted during the SOP1-a period of AMMA. This strategy is
relevant to TT8 and will be described hereatfter.

Estimating the mineral dust emissions at the seasonal and interannual time
scales in the Sahel using a physical model of dust emission including specific
parameterisation for semi-arid areas and continuous measurements of mass
concentration, deposition, size distribution and vertical profile at the three
Sahelian Dust Transect (SDT) stations of Banizoumbou (Niger), IER-Cinzana
(Mali), and M®&our (Senegal). This strategy is relevant to TT2b and is
described in the TT2b implementation plan.

Choice of observation period

Observations during SOP1-a are preferred because local dust emissions in the
Sahel occur prevalently at the beginning of the monsoon season. Indeed the growing
vegetation rapidly inhibits local dust emissions. Moreover, non-precipitating
convective systems can occur at the very beginning of the monsoon season. Such
non-precipitating squall lines should be the most efficient vector for the injection of
locally emitted dust to altitude favourable to long-range transport. The occurrence of
precipitation prevents the type of operations to be conducted during SOP 2.

Based on the surface observations of the occurrence of squall lines conducted by
Rajot (2001) at Banizoumbou between 1995 and 1998 (May through July), the
observation period can be further narrowed down. Indeed, the most favourable
period for such a study is June (see table below), when a squall line event can be
expected every 2 to 4 days.

Period Occurrence of squall line events
Mean Min Max

01-15 May 1 0 2
16-31 May 3 1 4
01-15 June 4.25 2 7
16-30 June 5.5 5 7
01-15 July 3.75 2 5
15-31 July 2.5 1 4

International SOP-Monsoon Implementation, Version 3 May 2006



Finally, logistical constraints of aircraft availability within AMMA led to target the
period 1-15 June (SOP1-a) as the dedicated airborne observation period of 11.2.
Ground-based measurements will continue until 15 July, thus encompassing the
entire SOP1-a — SOP2-al field phases.

Description of observational strategy

The 11.2 type missions are designed to estimate, at the relevant time-scale, the
quantity of dust mobilized as well as deposited by the squall lines, in order to
determine the net quantity of dust that remains in the atmosphere after the passage
of a squall line and therefore that can be long-range transported. Simultaneously, the
physico-chemical and optical properties of the emitted dust across its size spectrum
should be determined so to able to estimate its impact on the solar and terrestrial
radiation.

To do so, we propose an experimental approach based on measurements of
emission and deposition fluxes, total column content, vertical distribution and
properties of mineral dust. Measurements should be made under background
conditions and under conditions perturbed by the passage of a squall line. By their
difference, it should be possible to establish the net emission budget at the local
scale for selected squall line events, to be compared to the numerical simulation of
vertically-resolved dust concentration using a transport model (RAMS) coupled to the
physical dust emission model of the LISA.

To have access at these measurements over the entire atmospheric column for a
maximum number of events, ground-based and aircraft measurements are needed.
Ground-based measurements will be performed in Niger at Banizoumbou (13°N,
2°E), close to Niamey. Measurements made at the site are relevant to the scientific
objectives of other TTs, namely TT2a, TT2b, TT5 and TT7. Amongst the various
measurements, the following are relevant to TT8: (1) dust emission (horizontal and
vertical mass fluxes by size classes) and dry/wet deposition; (2) dust vertical profile
by a daytime two-wavelength lidar; (3) column aerosol optical depth and
microphysical and optical properties by AERONET sun-photometer; (4) dust
mineralogical composition and mass distribution by filter/impactor sampling; (5) dust
number distribution for particles between 0.3 and 20 um optical diameter by optical
counting; (6) spectral scattering and absorption coefficients by nephelometer and
aethalometer. The Banizoumbou station will be operational from 1 June to 15 July
2006, thus encompassing the entire SOP1la period.

The F/ATR-42 will be equipped for in situ sampling and characterisation of physico-
chemical and optical properties of coarse dust particles. The F/ F20 will be
egquipped with the water vapor lidar LEANDRE 2 and will provide with aerosol and
water vapour distribution up to ~12 km msl. RAMS simulations indeed show that
squall lines are able to mobilise then redistribute dust up to the tropopause, which is
approximately at 16 km over the Sahel.

Finally, intensive 11.2 type measurements during SOP1a will be associated to long-
term measurements of aerosol concentration and composition, wet and dry
deposition fluxes, as well as vertically-integrated and vertically-resolved aerosol load
performed on the pathway of dust transport, that is, beside Banizoumbou in Niger, at
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IER-Cinzana in Mali and at M@our in Senegal. This should allow estimating the
regional budget at the seasonal time scale. Spatial integration will require the
modelling of all events over a complete seasonal cycle. The reader is referred to the
TT2b document for a full description and motivation of these stations.

Coupled ground-based and aircraft observations can provide the emission and
deposition fluxes and vertical redistribution of dust aerosols related to the passage of
a squall line over a disturbed field. Emission fluxes (as a function of particle size) and
wet/dry deposition are measured at the ground. The vertical resolved concentrations
and properties are obtained by ground-based lidar and in situ and remote sensing
aircraft measurements. Combining lidar backscatter measurements on the F/F20
and at the ground with in situ measurements made on board the F/ATR-42 will
enable aerosol extinction coefficient 2D fields to be derived. From the difference in
the vertically-integrated concentration before and after the squall line, we should
assess locally the net emissions. From the difference in the vertically-resolved
concentrations we may also assess the differences in the horizontally exported
fluxes. Comparison between the total mass sampled on flight and the ground-based
vertically-integrated and/or resolved measurements (optical depth, backscatter
profiles) will provide an estimation of the dust mass exported at altitudes higher than
the flight altitude. In addition, the 2D moisture field measured with LEANDRE 2 will
also enable to assess how water vapor vertical is redistributed in the vertical by the
passage of squall lines.

Figure 2.4.2: Proposed coupled sorties for investigating dust emissions by squall
lines during SOP1la: left, before the squall line passage; right, after the squall line
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passage.

The aircraft missions will be composed of two flights, one before and one after the
passage of a squall line. Around 13°N, squall lines generally develop in the late
afternoon. The flight before the squall line event should be a morning or early
afternoon sortie, while that after the squall line event should be a next morning flight.
Take off time at 0900 UTC seems appropriate. A morning warning of the
approaching squall line is necessary in order to ensure maximum security. From the
instrumental point of view, one hour should be sufficient for two people to prepare
the filters and impactors to be exposed during the flight.

On the flight before the squall line (left panel in Fig. 2.4.2), the F/ATR-42 mission

articulates in the following elements:

(@) a profile ascent to maximum altitude from Niamey airport towards the ground-
based site of Banizoumbou to identify the aerosol layers (~ 30 min);

(b) a series of two—three stack levelled runs (SLR) at altitudes determined prior
de flight but adjusted in real time by the mission scientist based on the aerosol
vertical distribution observed during the profile ascent, as well as by lidar
measurements in Banizoumbou and with the airborne lidar LEANDRE 2 flying
ahead of the F/ATR-42. At least 30 minutes at constant altitude should be
allowed for collecting sufficient mass on the impactor for subsequent post-field
chemical analysis. This length will be determined by the mission scientist
during the flight depending on the vertical aerosol distribution (on-line
measurements on particle number and scattering) observed during the first
vertical profile. SLR will be flown above the ground-based site of
Banizoumbou in a closed geometry in order to minimise the covered area,
therefore the horizontal variability of the measurements. A triangular path
oriented with respect to the wind-blowing direction (to avoid sampling aircraft
exhausts) seems adapted as it would also allow minimising dead time due to
manoeuvres;

(c) a series of two—three profile descents (number depending on SLR) to allow
passing from one sampling level to the other, and land at Niamey; we do
estimate those to last 30—40 minutes. Land in Niamey.

The F/ F20 will take off in Niamey at the same time of the F/ATR-42, it will climb at
ceiling altitude (12 km msl). It will then transit eastward to document the aerosol
layering ahead of the squall line as well as the moisture distribution, the PBL
structure and the surface state using the onboard downward looking remote sensing
instruments (lidar and radiometers). Upon reaching the squall-line (say 50 km to the
west of the squall-line), the aircraft will turn around and head back to Niamey flying at
8 km msl on its way back to the airport. During the flight, the F/ F20 will drop sondes
to document the atmospheric structure (particularly temperature and winds).

The next morning flight (right panel in Fig. 2.4.1) articulates in the following elements:

(@) a profile ascent to maximum altitude from Niamey airport towards the ground-
based site of Banizoumbou to identify the aerosol layers (~ 30 min);

(b) a series of two—three stack levelled runs (SLR) at altitudes determined prior
de flight but adjusted in real time by the mission scientist based on the aerosol
vertical distribution observed during the profile ascent, as well as by lidar
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measurements in Banizoumbou and with the airborne lidar LEANDRE 2 flying
ahead of the F/ATR-42. At least 30 minutes at constant altitude should be
allowed for collecting sufficient mass on the impactor for subsequent post-field
chemical analysis. This length will be determined by the mission scientist
during the flight depending on the vertical aerosol distribution (on-line
measurements on particle number and scattering) observed during the first
vertical profile. SLR will be flown above the ground-based site of
Banizoumbou in a closed geometry in order to minimise the covered area,
therefore the horizontal variability of the measurements. A triangular path
oriented with respect to the wind-blowing direction (to avoid sampling aircraft
exhausts) seems adapted as it would also allow minimising dead time due to
manoeuvres;

(c) a couple of eastward straight levelled runs at fixed altitude with the SAL and
the monsoon layers towards and from lake Chad to measure the regional
aerosol load. This should last about 1 hour each;

(d) a series of two—three profile descents to allow passing from one sampling
level to the other, and land at Niamey; we do estimate those to last 40
minutes to 1 hour overall.

The F/ F20 will take off in Niamey at the same time of the F/ATR-42, it will climb at
ceiling altitude (12 km msl). It will then transit eastward to document the aerosol
layering ahead of the squall line as well as the moisture distribution, the PBL
structure and the surface state using the onboard downward looking remote sensing
instruments (lidar and radiometers). Two hours into the flight, the aircraft will turn
around and head back to Niamey flying at 8 km msl on its way back to the airport.
During the flight, the F/ F20 will drop sondes to document the atmospheric structure
(particularly temperature and winds).

Link with the modelling strategy:

The proposed flight plans will provide 2D observations of the squall-line environment.
The thermodynamical structure of the atmosphere will be constructed from
dropsonde and lidar measurements in the lower troposhere (below 6 km msl).
Combining the in situ aerosol meaurements and laser remote sensing
measurements will enable to retrieve two-dimensional 2D fields of aerosol extinction
at high horizontal and vertical resolution prior to and after the passage of a dry line.
These measurements will be compared with simulated squall-line propagation.
Flights performed before the squall-line passage will be used as initial conditions in
the simulations made with high resolution and mesoscale models. Flights performed
after the MCS passage will be used to assess the perturbed environment, relevant to
model validation. Some key variables will be given particular attention in the making:
(i) water vapor and aerosol vertical distribution, (ii) PBL structure and surface-PBL
interactions, and (iii) emission fluxes.

Ground-based cooperation:
Coordination with the radiosonding network: additional soundings to be requested

in the northern quadrilateral (Ouagadougou,Tombouctou, Agadez, Niamey,
Tamanrasset) — at least 4 balloons per day,
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Coordination with ground sites along the SDT,
Coordination with the Tamanrasset Supersite,
Coordination with the tethered balloon in Niamey.

Forecasting requirements

MSC: activity: The success of the mission relies strongly on the prediction of
squall line triggering east of Niamey and on the squall-line tracking and
development within the target zone,

Soil moisture distribution east of Niamey.

Satellite data

Flights will be planned on the basis of satellite observations of the MCSs east of
Niamey. Satellite observations of the aerosol load and soil moisture to the north of
Niamey will also be of great interest for mission planning.

Recommendations for enhancement:

Radar operation needed in Niamey to document the 3D dynamical structure and
evolution of the sampled squall-line. It is essential to have information on the
dynamics of the MCSs to understand the redistribution and aging of aerosols and
precursors,

An airborne soil moisture instrument will enhance significantly the analyses of the
land-atmosphere interactions prior and after the squall-line passage.
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11.3 Surface-atmosphere: North-South ‘land-ocean-atmosphere interactions’
surveys (SOP1-a, SOP2-a2 Flamant, Parker)

Understanding the role of the continental surface and of the ocean on the monsoon
onset is key to predicting the monsoon inter-seasonal variability. Within AMMA, we
propose to characterize simultaneaously the structure of the monsoon layer, the
continental and oceanic surface state at the daily, seasonal and inter-annual. This
will be done by to means:

Carrying coordinated aircraft operations in the CATCH window to analyse the
thermodynamical processes and surface-atmosphere interactions during the
monsoon onset period, i.e. the SOP1-a of AMMA. Aircraft measurements will
be enhanced by surface measurements made along the flight track, including
the Djougou supersite. Improved knowledge of the above mentioned
processes will also be obtained by coupling numerical dynamical simulations
with airborne and ground-based measurements of atmospheric
thermodynamics as well as continental and oceanic surface characteristics.
This strategy is relevant to TT8 and will be described hereafter,

Characterizing the monsoon layer structural parameters at the seasonal and
interannual time scales in the CATCH window using continuous in situ and
remote sensing measurements of atmospheric thermodynamics as well as
continental and oceanic surface characteristics. This strategy is described in
the TT2a, TT4, TT5 and TT6 implementation plan.

During SOP1-a, the exploration of the monsoon flux south of Niamey (and over the
CATCH window), will be made using 2 aircraft: the F/ATR in the PBL and the F/F20
flying above the PBL (with the nadir looking LEANDRE 2 lidar) at a level around 500
hPa to enable the documentation of the moisture field in the monsoon flow as it
penetrates over the continent. Exploration of the monsoon flow structure as well as
surface turbulent flux over the ocean are also highly desirable. Dropsondes released
from the FR/F20 will provide wind and temperature fields with a 0.5° or 1° resolution.
Coordination will be sought with constant level ballons being released from Cotonou
as well as the numerous ground sites along the flight pattern. Coordination will also
be sought with the EGGE 3 cruise, in particular with so called “Benin radial”, a north-
south transect due south of Cotonou, wich will take place 17 and 21 June 2006. In
addition to measuring mean and turbulent variables, the F/ATR will also be equipped
with the AVIRAD and HYGRO aerosol packages for measuring aerosol optical and
radiative properties in the PBL.

Main highlights for the mission:

1. take-off in Niamey and ascent to 6 km msl| and 300 m msl for the F/F20 and
F/ATR respectively, heading north;

2. exploration of the ITF north of Niamey for approximately 45 min., including fly
back towards Niamey;

3. overpass of the CATCH window between Niamey and Cotonou (Benin) and
exploration of the vertical structure of the atmosphere and surface
characteristics;

4. landing and refueling in Cotonou;
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5. take-off from Cotonou, ascend to 6 km msl and 50 m msl for the F/F20 and
F/ATR respectively, over the Gulf of Guinea;

6. exploration of the vertical structure of the atmosphere and oceanic surface
characteristics for approximately 45 min., including fly back towards Cotonou;

7. FIATR-42 climbs to 300 m msl. Overpass of the CATCH area sites on the way
back to Niamey.

Figure 2.4.3: proposed aircraft operations designed to investigate the structure of the
monsoon and the surface-atmopshere-ocean interactions during SOP1-a.

All missions are scheduled to start early 0800 or 0900 UTC to enable a landing back
in Niamey in the day time. The overall length of the mission will be on the order of 8
or 9 hours, depending on the time needed for refuelling in Cotonou.

Link with the modelling strategy:

The proposed flight plans will provide 2D observations of the monsoon structure
between the IFT and the Gulf of Guinea. The thermodynamical structure of the
monsoon flow will be constructed from dropsonde and lidar measurements in the
lower troposhere (below 6 km msl). Airborne surface turbulent heat fluxes will also be
measuremed onboard the F/ATR-42. These measurements will be compared with
the monsoon layer structure obtained from high resolution mesoscale simulations.
Sensitivity analyses will also be conducted to assess the impact of soil moisture in
the region of the CATCH window as well as the role of the ocean, and the sea
surface temperature in particular.

Ground-based cooperation:
Coordination with the radiosonding network: additional soundings to be requested
in the northern and southern quadrilaterals — at least 4 balloons per day,

Coordination with the boundary layer pressurised balloons (BLPB) which will be
launched from Cotonou in the planetary boundary layer (PBL) in June and July,
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Coordination with ground sites along the flight pattern in the CATCH window in
Benin,

Coordination with the Tamanrasset Supersite,

Coordination with the tethered balloon and sodars in Niamey.

Forecasting requirements

Cloud cover: clear-air conditions are needs for optimal use of active and passive
remote sensing instruments,

MCS activity: to be avoid during these missions,

Position of the IFT: accurate forecasting of the position of the IFT will be important
for mission planning.

Satellite data

Flights will be planned on the basis of satellite observations of the cloud cover south
of Niamey and over the Gulf of Guinea. Satellite observations of the aerosol load and
soil moisture to the north of Niamey will also be of great interest for mission planning.

Recommendations for enhancement:

An airborne soil moisture instruments will enhance significantly the analyses of the
land-atmosphere interactions north of Niamey.

Repeat of the 11.3 flights by the BAel146 aircraft during SOP 2a2 would enable
seasonal variations in the system to be explored more fully.

It is desirable to sample marine boundary layer air to provide the upwind composition
of the monsoon layer. A long N-S run to Cotonou and out over the Gulf of Guinea will
provide information on compositional gradients over a long latitudinal transect. This
IOP will involve 2 flights with refueling at Cotonou. One flight should be mostly at low
level in the boundary layer (500 ft) to examine emissions between Niamey and the
coast. This should be in the afternoon when the boundary layer is well developed
and reasonably constant in height. The other flight should include the runs in the
MBL off the coast and a high level run at 20kft for dropsondes between the ocean
and Niamey. Thus take off could be at 12:00, a 4 hour flight to Cotonou in the BL.
Two hours for refuelling. Take off at 18:00, runs in the MBL and return at altitude,
landing at 22:00. With 3 hours preflight this gives 13 hour flight crew duty. This IOP
will need planning from a flight crew duty perspective, because we may need
permission to fly in an area outside the standard NOTAM area (550nm radius from
Niamey) and for refuelling arrangements in Cotonou. These flights could also be
coordinated with an ozone sonde launch from Cotonou.
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11.4 Surface-atmosphere: Land-atmosphere interactions (SOP2-a2 — Parker)

During SOP 2a2, horizontal flight legs from the lowest possible levels in the CBL to
the aircraft ceiling will be performed with the UK BAe-146 aircraft. These legs will
observe the land surface state using onboard radiometry; the CBL (mixed layer and
shallow cumulus) fields; the transiently-mixed monsoon layer; the SAL; and the
troposphere above this. The flights will focus on the impacts of spatial variability at
the land surface on the physical and chemical properties of the overlying
atmosphere.

Two kinds of land-surface variability will be targeted for these missions: (i) soil
moisture variability in the northern Sahel and (i) vegetation and land surface
variability in the southern Sahel.

(1) Soil moisture variability

Flights targeting soil moisture anomalies will typically take place in the region of
the northern quadrilateral of AMMA. Here the vegetation is sparse, resulting in a
strong sensitivity of surface energy fluxes to recent rainfall. In addition, compared
to further south, reduced cloud cover permits the acquisition of near-real-time
high resolution land surface temperature data which can be used as a proxy for
surface soil moisture. Flights will be performed over strong gradients in soil
moisture, and do not require ground-based measurements. However, flights over
the Niamey and Gourma sites are preferred when soil moisture and cloud
conditions are favourable.

Flights will be planned on the basis of rainfall events, and will be executed in the
2 to 3 days following such events, over which time soil moisture patterns are
equilibrating. Rainfall may be from large MCS events, or from more ‘patchy’
rainfall. Flights in advance of rainfall events would be desirable if they can be
forecast sufficiently well.

A good case for conducting these flights would be following recent rain after a dry
spell of 3 or more days. The impact of soil moisture on the atmosphere has
strong length scale dependencies. It is therefore important to sample wet
surfaces of length scales from 10 km upwards, and preferably under different
synoptic conditions. Large scale east-west variability (upwards of several 100 km)
should be sampled in the region of Niamey, though flights associated with such a
pattern would focus on the transition region. It is also crucial that the SOP
provides at least one case where moist convection develops in the vicinity of the
flight to assess the role of spatial variability in soil moisture on the early stages of
convective systems.

(i) Vegetation and land surface variability
Flights targeting vegetation patterns and their associated physical and chemical
fluxes may be conducted further south, over the southern quadrilateral and the

Oueme mesoscale intensive site. Flight patterns can be designed on the basis of
vegetation patterns, as well as the location of ground-based monitoring sites, and
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therefore will be determined in advance of the detachment, in consultation with
the TT5 team coordinating observations in the Oueme region.

A possibility is 1 or 2 east-west flights around the Parc W region to the south of
Niamey. This area exhibits sharp contrasts in land use and tree cover. Flights in
this zone would permit an assessment of the impact of land use on the physical
and chemical properties of the boundary layer, with strong gradients in the
emission of trace gases anticipated. East-west flights would minimise the impact
of larger scale gradients on the observations. If undertaken when it hadn’t rained
in the region for at least 2 days, the impact of transient spatial variability in soil
moisture would be reduced. Clear sky satellite data would not be essential for
such a flight as the surface features can be inferred from existing vegetation
maps.

Flights over different vegetation patterns will also be covered in IOP1.5. I0P1.4 is
likely to focus more on the flights in the northern region where variations due to
rainfall are likely to be greater.

Timing of flights and legs within flights will be scheduled to observe the developed
CBL and later in the evening the nocturnal decoupled layers. Flights will typically take
3 or 4 hours. Proposed schedules of flights are summarised in the tables below.

Sequence 1
J-1 JO J+1
Precipitation 1300 1900 DOWN
1700 2200 DAY
Sequence 2
J-1 JO J+1 J+2
Precipitation 1300 1300 1900 DOWN
1700 1700 2200 DAY
Sequence 3
J-1 JO J+1 J+2 J+2
Precipitation 1300 1300 1300 DOWN
1700 1700 1700 DAY

Table 2.4.1: Sets of proposed take-off (row 2) and landing times (row 3) for 11.4
flights over soil moisture patterns and vegetation patterns ((i) and (ii)), beginning on
day JO. UTC assumed.

Any of these 3 sequences in Table 2.4.1 may be curtailed by

adverse weather on day J+1 or J+2;

outcomes of data collection on JO and/or J+1,

lessons learned from previous events during the campaign.
For instance after performing Sequence 2 early in the campaign it may be decided
that flights on day J+2 of Sequence 3 will never be required. At this stage, before the
campaign, we prefer to leave the option open if possible.
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A final decision to conduct any of these sequences (GO/NOGO) will be made by
TakeOff-3 hours; typically 2000UTC on day JO, based on the early morning satellite
images.

| 24 kft / FL240
45 min ~ 270 km ~ 400 hPa

—
24 mins @ l

1000 ft/min
~ 1 hour

~ 5,000 ft ~ 5,000 ft

V\ P>~ - 20 mins A 3 >
< A < 500 ft

45 min ~ 270 km

Flight duration excluding transits: 3h 34mins
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~5 mins = 30 km

~ 5,000 ft
Mixed layer top

~ 5 mins

~5 mins
~5 mins\
< g 500 ft

Reasonably homogeneous surface

Detail of mixed-layer / troposphere sampling
for mixed layer depth < 5,000 ft

Figure 2.4.4: Proposed flight patterns for 11.4, for different operational durations and
different horizontal extents. Dropsondes will be released on the higher altitude
section of each pattern at 0.5 or 1 degree resolution.

It would be useful from a chemical point of view to interrupt the low level legs with
short profiles up out of the boundary layer with a 5 minute run above. A profile will
be needed over each different type of land surface (e.g. wet soil, dry soil, different
vegetation type). The profile down back into the BL could be on a reciprocal heading
to minimise discontinuities in the sampling over the land surface.

The orientation of the stacked legs should be aligned along air mass layers as seen
in the dropsonde data and forecast by trajectories.

Radiosonde coordination:

In association with these flights, high frequency radiosoundings (4 per day, or
possibly more during flying days) may be requested. These soundings will be used to
provide a temporal perspective on the evolution of the lower troposphere in response
to the surface variability. If costs allow, additional sondes will be requested on all
stations in the local quadrilateral;, otherwise, additional sondes on a subset of
radiosondes will be requested.

Links with ground-based monitoring:

Where possible, flights will be designed to over-fly the surface flux networks and
chemical monitoring sites of the mesoscale EOP networks. Flights targeting soil
moisture anomalies outside the domains of the northern and southern quadrilaterals
are possible, for instance over the Gourma site, if the soil moisture patterns indicate
that this is worthwhile. However, the usefulness of many of the chemical
measurements will be very much enhanced by the availability of surface data
beneath the flights.
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Radar schedule and patterns:

Regular PPI scans throughout the period of the flights are desirable — for instance at
15 minute resolution — in order to describe the rainfall generating soil moisture
patterns and, where relevant, the subsequent rainfall patterns over the given soil
moisture distributions.

Tethered balloon flights:

At (Hombori and) Niamey the tethered balloons will, where possible, be deployed to
coordinate with the flights, as outlined in section 2.2. If soil moisture patterns are
suitable, with a transition between dry and moist soil being situated at the tethered
balloon location, then tethered balloon flights in the absence of the aircraft can
be made.

Modelling:

Data from the flights will be used to evaluate models of:
Soil moisture
Boundary layer response (dynamics and composition) to surface properties
Mesoscale dynamics, thermodynamics and transport through shallow
convection and horizontal advection
Dropsonde profiles will be made at high horizontal resolution (0.5 to 1 degree) in
order to initialise and drive models. Aircraft profile data will also be used, as well as
high frequency local radiosonde data, to provide temporal evolution of the
thermodynamic and wind profiles.

Satellite data:

Flights will be planned on the basis of satellite analyses of soil moisture distributions,
tropospheric composition of biogenic chemicals, and rainfall distributions.

Flight data will be used to evaluate and calibrate satellite analyses of soil moisture
distributions and tropospheric composition of biogenic chemicals.

Forecasting needs:

Mature MCS activity: to be avoided.

Development of moist convection in region of flight during early evening
desirable on at least one flight

Soil moisture distributions in case (i): good cases will involve distinct zones of
soil moisture anomalies, on scales of up to 100 km. In cases of large soil
moisture anomalies, flights may target the transition zones between dry and
moist surface. On the morning of the first flight of this IOP there must be clear
skies to allow the moisture patterns to be visible in the satellite images.

Opportunities for enhancement:
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If airborne soil moisture instruments can be flown, then far better analyses of
the land-atmosphere interactions can be achieved.

Boundary layer flights with additional aircraft on the same track and the same
day will give far better information about the PBL response to the surface
(dynamical and chemical, where compatible chemistry is possible).
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11.5: Vegetation and soil emission surveys (SOP2-a2 — Reeves, Parker)

Many of the objectives relating the composition observed in the boundary layer to the
land surface and vegetation characteristics will be met by 11.4. 11.4 will provide
surveys of the UK BAe-146 in the BL, repeated over a couple of days, over various
land surface types and 11.3 (flight to Cotonou and the Gulf of Guinea) will provide a
long N-S transect in the BL of the UK BAe-146 across a whole range of vegetation
types. However, the range of the aircraft will not allow detailed sampling in the BL
over the Djougou or Gourma sites along with the runs required by 11.4 and 11.3.
Therefore 11.5 has been devised to address this specifically.

It will be aimed at sampling the BL above the Gourma, Niamey and Oueme
mesoscale sites, providing data over 3 different and well defined vegetation/land
surface types in a N-S transect across W. Africa. The range of the aircraft and the
size of the Gourma and Oueme sites means that sampling will be focussed over
limited areas (e.g. Hombori and Donga supersites) the rather than across the whole
of these mesoscale sites. The plan will be to fly the UK BAe-146 in a rectangular
type patterns, orientated along the vegetation belts (E-W) or across wind if the air
flow is significant. For Niamey, we should avoid samples being impacted by
anthropogenic emissions from the city, which should be considered by 11.6 (urban
sources). The Figure below illustrates some of the areas that might be covered by
flights in I1.5.

The surveying over the sites should be in the afternoon when the BL is well
developed and the entrainment from above is not too great. It will also be necessary
to sample air above the BL to evaluate the impact of entrainment.

Ideally the transits should be in the BL, returning along a reciprocal to sample over
the same areas at a different time of day to observe the diurnal variability of the
emissions and boundary layer state. These N-S transit legs will be made across
contrasting vegetation regimes and will put the the measurements made above the
ground sites in a wider context and will also enable an assessment of the synoptic-
scale variability in the boundary layer thermodynamic state. However, the range of
the aircraft may mean that transits to Gourma and Oueme might have to be at higher
altitude to maximise the time available for surveying over the sites. Additional N-S
runs in the BL could be added to the Niamey site flights, which along with some BL
runs made during 11.4 flights could help fill in the gap in the N-S transect.

Where possible, flights will be coordinated with the 11.7 patterns planned for the F-
ATRA42 aircratft.

Links with ground-based programme
Radar estimates of precipitation in the preceding 24 hours will be useful to plan

flights. Flights will be planned where possible to over-fly ground-based monitoring
sites, particularly those at Djougou and Banizoumbou.
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Figure 2.4.5: Proposed flight patterns for the UK Bae 146 for 11.5.
Forecasting requirements

11.5 operations can be committed relatively easily, as they are not sensitive to the
details of the prevailing situation.

Flights should take place in the absence of cumulonimbus activity.

Estimates of CBL depth, soil moisture (see 11.4), soil temperatures (see 11.4), and
emissions will be useful for planning the flight locations.

Links with modelling

Model products will be used in an attempt to forecast / analyse areas of significant
emissions (and emissions gradients). Such models will also be evaluated with the
flight data. Satellite, radar and onboard radiometry will be used to analyse the cloud
fields along the flight track, and to estimate the surface radiative fluxes for input to
retrospective modelling studies. Attempts will be made to evaluate turbulent fluxes of
those species which can be measured at high time-resolution (including water
vapour) and these fluxes will be related to estimates obtained from research and
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operational models. Composition and emissions estimates will be used to refine and
evaluate models of global atmospheric composition.

Links to NOx surface flux model simulations.
Satellite requirements

If requested, these flights can be scheduled to coincide with the times of satellite
overpasses.

Recommendations for enhancement

Measurements of chemical composition or fluxes at the ground-based sites would be
useful.
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[1.6: Urban surveys (SOP2-a2 — Parker, Lewis)

Short surveys of large urban regions — e.g. box flights around Lagos may be
performed with the UK BAe 146. The objectives of these flights will be to sample the
effects of these large and growing urban regions on air quality.

These flights would take place as opportunity flights, capitalising on the aircraft being
in the vicinity, and have a duration of 2 hours or less. (i.e. Combining two flights (with
a refuel at Lagos), to meet objectives of 11.4 and I1.5, similar to 11.3). Flights would
take place in the boundary layer and sample both the upstream and downstream
conditions to make a first-order assessment of the urban impact on atmospheric
composition.

Proposed flight patterns will depend on ATC and the flight hours available. Typical
flights might involve 2 stacked legs (one in and one above the boundary layer) on

transects upstream and downstream of the city, or along-wind legs over and
downstream of the city.

Figure 2.4.6: Proposed flight patterns for the UK Bae 146 for 11.6.

Ground-based coordination

Data from ground-based aerosol and chemical monitoring stations would be valuable
in data analysis.

Forecasting needs

Profiles of wind direction and strength. Absence of cumulonimbus.
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11.7: Aerosol mixing and hygroscopicity (SOP2-a2 — Mari)

These flight plans are devoted to the study of aerosol mixing and hygroscopicity
(WP2.4.1). The main objective of this sub-WP is to provide the basic scientific
understanding of the physico-chemical characteristics, hygroscopic, optical and
radiative properties and regional and vertical distributions of the main aerosol types
in the WAM region. Depending on locations, aerosols over West Africa result from a
mixing of mineral dust, biomass burning, biogenic emissions or sulphates coming
from industrial regions along the Gulf of Guinea. The modification of the aerosol
properties along their transport has a direct radiative effect but may also have an
indirect and semi-direct impact on cloud properties. For this IOP, the main question
addressed will be how do mixing and in-cloud processes change the surface,
hygroscopic, and therefore optical properties of dust and biomass aerosols?

For that, 4 F-ATR42 flights will be devoted to this study by using a combination of the
CVI and HYGRO configurations (based on CVI and SAFIRE aerosol inlets). The
main objective is to characterise the north-south gradient of hygroscopic particles
(soluble and/or insoluble) near and within shallow to moderately deep clouds. The
CVI measurements focus on cloud particle and interstitial aerosol characterization in
cloud layers. The main objective is to understand microphysical, radiative as well as
physico-chemical properties of boundary layer convective clouds, e.g. stratocumulus
clouds downstream the MCS. This contribution will allow us to complete the aerosol
measurements made in cloudless situations (or out of cloud measurements) with the
CVI mounted on the ATR-42, which will provide a characterization of all forms of
stratiform clouds in the WAM region that the aircraft ATR-42 might encounter.
Complementary measurements on the aircraft ATR-42 of particle properties will be
performed in cloud and cloudless conditions by a similar set of instrumentation
downstream the aerosol inlet (e.g. SAFIRE inlet) with its HYGRO configuration and
the CVI. Thus, while passing through partly cloudy regions the aerosol inlet and CVI
inlet will complement each other and commutate to deliver a complete data set of
aerosol particle properties without gaps.

Thus, during cloud presence, The F-ATR42 will perform:

- 3 flights including: (i) 1 latitudinal transect from Niamey to Cotonou with ascents
and descents from under cloud base to cloud summit (in case of extended stratiform
layers) at altitudes determined by the mission scientist before the flight and in
coordination with ground-based measurements in Djougou. Transects at constant
altitude will allow to collect enough matter on filters for subsequent chemical
analyses (about 15-30 min); (ii) 1 passage over the Gulf of Guinea; flight length and
altitude levels will be determined by the mission scientist just before the flight
depending on the vertical aerosol and cloud distributions; and (iii) 1 latitudinal
transect from Cotonou to Niamey with ascents and descents from under the cloud
base to the cloud summit (in case of extended stratiform layers) and in coordination
with ground-based measurements in Djougou (same flight plan as latidunal transect
from Niamey to Cotonou). The flight patterns need to be coordinated with the
latitudinal transects performed by the UK-Bae-146 in [1.5.
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- 1 flight dedicated to the characterization of the vertical and regional gradient of
hygroscopic particles (soluble and/or insoluble) near and within shallow to
moderately deep clouds between Niamey and the Gourma site. It will include vertical
profiles from under the cloud base to the cloud summit (in case of extended
stratiform layers) and stays at constant altitude allowing to collect enough matter on
filters for subsequent chemical analyses (about 15-30 min).

Flights will be conducted upon alert (minimum time 1h) according to model
forecasting giving aerosol and cloud horizontal and vertical distributions (MESO N-H
for example). As far as possible, coordination will be made with other aircrafts flying
at higher altitude and with ground-based measurements (aerosol, radar, etc.) in
order to combine aircraft and surface measurements. The cloud in-situ
instrumentation will detail obtained radar observations (onboard aircraft as well as
routine ground-based radar network over land), as the planned flight-level
measurements will sample properties of interstitial and in-cloud aerosol e.g. in the
MCS vicinity.

Link with the modelling strategy

Measurements of CN and CCN below the cloud base provide initial conditions for
cloud droplet activation models. The latitudinal transect will serve to test the
sensitivity of the cloud droplet nucleation to the emissions of gaseous precursors and
water vapour humidity gradient.

Ground-based cooperation
Coordination with CN, CCN and aerosol precursor measurements in Djougou (Benin)

Forecasting requirements

Preference for non-precipitating clouds. Forecast of the cloud base altitude needed.
Vertical distribution of aerosols and cloud layer needed.
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[2: Dynamics and chemistry of MCSs (SOP 2al, SOP 2a2 — Mari, Flamant,
Reeves, Hoeller)

MCSs-related I0Ps will be conducted in a region delimited by a circle of
approximately 800 km in radius and centered on Niamey (the red circle in Fig. 2.4.8).
Three priority zones have been identified:

1. zone E (11.85 - 17.85 N, 2.00 — 7.85 E ) : Convective initiation and MCS
formation “upstream”; Main cities : Tahoua, Maradi (Niger), Sokoto (Nigeria),

2. zone W (11.85-17.85 N, 3.85 W — 2.00 E ) : Mature MCS “downstream”;
Main cities : Tilabéri (Niger), Ouagadougou, Kaya, Boussé (Burkina), Gao,
Tombouctou, Bandiagara (Mali)

3. zone S (7.75 — 11.85 N, 1.50 W — 5.50 E ) : Joint observations with the
ground-based network of Djougou-Parakou; Main cities: Bolgatanga, Tamale
(Ghana), Kandi, Natitingou, Parakou (Bénin), Ogbomoso, llorin, Wawa
(Nigeria).

Figure 2.4.8: Target zone during SOP 2al and SOP 2a2
Flight patterns for SOP2-al (1-15 July)
During this period, the exploration of the mesoscale dynamics of MCSs and their

environment will be made with 3 aircraft: the ATR42 in the PBL, the F/F20 as well as
the D/F20. The two last aircraft will sample the environmental conditions around a
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MCS by means of dropsondes and lidar 2D fields (water vapour and wind) along with
flight level measurements.

During SOP-B2 we propose to conduct operations for 2 or 3 MCS cases. Operations
shall not be tied either to the Niamey, but should be conducted within the area
delimited by the northern radiosonde quadrilateral. The “generic” MCS plan is shown
in Fig. 12-1. The following conditions must be met:

)

Vi)

vii)

viii)

Xi)

ferry time from Niamey to initial point (1) - and from end point (16) to Niamey -
must be less than 30 min, i.e. about 300 km range. This is also the time
necessary to reach an altitude of 40 kft (12 km) ;

to optimize the flight strategy with respect to the MCS propagation (10-20 m/s
or 35-70 km/h, toward NW to S), it is preferable to conduct airborne
observations when the MCS is east of Niamey ;

the way points are along an « outer octogon » (fixed diameter of 500 km) and
an «inner hexagon » (variable diameter of 200-300km, depending on the
size of the considered MCS) ;

optimum flight level is 40 kft, but it could be lowered to 35 or 30 kft, to avoid
commercial traffic or to fly below cloud cover (for LEANDRE-2 and WIND
operations during SOP-B2) ;

dropsondes must be released at each way point. With a fall speed of about 8
m/s, it takes about 25 min to reach the ground. During this period, the aircraft
flying at 220 m/s covers a distance of about 330 km, during which a maximum
of 4 dropsondes will be released due to the limitations of the 4-channel
receiver ;

the initial point can be (4) instead of (1), depending on the MCS location with
respect to Niamey (instead of 1-2-3-4-5-6-7-8, the aircraft would then fly 4-3-
2-1-8-7-6-5) ;

the first leg (1-2-3-4) is to sample the upstream environment at about 150 km
in front of the MCS, followed by a closer sampling (5-6-7-8) at 10-20 km
(depending on flight safety) fom the MCS leading convective line ;

at way point (8) a « GO / NOGO » decision must be taken concerning flight
continuation : depending on MCS development - as seen on radar (if
available) and satellite images - and flight safety from pilot® opinion, the
aircraft should either fly around the southern edge of the MCS through way
point (9) if safe, or return to Niamey if unsafe. In the later situation, the
downstream part should be conducted during a following flight with (13) or
(16) as initial point, most probably when the MCS has propagated west of
Niamey ;

leg (9-10-11-12) should be flown near the edge of the trailing stratiform anvil
of the MCS . If possible, way point (11) should be within the stratiform cloud ;
leg (12-13-14-15-16) is a remote leg to sample the downstream environment
at about 150 km behind the MCS ;

coordinated flights with several aircraft would include :

1. during SOP2-al and 2-A2, the F/ATR will make in situ measurements in the

low levels (1 to 5 kft) : first flight will be upstream, along way points (1-2-3-6-7-
8), second flight after refueling in Niamey will be downstream along way points
(10-11-12-13-14-15) ;
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2. during SOP2-al, the D/F20 equiped with WIND Doppler lidar should fly at
same altitude and close distance from the French FA-20. Lidar measurements
are not possible within cloudy air, so the upstream (1-2-3-4-5-6-7-8) and the far
downstream (13-14-15-16) parts of the flight must be in clear air.

The combination of LEANDRE 2 and WIND measurements around the MCSs will
enable detailed, high spatio-temporal resolution analysis of the moisture inflow into
MCSs for the first time.

Figure 2.4.9: Left: Proposed generic aircraft operations designed to investigate
MSCs environment during SOP 2. Right: Proposed operations during SOP 2al.

Flight patterns for SOP2-a2 (17 July — 21 August 2006)

Up to five aircraft (UK-BAel46, F-F20, D-F20, F-ATR42 and Geophysica) will be
deployed. Three « small » MCSs (size less than 1-2°) and three large MCSs will be
sampled above different emission environments (two above the Sahel region north
or close to Niamey in Niger, two above of the forest region close to Djougou in
Benin). A possible target could be MCSs initiated over the Air mountains. Two
(potentially four) MCSs will studied in coordination between the chemistry and the
dynamics with simultaneous measurements of airmass chemical composition and
environmental conditions with dropsondes (about 20 dropsondes/flights for the F-F20
and the UK-BAe-146). The F-ATR42 and the UK-BAe-146 have instrumentation for
making aerosol measurements and turbulent air motion measurements. Because of
these payloads and operational characteristics, the F-ATR42 flights will emphasize
process-oriented studies associated with aerosol properties and ozone
photochemistry and include boundary layer investigations and the UK-BAel46 will
explore the meteorological, aerosol and chemical characteristics of the boundary
layer and lower-tropospheric air that feeds the MCSs; the mid-tropospheric dry air
which feeds convective and stratiform downdraughts; and the midtropospheric
detrainment layer, all between the surface and 7 km.
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Two (potentially four) MCSs will be sampled with the UK-BAe146 depending on the
MCS development (one flight around if safe, two flights east and west if unsafe). The
flights of the BAe-146 proposed for the large MCSs in 12 are similarly to those of 11.4
where stacked profiles are flown following a rainfall event. We will attempt to
combine the BAe-146 flights in 12 with 11.4 such that 12 will provide an additional pre-
rainfall flight. Flights ahead of forecast MCS will be valuable if flown in range of the
Niamey radar.

The F-F20 will characterize the ozone photochemical precursors and dynamics in the
upper troposphere, near the MCSs. Adaptative flight plans are proposed depending
on the MCS development and security recommendations. The F-F20 should either
fly around the MCS or return to Niamey during day 1 (GO/NOGO decision). In case,
the F-F20 returns to Niamey, measurements in the downstream part will be
conducted on the morning of day 2 once the MCS has propagated west of Niamey or
Djougou. Ideally, the Geophysica high altitude aircraft, based in Ouagadougou, will
make measurements above cumulonimbus cloud turrets during their development
phase in late afternoon and early evening. The number of flight hours for the
Geophysica is not yet secured.

Figure 2.4.10: Proposed generic aircraft operations designed to investigate MSCs
environment during SOP 2a2.
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Link with the modelling strategy

The proposed flight plans will provide 3D observations of the MCS environment.
Vertical distributions of dynamical and chemical parameters will be constructed from
measurements in the boundary layer inflow, in the mid-tropospheric dry layer and in
the upper tropospheric outflow regions. Dropsondes will provide the main structure of
the flows close to and downstream of the MCSs. These measurements will be
compared with simulated MCS developments and impacts at the local, regional and
global scale. Flights performed before the MCS passage measure the dynamical and
chemical conditions to initialize the high resolution and mesoscale models. Flights
performed after the MCS passage measure the perturbed environment to compare
with model outputs. Additional measurements in the TTL above the MCSs will be
available from the SCOUT balloons during the night and the Geophysica aircraft
during daytime, for comparison with trajectory or Eulerien models.

Ground-based cooperation

Coordination with driftsondes being released from N’Djamena (targeting
experiments of MCSs and their environment).

Coordination with ground sites along the flight pattern at Djougou (Benin) and
Banizoumbou (Niger). These two sites will operate in the EOP mode for the
aerosol and chemistry measurements (see recommendations for enhancement).
The radar and lightning networks will contribute measurements of MCS structures.
The 10P will also benefit from the ozonesondes in Niamey (SCOUT EU program)
and Cotonou (French and EU projects)

Coordination with the radiosonding network — additional soundings to be
requested in the northern or southern quadrilateral as permitted by logistical
constraints — up to 8 per day.

Coordination with the SCOUT balloon campaign to further study the convective
vertical transport, the water vapor budget, cirrus clouds and chemical composition
of the TTL region in the vicinity of MCS events. Small balloons will be deployed
during SOP2-al and SOP2-a3 including measurements of water vapor, ice and
aerosols distribution, remote and in-situ chemistry (BrO/NO2/03), short lived
organic bromine. The balloons will be released as soon after the MCS event as is
practically possible and will be timed to descend slowly through the TTL region in
the following hours, sampling the outflow of a system whose upstream and
downstream tropospheric environment is to be observed with the BAel46. The
impact of these balloons will be enhanced by the provision of high frequency
radiosondes within the flight region.

Forecasting requirements

The success of the mission relies strongly on the prediction of MCS triggering east of
Niamey and on the MCSs tracking and development within the target zone. Forecast
of aerosol and gases venting plumes and trajectories will discriminate between
emissions by the vegetation and low emissions over sahelian regions. The decision-
making for TTL small balloons mostly relies on near-real time forecasting based on
radar (cloud/no cloud) and radiosoundings (surface wind speed, humidity profiles).
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Recommendations for enhancement:

Radar operation needed in Niamey to document the 3D dynamical structure and
evolution of the sampled MCSs. It is essential to have information on the
dynamics of the MCSs to understand the redistribution and aging of aerosols and
precursors

Ground-based measurements in the SOP intensive mode during SOP2-a2.
Additional flight hours for the Geophysica (see Section 2.6).
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I3: Long range transport surveys (SOP2-a2 — Reeves, Mari, Schlager)

The aim is to characterize trace gas and aerosol evolution in air masses transported
downwind from convective regions and large-scale impact of WAM emissions by
coordinated flights. Two flight patterns have been devised to address the scientific
objectives related to trace gases and cirrus firstly on the local scale looking at outflow
near to MCS and secondly on the larger continental scale to investigate the larger-
scale impact of deep convection on trace gas, aerosol and cirrus cloud distributions.

13.1: Impact of Mesoscale Convective Systems on TTL composition (MCS-TTL)

A major aim of the MCS-TTL flights is to make flights using the M55, DE-F20 and
other aircraft based in Niamey around an MCS passing over the US radar in Niamey
or alternatively that of Djougou. The aircraft (B146, F/F20) based in Niamey would be
used to characterise trace gas and aerosol distributions before the arrival of the
MCS. The DE/F20 and M55 would then make flights together with the other aircraft
in inflow and outflow regions of the MCS. In particular, the M55 can make
measurements in the region above the MCS from the anvils at 14 km, through the
cold point near 18 km, up to the top of the TTL at 20 km. An important feature of the
M55 aircraft, not always exploited in the past, is its capacity for vertical exploration of
the TTL layer and not only to fly at its highest possible altitude. The aim is to collect
data on trace gas/aerosol distributions at several different levels in order to
characterise their variability in this region (see Fig. 2.4.11). It is also an aim to
coordinate these flights with launches of the SCOUT-AMMA balloons from Niamey.
They will be launched upwind of a system and then descend westward enabling
sampling of convective outflow in the TTL. Another objective is also to make flights of
the M55 and DE/F20 around MCS near the radar and lightning detection network at
Djougou with the aim of investigating the distribution and impacts of lightning NOx
emissions.

Figure 2.4.11: Schematic of
flight pattern MCS-TTL
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Two flights are currently being funded. Additional funds are being sought for an
additional flight (see Section 2.6)

We can use 11.4 type flights of the BAe-146 aircraft to characterise trace gas and
aerosol distributions before the arrival of the MCS.

13.2: Large-scale impacts of deep convection — long-range transport (LRT-TTL)

The M55 will be flown together with the DE/F20 and possibly also in coordination
with the B146 and F/F20 between the passage of significant MCS activity in order to
characterise the chemical and aerosol characteristics of the UT and TTL in
background quiescent regions which have not been recently perturbed by convection
thereby providing a reference for the comparison with MCS perturbed regions. The
transfer flights to and from Europe will also be used for this purpose since if there a
rapid succession of MCS (every 1-2 days) it is likely that the chemical composition
will be perturbed over large regions of the UT/TTL in West Africa. In this case, flights
will be designed to cut across this general outflow. In fact, Ouagadougou is in a very
favourable location for this kind of study (see Fig. 2.4.12).

These flights can also be coordinated with the balloon flights from Niamey which will
collect data in the LS as well as in the TTL (see Fig. 2.4.13). Flights will be made
along N-S transects (or E-W transects) at several different altitudes in the TTL. This
kind of flight and also the transits to/from Europe will also provide which is useful for
CALIPSO validation. Two flights are currently being funded.

Figure 2.4.12: Wind speed and direction Figure 2.4.13: Schematic of flight
over West-Africa at 100 hPa for the month pattern LTR-TTL.

July from NCEP reanalysis 1980-2005

(courtesy U. Schumann) and locations of

AMMA aircraft operation centres in

Niamey and Ouagadougou.
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Whilst the BAe-146 can be used to help other higher altitude aircraft characterise the
transport to the TTL of the deep MCSs, the BAe-146 itself will focus on the mid-
tropospheric level long range transport (i.e. the AEJ). This may be related to MCSs,
but also to cumulus congestus lifting BL air to around 500 hPa, which is
subsequently transported in the AEJ. Since the mixing from the BL air in to the AEJ
occurs on a diurnal cycle the BAe-146 will be used to sample the AEJ at 3 times of
day:

1. in the late afternoon following the daytime mixing with BL air (as in 11.4)

2. in the evening, after sunset, to examine the impact of night-time chemistry on

the decoupled layers (as in 11.4)
3. in the late morning to examine day-time chemistry before substantial mixing
with the BL

This will involve runs along and across the AEJ.

Link with the modelling strategy

Tracking of MCSs over a 2-3 days periods will allow to document the ozone and
aerosols aging at the continental scale. This experiment extends the temporal and
spatial windows of the MCSs exploration proposed in 12 and will be used mainly for
global modelling of WAM impacts on aerosols and chemistry. The synergy between
the proposed flights and the global modelling community needs to be refined. In
particular, it may be needed to have more extended latitudinal and longitudinal
transects at high altitude for comparison with the global models outputs.

Ground-based cooperation

Flights will be coordinated with the lightning detection network over Djougou and
balloon launches near Niamey.

Forecasting requirements

The same products than those listed for 12 have to be available at the secondary
AOC in Ouagadougou. In particular, the MCSs tracking forecast is of prime
importance for the 13.1 experiment.

Trajectories (including chemical tracers) will be used to forecast the position of the
AEJ.

Recommendations for enhancement:
Additional flight hours for the Geophysica (see Section 2.6).
Additional soundings along the zonal transect (N'Djamena, Niamey, Bamako, Dakar,

Sal if possible) and possibly the northern stations at Agadez and Tombouctou; up to
4 per day.
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I4: Microphysical and dynamical properties of stratiform and cirriform clouds
and their interaction with the West-African Monsoon system. (SOP2-a3 —
Bouniol, Protat)

Deep convection is the ultimate source of tropical upper tropospheric extended
clouds, i.e. tropical anvils. The anvil lifetime, typically 6-12 hours, exceeds the
duration of deep convection by many hours. Far from the active centre of the
convective core the anvil structure becomes optically thinner but still has a significant
radiative impact. The day after strong convective episodes large residual cirriform
clouds persist for several hours. The microphysics of ice crystals within this type of
clouds systems is an important parameter impacting radiation budget, the amount of
water stored in ice phase within the troposphere and chemical concentrations for
soluble species and species that adsorb onto ice. Regarding more specifically the
African Monsoon mechanisms, the convective anvils, through their modification of
the atmospheric dynamics on a large area, is expected to play a significant role of
modulation of some of the monsoon components (e.g., modulation of the subtropical
jet, warming of the upper troposphere, modification of the radiative budget,
dynamical feedbacks with the convective part of the squall lines, moistening of the
environment of the convective anvils, modification of the precipitation efficiency, and
of the reevaporation after the passage of an MCS...). The magnitude of this
modulation is completely unknown, and is a major objective of this project. Two types
of flight plans are proposed to address these scientific objectives, which are
described in the following.

14.1: Horizontal microphysical variability of MCS anvils

The “mesoscale structure flight” will be performed with a single aircraft, the F/F20,
equipped both with RALI (combination of a 5-beam 94 GHz Doppler cloud radar with
a 3-1 (355, 532, 1064 nm) high-spectral resolution lidar) and a set of standard in-situ
microphysical sensors (FSSP / 2D-C / 2D-P). The main objective of this flight pattern
IS to obtain a three dimensional description of the internal dynamical (3 wind
components), thermodynamical (pressure and temperature perturbations) and
microphysical/radiative (ice water content, effective radius, optical extinction and
depth) structure of the MCS anvil and thus to derive physical properties at the scale
of the anvil.
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Figure 2.4.14a (left): General concept
for proposed aircraft operations for IOP
14.1.

Figure 2.4.14b & 2.4.14c (below):
Possible adaptations of the “Mesoscale
structure flight”

The general concept of “mesoscale structure flight is presented in Fig. 2.4.14a: it
consists in three legs (400 to 500 km in length, that is, 45 minutes assuming the F-
F20 ground speed is 200 ms™) aligned with the propagation direction of the MCS at
the same altitude (as high as possible : about 11-12 km for the F20), separated
horizontally by about 50 km, sampling the stratiform and cirriform region of the MCS.
Overpasses of ground based facilities of ground based facilities (MIT C-band radar &
ARM Mobile facility, Ronsard or Xport for instance) will be achieved for purposes of
validation of the classification of hydrometeors and combined analysis for the
description of the 3D dynamics. The remaining time of the mission will be used for
taxi to the airport, The aim of such a flight plan is also to document the transverse
variability of the MCS anvils in terms of microphysical, radiative and dynamical
properties since three parallel vertical cross-sections will be sampled. This will be
particularly useful for the processing of the spaceborne observations. The
spaceborne active remote sensing instrumentation that will be launched in 2006 is
on a polar orbit (CloudSat / CALIPSO). It is then expected that this sampling strategy
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will provide a transverse documentation for the 2D documentation from space, that
can be used to extrapolate the active remote sensing retrievals to the case of the
passive spaceborne instrumentation of the A-Train (much larger swath).

Then by using data assimilation tools developed in the framework of WP3.1.1
(MANDOPAS) the use of these three legs and of the dropwindsondes information
(possibly ground-based Doppler radars as well for flights performed in the radar
coverage area) will give access to the 3D documentation of the MCS at mesoscale.
This 3D documentation will then be used to access diagnostic parameters and the
different terms of the water budgets related to ice phase (input to WP1.2). This 3D
docuemntation can also be interpreted as a quasi-instantaneous image of the
system (as can be obtained from a model output). Thus by degrading this image at
different model scales (CRM or GCM for instance) the sub-grid scale variability of
microphysical, radiative and dynamical parameters can be computed and compared
with those held in models (input to WP 2.1).

The “mesoscale structure flight” concept is given in Fig. 2.4.14a for an ideal situation
where a well organised system is passing over the region of interest and in
coincidence with a satellite overpass. The probability that such a situation occurs is
not very large given the 12 days of SOP2a3 period. This flight plan will therefore be
adapted to field situations in order to match as well as possible the scientific
objectives. Several constraints have to be taken into account : distance of the
system to Niamey (where the F-F20 will be based), size of the system, degree of
organisation, satellite overpass... Two main adaptations are proposed and illustrated
in Fig.2.4.14b (“priority to satellite overpass”) and in Fig.2.4.14c (“priority to 3D
documentation”). In all cases these adaptations fit the 4.5h time mission devoted to
the F-F20 scientific flights.

The first one (Fig.2.4.14b) will give priority to the A-Train overpass (as shown by the
green line). It will be particularly suitable for clouds resulting from convection of the
day before and persisting for several hours. First the three legs will be performed in
order to document the organisation of the MCS anvil perpendicular to the A-Train
track and then the aircraft will fly below the satellite track in coincidence with the
satellite schedule. In this case the priority will not be given to ground stations
overflown. In the second case (Fig.2.4.14c) the Iegs in the main propagation
dlrectlon of the MCS anvil are shortened but multiplied in order to cover a 300 x 300
km? domain. This adaptation is particularly suitable for obtaining a 3D documentation
of the system using the MANDOPAS tool.

14.2: Vertical microphysical variability of MCS anvils

The “mesoscale structure flight” will be performed with a single aircraft, the F/F20,
equipped both with RALI and a set of standard in-situ microphysical sensors
(FSSP/2D-C/2D-P). The main goal is to document the vertical layering of
microphysical properties.

This flight plan con5|sts in three legs of about 540km (45@minutes assuming the F20
speed is 200 ms’ ) aligned with the propagation direction of the MCS at three
different altitude (7,9 and 11 km for instance, but in all cases well above the melting
layer in order to avoid aircraft freezing problems), sampling the stratiform and
cirriform region of the MCS. These legs must overpass the ground based facility
performing polarimetric measurements (Ronsard or Xport for instance) which will
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provide ice hydrometeor classifications. The remaining time of the mission will be
used for taxi to the airport and ascending and descending trajectories in order to
build vertical profiles of detailed microphysics properties with in-situ probes.

Figure 2.4.15: Proposed aircraft operations for IOP 14.2.

This kind of flight plan will be particularly dedicated to the detailed vertical
microphysics documentation, since the aircraft will sample three different altitudes
where different ice particle habits are expected. This documentation is of particular
interest for the improvement of rain products obtained from spaceborne microwave
radiometers and for validation of hydrometeor classification obtained from ground-
based polarimetric meausrements (see WP2.1) Therefore the priority will be given to
it in case of a well organised MCSs passing over one of the ground stations where
polarimetric radars are installed.

Such a flight plan will also give access to the temporal variability of microphysical,
radiative and dynamical properties since the same vertical cross-section will be
described three times. It is thus of particular interest for comparison with CRM
simulations that will be performed with a detailed ice microphysics parametrisation in
the framework of WP2.1.
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I5: Intensive regional observations

It has been proposed to make an intensive set of regional observations over two 10-
day periods during SOP 1 and SOP2. These observations are for the evaluation of
flux budgets, in particular through assimilation in global and regional numerical
weather prediction (NWP models). Such measurements are important to data impact
evaluation, or in association with prediction of high-impact weather (the theme of
AMMA Working Group 5) such as hurricanes, or possibly of dry spells in the Sahel.

Observations which could be included in such intensive studies would be:
- Radiosondes;
Targetted dropsondes — released in data-sparse areas or in areas identified
through objective targeting techniques, such as singular vector computations;
Driftsondes;
GPS water vapour systems;
UHF and VHF wind profilers.

Two 15 periods are planned:

5.1 Monsoon onset (20 — 29 June 2006).
5.2 Monsoon peak (1 — 15 August 2006).

In each period, we propose to make 8-per-day radiosoundings on the southern
radiosonde quadrilateral, and at Agadez. This is a tough demand at these stations,
particularly in gas production, and the stations will need to be supplied with additional
staff. We will also make every effort to ensure that other stations in the network are
operating at their best capacity in each period.
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16: Intercomparison flights

If the data from the different aircraft is to be combined either in a single experiment
around an MCS or across the whole campaign it is essential that can quantify any
differences between comparable measurements. This requires wing-tip to wing-tip
comparisons between the aircraft for which flight hours must be set aside. To
minimise the number of comparison flights required a change of comparisons could
be set up that would link all aircraft. The instrument suite on each aircraft should be
considered to ensure that all similar instruments can be linked.

Since it is usually a requirement that pilots meet before a comparison flight it will be
easier for aircraft at the same base to perform such flights. During SOP2-a2 the
DE/F20 and the M55 will be at Ouagadougou and the F/F20, F/ATR42 and UK/BAe-
146 will be at Niamey. The UK/BAe-146 could perform comparison runs with both
the F/F20 and F/ATR42 during this period. It is suggested that the DE/F20 and the
M55 perform a comparison flight. The link between the two sets of aircraft might be
the F/F20 and DE/F20 (If required it might be possible for the pilots to meet during
SOP2-al when both aircraft will be in Niamey. It may also be necessary to compare
instrumentation flown during SOP2-al). The comparisons should involve level runs
of around 15 minutes in clear sky at 2 to 3 altitudes to cover a range of meterological
and chemical conditions.

International SOP-Monsoon Implementation, Version 3 May 2006



72

2.5 Flight hours provision during the SOP

The funding sources for different IOP patterns are presented in Table 2.51.

11 12 13 14

1.1 | 11.2 | 11.3 13.1 | 13.2 4.1 14.2

BAel46

INSU
CNES
EU

Table 2.5.1: Funding sources for different IOP patterns and aircratft.

The number of flight hours for each aircraft are summarized in Table 2.5.2. The
proposed partition between IOPs is also detailed. The figures given in the Table are
for secured flight hours. The numbers given between parentheses indicate the
number of flight hours for which additional funding is sought.

F/IATR and F/F20: The cost for the SAFIRE aircraft are covered by the AMMA-API
(contributions for many French Agencies). A minimal number of flight hours has been
secured to ensure the meaningful scientific assessement. Additional flight hours
have also been requested to enhance this assessement.

D/F20: The costs for the D/F20 deployment are covered by AMMA-EU (50%) and
DLR. AMMA-EU finances a total of 4 weeks (2 weeks WIND + 2 weeks in situ
aerosol/chemistry) with 4 local flights in each 2-week-period. Additional Falcon flights
and an extension of one week are being sought from German funding sources.

M55/Geophyisca: The costs for the Geophysica are covered by contributions from
various agencies — namely the EEIG, INSU, CNES, AMMA-EU and SCOUT-03
giving a total of 600 k plus 305 k from M55 instrument Pls and associated groups
who are paying for their participation in the campaign. A proposal has been
submitted to INSU & CNES to request for additional flights of the M55, in particular in
convective outflow regions of mesoscale convective systems. The priority request is
for 2 additional flights (Option 1) - one additional flight in MCS outflow with focus on
trace gases (Option 1a) and one additional flight in MCS outflow dedicated cirrus and
CALIPSO validation (Option 1b). Further options have also been proposed: Option 2
(3 additional MCS flights - 2 cirrus + 1 trace gas) and Option 3 (4 additional MCS
flights - 2 cirrus + 2 trace gas).
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ATR42
. 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12.1 and 13 14.1 14.2
Flight plan 11.7.1 11.7.2 12.2
AerosollI emissions/ ﬁerosol mixintg.
squall passage ygroscopicity
Descption of FP| 5 oo [, | LandAmosocean | Lpios | veget | o 7 T e | range Vsl vertat
squall sth?;II . interaction cotonou IlrllfnTbegr-i MCS | transport
line +guinee gulf
FH/flight 4 4 4 4 4 4 4
nb of flights 8 2 2 4 3 1 16
Total FH| 32 8 8 16 12 4 64
Typical time of| 0700- Variable |variable 0700 - 1600 LT Variable Variable | Variable
flights| 1600 LT
Total 144
F-F20
. 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12.1 and 13 14.1 14.2
F“ght plan 11.7.1 11.7.2 12.2
AerosollI emissions/ ﬁerosol mixintg.
squall passage ygroscopicity
Desrption of FP| 5 oo [, | LandAimostocean | 0TS | Veget | U =TT | range | Vsl vertat
squall sth?;II . interact cotonou IlrllfnTbegr-i MCS | transport
line +guinee gulf
FH/flight 4 4 4 4 4 4 4 4
nb of flights 8 2 2 4 11 3 3 3
Total FH| 32 8 8 16 44 12 12 12
typical tfiﬂ]geh(t)sf 1%?)(())OL-T Variable |variable 0700 - 1600 LT Variable | Variable | Variable Variable
Total 144
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D-F20
Fliaht ol 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12.1and| I3 14.1 14.2
| an
ghtp 11.7.1 11.7.2 12.2
Aerosol emissions/ Aerosol mixing.
ITE and| Sauall passage N/S Hygroscopicity Dyn and Long )
P Land/Atmos Veget. | Urban - Mesoscale | Vertical
Description of FP ':g\‘;‘vt Before  [After Land/,ibggﬁ):c/?cean interact emission | Survey | Niamey- |y o Crl\‘/leénSOf trzraig%?)rt structure | structure
squall line ﬁquall Fel L Hombori
ine +guinee gulf
FH/flight| 3.5 4 4
nb of flights| 2 2 4 (+1)
Total FH| 7 8 |16 (+4)
i i 10:30-
typical tlr.ne of 15:00 variable | variable
flights| |71
Total 31 (+4)
BAel46
Flight bl 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12.1and| I3 14.1 14.2
| an
Sl 71 | nr2 | 122
Aerosol emissions/ Aerosol mixing.
ITE and| Sauall passage N/S Hygroscopicity Dyn and Long ]
Description of FP| Heat - Land/Atmos/Ocean|-and/Atmos Veget. | Urban N - . Chem of | range Mesoscale | Vertical
Low |Before 9f” interact interact emission | Survey |6t1mey Niamey- | ~MCS | transport structure | structure
. |squal cotonou :
squall line line +quinee gulf Hombori
FH/flight 4 4 2 4 4
nb of flights 2 ﬂ'glhltsé with 12 5 2 4 3
Total FH 48 20 4 16 12
1200-
typical time of 1400-1800, 2000- | 1600, . .
flights 2300 1400. any variable | variable
1800
Total 100
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Geophysica
Flight bl 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12.1and| I3 14.1 14.2
| an
ghtp 11.7.1 11.7.2 12.2
Aerosol emissions/ Aerosol mixing.
ITE and| Sauall passage N/S Hygroscopicity Dyn and Long )
- Land/Atmos Veget. | Urban Mesoscale | Vertical
Description of FP| Heat After  |Land/Atmos/Ocean|. A Niamey- | . . Chem of | range
Low [Before squall o interact emission | Survey cotono)l/J Niamey- | “MCS | transport structure | structure
squall line i - Hombori
ine +guinee gulf
FH/flight 5.5
nb of flights 4 (+1)
22
Total FH (+5.5)
typical t;wgeh?sf variable
Total 22 (+5.5)

Table 2.5.2: Partition of flight hours between the I0Ps during SOPs 1 and 2 for the F/ATR, F/F20, D/F20, UK/Bael46 and

Geophysica.

IOP
pattern

11.1

11.2 11.3

11.4

11.5

11.6

11.7

14.1

14.2
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Aircraft

ATR-42 2 4 2
F-F20 2 4 2
D-F20

BAel46

Geophysica

Table 2.5.3: Partition of numbers of flights according to IOP pattern and aircraft in SOP1-a

IOP 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12 13 14.1 14.2
pattern
Aircraft
ATR-42 2 4 2 4
F-F20 2 4 2 2
D-F20 2 2
BAel46
Geophysica
Table 2.5.4: Partition of numbers of flights according to IOP pattern and aircraft in SOP2-al
IOP 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12 13 14.1 14.2
pattern
Aircraft
ATR-42 4 12
F-F20 9 3
D-F20 4 (+1)
part of
BAel46 11.5 12 5 2 4 3
Geophysica 4 (+1)
Table 2.5.5: Partition of numbers of flights according to IOP pattern and aircraft in SOP2-a2
IOP 11.1 11.2 11.3 11.4 11.5 11.6 11.7 12 13 14.1 14.2
pattern
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Aircraft

ATR-42

F-F20 3 3
D-F20

BAel46

Geophysica

Table 2.5.6: Partition of numbers of flights according to IOP pattern and aircraft in SOP2-a3
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2.6 Priorities for enhancement of the SOP activities

2.6.1 C-band radar at Niamey (Protat)

The provision of radar at Niamey has been identified as a major priority for the SOP-
Monsoon programme. Every efforts has been made to obtain and to fund a C-band
radar at Niamey. A 75-day deploymen of the MIT C-band radar has been funded by
NASA through a proposal submitted by Earle Williams. The current deployment is
planned for the 1 June — 15 August 2006 period. It is highly desirable to extend
this period to at least the end of SOP 2a3 (i.e. 15 September 2006).

The involvement of African scientists in the operation of the radar is being sought to
offer some training and possibly extend the deployment over a longer time span by
reducing the daily costs.

2.6.2 Scientific exploitation of the transit flights from Europe to Africa
(Flamant)

Flight patterns

In the framework of the AMMA SOP, transit flights are scheduled between Europe
and Africa, associated with the different deployment phases (Table 1). Because the
air traffic routes cover a large part of the northern African continent, north of the
AMMA domain, where data are sparce, the transit flights have been identified as
potentially very valuable to enhance understanding of meteorological and radiative
processes in the ‘heart’ of the Saharan heat low (SHL) region.

On 17 July 2006, the UK Bael46 aircraft is scheduled to fly Agadir — Niamey. This
flight could, if space on the aircraft allows, conduct dropsonde and basic aircraft
‘core’ instrment measurements, at cruising altitude, which will be dedicated to the
study of the ‘heart’ of the SHL and the inter-tropical front (ITF). We would aim to
release dropsondes at 0.5 to 1 degree resolution (50 — 100 km) or possibly higher
resolution over critical surface features. The dropsonde strategy for this flight will be
developed in the context of high resolution model results and the data obtained from
[1.1 flights in SOP1_al.

Link with the modelling strategy

Measurements acquired on these transects will provide a high-quality set of
observations for improving the representation the heat low dynamics and the impact
of aerosol radiative forcing in numerical simulations and meteorological analyses, in
a region where observations are scarce.

Link with satellite observations

Real-time tracking of mesoscale convective systems (MCSs) as aircraft should stay
away from them.
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Ground-based cooperation
Coordination with radiosondes from Tessalit will be strongly recommended.
Forecasting requirements

Position of the SHL and of the ITF.

Dry intrusions.

Position and height of the african easterly jet.
Tropospheric aerosol distributions.

2.6.3 Surface flux measurements in the heat low region (Parker)

The Saharan heat low (SHL) region is key to understanding the monsoon dynamics.
The SHL is roughly defined as the region 20°-30°N, 15°W - 10°E. The SHL can be
characterized as a region of high surface albedo, overlain by strong synoptic
subsidence, where dry convection dominates. Mineral dust in the atmosphere when
heated by shortwave solar radiation absorption presents a secondary heat source in
the Saharan planetary boundary layer, also sometimes refered to as the Saharan
aerosol layer (SAL). The presence of the dust layer combined with the high soaill
temperature which is controlled by the earth’s surface heat balance, constitute a
unique destabilization factor for the Saharan desert mixed layer. The thermodynamic
budget of the thermal low over the Saharan desert is an important element of the
climate of the West African region. It has recently been argued that the temperatures
and pressures in this zone are critical to driving the whole monsoon system
(Thorncroft and Blackburn). Indeed, Parker et al. (2005) show a good correlation
between monsoonal winds at Niamey and the surface temperatures at 21.5N. Thus,
the intensity of southerly/southwesterly monsoon flow (including the sudden surge
associated with the so called “jump” or onset) is partly controlled by the intensity of
the SHL. Variability in the fluxes in this region is strongly related to aerosol loading
(e.g. Tompkins et al 2005) and shows (from satellite measurements) intraseasonal
variability. Therefore, observations of actual fluxes and thermodynamic properties of
this zone are required, in order to test and develop global and theoretical models.

Due to the logistical constraints of working in the heat low zone, a full EOP flux
station in this zone was not feasible. Within AMMA, instrumentation to the north of
the EOP surface flux networks is focussed on the Tamanrasset ‘Supersite’ (22°47®,
05°31@®&). Instrumentation here includes broadband radiometers, sun photometer and
the Transportable Remote Sensing Station (TreSS) for observations of vertical
profiles of the boundary layer, clouds and aerosols. However, this station is
influenced by nearby topography and is rather north and east of the peak heat low.
We therefore wish to make efforts to deploy broad-band radiometers in the heat low
zone, perhaps at the synoptic station of Tessalit (Mali).

2.6.4 Airborne soil moisture measurements (de Rosnay)
Soil moisture remote sensing is a key component of AMMA project. It provides
spatially integrated information on soil moisture at a scale relevant for atmospheric

processes. METOP/ASCAT will provide soil moisture estimates for 2005-2007 from
active measurements. AMSR microwave passive measurements has been providing
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soil moisture products since 2002. SMOS measurements for 2007-2010 period is
extremely relevant to AMMA project to enhance the quality of soil moisture products
over West Africa. In turn, West Africa is a hot spot region where SMOS is expected
to have a major scientific feedback and crucial innovative applications for seasonal
forecast, water resources management. AMMA project is selected as a validation
site for the future SMOS satellite for the period 2007-2010. AMMA is a unique
opportunity for SMOS project to validate soil moisture products and inversion
algorithms at different spatial scales along a strong climatic gradient and for several
annual cycles. The aim of validation studies over AMMA is to use both ground
measurements and land surface modelling approaches to compare and validate
SMOS products over West Africa in the framework of AMMA project (SMOS cal-val
AO ESA de Rosnay et al. 2005).

The SOP (Special Observing Period) of AMMA in 2006 occurs before the SMOS
launch, so that satellite based measurements of soil moisture with SMOS sensor will
be not available for the SOP. However SMOS measurements during the SOP of
AMMA is of great interest for both SMOS and AMMA projects. From the SMOS point
of view, the main interest of possible L-band aircraft measurements during the SOP
period of AMMA relies on the fact that:

) the ground based measurements network is very important, including 24
soil moisture stations (profiles from 0 to 3m), complete meteorological
station, 12 flux stations, vegetation measurements which are critical for
SMOS algorithm validation. This network allows to consider a strong N-S
climatic gradient including various vegetation cover and soil moisture
conditions. The density of the measurements ensure to provide a complete
data base particularly suitable to develop, to test and to validate direct and
inverse approaches of microwave modelling,

1)) both the soil moisture and vegetation water content dynamics are very
strong in July-August. This is critical too for the SMOS algorithms
validation.

Conversely, SMOS is relevant for AMMA because soil moisture over Sahel is a key
variable of the forecast systems (Koster et al 2004), soil moisture is involved in many
disciplines related to WAM (plant phenology, chemical processes, convection,
aerosol...). During the SOP, aircraft measurements of soil moisture with an L-band
radiometer would provide information on soil moisture dynamic with a very high level
of accuracy. Soil moisture is a critical boundary condition of the atmosphere. Its
remote sensing estimation from L-band measurements in 2006 would allow to follow
the soil moisture dynamic according to the convective systems developments and
dynamic. Last, soil moisture is a critical variable in chemical processes studies which
are characterised by high instrumental deployment during the SOP. Information on
soil moisture from aircraft measurements is the basis of a better understanding of
these processes.

Airborne soil moisture measurements are planed to be carried out during AMMA
project in summer 2006. The flight plans will be established according to
atmospheric flights devoted to atmospheric processes studies and accounting for
local ground soil moisture measurements for validation objectives.
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Soil moisture aircraft measurements are highly relevant for various SOP
experiments:
[1.1: heat low and InterTropical Front analysis during SOP1-2. However in June
soil moisture variation remains limited in Sahelian area and the post-onset period
is preferred.
[.4 : atmospheric dynamic and aerosol, during SOP 2
1.5 : vegetation survey

Each of this SOP campaigns presents specific interests in being coordinated with
SMOS campaign. In order to identify priorities and define soil moisture flights
calendar, a specific SMOS aircraft campaign meeting will be held in Biarritz meeting
in September.

2.6.5 Additional Geophysica flights (Mari, Schlager)

The deployment of the M55-Geophysica in West Africa during AMMA is a unique
opportunity to study these processes in a region of continental convection. The M55
will operate between 14 and 20 km, an altitude region not accessible by other AMMA
aircraft. Note that there have been no previous measurements in the TTL over West
Africa and more generally almost none over continental convective regions where
MCS are thought to penetrate deeply into the stratosphere. Data collected in this
region will also provide a contrasting picture to that from the SCOUT campaign in
Darwin (Nov 2005); a region dominated by maritime convection. The proposed
synergy between AMMA-funded aircraft measurements covering the boundary layer
up to the TTL, SCOUT funded balloon measurements and satellite (CALIPSO) data
validation and analysis will make a significant contribution towards addressing these
issues at French and international levels. Joint analysis of data collected in this
project as part of AMMA and elsewhere within SCOUT will lead to improved
understanding about tropical upper troposphere.

A proposal has been submitted to INSU & CNES to request for additional flights of
the M55, in particular in convective outflow regions of mesoscale convective
systems. Due to the heterogeneity in emissions from different sources (vegetation,
soils, urban areas, lightning NOXx), we expect to see different signatures in trace gas
and aerosol distributions in outflow regions in the UT/TTL. This is also an ideal
region to study cirrus clouds and their properties. At present, only 4 local flights are
funded — 2 dedicated to flights in the near-field outflow of convective (MCS) and 2
aimed at characterising the composition on larger continental scales. No flights are
currently dedicated specifically to CALIPSO validation.

The priority request is for 2 additional flights (Option 1) - one additional flight in MCS
outflow with focus on trace gases (Option 1a) and one additional flight in MCS
outflow dedicated cirrus and CALIPSO validation (Option 1b). Further options have
also been proposed: Option 2 (3 additional MCS flights - 2 cirrus + 1 trace gas) and
Option 3 (4 additional MCS flights - 2 cirrus + 2 trace gas).

2.6.6 Convective initiation and break-up over Niger (Parker, Flamant)
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During the Dakar conference, a number of suggestions have been made the TT8-
chairs by the AMMA-Niger group:

@ AMMA-Niger is interested to improve understanding of CI in the vicinity of the
Air Mountain (northern Niger, region of Agadez). Initiation over the Air is one
of the 3 major MCS sources impacting Niamey. The Cl processes are not
entirely known as in some instances Cl is forecasted in August, when the IFT
is north of the Air) and does not occur. Prefered period is August. TT8 chairs
are in charge of proposing ways in which existing flight hours might be used to
explore the initiation of convection over the Air. AMMA-Niger is in charge of
sending a more detailed rationale to TT8 chairs. It can be noted that the
region of interest here corresponds to zone E of the 12 IOP pattern, 11.2, and
an option for 11.4, and therefore may be consistent with existing options for
flights.

@ AMMA-Niger is also interested in understanding the processes by which
organized MCSs become disorganized upon reaching the region of
Dongodoutchi and/or Dosso approximately 150 and 100 km, respectively, east
of Niamey. Aircraft operations are adequate for this type of obsectives.
Possible ground-based deployment has also been discussed (see below).
Prefered period is August. TT8 chairs are in charge of proposing an adequate
flight plan. AMMA-Niger is in charge of sending a more detailed rationale to
TT8 chairs.

The sodar and tethered balloon team welcomes scientific partners from Niamey.
Three UK scientists will work with the instruments during SOP2 (approximately 10
July - 31 August), and the addition of one or two local scientists to this activity
(making a team of 5 in total) would be very helpful.

2.6.7 Instrument and data intercomparison

Intercomparison of data from different sensors on aircraft platforms is needed to
ensure the coherence of the collected datasets and the relevance of the expected
scientific results. Aircraft to aircraft intercomparison are extremely difficult to perform
before the SOPs. Hence an effort should be made to coordinate such flights during
the SOP. These flight should be regarded as priority by the funding agencies.

2.6.8 Participation of African Pls
Every effort needs to be made to support the costs of African scientists to take

part in the operational planning and procedures during SOP1 and SOPZ2,
particularly in the primary and secondary operational centres.
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3. Operations Coordination

This part details the operational responsibilities and schedules of AMMA SOP1 and
SOP2. The plan is needed as guidance for the logistical teams, notably those of the
AMMA Operational Centre (AOC), in order for them to plan their activities. It is still
being discussed amongst the TT8 participants.

The objectives of the SOP coordination are:
To manage, and to maintain information on the operational status of
instruments, on the current environmental situation, the records of previous
and ongoing activity, and the planned activities of PIs;
To implement decisions on the commencement and termination of IOPs,
based on the current and predicted environmental conditions, and the status
of operational facilities;
To review and select the most promising scientific activities for the coming
days, based on environmental analyses and predictions, as well as on
previous activity and the level of ‘opportunity’ represented by a forecast;
To select the most suitable operational modes and timings of ‘responsive’
ground-based instruments and aircraft;
To communicate decisions to all of the necessary teams and personnel,
To liaise between scientists and operational centres such as ATC.

It must be stressed that the degree of coordination needed for operations is not
anticipated to be the same. For instance only one aircraft will be deployed during
SOP 2a3, while five aircraft (based on 2 international airports in different countries)
will be deployed during SOP 2a2. Coordination in the latter case is further
complicated by the meteorological features being targetted (MCSs for example).
Fortunately, difficulties will increase crescendo during the SOP, starting with the
deployment of two aircraft (SOP 1a), then three (SOP 2al) enabling TT8 members
and SOP leaders to build sufficient expertise before the much dreaded SOP 2a2.

Finally, the Operations Coordination Plan defined here will be revised following the
SOPO activities of January — February 2006. In particular, greater precision will be
given to the timings of the daily meetings, and to the processes of liaison with ATC.

3.1 Coordination structure
3.1.1 Named responsibilities

In the following we detail a number of identified responsibilities to be filled in the
course of the SOP. Note that this is a general framework, which can be applied to all
aircraft SOPs. Nevertheless, in some cases, some of the responsibilities may not be
required, as per example during the SOP 2a3 which only involves one aircraft.

Scientific Coordinator:
The Scientific Coordinator should be a named senior scientific PIl, from the ISSC
Executive Committee, designated on a weekly rota and preferably not an identified
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instrument/platform PIl. For each week, there will be named deputies, who will
provide for rest days, continuity from week-to-week, and cover in case of sickness.

Possible candidates:
ISSC-EC: CD Thorncroft (CDT), JL Redelsperger (JLR), T Lebel (TL), J Polcher (JP),
A Diedhiou (AD), DJ Parker (DJP).

Identified tasks:

- acts as chair of the IOP Selection Team

- liaises with local authorities where necessary

- in charge of producing the IOP overview summary

- ensure the balance between the different objectives of the SOP

- takes a final decision on the type of IOP to be run, in case of ambiguous
forecasts, i.e. which cannot provide clear guidance for a particular type of I0P,
and in case of dispute between PIs of the IOP Selection Team.

SOP SOP 1-a SOP 2-al SOP 2-a2 SOP 2-a3
Dates 1—15 June 1-15July 17 July — 25 August 1—15 Sept
Scientific 1-15June | 16-30Jun 1-16 July 17-30 July | 31 Jul-3 Aug 14-25 Aug | 26 Aug — 15 Sept
Coordinato Lebel Diedhiou Lebel Thorncroft | Redelsperger Polcher Lebel
r
Deputy AD TL AD -25 26- TL TI/ AD AD
DJP | JLR
Others CF CF TL, AD, DJP, JP DJP
available at AD,
AOC DJP

Table 3.1.1: Suggested schedule for Scientific Coordinators. Initials are CD
Thorncroft (CDT), JL Redelsperger (JLR), T Lebel (TL), J Polcher (JP), A Diedhiou
(AD), DJ Parker (DJP), C Flamant (CF). These details are provided also in Appendix
D, Table D3, along with other ‘Named Responsibilities’.

Scientific secretary:

The Scientific Secretary should be a scientist, on a weekly rota (with a named
alternate), preferably not an identified instrument/platform PIl. The Scientific
Secretary shall be familiar with West African Meteorology as well as with the AMMA
project. The Scientific Secretary will be a member of the IOP Selection Team.

Identified tasks:

- liases with forecasters and instrument PIs where necessary

- in charge of collecting all forecasts, and making the information available on
the relevant web pages

- in charge of writing the minutes of each small group or plenary meetings, and
making these minutes available on the relevant web page

- in charge of keeping records of general weather situation, and making the
information available on the relevant web pages

- in charge of collecting the IOP overview summaries, and making them
available on the relevant web pages

- in charge of collecting instruments/platforms mission summaries written by
Pls, and making them available on the relevant web pages

Facility Coordinator
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The Facility Coordinator monitors and maintains records of instrument, personnel
and facility status, and maintains communications between facilities, in terms of the
evening briefings and the necessary input to the IST. This person need not be a
senior PI, but should have some familiarity with instrument operations, and is to be
designated on a weekly rota (with a named alternate). Suitable post-docs and PhD
students may undertake this job.

Identified tasks:

- in charge of the information flow between the primary AOC and the secondary
AOCs as well as the isolated sites (Tamanrasset, Dano, R/V Atalante, etc..)

- in charge summarizing the status of each instrument/platform everyday,
passing this information on to the IOP Selection Team and the IOP Planing
Group and making this information available on the relevant web pages

- in charge of preparing, with the Scientific Coordinator, the summary of
operations for the day, and making it available to all interested parties as well
as putting it on the relevant web pages

Facility Representatives
Each facility or instrument must nominate a single representative (possibly with a
deputy) for each period in which the instrument will be deployed. Each facility
representative will liaise with the Facility Coordinator on a regular basis.

- keep records of status of facility

- contact point with Facility Coordinator for routine daily communications.

Principal investigators (PIs)

Each science team will declare which of their scientists is to be designated a PI.
Certain roles and responsibilities are expected of Pls; notably the ability and
authority to make decisions regarding instrument deployment, and a scientific stake
in the outcomes of the programme.

3.1.2 Planning sub-groups
3.1.2.1 IOP Selection Team (IST)

IOPs will be selected by an IST. It is important that the IST does not become too
large to function effectively, in its meetings and its decision-making capacity. A
nominal maximum membership is suggested to be 12 people on any given day.The
composition of this group will be as follows (and to be reviewed by the Scientific
Coordinator).

The management group for each key platform or instrument will nominate its
own PI for a given day, who will have final responsibility for the activities of
that platform or instrument in the IST. It may be necessary for a given platform
to nominate 2 or 3 Pls where there may be conflicting interests on the use of
that platform, or if it is likely that decisions for the following day’s activities may
have to be made in the absence of Pls who are currently flying.

The IST will also comprise other PIs of AMMA who are not members of the
management teams of particular instruments, and including African scientists.

The IST will be chaired by the Scientific Coordinator.
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3.1.2.2 IOP Planning Group (IPG)

Following the discussions of the IST, a small IOP Planning Group will work on
detailed flight plans (to be activated the following day), and will, where necessary,
choose between IOP options, and abort when necessary. The IOP planning group
will comprise the following personnel:

Pls of instruments involved in the I0OP in question; in particular the Mission
Scientists scheduled to fly on each aircraft;

Other PIs with a direct scientific interest in the IOP, as approved by the IST;
One operational forecaster according to a pre-arranged roster.

It is possible that more than one IOP planning group may be nominated for a given
day JO, for instance if separate IOPs in different parts of the region are planned. In
such cases, the operational forecaster will divide his responsibilities between the
different groups as required.

The IPG will begin its work at the downtown Operational Centre, following which it
will move to the airport for submission of any necessary flight plans on day J-1.
Suitable transport will be required to convey the IPG members to the airport on day
J-1, and for flight planning on day JO.

The activities of each IPG will be scheduled to meet the needs of the given IOP. For
instance, the IPG will need to prepare details of flight plans in the hours leading up to
a given take-off time.

3.1.2.3 Operational forecast team

The operational forecast team will comprise local forecasters working at ACMAD. An
ideal mode of activity will be for the operational forecasters will work in a combination
of daily shifts and ‘responsive’ activity during IOPs. A suggested schedule for 4
forecasters would be the following:

Day: |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15 |16
F1 D |D/|I X |D |D/|I X |[D |DI|I X |D |D/|I X
F2 X |D | D/l X |D |DN|I X |D |D/l|I X |D |DI|I
F3 D/I|X |D |D/l|I X |D |D/|I X |D | DI X | D | Dl
F4 D |[DN|X |D |[D/|I X |D |Dh|I X |D |D/l|I X |D

Table: Possible roster for forecasters F1 to F4. D=daily briefing; D/I=daily briefing
followed by IPG support; I=IPG support; X = rest day.

3.1.2.4 Driftsonde decision-making

1. Driftsonde launch and dropsonde deployment decision points are to be located in
Toulouse.

2. Operations begin 15 August 2006 and if necessary run to 15 Sept
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3. Decision team includes:

a) For 15 Aug to 1 Sept
One science staff representing AMMA SOP 2 (Drobinski)
One science staff representing NCAR driftsonde (Parsons)
CNES ballooning representative
Air traffic control interface
NCAR software specialist

b) For 1 Sept to 15 Sept
One science staff from downstream AMMA (To Be Determined)
One science staff from NCAR driftsonde (Parsons)
CNES ballooning rep
Air traffic control interface
NCAR software specialist (if necessary)

c) Decisions for operations are to be made after consultation with Niamey (AMMA
prospective) and relevant forecast centers (THORPEX prospective).
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3.2 Decision-making cycle

The decision-making cycle for IOPs is structured according to the requirements of
aircraft operations, as these are the instruments requiring the most coordination (with
Air Traffic Control in particular).

3.2.1 Schedule

The basic schedule of strategic planning for an aircraft-based IOP will be (for an
operation on day J2):

Day JO — identification of possible IOPs, based on available instruments and
overall strategy

Day J1 — use of forecasts for identification of realistic IOP possibilities.
Submission of a set of provisional flight plans, perhaps with a contingency
option. The exact time at which these need to be submitted is yet to be
resolved. NOTAM.

Day J2 — development of detailed flight plans, to be submitted at least 2 hours
before take-off.

Two time scales have been utilized: one for meeting (UTC) and one for aicraft-
related operations (time scaled with TO —Take off) and L (Landing) time stamps in
red).

Nota: NOTAMs need to be submitted 24 h in advance for aircraft flying over 15000 ft
(exact ceiling remains to be agreed) (F20s and M55/Geophysica). For aircraft below
15000 ft (to be agreed; ATR and BAel146), NOTAMs can be submitted for the entire
SOP periods at the begining of the experiment.

Meeting schedule (UTC):

0500 — 0700 Preparation of daily forecast (ACMAD)

The forecast will be prepared according to criteria developed in consultation with the
AMMA Forecasting Group, by 2 local forecasters working at ACMAD. One of these
forecasters will subsequently be assigned to work with the IOP Planning Group.

This activity will create a record of the wider meteorological situation in the SOP
periods, beyond the relatively narrow requirements of flight-planning.

Summary briefing to be put on the AOC web page to be available for other AOCs
0700 — 0730 Forecast briefing (Operational Centre)

Tailored to prepare next day’'s NOTAM to be submitted at 0900 UTC (1000 LT
Niamey) where necessary.

Forecasters will present an outlook of the conditions for Days JO, J1 and J2.
According to the SOP, forecasters will the present a comprehensive forecast of the

meteorological features of interest to the Pls (i.e. the IFT, AEJ, AEW, MCSs, etc..).
This aspect of the forecast will be crucial for the subsequent discussions and will
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likely facilitate appropriate proposals by Pls at the Niamey and Ougadougou AOCs.
The meeting will consists of:
I. Presentation of the forecast for the coming 48 hours and outlook (Forecast
Office),
ii. Presentation of special products relevant to IOPs (PIs).

0745 Deadline for receipt of status reports from all platforms and isolated sites
The Facility Supervisor will ensure that the reports are available on the web and
investigate in case of missing reports

0800 Deadline for indications of likely operations for Days J1, J2 and J3

The Facility Supervisor will collect proposals (Table of IOP patterns) and make sure
them available on the web. A simple summary of such proposals is suggested in
Table 3.0.

Facility J1 J2 J3

ATR 11.7 2 orlIl.7 12

BAe 146 11.50r11.4 I2o0rlil4 11.4 or Downday
F-F20 12

D-F20 Downday 12

M55 12

Table 3.0: Typical summary of proposals for coming days, as received from aircraft
teams by Facility Supervisor.

0815 — 0830 Morning IST meeting (Operational Centre)
Teleconference — Discussion amongst the IST (IST members may be scientists
associated with secondary AOCs). The meeting will consits of:
i.  IOP priorities for Day J1, Day J2 and Day J3,
ii.  Nomination of the IOP Planning Group for Day J1 and Day J2, including
contingency plans.

List of responsibilities for the IOP Planning Group:

i. Definition and preparation of the flight plans, including T.O. time,

ii. Prepare notification of all involved secondary AOCs, isolated sites and
associated platforms/instruments (web & telephone) with Scientific
Secretary and Facility Coordinator,

iii. Nomination of Day J1 Early Bird meeting at ACMAD (in case of newly
selected IOP by the IST)

iv. Nomination of Day J1 Flight Monitoring Group (in case of newly selected IOP
by the IST)

v. Nomination of Day J2 Early Bird meeting at ACMAD,

vi. Nomination of Day J2 Flight Monitoring Group,

vii. Consultation with pilots and preparation of NOTAM.

0830 — 1430 Documentation of meteorological forecast (ACMAD)
The objective of the afternoon monitoring is prepare the I0OP Selection Team
meeting and the Evening briefing (see below).

1600 — 1615 IOP Selection Team meeting (Operational Centre)
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Teleconference — Discussion amongst the IST (IST members may be scientists
associated with secondary AOCs). The meeting will consits of:
I Weather update (Forecast Office) as well as presentation of special
products relevant to IOPs (PIs)
il. Reassessment of priorities

1700 — 1800 Evening open TT8 meeting (Operational Centre) to be led by the
Science Coordinator
The discussion will be an open meeting, to which all members of TT8 will be able to
contribute. This daily meeting will consist of:
I. Review of Day JO IOP (on days when an IOP was conducted, including
wheather and data quicklooks)
ii. Review of IOP plans for Day J1 and Day J2.

Operation schedule on IOP days envolving aircraft (in addition to the above):

T.0.-5h — T.O.-4h Early birds meeting (ACMAD or Operational Centre)
The Pls designated by the IOP Planning Group for that day and the Forecasters on
duty meet to review the latest weather update for the coming day. The best place for
this meeting to be held is left at the discretion of the PIs. This meeting will include
consultation with all relevant AOCs and facilities. For Pls not so familiar with
forecasting in West Africa, such meeting could take place at ACMAD to faciliate
inetractions with forecasters and ensure quick decision-making. For Pls familiar with
forecasting issues over West Africa, this meeting could take place at the Operational
centre, Pls then being able to communicate with Forecasters by phone or e-mail.
The objective of the meeting is two-fold:
o Make final decision on wether the IOP should be conducted with the aircraft
(GO/NOGO decision),
o Prepare a modified set of flight plans if needed, according to the weather
update.
This group of Pls will decide to alert/inform aircraft teams.

T.0.-4.5h — T.0.-2h Transfer to Airport

Transfer of aircraft operation, technical and scientific crews from Hotels to Airport.
Each platform works on its own schedule (BAe 146 powered 4 h before T.O. /
SAFIRE aircraft powered 2 h before T. O.)

T.0. — L. Monitoring of flight planning (Operational Center and/or airport)
Monitor weather conditions, especially in the case of MCS related I0OP (11.2, 12, 13 or
14). A group nominated by the IPG will work in close interaction with ATC, pilots and
aircraft scientists. Includes nowcasting and MCS tracking when needed.

L. — L.+0h30 Post IOP aircraft debriefing (Airport or downtown — at the discretion
of each facility)

A short debriefing after the flight is possible for a quick shakedown of operations as
well as prepare the I0OP report for the open TT8 evening briefing. Alternatively this
meeting can be held downtown in association with briefings for the following day.
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Once an IOP is called, the IOP Planning Group will begin work on detailed flight
plans and schedules. This activity will commence at the downtown operations centre.
On the day of the flight, the IPG will continue working solely on this IOP, while the
IST activities continue in parallel for consideration of subsequent days. This implies
that sufficient mission scientists are available at the operational centres to work on
current and future IOP planning. Note that the IST activities follow a fixed schedule
each day, whereas the IPG activities must adapt to the particular timing of that IOP
plan.
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IOP pattern 11.1: ITF 11.2: Dry 11.3: N-S 11.4: Land- 11.5: 11.6: 11.7: Aerosol I12: Dynamics 13: Long 14: MCSs
and Heat Squall Land-Ocean- atmosphere Vegetation Urban Mixing and Range Mesoscale &
Low Line Atmosphere Emission Surveys and Chemistry of Transport vertical
Surveys Passage Interactions Surveys Hygroscopicity | MCSs Structure
Key 24 hours 24 hours or 1-4 days 1-4 days 24 hours 12 hours 1-4 days 24 hours 1-3 days 24 hours
Phenomena/ less or less
Lead time
Intraseasonal Flights Pre-onset Monsoon onset. | Presence of wet Presence of N/A N/A Presence of a Needs to be Presence of a
regime before and or dry period; wet or dry wet or dry defined. wet period
after likelihood of period period
monsoon subsequent rain
onset
Heat Low Intensity of N/A Intensity of heat | Intensity of heat N/A N/A N/A N/A N/A N/A
heat low low low
ITCZ/ITF Location of N/A Location of May influence May influence N/A Location of Influences N/A N/A
ITF affects ITCZ affects latitude of latitude of ITCZ affects convective
flight flight pattern flights flights flight pattern regime.
patterns
Jets (AEJ, Consider N/A N/A May influence Affect latitude N/A N/A Influences Jet strengths Influences
TEJ, STJ) AEJ latitude of of flights convective influence convection
position flights regime. outflow regime
and
strength
AEWSs and Consider N/A Consider AEW May influence Location and N/A N/A Location and Consider N/A
vortices AEW activity and location of intensity of intensity of AEW activity
activity and phase. flights trough/ridge trough/ridge and phase.
phase. patterns and patterns and
vortices vortices
Dry intrusions N/A N/A N/A N/A May be N/A N/A Location and Strong SAL N/A
relevant to depth of dry air | intrusions wil
AEW patterns be of interest
MCSs and Avoid Cb Dry squall Seek land Seek land Avoid Cb Avoid Cb Avoid Cb MCSs over the May follow MCS over the
convection events. surface surface mesoscale MCS events radar ground
responses to responses to ground sites from east to sites or within
Chb. Avoid Cb Chb. Avoid Cb west the swath of
during flights. during flights the A-Train
Non- N/A N/A N/A May Influence Northward N/A May Influence N/A Northward N/A
precipitating flight pattern extent may flight pattern extent may
convection affect latitude affect latitude
of flights of flights
Land surface Flights Dust N/A Soil moisture Strong E-W N/A N/A Rainfall on dry | Probably N/A N/A
before and | emission & will guide flight soil moisture surface could — needs to
after deposition planning variability be attractive. be clarified
monsoon
onset
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Special N/A Satellite N/A Soil moisture Chemical N/A Soil moisture Chemical Ground based
products aerosol patterns from trajectories. patterns from trajectories radar products
products. satellite Soil moisture satellite
patterns from

satellite

Table 3.1: Table of IOP forecast criteria (to be refined and coordinated with AOC). The elements in this table define factors
which should be taken into account for each type of IOP. Those shaded yellow are critical for the decision to conduct that kind
of IOP. Other criteria may affect the desirability of an IOP, or the details of its conduct (e.g. exact timings). Also, data from the

mesoscale instrumented sites, and from recent aircraft observations, will be used in the planning process.
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3.2.2 Conduct of an active IOP
The conduct of an active IOP will include the following considerations:

The IPG will prepare detailed plans and timings for the proposed IOP
immediately following the IST meeting. This work will be conducted at the
Operational Centre in Niamey. Note that if we are able to anticipate an IOP on
day J-2, members of the IPG may have been preparing IOP plans prior to the
IST meeting on day J-1.

All facilities will be notified by the IPG, through the Facility Scientists.

A Flight Notification will be developed in consultation with pilots, and
submitted to ATC after 1200 local time.

The forecast will be monitored overnight, as necessary, by Pls from the IPG
(or nominees).

Detailed flight planning will commence around 4 hours before take-off, with
the IPG working Operational Centre.

A decision to abort the IOP and/or associated flights will be taken where
necessary.

During flights, the IPG will communicate with Mission Scientists on the aircraft.
Mission scientists will pass requests to pilots directly. Pilots will work directly
with ATC. There will be no direct formal communication between the IPG and
ATC.

3.3 Planning
Personnel tables are included as Appendix G.

Personnel roles and availability during the SOP1-2 periods need to be established.
As of today, the Scientific Coordinator, Scientific secretary, and Facility coordinators’
rosters have not been finalised. Concerning the Instruments and platforms Pis, this
task is being conducted by the Aircraft and Ground-based coordination groups. For
the ground-based supersites, one or more coordinator needs to be identified
beforehand in order to smooth communication between the primary and secondary
AOCs.
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4. Communications

During the SOP, some IOP patterns require a sophisticated level of communication
between the secondary and primary AOCs, as well as between the primary AOC and
the aircraft to ensure smooth running. At the same time, it is crucial that all
secondary AOCs and isolated sites be informed of the progress in the campaign and
the decisions that have been taken. In the case of isolated sites (e.g. Tamanrasset,
Dano, N'Djamena), the type of support for such information shall be telephone : we
propose that a message be recorded on a dedicated answering machine for all Pls
to consult. This is believed to be the most reliable way of informing people. For those
Pls who have access to internet, a message will also be posted on the daily
operation web page.

As detailed in Section 2, information will be sought by the IST at the primary AOC
from the different supersites involved in the IOPs, prior to or during the IOPs:

Niamey/Banizoubou,

Djougou/Oueme basin,

Ouagadougou,

Gourma,

Dano,

Tamanrasset,

Cotonou,

N’Djamena,

The R/V Atalante.

As for the coordination, it must be stressed that the degree of communication
needed for operations is not anticipated to be the same for the different SOPs. For
instance only two aircraft will be deployed during SOP 2al, while five aircraft (based
on 2 international airports in different countries) will be deployed during SOP 2a2.
Communication in the latter case is further complicated by the meteorological
features being targetted (MCSs for example).

4.1 SOP 1la

On the days of operation, information from a number of given sites, most often in the
general area of airborne operations, will be need for fine tuning of the flight plans as
per example:
@ 10P 11.1: Need status report and information from Tamanrasset, Gourma and
Niamey/Banizoumbou supersites,
@ 10P 11.2: Need status report and information from Niamey/Banizoumbou and
Tamanrasset supersites,
@ 10P 11.3: Need status report & information from Tamanrasset,
Niamey/Banizoumbou and Djougou supersites.

No specific meteorological conditions are not required for 11.1 and 11.3 operations.

11.2 type operations will strongly depend on the MSC forecast to give ample time for
pre-MCS operations. As IOP [1.2 patterns need not be flown in the vicinity of MCSs,
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aircrfat guidance for the MIT C-band radar will not be requested. Satellite tracking of
MCSs using MSG data will be sufficient.

4.2 SOP 2al

As during SOP 1a, information from a number of given sites, most often in the
general area of airborne operations, will be need for fine tuning of the flight plans as
per example:
@ 10P 11.1: Need status report and information from Tamanrasset, Gourma and
Niamey/Banizoumbou supersites,
@ 1I0P 11.3: Need status report & information from Tamanrasset,
Niamey/Banizoumbou and Djougou supersites,
@ 12: Need status report and information Niamey/Banizoumbou and/or Dano and
Djougou super sites — key data will be provided by the C-band radars.

IOP 12 aircraft PlIs believe that it is very important to have the RONSARD and MIT C-
band radar scientists involved in the aircraft operations. Note that even though
aircraft do not intend to fly inside MCSs, it would be important to know which one are
developing or decaying. Moreover the lightning network PlIs are aiming to provide
real time data (possibly overlain with RONSARD) through Djougou for aircraft
guidance.

4.3 SOP 2a2

Information from a number of given sites, most often in the general area of airborne
operations, will be need for fine tuning of the flight plans as per example:
@ 11.4: Need status report and information Tamanrasset, Niamey/Banizoumbou
and Gourma supersites,
@ 11.5 & 11.7: Need status report and information Niamey/Banizoumbou and
Djougou super sites,
@ 11.6: Need status report and information Niamey/Banizoumbou super site,
@ 12 & 13: Need status report and information Niamey/Banizoumbou and/or
Dano and Djougou super sites — key data will be provided by the C-band
radars.

The successful deployment of the Geophysica together with the D/F20 aircraft during
SOP2_a2 in Ouagadougou requires close coordination and good communication
with other aircraft and SCOUT-AMMA balloons based in Niamey during the same
period, the lightning detection network at Djougou and water vapour/ozonesonde
launch sites.

For optimum guidance of the airborne operations it seems important that real time
radar (and similar) data (selected quicklook products) are available via internet for
flight planning and guidance. A communication capability by phone between the
radar operator and the flight planning groups, and possibly the mission scientist
onboard, is also identified. This should include both the RONSARD and the MIT
radars.

International SOP-Monsoon Implementation, Version 3.



97

The real time information is not only important for aircraft operations within clouds
but also for those aircraft trying to avoid clouds. Also last minute decisions on go or
no-go for a specific IOP flight pattern needs real time information. Moreover balloon
launches are relying on real time radar (esp. the MIT C-band radar).

The quicklooks to be transmitted via internet should include PPIs at selected levels
every 10 min or so and ideally some information on cloud top height. If the latter is
not feasible this should be communicated by the radar operator via phone as is also
desirable for special scans like RHIs through area of most active convection. Once
the radar quicklooks are available on the internet they will be accessible from
anywhere not just at the AOCs.

Concerning the real Ouaga operations a certain degree of authonomy will be
necessary. An overall coordination is absolutely necessary but the final decisions
have always to be taken locally as there are many things coming up last minute and
also the flight planning can only be done locally by the aircraft operator. So the
comms between aircraft and ground staff will be done primarily with the respective
airbase, thus requiring a strong secondary AOC in Ouaga. But these issues have to
be discussed in more detail with the respective aircraft teams.

4.4 SOP 2a3

Two meteorological targets are chased in this SOP2a3 : (i) well-organised MCSs with
fully-developed stratiform part, and (ii) widespread cirriform anvils persisting the day
after the passage of a large MCS. The requirements for communication is much
more demanding for the first target (well-developed MCS), while for the second
target the description of the convective activity of the previous day and MSG images
in real-time at Niamey are enough. For the well-developed MCSs, information from a
number of given sites, most often in the general area of airborne operations, will be
needed for fine tuning of the flight plans as per example:
@ 14.1 & 14.2: Need status report and information from Niamey/Banizoumbou
and/or Dano and Djougou super sites status — key data will be provided by the
C-band radars.

Close coordination with the RONSARD and MIT C-band radars as well as lidars in
Niamey (ARM Mobile Facility) and Djougou/Nangatchori (IPSL lidar) is the key to
scientific achievement in this case. The success of the flight will essentially depend
on the location of the aircraft inside the MCS anvil and cirriform areas. The most
convective cells should completely avoided.

For optimum guidance of the airborne operations it is very important that real time
radar quicklook be available via internet for flight planning. A communication
capability by phone between the radar operator and the flight planning groups, and
possibly the mission scientist onboard, is also identified. This should include both the
RONSARD and the MIT radars. Also last minute decisions on go or no-go during an
IOP flight needs real time information. The quicklooks to be transmitted via internet
should include PPIs or CAPPIs at selected levels every 10 min or so and ideally
some information on cloud top height. If the latter is not feasible this should be
communicated by the radar operator via phone as is also desirable for special scans
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like RHIs through area of most active convection. Once the radar quicklooks are
available on the internet they will be accessible from anywhere not just at the AOCs.

4.5 Summary of communication needs

Aircraft: Communication between the aircraft and the promary AOC is crucial for
some IOPs. The UK/BAel46 is equipped with a satellite telecommunication,
enabling the scientists to talk directly to the AOC without going through the pilots.
The F/F20 and F/ATR will be equipped with satellite phones for SOP 2 (voice and
possibly data transfers). D/F20 is equipped with satellite telecommunication
(IRIDIUM). The EEIG/Geophysica telecom equipment is tbd.

Niamey/aiport: instruments deployed in the Niamey airport will be connected onto
the primary AOC via a local loop.

Banizoumbou: Phone connection only is being provided using the Thuraya phones
from the University of Oxford.

Djougou: we request that the radiolink between the RONSARD and Djougou is
provided so that the Quicklooks can be available in real time at the Niamey AOC, for
2 and 14 IOP patterns in particular. We also request that a phone connection be
available at the RONSARD site.

The Benin AOC has been working on realistic possibilities of communication
between the different sites in the Oueme basin:
Radio connection of Kopargo — Djougou and Nangatchori — Djougou and
internet connection at Djougou,
Direct satellite internet connection of Kopargo and Nangatchori.

For the moment, the budget of the AOC finances only the transmission of data sent
by the RONSARD, all other communications should be beard by the different teams.

Ouagadougou: This secondary AOC may also support locally based AMMA
activities in Burkina Faso. It will be managed by the logistical coordination group of
EIGG (Stefano Balestri), EIER (Harouna Karambiri) and DLR (Heinz Finkenzeller) for
the M55 and D/F20 mission. Certain improvements to the infrastructure at the airport
are required before the campaign takes place. These include refurbishment of
offices, the hangar and installation of high-speed internet (50-60 persons) and
telephone lines.

Gourma: Phone connection only (?)

Dano: Phone connection only (?)

Tamanrasset: The TReSS platform is being hosted at the ONM in downtown
Tamanrasset. The internet connection there will most likely not enable data or

information exchanges in a satisfactory responsive mode. Internet cafés exists in
Tamanrasset, but this is not very convienient. A telephone link with occasional
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exchange of images by fax and/or internet will be the basic operation mode. This will
be tested during SOP 0 starting mid-January, and revised if needed.
Telephone:+213-29-34-4673

Facsimile:+213-29-34-4673

Contact person E-mail: m_mimouni_dz@yahoo.fr

Cotonou: Phone connection only (?)
N’'Djamena: Phone connection only (?)

R/V Atalante: Internet connection and cell phones. Daily bulletins will be provided by
R/V Atalante Pls to the primary AOC (and vice-versa) during the 2 legs: B. Bourles
and G. Caniaux (leg 1) and B. Bourles and L. Eymard (leg 2). The Pls e-malil
addresses onboard the Atalante are:

bernard.bourles@atalante.ifremer.fr (24 May — 6 July)
guy.caniaux@atalante.ifremer.fr (24 May — 18 June)
laurence.eymard@atalante.ifremer.fr (1 June - 6 July)

4.6 Other issues

Apart from the communications needs for the AOC, the following are priorities for
communication during the SOP:
Links between the AOC and the responsive instruments for operation of the
IOPs,
Transmission of data from radiosondes and dropsondes to the GTS for
assimilation into numerical weather prediction (NWP) models,
Rapid release of aircraft data to Pls for post-flight analysis, and planning of
subsequent flights.
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5. Partnership

5.1 Field observations

A decision-making protocol for separately-owned instruments is outlined in section 3
above.

5.2 Training program

All partners will be included in the daily operational discussions, as members of TT8.
Efforts will be made by operators of the larger aircraft (BAel46, ATR42 ...) to obtain
permission for partners to fly on IOP missions. This process requires considerable
forward planning and applications should be made immediately to Doug Parker,

Claire Reeves or Cyrille Flamant. Information on this procedure will be sent to ST4.

We will make every effort to take account of the unfunded projects identified in the
PIAF in our operational objectives.

5.3 Collaboration

The AMMA International conference in Dakar will be used to exchange scientific
ideas among members of TT8.
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6. Organisation of TT8

6.1 Leaders, core group, membership

Coordinators:
Cyrille Flamant (cyf@aero.jussieu.fr), Doug Parker (doug@env.leeds.ac.uk)

Core group:

Francesco Cairo, Suzanne Crewell, Arona Diedhiou, Cyrille Flamant, Paola
Formenti, Anne Garnier, Hartmut Hoeller, Norbert Kalthoff, Katherine Law, Céline
Mari, Doug Parker, Jean-Pierre Pommereau, Alain Protat, Claire Reeves, Hans
Schlager, Chris Thorncroft, Garba Zibo.

Enlarged group:

The enlarged group is composed about 165 researchers from Europe (about 100),
Africa (about 55) and the USA (about 10). A detailed list of the enlarged group
participants can be obtained from Doug Parker.

Representation:
All of WP4.2 (management) in the EU project
Instruments (a representative (PI1) for each aircraft, and each ground instrument)
o D-F20
F-F20
ATR42
BAel46
Geophysica
Radar (Protat, Williams and Jenkins)
0 Aerosonde
Science areas (selected EU work packages):
o WP1.1 WAM/global climate (Fink, Law)
WP1.2 Water cycle (Roux)
WP1.3 Land-atmosphere (Parker)
WP1.4 Scaling issues (Hall)
WP2.1 Dynamics and convection (Parker)
WP2.2 Oceanic (Brandt)
WP2.3 Physical / biological processes over land (Kunstmann)
WP2.4 Aerosol/chemical processes (Mari, Formenti, Reeves)
WP3.1 Land productivity
WP3.2 Human processes
WP3.3 Water resources
WP3.4 Health (Morse)
WP4.1 Modelling (Lafore)
WP4.3 Satellite (Desbois)
WP4.4 Database (Eymard, Hoepffner)
o WP5.1 Weather Prediction (Kamga, Beljaars)
National and international groups: e.g. Benin, EU, France, Germany, Mali, Niger,
UK, USA, CSAM (Diedhiou, Gaye), ...
The NASA funded N-Pol activity

O O0Oo0oO0oOo

OO0OO0O0O0OO0O0OO0OO0OO0O0O0OO0OO0OO
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AMMA-Weather
ARM / RADAGAST
International agencies: ACMAD, ASECNA, AGRHYMET, ...
Pls of PIAF proposals
Representatives of linked TTs
o TT1 Radiosondes (Fink, Parker)
TT2 Fluxes (Taylor)
TT3 EOP meso Gourma
TT4 EOP meso Niamey
TT5 EOP meso Oueme
TT6 Ocean (Brand, Bourles)
TT7 SOP-0 (Coe)
TT9 SOP-Downstream (Roux, Halverson, Protat, Bouniol)
ST1 EOP
ST2 Operations Centres (Diedhiou)
ST3 Database
ST4 Training and capacity building (Diedhiou, Parker)

O O0OO0OO0O0OO0OO0O0OO0OOO

We can conduct our business by email and telephone conference. We need a major
international planning meeting, which has been proposed for 4-6 July 2005, to be
held at the University of Leeds.

6.2 Internal coordination

The implementation of the SOP observations will be coordinated within the existing
EU project structure, with separate Aircraft (part of WP4.2.1) and Ground-based
(part of WP4.2.2) coordination groups. The leaders of the aircraft group will be
Cyrille Flamant and Claire Reeves; the leader of the ground-based group will be
Susanne Crewell and Alain Protat. It will be the work of this TT to ensure that the
operations of these groups are complementary.

6.3 How are requests for new instruments handled?

These are discussed by the whole TT8 group and approved by the Core Group.
Financial implications will also be considered, and discussed with the ICIG where
necessary.

We also need to handle requests for new objectives with the existing instruments!
This will be undertaken by the same groups.

6.4 External diffusion of the information and reporting
This TT will consist of members representing all the interest-groups relevant to SOP-

Monsoon. This TT will also include representatives of the ICIG, ISSC and CSAM.
These individuals will be tasked with reporting information out of the TT.
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7. Coordination with other TTs

Tea | Role Refer Summary
m to
section

TT1 | Upper air 2.2.1.1 | High frequency radiosondes will be required,
perhaps at short notice and in support of flights.

TT2a | Surface 2.2.1.7 | Soil moisture and surface flux analyses, from

fluxes ground sites and remote sensing, may be needed
for planning of flights.

TT2b | Aerosol/

rad’n

TT3 | EOP Gourma | 2.2.2.2 | 1. Installation of SOP-related ground

TT4 | EOP Niamey instrumentation.

TT5 | EOP Oueme 2. Overflights and data comparisons.

3. Quick analyses for flight planning.

TT6 | Ocean 2.2.2.3 | Close cooperation regarding flights over the
ocean.

TT7 | SOPO (Dry Cooperation in logistical arrangements especially

season) for aircraft. Joint meeting planned 3-7 April 2006.

TT9 | SOP3 Coordinated studies of system lifecycles;

(Downstream) trajectories / long-range transport; ...

ST1 | EOP/LOP We can benefit from past (LOP) case-studies in
our operational planning, as outlined in the EU
project in WP2.1

ST2 | SOP AMMA |3.1 This link with the Operational Centres is vital! We

Operational need to communicate our requirements in data
Centre communication and operational planning.

ST3 | Database Data format; archive resolution; ... a major task!

ST4 | Trainingand | 4.1, We need to seek funding for African participation

capacity bldg. | 4.2, 4.3 | in the operational planning in Niamey.

Table 6.1: Summary of links with other AMMA Teams.

8. Ancillary information: reference, logistic forms, site document.

See appendices.
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