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The series of five articles in this issue 
clearly attest to the vital role of the 
Intra-Americas Sea (IAS) in climate 
variations of the surrounding 
North American continental region 
stretching from the Caribbean to 
the Mesoamerica and across the 
Midwest Plains to the northeast 
US. And yet, the IAS is one of the 
poorly observed ocean regions of 
the world, and one where almost all 
climate models display large bias.  

The heat fluxes off the rather 
warm upper ocean of the IAS 
in the boreal summer and fall 
provide fuel for some of the most 
destructive weather and climate 
extremes in North America like 
tornadoes, tropical cyclones, 
droughts, and floods that often 
produce debilitating collateral 
damage and grim picture of 
human mortality. The IAS also 
influences the Hadley circulation 
with implications on the regulation 
of sea surface temperature in the 
remote but important region of 
the tropical southeastern Pacific. 
IAS variability also seems to play a 
role in the larger Atlantic meridional 
overturning circulation.

The IAS is a primordial soup of 
a spectrum of important scales 

1

The Intra-Americas Sea (IAS) is generally defined as the Gulf of Mexico and 
Caribbean Sea, and more broadly includes the far western tropical North 

Atlantic and far eastern tropical North Pacific oceans. The IAS is encircled by 29 
Caribbean nations, seven Central American nations, Mexico and the United States 
to the north, and Colombia and Venezuela to the south. The large-scale processes 
and climatic features affecting the IAS region include the seasonal north-south 
migration of the intertropical convergence zone (ITCZ), the seasonal and longer 
term variability of the Atlantic warm pool (AWP), the Atlantic multi-decadal 
oscillation (AMO), the El Niño southern oscillation (ENSO) and the Madden-Julian 
oscillation (MJO), among others (Aguilar et al. 2005; Amador et al. 2006; Barlow and 
Salstein 2006; Poveda et al. 2006; Wang et al. 2008; Méndez and Magaña 2010). 
On more regional scales, IAS weather is strongly modulated by low-level wind jets, 
the mid-summer drought (MSD), tropical easterly waves, tropical cyclones (TCs) 
(Magaña et al. 1999; Amador 2006; Small et al. 2007; Méndez and Magaña 2010; 
Serra et al. 2010; Hidalgo et al. 2015), and the diurnal cycle (Garreaud and Wallace 
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of variation. This is manifested by 
land processes through significant 
freshwater discharge from major 
rivers (Orinoco and Amazon) that 
influence the formation of the 
ocean barrier layers, dynamic 
ocean circulations in the Caribbean 
Sea and Gulf of Mexico, and the 
significant role of atmospheric fluxes 
to spin off climate and weather 
extremes. The numerical models 
across generations of development 
have found this amalgamation of the 
land-ocean-atmosphere processes 
quite challenging.

There is great potential to realize 
useful predictability from the IAS 
across timescales of climate and 
weather predictions, such as recent 
studies that have shown useful 
short-term (seasonal) predictions 
from the North American Multi-
Model Ensemble. Furthermore, the 
large density of vulnerable human 
population around the IAS region, 
burgeoning coastal development, 
and increasing attention on food 
production and security lead us to 
strongly believe that the value of 
understanding the IAS and its roles in 
climate and extreme events will gain 
further importance. Investments in 
sustained and expanded monitoring, 
research into mechanisms 
influencing variability, and modeling 
to advance predictions will underpin 
the development of usable climate 
information to address societal 
needs in the region.
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1997; Yang and Slingo 2001), which are themselves modulated by the larger scale 
processes and climatic features (Amador et al. 2006; Poveda et al. 2006; Méndez 
and Magaña 2010). The IAS also influences the weather and climate beyond its 
boundaries through atmospheric teleconnections (Lorenz and Hartmann 2006; 
Wang et al. 2007) and moisture transport (Mestas-Nuñez et al. 2007; Muñoz et al. 
2008; Gimeno et al. 2010). Figure 1 illustrates some of the climatic features of the 
IAS as they appear in February and July. 

Currently, the IAS region faces fundamental challenges in responding to natural 
disasters such as hurricanes, floods, and droughts, as well as managing their water 
and natural resources. The historical drought of 2014-15 that affected El Salvador, 
Guatemala, Nicaragua, and Honduras highlights this issue by having left over two 

Figure 1. Average TRMM 3B43 rainfall (color bar) and ERA Interim 1.5°x1.5° 925 hPa wind vectors 
for February (top) and July (bottom) over 1998-2010.  Significant features of the IAS are also shown 
including the Great Plains low-level jet (GPLLJ), Caribbean low-level jet (CLLJ), inter-tropical conver-
gence zone (ITCZ) and the North American monsoon (NAM).  Regions of typical hurricane tracks are 
highlighted by red symbols. Trans-isthmus low-level wind jets (Choco, Tehuantepec, Papagayo, etc.) 
are also visible in the wind vectors across Central America.
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million impoverished people in need of international 
food assistance across the region (WFP 2015). This same 
region is additionally projected to experience strong 
warming and drying under climate change (Taylor et 
al. 2011; Maloney et al. 2014). The current scientific 
understanding of the modes of rainfall variability in the 
IAS and their potential for improving predictability on 
subseasonal and longer time scales, as well as secular 
projections, is inadequate. The ability to address both the 
important scientific questions of the region, and provide 
resources for water resource management and disaster 
preparedness, hinges significantly on the modernization 
of observational networks within the region, as well as 
strengthening of institutional and 
human resource capacity of local 
institutions.

Ideally an observing system for the 
IAS would provide continuous profiles 
of the atmosphere and ocean on 
sub-daily time scales and on 100-500 
km spatial scales in order to capture 
the significant physical processes 
in the region. But there are over 30 
independent nations that comprise 
the land areas surrounding the IAS 
whose varying economic conditions 
pose a challenge for maintaining 
such an observing system. These 
countries also have differing policies 
on the sharing of data. Despite these 
difficulties, the physical processes 
that are important to the region span 
these political boarders and thus 
require an integrated effort in order 
to advance our understanding of 
them. This article reviews the current 
status of in situ ocean, land, and 
atmospheric observations available 
in the IAS region, summarizes some 
new and proposed observations, 
and highlights critical gaps in the IAS 
observational networks.

Operational networks in the IAS
While almost every IAS nation hosts a World Meteorological 
Organization (WMO) surface meteorological station 
(Figure 2a), and many also host at least one upper-air 
station (Figure 2b), these data can have large gaps in 
their time series—many no longer collect data and active 
upper-air stations may collect data only once per day and 
often only during the week due to a lack of resources. 
Upper-air data within the IAS region also suffer data 
quality issues not seen in upper-air observations 
collected over North America and Europe. The Central 
Aerological Observatory (CAO) in Russia maintains 
statistics on global upper-air data, including a time series 
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Figure 2. (a) The most recent monthly rainfall reported from WMO stations in Latin 
America (courtesy of Vasu Misra).  A green dot indicates the station has not reported 
monthly rainfall since the 1991-2000 time period. (b) The latest monthly 850 hPa data 
reported from upper-air stations in Latin America using the stated percentages for 
each time interval.  A green dot in this panel indicates that at least 25% of the monthly 
850 hPa data was reported in the 2006-2011 time period, but less than 50% of these 
data have been reported since then.

http://cao-ntcr.mipt.ru/all_doc/c4/caostn/ptop/htopraiv.htm
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of monthly average sounding height for 0000 UTC and 
1200 UTC launches by station, revealing some of these 
issues. The lack of sustained surface and upper-air station 
measurements impacts the fidelity of satellite estimates 
of atmospheric water vapor and temperature profiles 
and integrated water vapor over the region. It additionally 
impacts constraints on global and regional model 
forecasts and reanalyses, and, ultimately, limits progress 
in understanding modes of atmospheric variability 
over the region on sub-daily to decadal timescales.

The World Ocean Database integrates global ocean 
temperature and salinity profile data collected from 
buoys, ships, gliders, and other platforms. By 2007 
routine in situ ocean observations around the globe 
have been primarily provided by Argo floats (e.g., 
Roemmich and Owens 2000). Argo floats telemeter 
profiles of ocean temperature and salinity to 2000 m 
depth daily via satellite. These observations contribute 
to our understanding of ocean processes on seasonal to 
decadal timescales. However, Argo measurements are 
coarse in both time and space and can therefore alias 
high-frequency regional signals and be more affected by 
mesoscale ocean eddies (von Schuckmann et al. 2014). 
The IAS is a region of strong diurnal variations in sea 
surface temperature (SST) and significant mesoscale 
eddy activity (Sturges 1992; Sheng and Tang 2003; 
Jouanno et al. 2012), suggesting Argo observations may 
have significant biases in this region. In addition, the IAS 
currently has a low density of Argo floats compared to 
other regional seas. Ocean mesoscale eddies and their 
associated upper ocean heat content have been shown 
to play an important role in the intensification and 
tracks of Atlantic hurricanes across the IAS (Lin et al. 
2012). Thus, surface and upper ocean observations of 
sufficient density in time and space are needed to better 
understand and forecast hurricane activity in this region.

The National Buoy Data Center (NDBC) provides hourly 
observations from a network of buoys and Coastal 
Marine Automated Network (C-MAN) stations around 
the globe. All stations measure wind speed, direction, 
and gust; barometric pressure; and air temperature. 

In addition, all buoy stations and some C-MAN stations 
measure SST and wave height and period.  Conductivity 
and water current are also measured at select stations. 
NDBC also maintains a database of marine surface 
observations and deep-ocean assessment and reporting 
of tsunamis (DART) bottom pressure observations 
for the early detection, measurement, and real-time 
reporting of tsunamis in the open ocean. A high density 
of moored and C-MAN observations are collected in the 
Gulf of Mexico, however they are concentrated along 
the North American coastline with few open-ocean 
measurements in the Gulf of Mexico or Caribbean 
Sea. NDBC stations in the IAS lack subsurface 
measurements, thus limiting these observations to 
studies of the air-sea interface and its variability. 

Recent and planned non-operational observing 
systems for the IAS
The National Science Foundation (NSF) recently 
funded the Continuously Operating Caribbean GPS 
Observational Network (COCONet) through August 2016 
(Braun et al. 2012). COCONet includes the installation 
and refurbishment of 65 continuous Global Navigation 
Satellite System (cGNSS) and meteorology stations in 
the Caribbean and Central America, and the archival of 
data from 62 cGNSS stations that are already or will soon 
be in operation through partnerships with Caribbean 
and Central American universities and national agencies 
(Figure 3). COCONet is a non-traditional observing 
system that provides surface observations of wind speed 
and direction, barometric pressure, air temperature, 
humidity, and precipitation. The GNSS signal also provides 
continuous all weather, high frequency (5-30 minute) total 
column precipitable water vapor (TPW). A similar network, 
the Trans-boundary, Land and Atmosphere Long-term 
Observational and Collaborative Network (TLALOCNet), 
also funded by NSF, is now under construction in Mexico 
(Figure 3). TLALOCNet includes the installation of 37 
cGNSS sites with surface meteorology, rainfall, and TPW, 
and is funded through August 2017. Together these cGNSS 
networks provide critical observational infrastructure to a 
region that is impacted seasonally and interannually with 
large fluxes o f a tmospheric m oisture f rom t he Pacific, 

https://www.nodc.noaa.gov/OC5/WOD/pr_wod.html
http://www.ndbc.noaa.gov/obs.shtml
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the Gulf of Mexico, and the Caribbean (e.g., Mestas-
Nuñez et al. 2007; Gimeno et al. 2010; Serra et al. 2016).

The Cooperative Institute for Marine and Atmospheric 
Studies at the University of Miami and the National 
Oceanic and Atmospheric Administration Atlantic 
Ocean Marine Laboratory launched a pilot network of 
underwater gliders off the coast of Puerto Rico beginning 
in 2014 as part of a multi-institutional, two-year project 
to carry out targeted upper-ocean observations to 
1000 m depth in the Caribbean Sea and tropical North 
Atlantic Ocean. The first phase of the project collected 
4,800 profiles in nine months, where previously only 
200 ocean profiles were available over the past 10 years. 
Deployments continued in 2015 and included profiles 
of current velocity, in addition to salinity, temperature, 
and dissolved oxygen. This pilot glider network was 
implemented to enhance our knowledge of the role 
that the ocean plays in the intensification of TCs and to 
assess the impact of these observations on TC intensity 
forecasts (Domingues et al. 2015; Goni et al. 2015).  

The Colombian Administrative 
Department of Science, Technology 
and Innovation (COLCIENCIAS) 
recently funded US and 
Colombian researchers to 
investigate the Choco low-level 
jet off the northwest coast of 
Colombia. The Choco jet is at its 
maximum in fall, and, like the 
Caribbean low-level jet (CLLJ), is 
associated with a maximum in 
the wind below 900 hPa, strong 
moisture transport, and heavy 
rainfall (Poveda and Mesa 
2000). This region of Colombia 
has some of the highest global 
rainfall on record, however 
the lack of sustained surface 
and upper-air measurements 
presents a challenge for 

understanding the mechanisms responsible for the jet 
and its variability. This field program will collect upper-air 
observations during September 2015 and 2016 at a land-
based station on the Colombian Pacific Coast and from a 
reconnaissance Navy vessel operating off the west coast 
of Colombia to document the horizontal and vertical 
structure of the jet and the fidelity of its representation 
in global and regional models (Yepes et al. 2015).

Observational efforts such as these are helping to fill 
the gap in both atmospheric and oceanic observations 
throughout the IAS and into Mexico. The need for an 
integrated program of observations and modeling across 
the IAS is echoed in the Implementation Plan for the Intra-
Americas Study of Climate Processes (IASCLiP; Misra et al. 
2014) and within the World Bank’s Modernizing National 
Meteorological Service to Address Variability and Climate 
Change in the Water Sector in Mexico (MOMET) project 
report (Tuluy et al. 2012). The challenge with networks 
such as these is determining how to maintain this 
infrastructure beyond the project period and how to 
build the professional and technical capacity within the 
nations of the IAS region to support the infrastructure.

Figure 3. Locations of cGNSS sites within the COCONet and TLALOCNet observing systems.
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Opportunities to advance IAS science and monitoring 
capabilities
There are several opportunities for observations to 
address important and outstanding scientific issues 
and help diagnose atmospheric and ocean model 
errors within the IAS and surrounding land areas. In 
some cases these opportunities could be realized 
through exploitation of existing observing systems, 
while others would require expansion of existing 
observing systems, a process study or new technologies.

One important outstanding scientific issue is the 
significant cold bias in IAS SST during boreal summer and 
fall that has persisted over several model development 
cycles of the Coupled Model Intercomparison Project 
(CMIP), resulting in an underestimate of the strength of 
the AWP (Liu et al. 2012; Kozer and Misra 2013; Liu et al. 
2013). There are several theories for this bias including 
inadequate ocean model resolution, which does not 
resolve ocean eddies important to heat transport in the 
region (Gent et al. 2010; Patricola et al. 2012; Kirtman 
et al. 2012; Small et al. 2014); a bias in low clouds over 
the IAS (Liu et al. 2012), shown to be important to IAS 
SST variability (Misra et al. 2012); and remote effects 
of equatorial Atlantic biases related to the slope of the 
equatorial thermocline, weak easterly wind stress, and 
low cloud bias over the eastern Atlantic (e.g., Davey et al. 
2002; Huang et al. 2007; Richter et al. 2012). The Prediction 
and Research Moored Array in the Atlantic (PIRATA) 
collects ocean temperature and salinity measurements to 
500 m depth, surface meteorology, rainfall, and, at select 
sites, ocean currents and radiative fluxes.  Extending 
this mooring capability into the IAS, with perhaps three 
moorings located along 15°N at roughly 50°W, 60°W and 
75°W and two moorings along 25°N at 75°W and 90°W, 
to fully capture air-sea fluxes and upper ocean structure 
across the equatorial Atlantic and into the IAS region, 
together with coordinated modeling efforts, would serve 
to advance progress on the IAS cold bias issue.

Another outstanding issue is the need to advance 
the seasonal predictive skill for rainfall and surface 
temperature over North America, which is currently 

limited to one month (Yuan et al. 2011). Studies suggest 
that the AWP modulates the summer climate of the 
Western Hemisphere, including circulations affecting the 
North American monsoon and Central Great Plains (Wang 
et al. 2007). In addition, the atmosphere over the eastern 
Pacific side of the Western Hemisphere warm pool exhibits 
strong intraseasonal variability in rainfall on both roughly 
40-day and 20-day timescales (Jiang and Waliser 2008; 
Maloney et al. 2008; Jiang and Waliser 2009; Rydbeck et 
al. 2013). These modes have been shown to modulate the 
gap winds across Central America and Mexico (Maloney 
and Esbensen 2003), El Niño development (Vintzileos et 
al. 2005), North American monsoon precipitation (Higgins 
and Shi 2001; Lorenz and Hartmann 2006), Caribbean 
precipitation (Martin and Schumacher 2011), the MSD 
(Magaña et al. 1999; Small et al. 2007), eastern Pacific 
easterly wave activity (Crosbie and Serra 2014; Rydbeck 
and Maloney 2014), and TC development (Maloney and 
Hartmann 2000a,b; Higgins and Shi 2001; Jiang et al. 
2012). All of these studies rely on global reanalyses to 
evaluate the variability of the atmosphere-ocean system 
in the IAS region. Uncertainty in air-sea fluxes is an issue 
for these products, and in situ marine observations are 
lacking to fully diagnose these errors over the tropical 
oceans (Brunke et al. 2011; Chaudhuri et al. 2013). While 
the existing NDBC network provides surface meteorology 
and ocean surface temperatures along the coastline in the 
IAS, extension of this buoy network into the open waters 
of the IAS would help reduce uncertainties in air-sea heat, 
moisture, momentum, and radiative fluxes. Improving 
the consistency of existing upper-air observations across 
the land areas of the IAS, in addition to assimilating 
zenith total delay or TPW from COCONet and TLALOCNet 
stations, would also help to constrain model analyses 
and potentially improve model predictive skill over North 
America on seasonal to intraseasonal timescales.  

The low-level jets (e.g., Caribbean, Great Plains, Choco) 
play an important role in moisture transport (Poveda 
and Mesa 2000; Mestas-Nuñez et al. 2007; Gimeno et al. 
2010), have critical interactions with the mean flow and 
large-scale features of the IAS (Wang et al. 2007; Poveda 
et al. 2014), and are a potential source of instability 
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for easterly wave and TC development (Molinari et al. 
1997, 2000; Molinari and Vollaro 2000; Maloney and 
Hartmann 2001; Serra et al. 2010). Representation of 
the CLLJ and its extension into the eastern Pacific across 
Costa Rica differs among reanalysis products, resulting 
in uncertainty in our understanding of the jet instability 
and its importance to wave and TC growth (Amador et al. 
2006; Serra et al. 2010), as well as in the representation 
of jet interactions with the mean flow and IAS large-scale 
seasonal climate. Therefore, the diagnosis of low-level jet 
biases is highlighted to be critical to examine the fidelity 
of model simulations of the IAS region. The current 
upper-air network across Central America is insufficient 
to meet this need.

The diurnal cycles of precipitation, water vapor, and 
low-level winds (including sea breeze circulations) over 
southern Mexico and Central America, as well as along the 
northern coast of South America at sea level and higher 
elevations, have been identified as important features of 
the continental hydroclimate around the IAS (Garreaud 
and Wallace 1997; Yang and Slingo 2001; Zuluaga and 
Houze 2015). Therefore, systematic analysis of model 
bias with regard to their diurnal variability is desired. 
Surface stations with rain gauges exist over the land 
areas that surround the IAS, and satellites can provide 
a climatological diurnal cycle in rainfall over land and 
ocean at coarse spatial scales (~25 km). However, in situ 
measurements at higher elevations are lacking, and the 
time series at many sites have significant gaps due to lack 
of resources. The existing infrastructure in the IAS includes 
COCONet and TLALOCNet GPS-Met stations that provide 

rainfall and TPW at high time resolution. These data 
provide additional density to the long-standing regional 
surface meteorological network at several key locations, 
including small islands, coastal sites, and in elevated 
terrain. They not only are invaluable for documenting and 
understanding the diurnal cycle in rainfall throughout the 
region, but also for improving satellite rainfall estimates, 
particularly at higher elevations. Continuation of these 
observations beyond the scheduled project termination 
dates will be important for providing data in these critical 
regions, as the community explores ways to improve 
the surface meteorological network throughout Central 
America and the Caribbean. 

These are just some of the many opportunities that 
exist for addressing important scientific issues in the 
IAS and beyond with the current observational network 
and possible extensions to this network. IASCLiP will 
engage with other observational efforts within this region 
including the Gulf of Mexico Coastal Ocean Observing 
System (GCOOS), the Caribbean Coastal Observing 
System (CaribCOOS), the Tropical Pacific Observing 
System (TPOS), and AtlantOS programs. Coordination 
among these groups is important for assessing the needs 
for long-term observations across the tropical Pacific, 
IAS, and Atlantic related to key science questions for the 
coming decades. A well-coordinated effort would expand 
the capabilities of these individual programs by assuring 
consistency in defining critical overlapping scientific 
issues among the regions and through shared resources 
to address these issues.
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