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Abstract
Marine business and resources play a major role in the economics and way of life in coastal West African countries. Such
countries see great profitability from their marine resources while also facing challenges that come with a bordering sea. Despite
this fact, there has been limited research into the optimal way for West African Coastal States to coexist with, and sustainably use
their marine resources, a research deficit that is mainly due to a lack of infrastructure for in-situ work, lack of capacity devel-
opment, and comprehensive datasets to undertake oceanographic research. The Coastal Ocean Environment Summer School in
Ghana (COESSING; www.coessing.org) was developed to help meet some of these challenges. Each summer since 2015, ocean
scientists (e.g., biologists, chemists, physicists, hydrologists) from the USA and Europe have collaborated with West African
colleagues to lead a week-long intensive summer school in Accra, Ghana, alternating in location between the Regional Maritime
University and the University of Ghana. The school receives in excess of 100 participants drawn from universities, government
agencies, and the private sector organizations, mainly from Ghana and neighboring Liberia, Nigeria, Togo, and Benin, among
others. The format of the school includes morning lectures, afternoon field trips, and hands-on laboratory exercises and one-on-
one coaching of students. Important to the COESSING program is the satellite oceanography component which introduces
participants to the extensive and often free, remotely sensed oceanographic datasets. Participants develop skills that allow them to
access, process, and analyze these datasets in order to better understand regional oceanographic phenomena, such as upwelling,
pollution, habitat characterization, sea level rise, and coastal erosion. Following the school, facilitators keep in touch with
program participants, helping them acquire and analyze data for their studies, dissertations, and often graduate school applica-
tions, etc. In summary, schools such as COESSING are critical not only for science in the region but for the global ocean
community as such training develops eager, bright minds while leading to improved regional observing and modeling strategies
in severely under-sampled seas. Here, we describe a unique case in which satellite oceanography has led to such outcomes for
countries bordering the Gulf of Guinea, West Africa.
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1 Introduction

The coastal zone (i.e., 15 miles seawards from the coast) is of
important ecological and economical benefit, providing eco-
logical habitats (e.g. mangroves, salt marshes, lagoons, and
estuaries), fisheries, tourism, settlements, transport, and indus-
tries (e.g. oil, and gas) [2, 11, 23, 29]. Thirteen of the sixteen
West African nations have coastline, and the West African
coastline stretches 3480 miles from Mauritania to Nigeria
(Fig. 1). The population of West Africa is ~ 403 million of
which ~ 125 million people (31% of the West African popu-
lation; 51% of the urban population of the coastal countries)
live in the coastal zone [3]. The resources from the coastal
zone provide 56% (~ $345 billion) of the West African
Gross Domestic Product [39]. Recent studies [e.g., 11, 29]
have shown overcapacity and dwindling marine resources
due to increased pressure on fisheries and other marine-
based resources. Overfishing and illegal, unreported, and un-
regulated (IUU) fishing have all been reported at alarming
proportions across West African coastal countries with IUU
accounting for an annual loss of $2.3 billion [8, 21, 29].
Consequently, there is the need for data-driven decision-mak-
ing for resource management and sustainable use [9, 17].
These needs are consistent with the goals of the United
Nations’ 2021–2030 international Decade of Ocean Science
for Sustainable Development [32].

The West African ocean region is presently the leading
hotspot for global piracy activities, with the focus having
shifted from the Indian Ocean in recent years [4]. Earth obser-
vation data can be used to monitor vessel activities and to
enhance maritime security in the West African subregion [4,
35]. Coastal pollution from thermal plants, oil spills, plastics,
and other wastes have become major environmental issues of
the recent decade [1, 27]. Issues of flooding and coastal

erosion have been increasing in the subregion with an estimat-
ed reduction of the coastline at a rate of ~ 2 m year−1 [3, 12,
13]. Coastal habitats such as mangroves have been under
threat from both humans and climate, demanding increased
research to understand and manage these issues and to safe-
guard coastal vulnerability and wildlife [2, 19]. The oceans
constantly interact with the atmosphere, such that the ocean
and atmosphere both influence the dynamics of the other [22].
The West African monsoon drives weather and climatic var-
iabilities in the subregion [22]. With agriculture being the
main source of employment and a major source of foreign
exchange earnings, there is a critical need to study weather
and climatic patterns to better inform farmers, agriculture ser-
v i c e p r o v i d e r s ( e . g . , e x t e n s i o n o f f i c e r s a n d
agrometeorologists), and policy makers [34]. Such studies
could benefit from the extensive, freely available satellite data.

While the needs of the West African coastal region are
widely recognized, the available expertise required to address
these needs is often limited. Moreover, human and material
resources required for oceanographic research are limited, fur-
ther hampering data-driven oceanographic and atmospheric
decision-making. The Coastal Ocean Environment Summer
School in Ghana (COESSING; www.coessing.org) was
formed in 2015 to help address these demands. In this study,
we report on the activities of the COESSING, with emphasis
on the satellite oceanography training module. The goals,
structure, successes, and challenges of the module are
discussed.

1.1 Capacity Development

[24] defined capacity development in developing countries as
“the provision of training to scientific staff and students as
well as the provision of tools and training to policy makers

Fig. 1 Map of West Africa. Only
Burkina Faso, Mali, and Niger are
landlocked
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to enable them to collect, and make use of data, products and
services, as part of a long-term strategy to ensure that the skills
and knowledge acquired are applied to the development of
marine science and policy in those countries.” Building local
capacity ensures relevance and ownership and the develop-
ment of tools that are effective within a well-niched, socio-
economic context [19, 20, 25]. Due to a limited number of
local expertise and financial support for research vessels, most
of the sea-going oceanographic research in West African wa-
ters are initiated by foreign countries, especially France and
the USA.

Summer schools are one of the effective ways to build
capacity in geosciences. Summer schools bring together stu-
dents, early career professionals and experts for 1–2 weeks to
focus on selected topics of interests. In addition to the ex-
change of knowledge that takes place within such settings,
summer schools can also lead to networking which enhances
future research collaborations and career development [25,
30]. The COESSING was formed to help build oceanography
capacity in the West African subregion, increase research out-
puts, and encourage and aid participation in international
meetings and conferences. To achieve these objectives, the
COESSING carefully considers and applies best capacity de-
velopment practices. These include selecting the right suite of
instructors with the ability to transfer knowledge and effec-
tively apply practical use, selecting a blend of participants that
ensure ability to gain from the training, and apply the knowl-
edge acquired while ensuring balance among gender, career
stage, institution, and geography [15, 16, 24].

In addition to general training in oceanography, geology,
and fisheries, there is specialized training in satellite oceanog-
raphy which includes a focused, in-depth component where a
small group of students is taken through hands-on exercises.
Topics of interest to the subregion such as upwelling, coastal
erosion, sea level rise, and pollution are used for satellite
oceanography training. Past emphasis has included coastal
upwelling in the Gulf of Guinea (GoG) and variability of sea
surface salinity in the Congo River estuary.

1.2 Satellite Oceanography

Satellite oceanography is a component of earth observation
which is the “process of acquiring detailed information about
the physical, chemical and biological systems of the planet”
[19]. It entails obtaining reliable information about the ocean
through “recording, measuring and interpreting imagery and
digital representations of energy patterns derived from non-
contact sensor systems” [14]. The emphasis on satellite data-
driven research for West Africa is primarily because of the
low cost to access data. Most satellite-derived data are freely
available and offer expansive, repetitive measurements for
many research studies [26]. It cost $5000 per day (excludes
fuel and other consumables) to sample the West African

waters on board a research vessel [Nigerian Institute for
Oceanography and Marine Research, personal communica-
tion, January 18, 2021].

Earth-observing satellites provide distributions of a variety
of ocean surface properties in exquisite detail which allow the
true spatial structure of the ocean to be examined [19]. At pres-
ent, this is not possible with other means of data acquisition
such as in-situ measurements and numerical ocean models. For
example, oceanographic research ships tend to avoid harsh
weather conditions and hazardous, piracy-prone regions. Also,
drifting buoys tend to poorly sample regions characterized by
divergent currents. In contrast, satellites yield extensive datasets
which can be used to initialize and run numerical models and to
perform ocean and weather forecasts [7, 28, 33].

Satellite oceanography, however, is not without its limita-
tions. It can only observe some of the ocean’s variables and
properties. Additionally, measurements can be corrupted by
the atmosphere and poor weather. Moreover, for targeted pro-
cess studies, the satellite needs to be at the right place and time
in order to make these measurements. Perhaps, the most lim-
iting aspect of satellite oceanography, however, is the inability
of satellites to sense below the ocean surface. Nevertheless,
there are subsurface oceanic processes that manifest in the
surface ocean. For example, the upwelling of subsurface wa-
ters has surface signatures such as cold waters, low sea surface
heights, high chlorophyll, and high sea surface salinity [10,
36]. These parameters can respectively be measured remotely
by radiometers (e.g., the Moderate Resolution Imaging
Spectroradiometer (MODIS) aboard the Aqua satellite and
the Visible Infrared Imaging Radiometer Suite (VIIRS)
aboard the Suomi/NOAA-20 satellite), altimeters (e.g., Jason
3 and Sentinel-6 Michael Freilich satellites), ocean color (e.g.,
VIIRS aboard NOAA-20 satellite and Ocean and Land Color
Imager (OCLI) aboard Sentinel 3 satellite), and salinity satel-
lites (e.g., Soil Moisture and Ocean Salinity (SMOS) and Soil
Moisture Active Passive (SMAP) satellite missions).

Several African countries have demonstrated interests in
satellites for earth observations and research and, in some
cases, have launched their own satellites into space. At pres-
ent, eleven African countries have launched 36 satellites [38].
For example, Algeria launched the ALSAT-2B in 2016, Egypt
launched EGYPTSAT-A in 2019, Ghana launched GhanaSat-
1 in 2017, Nigeria launched NigeriaSat-2 in 2011, and South
Africa launched ZACUBE-2 in 2018 [38]. GhanaSat-1 and
ZACUBE-2 are so-called CubeSats which are miniature sat-
ellites (typically less than 3 lbs. per unit), quick to develop,
offer independence and control, and relatively affordable (typ-
ically $600,000; compared with $120–350 million for a con-
ventional satellite), thus offering the exploration of new tech-
nologies with relative ease. While the cost to develop and
launch conventional satellites on the scale of the US
National Aeronautics and Space Administration (NASA)
and the European Space Agency (ESA) is beyond the
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financial abilities of African countries, the opportunity to use
CubeSats can generate interest in the potential of earth obser-
vations for research and data-driven environmental decision-
making. More importantly, the ability to analyze the data from
these miniature satellites and conventional satellites is para-
mount. GhanaSat-1 was an initiative of the All Nations
University (ANU), a Ghanaian private university. The launch
of the satellite generated considerable national and interna-
tional media attention [e.g., BBC News—https://www.bbc.
com/news/world-africa-40538471]. At its launch, Ghana was
facing the serious issue of “galamsey,” a local coinage for the
illegal mining of gold and other minerals in water bodies,
which dangerously polluted rivers (a major source of
drinking water). The potential use of drones and data from
GhanaSat-1 was one of the suggestions for the monitoring
and study of environmental impacts of “galamsey.”

2 Overview of the COESSING

COESSING was founded by Prof. Brian Arbic, of the
University of Michigan (U-M). In August 2014, Prof. Arbic
and Dr. Joseph Ansong (formerly of U-M and now at the
University of Ghana) scouted possible institutions in Ghana
to run the program [6]. The school is free of charge; partici-
pants only need to cover the costs of transport to the school
venue. Participants are provided with accommodation and
meals throughout the school duration. Funding for
COESSING has come from a variety of sources, including
the US National Science Foundation, U-M (e.g., MCubed,
African Studies Center (ASC), ASC Science, Technology,
Engineering, and Mathematics (STEM)-Africa Initiative,
Michigan Sustainability Cases of the School of Natural
Resources, and the Environment, and the Office of Global
and Engaged Education), the International Centre for
Theoretical Physics (ICTP) in Trieste, Italy, and numerous
Ghanaian sources (e.g., Ghana Ports and Harbors, Ghana
Maritime Authority, etc.).

The first COESSING summer school was held in August
2015 at the Regional Maritime University (RMU) with ap-
proximately fifty participants, four US-based resource persons
and one RMU faculty member. It has since been held each
summer alternating between two campuses: RMU (Fig. 2) and
the University of Ghana (UG), with the exception of the 2020
school, which was held online owing to the COVID-19 pan-
demic. It is noteworthy that UG is a full-fledged research
university, with a Department of Marine and Fisheries
Sciences, while RMU’s mission is dedicated to the training
of maritime professionals such as seafarers. This unique dif-
ference between the two institutions allows COESSING to
reach a diverse group of interested participants.

While the first COESSING was only lecture-based, subse-
quent schools have evolved to include field trips to local

beaches and lagoons, boat trips with instrument deployments
in the coastal waters (Fig. 3), laboratory experiments and
hands-on training (Fig. 4), small group interactions, mini-pro-
jects, and poster and oral presentations of project results. The
mini-projects span many forms, including students’ own the-
ses or pertinent topics of interest to the West African subre-
gion. Data from the harbor/boat trips are collected via satellite
and are then used to run laboratory exercises.

Subjects covered during COESSING include coastal ocean
dynamics, biogeochemistry, satellite oceanography, field
oceanography, numerical ocean modeling, data analysis tech-
niques, oil and gas basin development, fisheries management,
pollutant dispersal, and graduate school opportunities and ap-
plication strategies. The school has led to ongoing collabora-
tion between RMU and the University of Southern
Mississippi to develop a Master of Science degree-granting
program in hydrography at RMU. When established, satellite
oceanography will be a component of the training of hydrog-
raphers in the West African subregion. There have been
COESSING students who have obtained graduate school ad-
missions to schools in their home countries and abroad, as a
result of interactions between COESSING instructors and
participants.

The number of COESSING applicants has grown greatly
over the years. For the 2019 school, for example, there were
over 400 applicants of which only about 125 were selected to
attend the school (Fig. 5). Most applicants were from Ghana,
but a non-negligible number also came from Nigeria, Liberia,
Togo, Côte d’Ivoire, Mali, South Africa, Cameroon, and
Benin. The background of applicants was also diverse, includ-
ing undergraduate students, graduate students and faculty
members from universities, and personnel from government
agencies and private sector organizations (Fig. 5). For the non-
student groups of applicants, COESSING provides an oppor-
tunity to gain continuous training which is important for their
career development and promotions. Resource persons for
COESSING are drawn from universities and research institu-
tions in the USA, Italy, France, and the host country, Ghana.
The US participants have included several undergraduates
from U-M and Hampton University and graduate students
from U-M, the Massachusetts Institute of Technology
(MIT)/Woods Hole Oceanographic Institution (WHOI) Joint
Program, Oregon State University (OSU) and the University
of California Berkeley (Table 1; [6]).

3 COESSING Satellite Oceanography Module

Studies [e.g., 5, 20, 24] suggest that for an effective capacity
building in developing countries, it is important to include
local scientists in the teaching in order to provide relevant
expertise and to act as role models to early career scientists
after the training programs have ended. Also, instructors need
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to adjust their teaching styles to accommodate the educational
practices of their local hosts. Fortunately, our COESSING
satellite oceanography instructional team includes a
Ghanaian native which makes this module quite popular with
participants. Although the focus of the COESSING satellite
oceanography module is on the coastal ocean, the skills and
techniques taught in this module are applicable to other areas
such as meteorology, agriculture, hydrography, limnology,
mining, forestry, and water resource management.

The constructivist approach to learning has been suggested
as an effective pedagogy for the geosciences [5, 31] and is
adopted in the COESSING satellite oceanography module. In
this approach, students learn scientific ideas by building their
own knowledge using inquiry-based exercises. The construc-
tivist approach to these exercises is different from traditional
laboratory exercises because it is designed to make the student
approach the problem just as an experienced researcher will

do—i.e., using multifaceted data and approaches, testing dif-
ferent hypotheses, and collaborative thinking. The curriculum
of COESSING satellite oceanography module is designed to
blend theory and hands-on training. It emphasizes hands-on
training since our inquiries have shown that most of the teach-
ing inWest Africa is theoretically based and students prefer to
gain substantial practical training. Lectures are held in the
mornings. Topics treated under the module include history
of remote sensing, physics and principles of remote sensing,
radiometry, altimetry, scatterometry, and microwave remote
sensing (e.g., synthetic aperture radar—SAR). In the after-
noons, students are taken through practical work and labora-
tory exercises (Fig. 4). The hands-on training component of
the module includes data (i) acquisition and storage, (ii) pro-
cessing, (iii) visualization and display, (iv) enhancement, and
(v) interpretation. Furthermore, we emphasize the synergistic
use of multi-sourced satellite data to address pertinent

Fig. 2 Participants and resource
persons during the 2019
COESSING at the Regional
Maritime University

Fig. 3 A boat trip in the coastal
waters of Ghana where
oceanographic instruments were
deployed. Data were sent back to
the laboratory via satellites and
used for hands-on training
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environmental phenomena. For example, in explaining the
concept of upwelling in the GoG (discussed below), partici-
pants are encouraged to examine sea surface temperature
(SST), ocean color, sea level anomaly (SLA), and wind mea-
surements to understand how these variables might vary dur-
ing the occurrence of the predominant summer GoG upwell-
ing season and their connections to biology and climate
(Fig. 6).

3.1 Python Training

Key requirements for the successful use of remote sensing
data are a capable computer and knowledge of a programming
language in order to download, store, manage, process, ana-
lyze and visualize these data [19]. While various dedicated
software exist for processing remotely sensed data (e.g.
NASA’s SeaDAS, ESA’s BEAM, and United Nations
Educational, Scientific and Cultural Organization’s -
UNESCO- Bilko), they are often limited in their ability to
handle different and often sizable datasets, perform complex
manipulations, and display these results in a meaningful form.
Commercial software such as MATLAB® can be prohibitive-
ly expensive for many; as an example, a student license costs
$100, which is well beyond the budget for most African stu-
dents and researchers. [19] identify the cost of software
licenses as the main impediment to developing earth-
observation capacity building in most developing countries.
Consequently, COESSING strives to adopt Free and Open
Source Software (FOSS) such as Ocean Data View (ODV;
https://odv.awi.de/), Integrated Data Viewer (IDV; https://
www.unidata.ucar.edu/software/idv/), and Python
programming (https://www.python.org/) software for our
hands-on training components. Indeed, there are dedicated
Python training sessions that are held during COESSING.

These efforts have greatly contributed to the success of the
satellite oceanography module.

By combining the use of freely available data and FOSS,
students have been able to produce publication-quality plots
and execute codes from their own laptops, skills they could
take with them after COESSING. The excitement among the
school attendees after making their first plots has been as-
tounding. There are numerous examples of participants going
back to their home institutions, teaching others Python, and
using Python to significantly further their own research. FOSS
is an essential step towards broadening participation in
geosciences. Although this case study focuses on scientists
in developing nations, the arguments apply equally to under-
privileged and underserved communities in developed na-
tions, as well.

3.2 Case Study Laboratory Exercise: One Concept,
Multiple Outcomes

The output from a sample hands-on training exercise shown in
Fig. 6 is an ideal example of achieving several geoscience
capacity building objectives with one oceanographic phenom-
enon. This figure shows the variations of SST, SLA, ocean
surface winds, and chlorophyll-a during the occurrence of
coastal upwelling in the central Atlantic Ocean and northwest-
ern Gulf of Guinea (NWGoG). Coastal upwelling is an impor-
tant oceanographic and biological occurrence for the subre-
gion. It enhances biological productivity as nutrient-rich sub-
surface waters are brought to the surface ocean. As the water
becomes more productive, abundance of fish, mainly
Sardinella aurita, increases [37]. The learning objectives of
this coastal upwelling hands-on training exercise include cod-
ing in Python, sourcing for earth observing data, examining
tools for downloading large datasets and sub-setting,
conducting data validation and quality checks, performing
basic computations (e.g. data filtering, time series, data
smoothing, wavelet analysis, averages, seasonal and interan-
nual anomalies), making publication-quality plots,
interpreting oceanographic data outputs, understanding envi-
ronmental synergies and the various physical parameters that
interact to cause upwelling, understanding biological produc-
tivity, and learning to predict future upwelling occurrences
based on historical patterns.

At the start of this exercise, COESSING participants are
shown multiple websites that contain free satellite-derived da-
ta. These include the NASA data repository (https://podaac-
tools.jpl.nasa.gov/drive/files), Remote Sensing Systems
repository (ftp://ftp.remss.com), the European Union
Copernicus climate data store (ftp://my.cmems-du.eu), and
the Asia-Pacific Data Research Center data repository hosted
at the University of Hawaii Manoa (http://apdrc.soest.hawaii.
edu/data/data.php). Participants are trained to read different
satellite data formats (e.g. NetCDF, HDF, BUFR, and

Fig. 4 Participants engaged in a satellite oceanography laboratory session
during COESSING 2019
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GRIB). They also learn the various levels of satellite data
processing (i.e., from Level 0 to Level 4), sensor calibration,
atmospheric correction, positional registration, and ground
truthing.

In the NWGoG, between Côte d’Ivoire and the Republic of
Benin, a minor upwelling season occurs between December
and March and typically lasts for only 3 weeks, while a major
upwelling season occurs during the boreal summer in July to

Fig. 6 Using the upwelling
phenomenon in the Gulf of
Guinea to teach multi-satellite
data usage and multiple data
analysis techniques. (a) Seasonal
anomalies of SST (color shading,
°C), SLA (contours, m; CI =
0.02 m), and surface wind speed
(vectors, ms−1) in the Central
Atlantic Ocean during January.
(b) As in (a) but for August. (c)
and (d) As in (a) and (b) respec-
tively but for chlorophyll-a
(mg m−3). White box in (a) and
(b) (10°W–4°E, 3°N–7°N) shows
the northwestern GoG used for
time series analysis. (e) Seasonal
variation of SST (red line, °C) and
SLA (black line, m) spatially av-
eraged in the northwestern GoG
box. The strongest correlation
between SST and SLA seasonal
anomalies (0.71) occurs at zero-
time lag. (f) Interannual variation
of SST (red line, °C) and SLA
(black line, m) spatially averaged
in the northwestern GoG box
during 1993–2017. The strongest
correlation between SST and SLA
interannual anomalies (0.73) oc-
curs at zero-time lag

Undergraduate 
Student

49%

Graduate Student
32%

Postdoc
2%

Faculty
10%

Professional
7%

Fig. 5 Career stage of 2019
COESSING participants
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September [10, 36]. The plots from the exercise (Figs. 6a–e)
capture these minor and major upwelling seasons in the
NWGoG and how the various satellite-derived surface ocean
parameters vary during the seasons. Seasonal anomalies are com-
puted by removing the annual mean from the monthly time
series. The SST drops significantly (~ 2.5 °C lower than the
annual mean), sea level is anomalously lower (~ 0.06 m lower
than the annualmean), and coastal chlorophyll-a increases during
the summer upwelling season. By using pseudo-color spatial
plots (Figs. 6a–d), participants learn the important concept of
effective scientific communication. Pseudo-color plots use color
to denote areas of high and low concentrations in the data, allow
the data to speak for themselves, and influence the way scientific
information is perceived. Overlaying other parameters (Fig.
6a, b: SLA as contours and surface winds as vectors) on the
pseudo-color plots conveys the concept of data synergy and co-
locating areas of minimal or maximal occurrence for emphasis.
The use of time series plots educates the participants on how to
use box-averages to focus on variability and dynamics in a par-
ticular geographical area. Figure 6e shows that SST and SLA
seasonal anomalies are phase-locked and positively correlated,
with the strongest correlation between the pair (r = 0.71) occur-
ring at zero time lag; warmwater expands and causes sea level to
rise while cold water contracts and causes sea level to drop.
Computing and analyzing lag correlations teaches the partici-
pants about possible interdependence between environmental
parameters and time lags that sometimes exist between the influ-
ence of one parameter on another.

Basic meteorology and physical oceanography concepts
are used to help participants understand air-sea interactions
and how these influence dynamics in the ocean. The changes
in wind directions prior to upwelling cause the offshore move-
ment of near-coastal surface waters (Figs. 6a, b). According to
Ekman theory, the waters will move towards the right of the
wind direction in the northern hemisphere. This leads to ver-
tical advection of nutrient-rich, cooler subsurface waters into
the surface ocean (Figs. 6b, d). Given the importance of up-
welling especially to the fisheries industry [37], as well as to
dynamics of air-sea interactions [18], there is the need to per-
form long-term studies to understand historical trends and to
forecast future occurrences. This has however been difficult in
the past as in-situ measurements typically do not have exten-
sive temporal coverage. Remote sensing offers a plausible
solution. Figure 6 (f) shows the interannual anomalies of
SST and SLA in the NWGoG spanning nearly three decades
of satellite-derived data. Here, we compute interannual anom-
alies by subtracting the monthly climatologies from the
monthly time series and then smoothing with a 3-month run-
ning mean twice to remove intraseasonal variability. Using
this plot, we are able to inform participants about the year-
to-year variations that occur in the ocean and the possible
causes of these long-term variations such as the Atlantic
Niño and the El Niño-Southern Oscillation.

3.3 Evaluating the Impacts and Success Stories

During the final sessions of COESSING each year, partici-
pants are encouraged to make presentations from the hands-
on laboratory exercises and their mini-projects. Here, they
exhibit the computer programming skills that they learned,
as well as the synthesis and communication of satellite-
derived ocean information. Upon completion of the school,
participants are given questionnaires where among others,
they assess the COESSING course contents. Beyond the
school, we have seen increased use of satellite-derived data
in participants’ research, dissertations, and publications.
COESSING resource persons have stayed in touch with par-
ticipants, helping with their theses, research, and building net-
works. In addition, participants have been mentored and guid-
ed in applying and enrolling in graduate programs in their
home countries and abroad (e.g. University of North
Carolina Wilmington, University of Southern Mississippi,
and University of Victoria in Canada).

There have been great testimonies from past COESSING
participants (https://coessing.org/testimonials/). For example,
Richmond Kennedy Quarcoo, a Nautical Science alumnus
from RMU, founder of Plastic Punch NGO and a participant
in all COESSING editions said, “the field trip on the tugboat
ignited my interest in oceanography since it exposed me to real
time methods and measurements. The results compared well to
existing chartered depths and made me trust my onboard ship
chart even more as a seafarer. Interacting with other participants
and instructors together with the well-structured lectures and lab-
oratory exercises gave me more knowledge and insight into my
research project.” Anne Canavati, an undergraduate research as-
sistant from U-M said, “my two weeks in Ghana assisting with
the summer school and completing independent research on elec-
tronic waste recycling at Agbogbloshie was incredible and life-
changing. Learning about oceanography topics from leading in-
ternational scholars during the school as well as meeting and
speaking with Ghanaian students, faculty, and professionals
greatly enhanced my knowledge of environmental subjects. I
am very thankful for this great experience!”. Oghenekevwe
Oghenechovwen, an undergraduate in Meteorology and
Climate Science from the Federal University of Technology
Akure, Nigeria said, “at Accra, I explored science with a diverse
and optimistic group in a way I never had. The lectures upgraded
my knowledge, I developed new skills helpful for analysis from
the labs, sailed the Atlantic Ocean for the first time to take mea-
surements, meaningfully dialogued and connected with other
participants and instructors, participated in a project on seasonal-
ity and drivers of salinity in the Gulf of Guinea. Since I returned
to Nigeria, I have improved the quality of my senior thesis and
helped co-solve class tasks using Python to analyze meteorolog-
ical and oceanographic data.”

Michelle Clottey, a Fisheries Science PhD candidate from
the University of Cape Coast, Ghana said, “my research work
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is centered on conducting stock assessment of some commer-
cially important seabreams from our Ghanaian waters. I
wanted to find out how oceanographic data could be linked
to the dynamics of this fish stock. I am considering looking at
SST, chlorophyll-a and salinity. My problem was how to get
access to such data. The summer school mademe realize that I
could get whatever information I needed from satellite data
and didn’t have to go through long protocols or procedures to
acquire them from the institutions responsible for such data in
Ghana”. Prof. Rachel Toyosi Idowu, a participant from
University of Abuja, Nigeria said, “thanks for your response
to the needs of scientists in the developing world. You have
left us stronger, more equipped, and more exposed to knowl-
edge in oceanography than we were before the summer
school. You have indeed increased and developed my aca-
demic skill and capacity building. I have been enriched, ful-
filled, and I promise to impart the knowledge to all my stu-
dents, both graduate and undergraduate, and also encourage
other researchers to key into the subsequent summer school
programs” (https://coessing.org/testimonials/).

3.4 Challenges and Future Steps

Limitations with Internet access negatively impact the effective
use of satellite-derived data for environmental decision-making
in West Africa. Most satellite data are large and need to be
downloaded from remote sites. For capacity building schools
such as COESSING, using pre-prepared data helps reduce this
impact. For continuous, everyday use however, cloud computing
platforms may eliminate the need to download extensive satellite
data [24]. Thus, governments will need to improve internet ac-
cess to universities and research centers to encourage and support
remote sensing applications in the subregion.

In 2020, COESSING could not be held in person due to the
COVID-19 global pandemic and thus experienced a shift to an
entirely online format. While this format was a first for us and
posed several logistical challenges (especially the poor internet
connectivity in West Africa), we were able to navigate this path
and achieved several successes. By using online tools such as
Zoom conferencing, YouTube, and Slack, we were able to ac-
commodatemore participants thanwe dowith in-person schools,
including participants from India, Brazil, and Turkey. We were
also able to expand our course contents and introduce new ses-
sions such as panel discussions on Women in STEM and
Pathways through STEM. These panel discussions were well-
patronized by participants and therefore offered again in an on-
line mini COESSING during early January 2021.

4 Conclusion

Remote sensing offers an opportunity to enhance data-
driven environmental decision-making in West Africa.

This progress has been slow due to the lack of capacity
development to harness the benefits of the extensive,
often free, remotely sourced oceanographic data re-
sources. By organizing COESSING in West Africa
since 2015, we have aimed to increase the technical
abilities of participants in accessing, storing, processing,
analyzing, interpreting, and presenting oceanographic
data. COESSING- and the satellite oceanography mod-
ule in particular- have been well-received by partici-
pants and will need to be regularly repeated to sustain
the gains made so far in capacity development. A chal-
lenge to achieving this objective, however, is access to
continuous funding for COESSING. It is hoped that
sustained funding will be possible to continue
COESSING and to build partner programs across the
African continent.

Going forward, efforts will be made to enhance re-
gional collaborations among participating countries, with
an emphasis on common priorities of the countries. This
could be achieved through collaborations for joint re-
search and proposals, as well as through the establish-
ment of regional centers of excellence in satellite ocean-
ography that could, perhaps, house satellite receiving
stations to obtain, process, and make these data avail-
able for the African subregion.
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