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Abstract. In developing countries, and particularly in West Africa, the role of Climate Services (CS) for sus-
tainable development is growing thanks to wide spreading collaboration among European institutions, including
National Meteorological and Hydrological Services (NMHS) research centers, universities, and homologue lo-
cal institutions. Operationally, the implementation of CSs in developing countries is mainly pivoted on NMHS,
which, according to the World Meteorological Organization (WMO), are dramatically affected by unmet learning
demand.

The global scale of learning needs for co-development of CSs calls for innovative solutions and a range of
flexible modalities to reach learners in a variety of ways, and for sharing resources and successful strategies
within the global education and training community. In order to harmonize expected learning outcomes, WMO
defined a competency framework (CF) for CSs to be used in the implementation of training initiatives and
knowledge sharing tools.

This paper presents the strategic and methodological approach adopted in the implementation of the TOPaCS,
a new knowledge-based distance learning initiative, aiming to provide a flexible learning environment within
the CSs CF of WMO ensuring coherence with other WMO education initiatives (Global Campus, other RTCs,
etc.).

The methodological approach adopted is based on the competency-based approach to training, where com-
petencies are composed by elements of knowledge and skill. TOPaCS integrates the WMO CF for CSs into a
taxonomy co-designed with stakeholders at different levels, and allows the definition of learning paths, which are
a further interactive opportunity for co-development of CSs within the TOPaCS learning ecosystem. Indeed, the
approach aims also to guide further instructional strategies and assessments and becomes a starting point to build
a common language enabling a better cooperation and exchange between the different CSs training initiatives.

1 Introduction

Since the establishment by the World Meteorological Orga-
nization (WMO) of the Global Framework for Climate Ser-
vices (CSs) in 2011 (WMO, 2011), many initiatives have
been implemented to support developing and emerging coun-
tries, particularly vulnerable to meteorological and hydrolog-
ical extreme events, in the establishment of weather and CSs
(Vincent et al., 2018). In Europe, National Meteorologi-
cal and Hydrological Services (NMHS) engaged, since the

World Climate Conference-3 in 2009, in establishing CSs
(Brasseur and Gallardo, 2016), and the European Commis-
sion took a leading role on CSs in Europe through a re-
search and innovation roadmap (Street, 2016) completed by
relevant investments with the Horizon-2020 program and the
EU Copernicus Program.

In developing countries, and particularly in West
Africa (WA), the role of CSs for sustainable development is
growing but with a slower rate compared to other regions
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due to the lack of strong national institutions (Brasseur and
Gallardo, 2016). On the other hand, funding agencies and de-
velopment organizations are sustaining this effort (Vaughan
et al., 2019), perceiving CSs as a powerful tool for sustain-
able development including climate change adaptation and
disaster risk reduction (Street et al., 2019). Therefore, the
collaboration among European and US institutions, including
NMHS, research centers, universities, and homologue insti-
tutions in developing countries is widely spreading (Brasseur
and Gallardo, 2016; Vaughan et al., 2019).

Agriculture is the first sector in WA where CSs have been
applied and the impact demonstrated by some ex post stud-
ies (Lo and Dieng, 2015; Anouga and Gordon, 2016; Tarchi-
ani et al., 2017, 2018; Ouedraogo et al., 2018). In a general
perspective, climate information is a valuable resource for
planning and decision-making but the challenge according to
Street (2016) is “to transform climate-related data into cus-
tomized products, to advise on best practices, and to develop
and evaluate solutions that may be of use for society”.

The operational implementation of CSs is a two-fold chal-
lenge: on one side developing approaches/methodologies to
transform meteo-climatic information into useful “informa-
tion products” tailored on users’ needs (Vincent et al., 2018)
on the other hand building local capacities through training
initiatives and knowledge-sharing tools allowing key users to
hone their skills and competences (Nkiaka et al., 2019).

The two aspects have been addressed by Vincent et
al. (2018) with the theory of co-production of CSs. Indeed,
even if the co-production is not a prerequisite for a CS, it is
increasingly promoted in order to strengthen the partnership
between producers and users (Vaughan and Dessai, 2014).
While state institutions such as NMHS are more likely to
use “top-down” approaches, research and development or-
ganizations are sustaining the co-production integrating also
the bottom-up approach bridging the gap between produc-
ers and users (Brasseur and Gallardo, 2016). On the other
hand, co-production implies an adaptation of the work-flow
“moving from supply-driven to demand-driven models”, in-
creased flexibility and adaptive programming “to incorporate
learning into activities in real time” (Vincent et al., 2018).

Operationally, the implementation of CSs in developing
countries is facing large capacity gaps. According to the
Status of Human Resources in NMHS (WMO, 2017), un-
met learning demand impacts more than 20 % of the global
NMHS workforce. In least developed countries (LDC) the
situation is even worse because retirements (30 of 81 LDC
reported that more than 30 % of their staff were due to re-
tire in the next five years). In Africa, 93 % of climatologists
need capacity development and CSs is the 3rd priority over
18 topic areas.

In the frame of CSs, capacity development, beside techni-
cal aspects of services production, is also required to “sup-
port informed engagement with the intended and potential
users to support co-design, co-delivery and co-evaluation,

and to provide a better understanding of what is available
and how it can be used” (Street et al., 2019).

The global scale of learning needs for CSs calls for inno-
vative solutions and a range of flexible modalities to reach
learners in a variety of ways, and for sharing resources and
successful strategies within the global education and train-
ing community. A new paradigm of education is therefore
needed, based on object-oriented instructional design, ensur-
ing fine-grained accessibility and improved reusability (Par-
rish, 2004) and on the Design-based Research, iteratively im-
proving a training design through trials (Barab, 2006). This
is particularly appropriate for CSs and particularly under the
co-development perspective, where the training intervention
needs a progressive improvement based on results’ evalu-
ation and newly recognized needs (Tarchiani et al., 2019).
Moreover, classical vocational training approaches result in
high costs for face-to-face short and medium-term courses.
Therefore, WMO and other partners are increasingly invest-
ing in blended solutions or pure distance learning options.

In order to harmonize expected learning outcomes, WMO
defined a Competency Framework (CF) for Provision of CSs,
which can be used to implement training initiatives and
knowledge sharing tools and to allow key users to hone their
skills and competencies (WMO, 2019a).

Within the WMO, the Education and Training Programme
relies on the network of Regional Training Centers (RTC)
in helping member countries develop operational CSs. The
RTC in Italy, in agreement with WMO, since 2016 engaged
in CSs capacity building for NMHS in the 17 member states
of CILSS/ECOWAS in WA. The RTC in Italy is hosted and
managed by the Institute of BioEconomy of the Italian Na-
tional Research Council (IBE-CNR) in Florence – Italy, hav-
ing been designated as RTC by the WMO Executive Council
in 1997 (WMO, 1997).

WMO RTC Italy recent training courses on CSs for WA
highlighted the need for users to continually update and im-
prove their knowledge, skills, and competencies. This paper
is not conceived as a classical research paper but it aims to
present the strategic and methodological approach adopted
in the implementation of a new knowledge-based distance
learning initiative originated from the recommendation of the
Directors of Meteorological Services of 17 CILSS/ECOWAS
Countries at the International Conference on CSs for WA in
Rome, Italy, early 2019 (WMO, 2019b). The initiative ad-
dresses the need for increased sharing of training resources
and approaches, increasing the access to learning opportu-
nities in a lifelong perspective, and developing common ac-
creditation, certification, evaluation and assessment systems
on the topic of CSs.

2 The approach

The new initiative, called TOPaCS (Training Operational
Package for CSs) aims to contribute to the operational imple-
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mentation of the WMO Global Campus, encouraging multi-
lateral collaboration among RTCs and other training institu-
tions and by providing an open platform for sharing training
contents, tools and learning technologies that all providers
and users of CSs can use.

The methodological approach adopted is based on the
competency-based approach to training (Dubois and Roth-
well, 2004), where competencies are composed by knowl-
edge and skills, according to the European Qualifica-
tions Framework for Lifelong Learning (EC, 2008). The
WMO CSs CF, that has been co-designed with stakehold-
ers at different levels, represents the competence level of
the TOPaCS taxonomy. In order to improve the learning
experiences and to address personalized learning, TOPaCS
proposes asynchronous short courses and learning materi-
als that trainers can use autonomously having full control
over their learning process (Brady, 2004). Moreover, learning
paths could be set up to offer further customizable eLearning
opportunity for co-development of CSs within the TOPaCS
learning ecosystem. Indeed, the approach aims also to guide
further instructional strategies and assessments and become
a starting point to build a shared approach enabling a better
cooperation and exchange between the different CSs training
initiatives.

3 Solutions

The technical specification of TOPaCS have been defined
starting from the need of:

– tracking the learning progress;

– certifying through badges the knowledge and skills
achieved;

– linking with WMO CF for CS providers;

– ensuring open and free access to eLearning resources.

The TOPaCS information architecture follows the classical
structure of Moodle deployment. Each course is structured
with a course overview with: (a) a short presentation video,
(b) detailed information on skills, knowledge and WMO
Competencies related to the course, (c) badges functionality.
As some courses are pre-requisite to others, the enrollment to
the courses that requires the prerequisite course is based on
badge enrollment: when the trainee acquires the pre-requisite
course badge he can enroll in other courses.

An in-depth explanation of the TOPaCS approach, the
WMO CSs CF and Badges are in a specific section of the
deployment (labelled “About TOPaCS”) at https://topacs.ibe.
cnr.it/ (last access: 8 June 2020).

TOPaCS is developed with Moodle (version 3.8), where
some plugins and functions are enabled to manage competen-
cies, enrolment types, badges, such as Moodle competency
framework functionality.

In order to ensure open and free access to eLearning re-
sources, TOPaCS Moodle deployment provides, beside the
classical manual accounts created by an administrator, an
OAuth 2.0 service. The OAuth 2.0 is a protocol that allows
the users to grant limited access to their resources on one
site to another site, without having to expose their creden-
tials. OAuth (and its subsequent implementation OAuth 2.0)
is an open standard for access delegation, commonly used
as a way for Internet users to grant websites or applications
access to their information on other websites but without giv-
ing them the passwords. OAuth allows the creation of an
authentication system (via HTTPS API) which authorizes
our Moodle deployment to communicate securely with the
ID providers that give authorization to register accounts (a
dedicated account for Google, Microsoft, Facebook, etc.).
TOPaCS is actually working with Google OAuth 2.0 but
the authentication can be easily implemented with other ser-
vices such as Microsoft, Facebook, Nextcloud and GitHub
services.

At present TOPaCS includes 11 Courses on different top-
ics related to CSs for a total of 191 lessons, and it is open to
host other learning resources provided by other centers and
initiatives. Each lesson is composed by a variable combina-
tion of video lessons, podcasts, text lessons, external materi-
als, webinars and other learning resources. Each course has a
final quiz comprised of up to 10 questions (True/False; Mul-
tiple choices; Calculated; Select Missing Word).

After completion of each training course with the mini-
mum grade, the trainee receives the course badge where com-
petencies, knowledge, and skills on which he/she has been
trained are displayed in the description. Badges are displayed
in the user backpack of Moodle and can be linked with Open
badges (badgr.io) to track the learning progress and certify
the knowledge and skills achieved also outside the Moodle
environment. The Badgr.io platform was chosen, not only
because it is widely used, but also as it can integrate badges
from Moodle and other platforms. Once the user creates an
account on Badgr.io, he/she can upload Moodle badge di-
rectly from the Moodle user profile to the Badgr.io Backpack
where to store all the Open Badges earned with Moodle as
well as with other platforms or training courses.

One of the main challenges was to find a coherent ap-
proach to match the different ways that competencies are de-
fined in educational and working environments and transpose
into the Moodle CF. In education environment, competency
is a general statement that describes the desired knowledge,
skills and behaviors of a student completing a course. Com-
petencies describe the level of understanding or proficiency
of a learner in certain subject-related skills. In the work-
ing environment, competencies commonly define the applied
skills and knowledge that enable people to successfully per-
form in professional contexts. Moodle Competencies Frame-
work is a hierarchical taxonomy, i.e. a structure in which the
taxons are organized hierarchically. Each taxon could have
one parent taxon and unlimited number of child taxa.
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WMO Competencies Framework for CSs Providers is
structured in levels – Performance Criteria and Outcomes –
but is not fully hierarchical due to overlapping background
knowledge and skills and performance criteria across some
competencies.

In order to match the two approaches, TOPaCs uses the
Hierarchical Taxonomy of Moodle where the first two levels
are provided by the WMO CF for CSs Providers and a third
level has been added for “Knowledge & Skills”.

Because the training does not necessarily indicate job pro-
ficiency, the Competency Scale has been modified from the
original value of “proficient” into “trained” by modifying the
label in the Moodle Language Pack.

Competencies are listed for each course and linked to
a specific activity completion in the course (e.g. Quiz,
Lessons). When the user completes the activity, the compe-
tency is marked as completed and the system displays the
phrase “You are trained in . . . ”.

4 Conclusions

TOPaCS has just been published and we are not yet able to
provide statistics on its use and impacts on the strengthen-
ing of users’ capacities toward the co-development of CS.
Indeed, the paper doesn’t aim to present “Results”, but only
the rationale and the approach. TOPaCS should be seen as a
starting point, toward the creation of a community of users,
with a common and flexible language to foster better coop-
eration and exchange between the different CSs training ini-
tiatives. The whole effort aims to improve the sustainabil-
ity of learning and training initiatives. The high costs of for-
mal training demand adoption of more flexible and integrated
approaches and to optimize the resources and the offers of
training. In this perspective, the consolidation of learning re-
sources for CS under WMO guidance in a coherent CF is an
important step forward.

We cannot hide or ignore the intrinsic limitations of the ex-
perience. Some are embedded in any training initiative such
as the motivation of users. Others are specific to the adopted
tools, such as the limited usability of any open source plat-
form, like Moodle, or even for the learning supports, such
as for the materials not originally created for distance learn-
ing that demand relevant effort to be adapted. Nevertheless,
according to the learning by doing principle and the “Design-
based Research” (Barab, 2006), the training design is itera-
tively improved through trials, therefore TOPaCS is progres-
sively evolving as far as new courses are added and feedbacks
received from users.

The prospects are exciting, also thanks to the enthusias-
tic response of the training community within WMO for Re-
gion I Africa when the TOPaCS was presented at the RA-I
WMO Global Campus Meeting in Cairo in November 2019.
The idea is to conceive, test and document a common strat-
egy among RTCs and other Global campus partners to track

learning progress in competency-based training. The objec-
tive is not to assess competencies, which can be assessed only
on-site considering the behavior and the specific characteris-
tics of the country and the institution, but to propose a simple
option that maximizes effectiveness and minimizes costs, for
tracking the achieved learning goals of a training course. In
this perspective, the use of Open Badges with Badgr.io Back-
pack allows the transparency and sharing of individual learn-
ing achievements, keeping tracks of the training curriculum
of each user. Therefore, the model should allow:

– trainees to demonstrate their learning achievements re-
lated to WMO CFs;

– training centers to check the curricula of trainees and
improve selection processes as well as better target
training offer linking courses directly to WMO CFs;

– WMO to track the progress in capacity building in rela-
tion to CFs.

The RTC in Italy is testing the first prototype of TOPaCS
using Moodle CF functionality, WMO CF for CSs Providers
and badgr.io as Open Badges provider. Feedbacks of this first
test will be the building block for:

– harmonizing a Moodle CF with the WMO CF (not only
for CSs);

– choice of a common Open badge system;

– detail a proposal on the best possible options for harmo-
nizing RTCs and other training providers approaches to
track learning in knowledge-based training with practi-
cal recommendations and a manual on how to apply it
operationally.

The TOPaCS provides also indirect benefits and opens new
solutions to overcome some common problems in training.
For example, the Distance Learning courses can be used in
the selection process for workshops and open badges can
be used as enrollment pre-condition of more specialized
courses. A permanent training platform, such as TOPaCS,
opens to a wide range of training initiatives focused on Cli-
mate and Climate Services, from specific micro-learning to
customizable learning paths. Moreover, a customizable and
open tool, where the best learning content from diverse insti-
tutes and organizations can be collected, could contribute to
a response to the increasing need for innovating knowledge,
skills and competencies in the co-development of CSs.
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