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ABSTRACT: Understanding the weather and climate of Mesoamerica and the Caribbean remains

challenging due to complex hydroclimate interactions, limited observations, and poor represen-

tation of regional processes in global models. We introduce the Mesoamerica Affinity Group

(MAAG), an NSF NCAR and community voluntary initiative that fosters research collaboration to

advance weather and climate science, develop convection-permitting datasets, and promote knowl-

edge exchange. MAAG’s first major contribution is a two-week convection-permitting simulation

of Hurricane Maria (2017) using MPAS-A, featuring a novel regional 15-km to 3-km variable-

resolution mesh over the region. Initial evaluation shows that MPAS-A captures key features like

precipitation patterns, the Intertropical Convergence Zone, and low-level jets. Some biases remain,

particularly in enhanced land convection and slight deviations in Maria’s track. This novel dataset,

now publicly available through NCAR’s Data Archive, supports studies of other extreme events

and mesoscale convective systems active during the same period. It offers a valuable resource

for the research community. MAAG is a new but rapidly growing initiative achieving notable

milestones in a short time. It serves as a collaborative platform for co-designing high-resolution

modeling experiments, aimed at producing actionable weather and climate information. We invite

the community to join MAAG, explore this initial dataset and advance regional weather and climate

research.
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SIGNIFICANCE STATEMENT: The Mesoamerica Affinity Group (MAAG), an NSF NCAR54

and community voluntary initiative, aims at addressing the complex challenges of understanding55

weather and climate in Mesoamerica and the Caribbean. MAAG’s first major achievement is a56

convection-permitting two-week simulation of Hurricane Maria (2017) using a novel 15-km to 3-57

km variable-resolution mesh. This dataset accurately captures key regional features and is publicly58

available through NCAR’s Data Archive. By fostering collaboration through data production and59

sharing, monthly group meetings that serve as a platform for networking and knowledge exchange,60

and the development of advanced high-resolution datasets, MAAG provides a vital resource for61

advancing regional weather and climate science. The initiative is rapidly growing, serving as a62

platform for co-designed modeling experiments aimed at producing actionable climate information63

for academia and different sectors. We invite the scientific community to join MAAG and advance64

research in this critical region.65

1. Motivation66

Mesoamerica, which includes the modern-day countries of Costa Rica, Panama, Nicaragua,67

Honduras, El Salvador, Guatemala, Belize, central to southern Mexico (National Geographic,68

2023), the Caribbean (situated from 5 �N to 27�N and 60�W to 90�W) and northern South America,69

are multicultural and multiethnic regions of complex terrains and tropical islands surrounded by the70

Gulf, the Caribbean Sea, the Tropical North Atlantic and the Eastern Pacific basins. These regions71

are heavily reliant on rainfall for their socioeconomic needs (e.g., agriculture, energy production,72

water management, and tourism). Hence, they are highly vulnerable to hydrometeorological and73

geophysical extremes, as well as climate variability (e.g., Taylor et al. 2011; Amador and Alfaro74

2014; Ruiz-Mallén et al. 2015; Salazar et al. 2024; Pavlova et al. 2017; F. Salazar and Ferreira75

2020; UNESCO 2023).76

The region’s hydroclimate is shaped by a complex set of competing interactions between atmo-77

spheric and oceanic features operating across multiple spatial and temporal scales in the tropics78

and mid-latitudes. Large-scale drivers such as the North Atlantic Subtropical High (NASH; Davis79

et al. 1997; Giannini et al. 2000; Wang and Lee 2007), the Intertropical Convergence Zone (ITCZ;80

Henderson-Sellers and Robinson 1986; Zhang 2001; Poveda et al. 2006), and the South American81

Monsoon System which is the primary climate driver of South America (Vera et al. 2006), are the82
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main facilitators of moisture convergence across the region (Martinez et al. 2019; Colorado-Ruiz83

and Cavazos 2025).84

At regional scales, features such as the Caribbean Low-Level Jet (CLLJ; Amador Astúa 1998;85

Wang and Lee 2007; Amador 2008; Whyte et al. 2008; Martin and Schumacher 2011; Taylor et al.86

2013; Torres-Alavez et al. 2021), the Chocó Jet (Poveda and Mesa 2000, 1999; Yepes et al. 2019),87

the Papagayo and Tehuantepec jets (Trasviña et al. 1995; Schultz et al. 1997; Chelton et al. 2000;88

Xie et al. 2005), the Western Hemisphere Warm Pool (Wang and Enfield 2001), and the Central89

American Gyres (Papin et al. 2017) interact with easterly waves (e.g., Serra et al. 2010; Dominguez90

et al. 2020; Riley Dellaripa et al. 2023; Zhou and Maloney 2025), tropical cyclones (TCs; Jury91

et al. 2012; Dominguez and Magaña 2018), mid-latitude frontal systems (e.g., Sánchez-Hernández92

et al. 2022), and topography (e.g., orographic lifting, sea-breezes; Smith et al. 2012; Mora et al.93

2020) to modify the spatial and temporal extent of precipitation provided by these mesoscale and94

large-scale systems.95

The interactions between these local-to-large-scale features result in a unique seasonal pattern96

of rainfall distribution that differs across the region depending on the relative importance of the97

dynamical features (Taylor et al. 2002; Chen and Taylor 2002; Taylor et al. 2011; Hoyos et al.98

2018; Martinez et al. 2019; Mejı́a et al. 2021; Colorado-Ruiz and Cavazos 2025). In addition,99

the interactions between these features result in the four subseasonal components of the rainfall100

season in northern South America, Central America, and the Caribbean: the early-rainy season101

(ERS; mid-April to June), a relatively drier period that is part of the annual cycle of precipitation,102

known as the mid-summer drought (MSD; July and August; Magaña et al. 1999; Garcı́a-Franco103

et al. 2023), the late-rainy season (LRS; late August to late November), and the winter-dry season104

(late November to mid-April). The interannual variability of the rainfall season is influenced by at105

least two different climate drivers: the North Atlantic Oscillation (NAO) and the El Niño-Southern106

Oscillation (ENSO), due to their influence on the underlying local-to-large scale features that107

inform rainfall in the region and interactions between the Eastern Pacific and Atlantic basins (e.g.,108

Chen and Taylor 2002; Amador et al. 2006; Amador 2008; Taylor et al. 2002; Hoyos et al. 2018;109

Martinez et al. 2020; Jury 2023). On the intra-seasonal scale, rainfall variability over the Caribbean,110

Mesoamerica, and northern South America is modulated by convectively coupled equatorial waves111

and the Madden-Julian Oscillation, which influence the organization of convection and rainfall112
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patterns across the region (Dominguez et al. 2020; Recalde-Coronel et al. 2020; Builes-Jaramillo113

et al. 2025).114

Predicting these small-to-large-scale dynamical interactions, and consequently, the Mesoameri-115

can, northern South American, and Caribbean hydroclimate remains challenging due to the limited116

publicly available and decades-long observations (Martinez et al. 2019), and poor representation117

of the region’s topography, tropical convection, and physical processes in climate models (Sobel118

et al. 2011; Smith et al. 2012; Reboita et al. 2014; Herrera and Ault 2017; Anderson et al. 2019;119

Andrade-Gómez and Cavazos 2024; Hidalgo et al. 2025; Martinez et al. 2025).120

While recent field campaigns in this region, such as OTREC and EPIC2001 (Raymond et al. 2004;121

Stone et al. 2025), have sought to better understand interactions among convection, atmospheric122

circulation, topography, and the complex ocean state, these observations remain limited in both123

temporal and spatial coverage. Similarly, recent efforts such as CORDEX (Giorgi and Gutowski124

2015; Cavazos et al. 2020; Torres-Alavez et al. 2021) have advanced regional climate downscaling125

for present and future climates, but challenges remain at local, convective-permitting scales (i.e.,126

grid spacing fine enough to directly represent individual thunderstorms and rain systems, rather than127

relying on parameterizations) in accurately representing precipitation and circulation processes128

in this region, where impacts are most relevant. Likewise, global climate models (GCMs) in129

the Coupled Model Intercomparison Project Phase 6 (CMIP6) underestimate precipitation in the130

Caribbean (Martinez et al. 2025; Brotons et al. 2024), though higher-resolution GCMs have smaller131

biases.132

Convection-permitting model simulations, which have grid-spacings � 4km, have further im-133

proved biases over the Caribbean and tropical Atlantic by resolving topography (Bhardwaj et al.134

2018), more accurately capturing precipitation (Akinsanola et al. 2024), easterly waves (Núñez Oca-135

sio et al. 2025b), and removing the double-ITCZ bias that is present in many GCMs (Núñez Ocasio136

and Dougherty 2024; Heim et al. 2023). The use of convection-permitting simulations is thus137

necessary to capture local island processes, resolve complex terrain, and capture mesoscale to138

synoptic interactions over this region in both the current climate and in future scenarios. Some re-139

cent convection-permitting configurations include that of using variable resolution (e.g., Stansfield140

et al. 2020), regional dynamical downscaling (e.g., Hall et al. 2024; Jones et al. 2023; Luna-Niño141

and Cavazos 2018), or a novel combination of the two at convection-permitting resolution (i.e.,142
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Núñez Ocasio and Dougherty 2024; Núñez Ocasio et al. 2024). As we will show here, these offer143

valuable tools for studying the phenomena of this region in both the current climate and in future144

scenarios.145

This article introduces a new initiative established by the National Science Foundation (NSF)146

National Center for Atmospheric Research (NCAR) and the research community: the Mesoamerica147

Affinity Group (MAAG). MAAG aims to foster research and collaboration among scientists and148

practitioners in the Mesoamerican and Caribbean region. We present MAAG’s first major contri-149

bution to the research community to facilitate collaboration–the novel Model for Prediction Across150

Scales-Atmosphere (MPAS-A) convection-permitting simulation of Hurricane Maria (2017). We151

discuss the initial evaluation of the simulation and outline the group’s ongoing and future research152

priorities.153

2. The Mesoamerica Affinity Group Initiative154

MAAG was established by the NSF NCAR Water Systems Program and the broader research155

community to foster targeted research collaborations and advance weather and climate science156

across Mesoamerica and the Caribbean. Building from the successful collaborative model and157

scientific efforts of the voluntary South America Affinity Group (SAAG; Dominguez et al. 2024),158

this voluntary effort brings together researchers from NSF NCAR, universities, and international159

institutions, all contributing both research and community support. MAAG is also supported by160

the NSF NCAR Cross-Lab Water Systems Program, which provides funding to support NCAR161

members in helping conduct MPAS-A and Community Atmosphere Model (CAM) simulations,162

analyzing results, and coordinating activities across the MAAG community. It is also currently163

supported by research and MPAS-A simulations led by the Tropical Systems Group at Texas164

A&M, including students and postdoctoral researchers, with the hope that other universities and165

sectors will contribute to MAAG’s support at a similar level. The central aim of MAAG is to166

create sustained collaborations that result in the co-design, enhancement, and development of167

high-resolution model-based simulations and research focused on understanding the historical and168

future weather and climate of the region.169

Key scientific goals include: (1) providing a reliable historical dataset at convection-permitting170

scales, a better understanding of TC processes, (2) capturing hydroclimatic extremes (e.g., precip-171

7



itation, droughts, and floods), (3) understanding the impact of local-scale processes on regional172

weather, and (4) providing detailed projections of future weather in Mesoamerica and the Caribbean.173

The group’s first major outcome is the first-ever MPAS-A historical convection-permitting simu-174

lation of Hurricane Maria (2017). This seminal two-week simulation spans a period of intense175

tropical activity, offering a unique opportunity to study extreme events in depth, and serves as the176

starting point for launching future, longer simulations.177

In addition to the modeling efforts, the group is designed to serve as a hub for networking178

and community engagement. It provides a forum for communication and knowledge exchange179

among individual researchers, groups, and institutions contributing to the region’s weather and180

climate science. A key function of this collaborative environment is the ongoing co-design of181

long-term historical and future high-resolution simulations. Through these coordinated efforts, the182

community advances its understanding of the region’s weather, climate, and their impacts on local183

populations.184

3. Description of the Modeling Framework and Simulation185

The Model for Prediction Across Scales–Atmosphere (MPAS-A) version 8.0.1 (Skamarock et al.186

2012; Duda et al. 2024) is a non-hydrostatic atmospheric model designed for both weather and187

climate applications. In this study, MPAS-A was used to perform a convection-permitting historical188

simulation of the devastating Hurricane Maria (2017), covering the two-week period from 00:00189

UTC on 15 September to 00:00 UTC on 30 September 2017, as it approached the Caribbean and190

the eastern United States.191

To enable this hindcast and to ensure continuous lateral boundary forcing from reanalysis data,192

a novel regional variable-resolution mesh configuration was developed. The mesh ranges from193

15-km to 3-km resolution and is centered over Mesoamerica and the Caribbean (Figure 1). The194

refined 3-km convection-permitting region is elliptically-shaped and centered at 20�N, 80�W,195

strategically designed to optimize convection-permitting coverage over the area of interest. The196

edges of the model domain are 20�S to 61�N and from about 145�W to 15�W, with the coarser 15-197

km resolution region extending into South and North America (with slightly more latitudinal range198

within the edges from 41.7�S to 77.8�N), western Africa, and the eastern Pacific, respectively. The199

convection-permitting 3-km region includes the eastern Pacific and the mid-Atlantic, extending200
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several degrees south of the equator up to the northern United States. Although a regional domain,201

it overlaps significantly with the domain of long-term convection-permitting model datasets, such202

as CONUS404 over the U.S. (Rasmussen et al. 2023) and SAAG over South America (Dominguez203

et al. 2024) datasets. This overlap presents a unique opportunity for dataset comparisons, cross-204

collaborations, and expanded research efforts, opening the door for the configuration’s application205

in future long-term experimental design and coordinated regional modeling studies.206

This Central American and Caribbean MPAS-A regional variable-mesh configuration is the207

first of its kind, which could be applied elsewhere in the world. It provides an innovative ap-208

proach to dynamical downscaling, serving as a bridge between coarse-resolution global forcing209

and convection-permitting regional modeling. The design enables computational efficiency by210

eliminating the need to run a full global domain at the highest resolution. This type of refinement211

allows for comparisons with Earth system models (fully coupled model that represents the atmo-212

sphere, ocean, land surface, and sea ice), such as the Community Earth System Model (CESM),213

which also supports variable-resolution simulations.214

The 15-km to 3-km variable-resolution regional configuration was first introduced in prior work,215

where it was vetted and validated for tropical hindcasts, demonstrating its reliability for historical216

simulations over Tropical Africa and the Atlantic (Núñez Ocasio et al. 2024; Núñez Ocasio and217

Dougherty 2024). It has been successfully applied to support research on easterly waves, mesoscale218

convective systems, and the large-scale monsoonal circulations of Africa.219

The “convection-permitting” physics parameterizations used in this configuration are summa-220

rized in Figure 1. The model was initialized using the ECMWF 5th Generation Reanalysis (ERA5)221

(Hersbach et al. 2020), which also provided hourly lateral boundary conditions. Sea surface tem-222

peratures were updated hourly from ERA5. The model was configured with 55 vertical levels and223

produced hourly outputs with isobaric variables being output on 27 pressure levels. Some param-224

eterizations in our physics suite have been shown to adequately simulate TCs and easterly wave225

activity over the Central American and Caribbean region. For example, Dominguez et al. (2021)226

tested a combination of the Thompson microphysics scheme, RRTMG shortwave and longwave227

radiation, and the Noah land surface model in the WRF regional climate model at 36-km resolution.228

Their experiments, designed to simulate tropical activity under future climate change scenarios,229

demonstrated that this configuration effectively captures key tropical dynamics such as tropical230

9



cyclogenesis, the spatial distribution and evolution of storm tracks, easterly wave propagation,231

and the associated precipitation patterns that contribute substantially to seasonal rainfall across232

Mesoamerica and the Caribbean.233

This historical simulation is unprecedented in both its spatial resolution and continental scale. It234

enables the study of Hurricane Maria and other TCs active during the same period. In addition, it235

supports investigation into key regional weather and climate features, including low-level jets such236

as the CLLJ and Chocó Jet (discussed in Section 5c), coastal diurnal cycles, the ITCZ, extreme237

rainfall events, and mesoscale convective systems, among others.238

Fig. 1. Three-dimensional rendering of the simulation domain and configuration developed for MAAG. It

is centered over Central America and the Caribbean. Magenta contours represent the 15-km to 3-km variable

resolution of MPAS. The colored area represents the regional extent of the coarser 15 km region which covers a

large portion of the Western Hemisphere.

239

240

241

242

4. Enabling Actionable Research Through Publicly Available Model Products243

MAAG is committed to advancing open and reproducible science. To support broad community244

access, we have made the native full-resolution simulation outputs and all model configuration245

files publicly available through the NSF NCAR Research Data Archive (https://rda.ucar.246

edu/datasets/d010077/). The archive includes both native-grid model outputs and fields247
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regridded to a regular latitude–longitude grid to facilitate accessibility and downstream analysis.248

Comprehensive documentation accompanies the data products and provides detailed descriptions249

of all variables.250

In addition, MAAG has partnered with the UXarray development team (UXarray Organization251

2021) to offer regular tutorial sessions during MAAG monthly meetings, enabling and support-252

ing community use of the native-grid outputs and promoting best practices for working with253

unstructured-grid model data.254

5. Model Evaluation255

Here, we provide a brief overview and high-level analysis of selected features from the two-week256

simulation to demonstrate the fidelity of the simulation. More in-depth analyses will be presented257

in subsequent publications. Note that the analysis is performed using regridded MPAS-A outputs258

on a 30-km latitude–longitude grid for comparison with ERA5.259

a. Large-scale Rainfall and Winds260

The model-simulated 925-hPa horizontal winds are validated against ERA5 from 00 UTC261

September 16 to 00 UTC September 30 (Figure 2a, b). The comparison shows that MPAS-A262

reproduces the large-scale 925-hPa circulation patterns over the Caribbean, Mesoamerica, and the263

surrounding Atlantic and eastern Pacific reasonably well when compared to ERA5, including the264

main low-level flow structures. However, the difference field (Figure 2c) reveals notable regional265

biases, with alternating positive and negative anomalies indicating localized over- and underesti-266

mation of the flow strength and associated circulation features. For the particular region of interest,267

these biases are evident over the western Atlantic 20�N latitude, and parts of Central America,268

extending into the eastern Pacific ITCZ, suggesting that while the large-scale structure is well269

captured, important regional discrepancies remain, even at convection-permitting resolution.270

The model-simulated precipitation is validated against the Integrated Multi-satellitE Retrievals271

for GPM (IMERG) for the same period. Figure 2d and e, shows that both datasets display broad272

agreement in capturing large-scale precipitation features such as the ITCZ, prominently extending273

across the Eastern Pacific and Atlantic Oceans. MPAS-A replicates the observed structure, intensity,274

and spatial characteristics of precipitation associated with hurricane activity, such as the curved275

11



track of cyclonic activity near the Caribbean and western Atlantic Ocean. The precipitation276

hotspot over western Colombia and the dry corridor over coastal Ecuador and Perú are present277

both in IMERG and MPAS, although the spatial structure is slightly different. However, MPAS-A278

shows higher rainfall intensities over oceanic regions, especially along the Pacific ITCZ and near279

the coast of Central America. Furthermore, IMERG shows more localized and spatially distinct280

precipitation events, which are noticeable in the Caribbean region and the eastern Pacific hurricane281

track.282

Previous studies have noted that high-resolution modeling frameworks, like MPAS, improve the283

representation of mesoscale processes essential for accurate prediction of TC structures, including284

precipitation patterns and intensity distributions (Davis et al. 2016; Skamarock et al. 2018). While285

observational datasets like IMERG are crucial for model validation, they can carry inherent uncer-286

tainties, particularly in high-intensity rainfall scenarios, over oceans, and complex terrain, where287

satellite retrievals face challenges due to limited ground validation (Tan et al. 2019; Huffman et al.288

2020). The strong similarity between IMERG observations and MPAS-A outputs seen here under-289

scores the reliability of MPAS-A for investigating hurricane-associated precipitation extremes and290

their potential changes under different climate conditions.291

b. Hurricane Maria296

Hurricane Maria resulted in the largest maximum rainfall recorded in Puerto Rico since 1956,297

with a recorded 1029 mm at a rainfall gauge in the southeast part of the island (Keellings and298

Hernández Ayala 2019). We examine the ability of MPAS-A to reproduce these rainfall extremes299

compared to rainfall observations from satellite (IMERG) and rain gauges (Coop stations) during300

19–21 September 2017 as Hurricane Maria passed over Puerto Rico (Figure 3). MPAS-A shows301

that a wide swath of heavy precipitation associated with Maria is located south of the island, with302

rainfall amounts up to �170 mm over the southern part of the island. IMERG, however, shows the303

rainfall maxima over 300 mm primarily over the eastern half of the island. This suggests that MPAS-304

A simulates Hurricane Maria as moving too slowly and too far west compared to observations, with305

a rainfall bias over the island ranging from -135 mm to 50 mm based on the mean difference. In a306

forthcoming paper by Quagraine et al. (2026), they show that differences in track between MPAS-A307
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