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Abstract. The intersectoral workshop held in December 2016 among the Ibero-American networks on wa-
ter, climate change and meteorology, identified the need of downscaled climate change scenarios for Central
America. Such scenarios would be developed by National Meteorological and Hydrological Services in the re-
gion, based on a common methodology, allowing the assessment of climate change impacts on water resources
and extreme hydro-meteorological events. This project was supported by the International and Ibero-American
Foundation for Administration and Public Policies of Spain in the framework of the EUROCLIMA+ programme.
One final outcome of the project has been a freely accessible web viewer, installed on the Centro Clima web-
page (https://centroclima.org/escenarios-cambio-climatico/, last access: 26 September 2022), managed by the
Regional Committee on Hydraulic Resources of the Central American Integration System, where all informa-
tion generated during the project is available for consultation and data downloading by the different sectors of
users.

A key element in this project has been to integrate many downscaled projections based on different methods
(dynamical and statistical), totalizing 45 different projections, and aiming at estimating the uncertainty coming
from different sources in the best possible way. Another essential element has been the strong involvement of
the different user sectors through national workshops, first, at the beginning of the project for the identification
and definition of viewer features, and then for the presentation of results and planning of its use by prioritized
sectors.

In a second phase of the project, a regional working group made up of experts from the participating National
Meteorological and Hydrological Services will be in charge of viewer maintenance and upgrade, including new
sectoral parameters, developed in collaboration with interested users, and computation and addition of new
downscaled projections from CMIP6 in collaboration with the State Meteorological Agency of Spain.

1 Introduction and motivation

There currently exist three Iberoamerican (countries in
the Americas where Spanish or Portuguese are predomi-
nant languages) co-operation networks for meteorology, cli-
mate change and water. Portugal, Andorra and Spain are
also themselves included. The Iberoamerican Conference
of Directors of Meteorological and Hydrological Services
(CIMHET) was created in 1993 and its main objective is to
promote collaboration among National Meteorological and
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Hydrological Institutes by establishing a framework for co-
operation (http://www.cimhet.org, last access: 26 Septem-
ber 2022). The Iberoamerican Network of Climate Change
Offices (RIOCC) was created in 2004 by the Iberoamerican
Forum of Environment Ministers and has as main objective
to maintain a fluent and permanent dialogue to better under-
stand the climate change priorities, challenges and experi-
ences of the Iberoamerican countries (https://www.lariocc.
es, last access: 26 September 2022). The Conference of
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Iberoamerican Water Directors (CODIA) was also created
in 2001 as a response to the mandate of the Iberoamerican
Forum of Environment Ministers to promote coordination of
the Iberoamerican countries for development and exchange
of experiences in water management (https://codia.info, last
access: 26 September 2022).

In December 2016 an intersectoral workshop of the three
aforementioned networks for meteorology, climate and wa-
ter was held in La Antigua (Guatemala). During the dis-
cussions the need of downscaled climate change scenarios
with common format for Central America and based on com-
mon data and methodology was identified. Such scenarios
would allow the assessment of climate change impacts and
the subsequent elaboration of adaptation instruments as re-
quired -among others- by the Paris Agreement. The assess-
ment of climate change impacts on water resources and ex-
treme hydro-meteorological events was targeted as the main
application of the generated scenarios. It was also agreed dur-
ing the workshop that National Meteorological and Hydro-
logical Services (NMHSs) in the region would take the ini-
tiative and assume the responsibility for the production and
delivery of such downscaled scenarios. Finally, the project
was developed and funded under the umbrella of the EURO-
CLIMA+ programme (https://www.fiiapp.org/en/proyectos_
filapp/euroclima, last access: 26 September 2022) with coor-
dination and management from the International and Ibero-
American Foundation for Administration and Public Poli-
cies (FIIAPP, https://www.fiiapp.org, last access: 26 Septem-
ber 2022) and technical support from the State Meteorologi-
cal Agency of Spain (AEMET, http://www.aemet.es, last ac-
cess: 26 September 2022).

In order to meet this identified need of high-resolution
climate change projections for Central América, the project
-called Generation of Downscaled Scenarios for Central
America  (https://euroclimaplus.org/en/lao3/generation-of-
regionalised-climate-change-scenarios-in-central-america,
last access: 26 September 2022) was launched to integrate
many downscaled projections based on different methods
(dynamical and statistical) and aiming to a better estimation
of the uncertainty coming from different sources. Part of
the downscaled projections were generated by the project
itself, whereas others were generated by external initiatives.
A web based viewer integrating all available downscaled
projections information was also developed serving as a
friendly interface with users and facilitating the exploration
and download of scenario data.

Final users have been strongly involved in the project. At
the beginning of the project a series of national workshops
were organized to collect users’ needs to be considered in
the development of the viewer. At the same time a working
group -with representatives from all participating countries-
was formed around different capacity building activities. Af-
ter some training period this working group assumed the re-
sponsibility of managing the web based viewer, including its
maintenance and upgrading, and the liaison with users. From
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the very beginning, knowledge transfer and development of
capacities were considered a priority for the project.

It is important to emphasize that the usage of common in-
put data -including the same global climate models and ob-
servational gridded data-, downscaling methodology-based
on statistical algorithms and regional climate models-, post-
processing and visualization was a requirement of the project
to facilitate the development of common downstream appli-
cations for the whole Central America region.

This paper is organized as follows. Section 2 describes
the process for identifying users’ needs. The downscaled cli-
mate change projections generated during the project are de-
scribed in Sect. 3, whereas the newly developed viewer for
displaying and downloading all generated information is pre-
sented in Sect. 4. Capacity building activities are collected
and briefly described in Sect. 5. Finally, lessons learned from
the project, conclusions and further developments are sum-
marized in Sects. 6 and 7, respectively.

2 Identification of users’ needs

The general rationale behind this project was to transfer and
adapt to the Central American region the Spanish experi-
ence in generating high-resolution climate change projec-
tions data for impacts and adaptation purposes in sectors
seriously affected by changing climate conditions (Amblar-
Francés et al., 2017, 2018, 2020). In 2006, routine produc-
tion of regionalized/downscaled climate change projections
at century-scale for Spain was launched as a consequence of
the international climate change negotiations in the United
Nations Framework Convention on Climate Change (UN-
FCCC) and the commitments there assumed by the Parties.
Under the umbrella of the Spanish National Adaptation Plan
to Climate Change (PNACC), AEMET was mandated to de-
velop the production and update of such projections in coor-
dination with the academic and research community. PNACC
is the general reference frame tool for the coordination of
Public Administrations’ efforts dealing with the assessment
of impacts, vulnerability, and adaptation to climate change
in the Spanish sectors acknowledged as potentially affected.
The long way traveled in these 16 years had not only meant
steady progress but also sometimes inadequate decisions and
consequently delays in the production of high-resolution cli-
mate change projections. From the lessons learned by the
Spanish experience, our intention was to avoid a meander-
ing progress and apply for the Central American region the
most successful choices and solutions in the generation of
high-resolution data and their use by affected sectors.

The consultation and involvement of potential users was
considered a key component of the project. Also the user-
friendliness of the viewer (see Sect. 4) was deemed to be a
fundamental tool for ensuring an adequate flow of climate
information from meteorological services to socio-economic
sectors seeking to plan climate change adaptation measures.
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During the years 2018-2019 a series of national work-
shops were held with users from sectors prioritized for
climate change adaptation in each of the countries. The
participating prioritized sectors were chosen by national
hosts; however water, agriculture, public infrastructures and
tourism sectors were cross-cutting among all Central Ameri-
can countries. The aim of these workshops was to present the
project objectives and activities based on the Spanish experi-
ence and gather national users’ views and needs. Represen-
tatives from different national institutions that were likely to
use the downscaled scenarios generated as part of the project
were invited to participate. A balance was sought between
the number of attendees and sectors.

A typical workshop was structured as follows. They be-
gan with a presentation of the objectives and activities of
the project, followed by sectoral group discussions. Then,
the following topics were discussed with participants: (i) al-
though underlying data has daily resolution, preferent lev-
els of temporal aggregation can be envisaged and visual-
ized: monthly, quarterly, annual, dry/wet season, among oth-
ers; (ii) predetermined areas within the same country consid-
ering geographical, climatological or political criteria; (iii)
initial list of climate variables and indicators for priority
sectors; (iv) possible new capabilities of the viewer not in-
cluded in the Spanish AdapteCCa viewer (https://escenarios.
adaptecca.es, last access: 26 September 2022) initially taken
as model to follow.

These initial workshops allowed, firstly, to publicize the
project and viewer and, secondly, to gather information on
the needs of the different sectors that could potentially be in-
cluded in the preliminary version of the viewer. Finally, the
suggestions were examined by the technical developers of the
viewer and as many suggestions as possible were selected,
taking into account the proposals and needs of all countries in
the region and the timeframe of the project. At the same time
these initial workshops allowed us to get some preliminary
impression of the degree of familiarization by the different
sectors and countries with projections data and their use to
guide possible adaptation measures. The main general con-
clusions from the initial workshops were: (i) efforts should
be pursued to convey good practices with the use of projec-
tions data; (ii) need to adapt some technical features in the
Spanish viewer to Central American conditions; (iii) need to
empower staff of Central American meteorological services
and affected sectors to appropriate the viewer tool; (iv) need
to reinforce the relationship between meteorological services
and climate change offices and their respective roles related
with climate change issues.

Throughout the year 2020, after the generation of a beta
version of the viewer, a final round of national workshops
was held with the following main objectives: (a) to present
the results of the project to national users of climate change
scenarios and (b) to familiarize users with the use of the
viewer. In these national workshops, the main results of the
project were described, including the calculated downscaled
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scenarios and a description of the viewer. Regarding the
downscaled scenarios, the following aspects were presented:
different types of scenarios calculated, data used and their
peculiarities, downscaling methods, comparison of time se-
ries (observational/modeled data) and examples of scenario
applications. The characteristics and functionalities of the
viewer were also described in detail, alongside with the pro-
cess for incorporating improvements in a second phase of the
project. In addition, these workshops included the presenta-
tion of an example of the use of downscaled scenarios for
integrated water resources management in Spain, given that
this sector is considered a priority for the Central American
region.

3 Generation of downscaled climate change
projections

3.1 Methodology and downscaling techniques

Physically based global climate models (GCMs) are the
main source of information to estimate future climate pro-
jections. Although GCMs can represent the main features of
observed climate, they have two key limitations. First, there
are substantial differences among GCMs -and the subsequent
simulations- and therefore some estimation of this uncer-
tainty coming from climate models should be addressed. Sec-
ond, GCMs outputs are of too coarse scale to be directly used
in impact and adaptation studies (Schoof, 2013; Peel et al.,
2015; Lauri et al., 2012; Hernanz et al., 2021a, b).

To address the uncertainty coming from climate models
requires analizing simulations from multiple GCMs and/or
different ensemble members from each GCM. This uncer-
tainty is just one of the cascade of uncertainties affecting the
generation of climate projections (Wilby and Dessai, 2010)
such as a “top-down” assessment of climate risks, going from
future society, through greenhouse gas emissions, GCM sim-
ulations, regional scenarios, impact models and local impacts
to an actual adaptation response. The relative importance of
the different uncertainties depends on timescale, region, im-
pact, relevant climate variables and other potential factors.

Downscaling (or regionalization) techniques are a critical
step for providing actionable information at regional and lo-
cal scales required by the community working on climate
change impact and adaptation. Downscaling techniques have
been developed to derive local climate change information
from large-scale GCMs outputs (Rummukainen, 2012; Ma-
raun et al., 2010). The two primary categories of downscaling
techniques are (a) dynamic downscaling and (b) empirical/s-
tatistical downscaling (ESD), with both families having been
widely reviewed (Rummukainen, 2012; Trzaska and Schnarr,
2014). Most dynamic downscaling methods obtain regional
information by nesting a high-resolution regional climate
model within a GCM whereas ESD methods are based on
the existence of statistical relationships between large-scale
variables (predictors) and local variables (predictands). Also,
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different downscaling methods add new uncertainty to the es-
timation of the future projected climate.

We have applied two statistical downscaling techniques —
regression and analogue — to a large ensemble of GCM pro-
jections released through the World Climate Research Pro-
gramme (WCRP) Coupled Model Intercomparison project
Phase 5 (CMIPS5; Taylor et al., 2012). Hernanz et al. (2021a,
b) have evaluated both downscaling techniques for precipita-
tion and maximum and minimum temperature whereas Am-
blar et al. (2020) have applied a similar procedure but for
another domain. Here downscaled projections for the same
variables (precipitation and maximum and minimum tem-
perature) have been developed over the Central America re-
gion. These methods (e.g., Benestad, 2002) rely on statis-
tical relationships linking GCM outputs (predictors) to the
local surface variables, here precipitation and temperatures
(predictands), over a particular domain (Maraun and Wid-
mann, 2018). In general, these models or relationships are
first trained (and tested) using some reanalysis and observed
data during a representative historical period and later ap-
plied to new (e.g., future) GCM data to obtain the down-
scaled local projections.

Dynamically downscaled projections were provided by
the CORDEX (Coordinated Regional Climate Downscal-
ing Experiment) initiative (see Giorgi et al., 2009 and http:
/Iwww.cordex.org, last access: 26 September 2022) estab-
lished by the World Climate Research Programme (see https:
/Iwww.wcrp-climate.org, last access: 26 September 2022)
for evaluating and improving regional climate downscaling
models and techniques and for producing coordinated sets
of regional downscaled projections worldwide. The main ob-
jective of CORDEX is to provide an ensemble of highres-
olution data -by running different Regional Climate Models
(RCMs) nested in a collection of GCMs- for evaluation of
impacts and adaptation studies. Central America is one of the
regions contemplated by the different domains where dynam-
ically downscaled projections were computed. Table 1 shows
the combination of GCMs and RCMs available for the Cen-
tral America domain with a horizontal resolution of 50 km.
CORDEX data were not bias corrected being therefore their
use recommended as change with respect to the correspond-
ing reference (historical) period.

3.2 Study area

The area for which this project was developed comprises the
six Iberoamerican countries in Central America (Costa Rica,
El Salvador, Guatemala, Honduras, Nicaragua and Panama)
and is bordered by Mexico to the north, Belize to the north
west, Colombia to the south, the Caribbean Sea to the east,
and the Pacific Ocean to the west (see Fig. 1). The Central
America topography is dominated by a highly active volcanic
belt running along the Pacific seaboard from Mexico to Costa
Rica with heavy vegetation. The climate of Central America
is very much conditioned by the strong influence of the two
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major oceans and the trade winds. The highest temperatures
occur in April, prior to the summer wet season, due to higher
levels of sunlight, lower cloud cover and a decrease in trade
winds, whereas the lowest occur during the winter dry sea-
son, when trade winds contribute to a cooler climate.

3.3 Data

Two types of downscaled projections, dynamical and statis-
tical, have been incorporated to the visualization tool (see
Sect. 4) for a better estimation of the uncertainties coming
from GCMs simulations and downscaling techniques.

For statistical downscaling, daily precipitation and max-
imum/minimum temperature station data for historical pre-
dictands were provided by the participant NMHSs. Addi-
tionally, daily gridded observational data for precipitation
(with 5km resolution) from CHIRPS (Funk et al., 2015)
and for maximum/minimum temperature (with 25 km resolu-
tion) from ERAS (Hersbach and Dee, 2016; Hersbach et al.,
2020) were used as predictands. The application of statistical
downscaling to a highresolution observational grid partially
circumvents the problems associated with the non-uniform
distribution of observational in situ data (see e.g., Amblar-
Francés et al., 2020). Besides, this data complements the
widely used CORDEX data based on dynamical downscal-
ing and allows to identify features that are dependent on the
particular downscaling method.

Data for the predictors used in the calibration (over the pe-
riod 1971-2000) and validation of the statistical algorithms
come from the European Centre for Medium-Range Weather
Forecasts (ECMWF) daily ERA-Interim reanalysis (Dee et
al., 2011). ERA-Interim essentially represents the large-scale
state of the observed atmospheric predictors and the point-
scale predictands. The precise predictor variables used de-
pend on the specific downscaling method and the chosen
variable (see Hernanz et al., 2021a, b; Petisco de Lara, 2008a,
b; Amblar-Francés et al., 2017). The climate predictors of in-
terest are selected using knowledge of physical processes as
well as identifying those highly correlated with the predic-
tand.

Finally, we have made use of projections of 23 different
GCMs from the CMIPS (Table 2) and three Representative
Concentration Pathways (RCPs) for the statistical downscal-
ing. The selection of CMIP5 models was simply based on the
availability of the predictors needed by the two downscaling
methods (see Amblar-Francés el al., 2020).

4 Climate change viewer

A key element of the project has been the development of a
web based viewer to provide a user friendly interface for vi-
sualization and also downloading the projections (see Fig. 2).

The viewer is available on the Centro Clima website
(https://centroclima.org/escenarios-cambio-climatico,  last
access: 26 September 2022) managed by the Regional Com-
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Table 1. Combination of GCMs and two RCMs for historical and scenarios simulations (see http://www.cordex.org, last access: 26 Septem-

ber 2022, for acronyms and models references).

GCM RCM Scenarios
CanESM2 SMHI-RCA4 Historical4+-RCP8.5
CNRM-CMS5 SMHI-RCA4 Historical4+-RCP8.5
CSIRO-Mk3.6.0 SMHI-RCA4 Historical4-RCP8.5
GFDL-ESM2M SMHI-RCA4 Historical4-RCP8.5
HadGEM2-ES SMHI-RCA4 Historical4+-RCP2.64+-RCP4.54+-RCP8.5
ICTP-RegCM4.3
Historical+-RCP8.5
IPSL-CM5A-MR SMHI-RCA4 Historical4+-RCP8.5
MIROCS SMHI-RCA4 Historical+RCP2.6+RCP8.5
MPI-ESM-LR SMIH-RCA4 Historical4+-RCP2.64+-RCP4.54+-RCP8.5
MPI-ESM-MR ICTP-RegCM4.3 Historical4-RCP8.5
NorESM1-M SMHI-RCA4 Historical+RCP2.64+RCP8.5

mittee for Hydraulic Resources from the Central American
Integration System (CRRH-SICA, https://www.sica.int,
last access: 26 September 2022). It is originally based on
the one developed as part of the Climate Change National
Adaptation Plan of Spain (http://escenarios.adaptecca.es,
last access: 26 September 2022).

The viewer allows consultations on 37 different climatic
variables and derived indices, obtained from the downscaled
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projections, based on dynamical (50 km resolution) and sta-
tistical (25 km resolution for temperature and 5 km resolution
for precipitation) methods. Three commonly used emission
scenarios are considered (RCP4.5, RCP6.0 and RCPS8.5) as
well as a reference (historical) period.

The application allows the information to be consulted ei-
ther in the form of maps or time series. For each variable
and index, the application displays interactive maps for the
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Table 2. List of GCMs used for their downscaling with two statistical downscaling methods (see interpretation of acronyms and models.

Model Institution

ACCESS1.0 Commonwealth Scientific and Industrial Research Org. (CSIRO) y Bureau of Meteo-
rology (BoM), Australia

ACCESS1.3 CSIRO BoM, Australia

Bce-csml. 1 Beijing Climate Center, China

Bce-csml.m

Beijing Climate Center, China

BNU-ESM College of Global Change and Earth System Science (GCESS) Beijing Normal Univer-
sity, China

CanESM2 Canadian Centre for Climate Modelling and Analysis (CCCma), Canadd

CMCC-CESM Centro Euro-Mediterraneo per I Cambiamenti Climatici (CMCC), Italy

CMCC-CM CMCGC, Italy

CMCC-CMS CMCGC, Italy

CNRM-CM5 Centre National de Recherches Météorologiques/Centre Européen de Recherche et For-

mation Avancée en Calcul Scientifique (CNRM-CERFACS), France

CSIRO-MK3.6.0

CSIRO in collaboration with Queensland Climate Change Centre of Excellence (QC-
CCE), Australia

GFDL-ESM2G NOAA/Geophysical Fluid Dynamics Laboratory (GFDL), USA
GFDL-ESM2M NOAA/GFDL, USA

HadGEM2-CC Met Office, U.Kingdom

inm-cm4 Institute of Numerical Mathematics, Russia

IPSL-CMS5A-LR

Institut Pierre-Simon Laplace (IPSL), France

IPSL-CM5A-MR

IPSL, France

IPSL-CM5B-LR

IPSL, France

MIROCS Atmosphere and Ocean Research Institute (AORI) National Institute for Environmental
Studies (NIES) JAMSTEC, Japan

MIROC-ESM AORI NIES JAMSTEC, Japan

MIROC-ESM-CHEM AORI NIES JAMSTEC, Japan

MPI-ESM-LR Max-Planck-Institut (MPI) for Meteorology, Germany

MPI-ESM-MR Max-Planck-Institut (MPI) for Meteorology, Germany

MRI-CGCM3 Meteorological Research Institute, Japan

historical average (1970-2000) as well as the projected cli-
matology for three future 30 year periods: near (2011-2040),
middle (2041-2070) and far (2071-2100) future. Time se-
ries can be generated with different levels of geographical
aggregation ranging from the whole domain for which the
scenarios have been generated up to National Departments or
even user-defined areas. Information can be consulted either
as the actual value of the variable or index considered or as its
difference with respect to the historical climate. Time series
can also be aggregated on a monthly, seasonal (user defined)
and annual basis showing individual model simulations, the
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multi-model average and some estimation of the uncertainty
based on the dispersion of individual simulations. Finally, the
user selected information can be downloaded in different for-
mats, both for graphics and data. Underlying daily data are
also available for off-line downloading. The viewer will be
updated as new data and information on downscaled climate
change projections are generated and also with new products
demanded by users.

All the sources of uncertainty mentioned in Sect. 3.1 can
be easily explored in the viewer through the selection of
different emission scenarios, GCMs and downscaling tech-
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Figure 2. Screenshot showing viewer home page.

niques. For example, in Fig. S1 the expected change in max-
imum temperature under the RCP4.5 for the end of the cen-
tury given by the multimodel ensemble mean of dynamical
downscaling and the two statistical downscaling techniques
is shown. This type of comparison allows us to estimate the
degree of agreement or disagreement between the different
downscaling techniques. On the other hand, Fig. S2 shows
the expected evolution of maximum temperature under the
same scenario by the three downscaling techniques, allow-
ing to determine the level of agreement among the differ-
ent GCMs. Figures S3-S6 show the same information but
for minimum temperature and for precipitation. Additionally,
the same maps can be displayed for one particular GCM in-
stead for the ensemble mean, the evolution graphs can be
restricted to a specific subregion, and a disaggregation by
seasons/months can also be displayed. The number of com-
binations available in the viewer is extremely high (different
RCPs, GCMs, downscaling techniques, climate indexes, etc.)
so only a small sample has been included in the Supplement.
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5 Capacity building for scenario development

Training of technical staff from the Iberoamerican NMHSs
in the techniques and procedures for the generation of local
climate change scenarios is one of the activities that has been
carried out since 2008 at the initiative of the CIMHET. The
fifth edition of the course was held in Montevideo (Uruguay)
in June 2018; in this course the technicians of Central Amer-
ican meteorological services formed the initial core of the
Central American working group for the development of the
scenario generation project supported by EUROCLIMA+.

Following this general and introductory course, three other
courses were held, organized specifically in the context of
the present project, and focused on different topics related to
different aspects of downscaled scenario generation.

The first course on “Extraction and Use of CORDEX
Data” (San Salvador, 25 February to 1 March 2019) focused
on showing the different tools and procedures available for
the extraction and use of data from dynamically downscaled
climate projections made publicly available by the CORDEX
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project. The course was eminently practical and participants
generated examples of the evolution of indices of extremes
for their respective countries from this type of data. The
course lasted one week with 28 teaching hours.

The second course was a “Basic Course on Climate Ser-
vices” (Mexico DF, 17-28 June 2019) and was conceived
in the framework of an institutional agreement between
AEMET and the Rovira i Virgili University (URV). Taking
advantage of the synergies of the Climate Change Scenarios
project of EUROCLIMA+, it was decided to focus the first
edition of this course on Central America and neighboring
countries (Colombia, Venezuela, Cuba, Mexico). Finally, the
course was integrated into the training activities of the EU-
ROCLIMA+ project. The course lasted two weeks with 56
teaching hours.

The third course on “Statistical Methods of Downscaling
for Climate Change Projections” (Managua, 14—18 October
2019) had as its main objective to show the different statisti-
cal methods for downscaling climate projections from GCMs
and their suitability for estimating uncertainties in projec-
tions coming mainly from three sources: emission scenarios,
GCMs and downscaling techniques. The course lasted one
week with 28 teaching hours.

In parallel, the Panamanian Ministry of Environment re-
quested EUROCLIMA+ to provide training on downscaled
climate change scenarios to technicians of the Ministries of
Environment with responsibility on climate change issues, in
particular in the management of downscaled climate change
scenarios for their use in impacts and adaptation to climate
change issues. The course was aimed to review the concepts
and methodologies related to climate change scenarios, show
examples of limitations in their use, good practices and ap-
plication in sectors affected by climate change. This course
was held in Panama in a face-to-face manner. Shortly after,
the other countries participating in the project showed inter-
est in this course and, therefore, it was planned to repeat it in
each country. Because of the COVID pandemic, the course
could only be held in a face-to-face manner in Nicaragua,
and then it had to be adapted to a virtual format. The virtual
sessions of the course were held in October 2020 and the
generated didactic material was used to create a permanent
virtual course (available upon request to the first author) in
the FITAPP moodle platform.

Although we attempted to select participants with a very
defined background and work responsibilities for all courses
and training events, the high diversity of knowledge and
skills was a clear obstacle to ensuring more efficient commu-
nication with all participants. The main reason behind such a
diverse background is to a certain extent related with differ-
ences in the degree of development of climate units in the re-
spective meteorological services. Whereas some services in
the region had created special climate units tasked with the
generation of high-resolution climate change projection data
with the specific purpose of feeding the impacts and adap-
tation community, others -on the contrary- were still in the

Adv. Sci. Res., 19, 105-115, 2022

process of creating such units or even lack of them. The lack
of continuity of the same participants in all training events
— mainly due to their need to cover duties at their home ser-
vices — was also an impediment for a more efficient training.
To palliate this issue the project has increasingly benefited
from the introduction of virtual and online tools allowing an
easy and continuous access to the training material generated
during the life of the project and beyond.

Some general ideas on how to generate and use down-
scaled climate change projections were pervading all
courses. The uncertainty inherent to all steps in the gener-
ation of downscaled projections, and consequently the prob-
abilistic nature of the projections, the need of some evalua-
tion either of each step in the generation (selection of GCMs,
properties of the downscaling algorithms, combination of
different sources of information, etc.) or of the final down-
scaled data, the climatic use and interpretation of data, etc.
were some of the recurrent topics cross cutting all training
events.

After learning from previous similar projects conducted
in some countries of the region, the main challenge for this
project was to transfer the developed tool, knowledge and
know-how to regional experts. Some past projects and ex-
periences succeeded in generating downscaled projections
data but failed in transferring knowledge to the staff of Cen-
tral American meteorological services. Behind this insuffi-
cient transfer there were several (sometimes coincident) fac-
tors which we tried to evade in this project. First, whereas
private consultants or research groups were the main actors
in previous experiences, this project was mainly developed
making use of public service experts sharing the perspec-
tive of the recipient governmental institutions. Second, this
project -unlike previous ones- was originally conceived and
governed under the umbrella of a long-standing and existing
meteorological network that will guarantee the future con-
tinuity of this action. Third, this project -contrary to earlier
similar ones- is part of other cooperation initiatives in the re-
gion related with meteorology and climate, also piloted by
CIMHET, aiming to consolidate and reinforce common re-
sponses to challenges exceeding national borders. We may
well say that the original plan focused on data and tools de-
veloping, capacity building, and knowledge transferring was
reasonably met.

6 Conclusion and lessons learned

The Central America Scenarios project had three main objec-
tives: (i) generate downscaled projections; (ii) integrate them
in an user friendly tool for their visualization and download;
(iii) capacity building and training.

The generation of downscaled projections using the same
input data and methodology allows a joint analysis for the
whole Central American region and at the same time has the
capability to focus on national and sub-national levels. The
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high number of simulations significantly improves the situa-
tion prior to the start of the action, where each country had a
limited number of projections that differed in terms of back-
ground information, methodology and resolution.

The development and maintenance of a visualization and
download tool has resulted to be a key element for facilitating
the use of and access to climate information by the commu-
nity of impacts and adaptation to climate change. The infor-
mation contained in the viewer can serve as a basis for devel-
oping specific climate services for different user groups.

National meteorological services in the region have
strengthened their capacities in generating downscaled pro-
jections enabling them to provide the climate scenario infor-
mation required by national governments for national com-
munications on climate change to the United Nations Frame-
work Convention on Climate Change and for the adoption
of adaptation measures to climate change in affected sectors.
As a result of the project the Central America national me-
teorological services has created stable units to develop and
produce downscaled projections. These groups are strongly
coordinated among themselves and will be the germ of fur-
ther developments in this area of work.

Special emphasis has been put on good practices in the use
and interpretation of the viewer data such as: exploration of
uncertainties, making a climatic use of available data, expres-
sion of projections in a probabilistic way, need of correcting
model bias, need of a previous assessment of the GCMs, etc.
It may well be said that the analysis and comparison of all
the information contained in the viewer should be the general
rule to get a clear idea of the uncertainties coming from dif-
ferent sources during the generation of high-resolution pro-
jections: different emission scenarios, different GCMs and
different downscaling techniques.

Close interaction with final users and different capacity
building events developed along the project has allowed us
to conclude that a proper understanding of the basic concepts
associated with regionalised climate change scenarios is es-
sential for their proper management, use and application.

To ensure the success and continuity of the platform be-
yond the end of the project some actions were taken. First,
creation of a working group -with representatives from all
participating NMHSs having strong technical capabilities-
tasked with updating regionalised scenarios and committed
to the maintenance and upgrading of the visualization tool.
The working group also seeks fostering interaction with users
by responding quickly to their demands and needs and al-
lowing for an efficient flow of information, enabling faster
progress towards understanding risks and vulnerabilities and
planning sector-specific adaptation measures. Second, re-
inforcement of the relationship among the Central Ameri-
can national meteorological services and AEMET within the
frame of the CIMHET. Third, continuous support and co-
ordination by the Spanish cooperation agency FIIAPP and
the EUROCLIMA+ programme. Forth, although the visual-
ization tool was mainly developed, initially maintained and
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hosted by AEMET, it was migrated to a server in the region
and is now maintained by Central American experts with
technical support (as needed) from AEMET. Finally, as de-
tailed in Sect. 7, a new plan including update of projections
and liaison with relevant sectors in the region affected by the
changing climate conditions is being discussed and devel-
oped.

7 Future steps

After the generation of downscaled projections based on
CMIPS5 and the implementation of a viewer for exploration
and download of data, it was clear that the maintenance and
upgrade of the visualization tool was the main task ahead.

Shortly after the generation of data based on CMIP5, a new
cycle of GCMs data (based on CMIP6) started to be available
for their use on different downstream applications. Therefore
efforts are underway for computing new regionalizations of
the new CMIP6 models. Again, the basic data in the new cy-
cle will consist of dynamically downscaled projections pro-
vided by the CORDEX initiative and statistically downscaled
projections generated within the project itself.

New sectoral climate change indicators will be added af-
ter a round of workshops with the most relevant sectors in
the region affected by the changing climate conditions. The
identification of new sectoral indicators will be jointly agreed
with the affected sectors and it is intended to steadily enhance
their number in the viewer.
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