
Atmósfera 31(2), 185-188 (2018)
doi: 10.20937/ATM.2018.31.02.06

© 2018 Universidad Nacional Autónoma de México, Centro de Ciencias de la Atmósfera.  
This is an open access article under the CC BY-NC License (http://creativecommons.org/licenses/by-nc/4.0/).

Putting into action the REGCM4.6 regional climate model for the study of 
climate change, variability and modeling over Central America and Mexico

Jorge A. AMADOR1*, Tercio AMBRIZZI2, Raymond W. ARRITT3, Christopher L. CASTRO4, Tereza CAVAZOS5, 
Ruth CEREZO-MOTA6, Ramón FUENTES-FRANCO7, Filippo GIORGI8, Graziano GUILIANI8, Huikyo LEE9, 

Matías MÉNDEZ-PÉREZ10 and Erick R. RIVERA1

1	 Center for Geophysical Research and School of Physics, University of Costa Rica, Costa Rica
2	 Department of Atmospheric Sciences, University of Sao Paulo, Brazil
3	 Department of Agronomy, Iowa State University, Ames, Iowa
4	 Department of Hydrology and Atmospheric Sciences, University of Arizona, Tucson, Arizona
5	 Departamento de Oceanografía Física, Centro de Investigación Científica y Educación Superior de Ensenada 
(CICESE), Baja California, México

6	 Laboratorio de Ingeniería y Procesos Costeros, Instituto de Ingeniería, Universidad Nacional Autónoma de México, 
Yucatán, México

7	 Rossby Centre, Sweden
8	 International Centre for Theoretical Physics, Trieste, Italy
9	 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California
10	Licenciatura en Ciencias Atmosféricas, Universidad Veracruzana, Veracruz, México
*	Corresponding author; email: jorge.amador@ucr.ac.cr

Received: October 12, 2017; accepted: February 23, 2018

SECOND WORKSHOP ON CLIMATE CHANGE, VARIABILITY AND MODELING  
OVER CENTRAL AMERICA AND MEXICO

What: International experts and attendees from several countries of Central America, Mexico, the Caribbean 
(CAM), and South America (SA) met to discuss regional issues on climate variability and climate change 
to learn the use of the non-hydrostatic version of the International Center for Theoretical Physics (ICTP) 
RegCM4.6 model, and to establish a regional modeling scientific community for understanding the physics 
of climate processes and the generation of regional climate change scenarios.

When: 14-18 November 2016.

Where: Center for Geophysical Research (CIGEFI in Spanish) and School of Physics, University of Costa 
Rica (UCR), San José, Costa Rica.
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1.	 Rationale
The CAM region is very vulnerable  to extreme cli-
matic events that cause socio-economic and natural 
disasters (Amador 2011; Cavazos 2015). Specifi-
cally, Central America is a “hot spot” for climate 
change impacts (Giorgi, 2006), being one of the most 
susceptible regions in the world to climate change 
(a decrease in precipitation and an increase in pre-
cipitation variability, as measured by the coefficient 
of variation). National and international assessments 
of current and future climate changes are providing 
increasingly important scientific information crucial 
for economic and political decision-making to re-
spond to a changing climate. A core element of these 
assessments are numerical model projections that not 
only provide a foretelling of physical indicators of 
future climate but also indirectly supply information 
on societal impacts. Despite recent improvements, 
coarse-resolution global climate models have a 
relatively poor representation of the main climate 
features of the CAM region (Giorgi and Mearns 
1999; Nakaegawa et al. 2014). Therefore, the use of 
limited area regional climate models (RCMs) at high 
spatial resolution is an important complimentary tool 
to approach the problem of modeling regional climate 
variability and change. Since the Coordinated Re-
gional Downscaling Experiment (CORDEX, http://
www.cordex.org/, Giorgi and Gutowski, 2015; Gu-
towski et al. 2016) vision is to advance and coordinate 
the science and application of regional climate down-
scaling through global partnerships, the organizers of 
the second workshop on climate change, variability 
and modeling over CAM envisaged this event as an 
opportunity for the region to become more engaged 
in CORDEX activities. 

The main purpose of the workshop was to provide 
extensive sessions focused on the physics of RCMs 
and on the implementation of techniques to carry out 
high-resolution analyses of local climate phenomena, 
their variability and future changes in the CAM area. 
A related purpose was to build regional capacity for 
applying state of the art RCMs and analysis in this 
region.

The workshop participants had the opportunity 
to implement and use the latest version of the ICTP-
RCM (the RegCM4.6), enhancing their understand-
ing of the physics and dynamics of regional climate 
processes over the CAM area. It is expected that 

finer resolution climate change projections gener-
ated by this approach may have a positive effect in 
the prevention and mitigation of climate impacts in 
the region. 

The workshop was organized with lectures, 
demonstrations of special software implementations 
and laboratory sessions, which provided a back-
ground on climate studies focused on CAM. 

The ability of RCMs to represent physical process-
es and related uncertainty was also addressed in the 
lectures due to their relevance in climate variability and 
change studies. Giving continuity to the First Work-
shop on Climate Change, Variability and Modeling 
focused in this region organized by ICTP and CICESE 
in Ensenada, Mexico in 2014, one of the specific goals 
of the second workshop was to consolidate the com-
munity of model users in CAM, especially those of the 
RegCM4 system, under the CORDEX framework. A 
total of 29 participants attended the workshop, many 
of them with proven experience in handling climate 
data, and with a particular interest in starting to use 
the RegCM4.6 for regional climate studies. An inter-
nationally recognized group of invited scientists de-
livered presentations and promoted discussions on the 
theory of climate dynamics and climate change. ICTP 
experts introduced and installed the non-hydrostatic 
version (the RegCM4.6) for use by the participants.

The poster of the event can be seen at http://indico.
ictp.it/event/7621, and the agenda and the invited 
speakers' presentations are available emailing the 
corresponding author.

2.	 Highlights of the sessions
Mornings were devoted to theoretical lectures on 
climate variability and climate change, presentations 
of studies on the North American Monsoon (NAM), 
climate features of the CAM region, such as the 
Mid-Summer Drought (MSD, Magaña et al. 1999), 
the Caribbean Low Level Jet (CLLJ, Amador 1998, 
2008), Tropical Cyclones (Fuentes-Franco et al. 2016), 
a review of the advances in regional climate modeling 
in the CAM region, and tutorial sessions on the use of 
the RegCM4.6 model. Afternoons were dedicated to 
hands-on laboratory sessions running the RegCM4.6 
model on the Tsaheva computational cluster of CIGE-
FI-UCR. The laboratory session participants formed 
ten working groups to develop a set of preliminary 
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regional climate projects and presented their projects 
on the last day of the Workshop. 

The morning session on Monday 14 November 
began with presentations on the theory and use of 
RCMs, with an introduction to the RegCM4.6 model, 
its computational structure, and modular system. In 
the evening, there was an open session for the attend-
ees to introduce and discuss CORDEX objectives 
for the CAM region and the capability to integrate 
them into future CORDEX scenarios and the next 
Intergovernmental Panel on Climate Change (IPCC) 
report. The second day offered an update on regional 
modeling studies highlighting the importance of 
focusing on physical processes that dominate the 
region (e.g., CLLJ, droughts, extreme events, NAM, 
tropical cyclones, land-sea thermal contrasts), the 
effect of domain size in the description of features 
of the NAM system, and the evaluation of changes in 
extreme events during the NAM season (Cerezo-Mo-
ta et al. 2016) using convection-permitting regional 
climate modeling (Castro et al. 2015). As a way to 
motivate the investigation of model biases and the 
use of climate validation tools, the RCM Evaluation 
System (RCMES) was presented in a tutorial session 
(https://rcmes.jpl.nasa.gov/, Mattmann et al., 2014). 
In the afternoon, a CORDEX executive session was 
organized to explore actions for regional institutions 
to contribute and prepare products useful for the next 
IPCC reports (1.5 ºC and AR6). 

On Wednesday 16th the Workshop attendees had 
the opportunity to visit the Irazú Volcano (3482 masl)  
some 40 km west of the UCR. Thursday 17 started with 
presentations regarding the MSD nature, the sensitivity 
of precipitation and atmospheric low-level circulation 
patterns (CLLJ) to domain size in RegCM4.4.5, and 
studies on intra-seasonal precipitation variability and 
land-atmosphere coupling in the CAM region. On 
Friday, the last day of the workshop, a presentation 
was given on the sensitivity of tropical cyclones to 
convective schemes and ocean flux parameterizations 
over the eastern tropical Pacific and tropical North 
Atlantic basins using RegCM4 model (Fuentes-Franco 
et al. 2016). Some applications to climate analysis, 
forecasting, and future climate projections for SA were 
also presented. In particular, emphasis was given on 
the simulation of extratropical cyclones over the South 
Atlantic Ocean and how their intensity and location 
can be modified under a greenhouse gas warming. 

Extreme precipitation events simulated by both Reg-
CM3 and RegCM4 over SA demonstrated the useful-
ness of dynamical downscaling in a representation of 
key atmospheric processes in the region. Finally, the 
presentations of regional projects from the participants 
wrapped up the event.

3.	 Remarks
The contribution and support of several international 
organizations permitted to continue the process of de-
veloping and strengthening the skills, processes, and 
resources of the climate modeling community in the 
CAM and SA regions. The Workshop showed abun-
dant cases of expertise in the knowledge of climate 
and climate variability processes at regional level. 
Although the simulation results from the RegCM 
model were highlighted, the workshop also generated 
a rich environment for the comparison of results of 
different RCMs, and stressed the vision of the need 
for an increased collaboration among countries in the 
region. The participants, representing undergradu-
ate, and graduate programs from 11 countries, were 
completely supported by local or international funds, 
allowing a very good degree of knowledge exchange 
in climate related issues. 
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