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Early Warning of Synoptic Air Quality 
Events to Improve Health and Well 
Being in the Greater Caribbean 
Region

• Nov 2017, we proposed to characterize 
the distribution pattern and variability 
of Saharan Dust using Earth 
observations data from satellites and 
ground stations, and quantify the 
impact on respiratory diseases in 
Puerto Rico. 

• This research is co-designing a Public 
Health Early Warning (Monitoring) 
System that integrates data from Earth 
observing satellites, in situ, and 
modeled weather information, and 
public health data. 

• Started 2019
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Organization Type Organizations

State Agency-Decision Makers 6

Federal Agency-Decision 
Makers 3

Academia Research 4

Private Health Clinics 4

Project Partners-End users-Stakeholders and Practitioners

Early Warning of Synoptic Air Quality Events to Improve 
Health and Well Being in the Greater Caribbean Region



What is Saharan Dust 
and its seasons in the 
Caribbean?

• The mineral dust particles that reach us in the 
Americas from Africa could contain minerals, organic 
matter, marine salts, viruses and bacteria. 

• Quartz and phyllosilicates are omnipresent
• Calcite
• Hematite
• Sulfates
• Others

• Dust Clouds are aerosols, small solid and liquid 
particles suspended in the atmosphere.

• Examples of aerosols include windblown dust, 
sea salts, volcanic ash, smoke from fires, and 
factory pollution.

• These particles are important because they can 
affect the climate, ecosystems and people’s health. 



Aerosol Optical Depth and PM2.5 seasonal patterns
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An optical thickness of less than 0.1 indicates a crystal clear sky with maximum visibility, while a value of 1 
indicates the presence of aerosols so dense that people would have difficulty seeing the Sun, even at noon. 
Journal of the American College of Cardiology Volume 72, Issue 17, October 2018
DOI: 10.1016/j.jacc.2018.07.099

Dust is positively associated with cardiovascular and respiratory conditions in the 
Caribbean (Lillianne et al. 2019). 

Dust outbreaks have also been associated with increased to excessive risk of emergency 
room visits and hospitalizations related to asthma in children in Trinidad & Tobago (Gyan
et al., 2005), Guadeloupe (Cadelis et al., 2015), and Grenada (Akpinar-Elci et al., 2015). 



ESO Data

Data Source/Sensor Variable Temporal 
Resolution Period

Visible Infrared Imaging Radiometer Suite (VIIRS)
AOD (n=1539)
SAE (n=1512)
MC (n=1368)

Daily 2012-2020

Multi-scale Ultra-high Resolution Sea Surface Temperature SST (n=1536) Daily 2012-2020

MODIS-Aqua: Land Surface Temperature LSTd (n=921)
LSTn (n=895) Daily 2012-2020

ERA5-HEAT (Human thErmAl comforT)
UTCI (n=1539)

HI (n=1539)
T2M (n=1539)

Daily 2012-2020



Godzilla Dust Event: Summer 2020



Co-design strategies and solutions by engaging scientist and public health officials in all project phases. >400,000 people 
impacted



“X-perimental Decision Support 
Tool “



11

June 29, 2021July 07, 2021

GOES-16: daily datasets: Experimental NRT AOD daily composite created from ABI L2 data from 
GOES-16. Fields generated by Atlantic OceanWatch node at NOAA/AOML



October 3rd, 2021



October 07, 2021



Media Coverage

https://www.primerahora.com/noticias/puerto-
rico/notas/insalubre-la-calidad-del-aire-ante-presencia-de-
polvo-del-sahara/

https://www.noticel.com/el-tiempo/20211009/continua-
insalubre-el-indice-de-calidad-del-aire/

https://www.elnuevodia.com/noticias/el-tiempo/notas/la-
calidad-de-aire-amanece-insalubre-en-varias-partes-de-
puerto-rico/

https://www.elnuevodia.com/noticias/locales/notas/densa
-bruma-que-afecta-a-puerto-rico-desde-hace-una-semana-
deteriora-la-calidad-del-aire/

https://www.primerahora.com/noticias/puerto-rico/notas/insalubre-la-calidad-del-aire-ante-presencia-de-polvo-del-sahara/
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.noticel.com%2Fel-tiempo%2F20211009%2Fcontinua-insalubre-el-indice-de-calidad-del-aire%2F&data=04%7C01%7Cpablo.mendez1%40upr.edu%7Cd4dcd5bfe1504268521c08d993035d9b%7C0dfa5dc0036f461599e494af822f2b84%7C0%7C0%7C637702464919229281%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=FXRnOo5YP6q0Q46%2F4ip3oMtQOIWPa0ITOvmB7AoGqBU%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.elnuevodia.com%2Fnoticias%2Fel-tiempo%2Fnotas%2Fla-calidad-de-aire-amanece-insalubre-en-varias-partes-de-puerto-rico%2F&data=04%7C01%7Cpablo.mendez1%40upr.edu%7Cd4dcd5bfe1504268521c08d993035d9b%7C0dfa5dc0036f461599e494af822f2b84%7C0%7C0%7C637702464919239244%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=krzbJANZRsP295U%2FvOSAX%2F15tjXfSJaeWDDZ0JbXF%2BQ%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.elnuevodia.com%2Fnoticias%2Flocales%2Fnotas%2Fdensa-bruma-que-afecta-a-puerto-rico-desde-hace-una-semana-deteriora-la-calidad-del-aire%2F&data=04%7C01%7Cpablo.mendez1%40upr.edu%7Cd4dcd5bfe1504268521c08d993035d9b%7C0dfa5dc0036f461599e494af822f2b84%7C0%7C0%7C637702464919239244%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=vQ0xur3nvR8ON57EpUOCNc4bPtMR5FIkTvl0WFe2S%2BY%3D&reserved=0


Memes and Salsa Songs



Next Steps
• AOD forecast from GEFS-Aerosols

• Experimental NRT AOD 4 hour composite 
created from ABI L2 data from GOES-16. 
Atlantic OceanWatch node at NOAA/AOML. 
Tks. Dr. Joaquin Triñanes

• Data Centralization
• Social Media Campaign
• Design posts that can be used in various 

Social Media sites to promote the 
application.

• The same posts will be created in Spanish 
and English.

• Video showing how to use the application
• Educational video
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Study of Imminent 
Interactions between 
SARS-CoV-2 (COVID-
19), Air Quality due 
to Saharan Dust and 
Urban Aerosols, and 
Social-environmental 
Factors in Puerto Rico 
in summer 2020: 
Proxies of Health 
Risks in Small Island 
States in the 
Caribbean Region

• The goal of the proposed work is to expand 
the scope of current NASA-sponsored 
Saharan dust research (80NSSC19K0194) to 
better understand possible interactions 
between COVID-19,  Saharan dust, and 
environmental factors (air temperature, sea 
surface temperature, and precipitation) in 
Puerto Rico. Results may help develop a 
proxy for the Caribbean Region using state of 
the art Earth Observation Data and public 
health records.



Study of Imminent 
Interactions between 
SARS-CoV-2 (COVID-19), 
Air Quality due to 
Saharan Dust and 
Urban Aerosols, and 
Social-environmental 
Factors in Puerto Rico in 
summer 2020: Proxies 
of Health Risks in Small 
Island States in the 
Caribbean Region

• Designed and implemented(Cross 
sectional study) qualitative 
instruments aiming to capture 
physicians and patients' risks, 
barriers, and vulnerabilities. 

• Physicians N=55 
• Patients COVID-19 confirmed 

cases N=104 
• IRB-Protocol Number 

B1540520

• Emergency Room Visits and 
Hospitalizations-2020-2021

• COVID-19 Weekly 2020-2021
• Weekly in specific diseases of 

the respiratory system.
• RR adjusted by environmental 

data (weekly 2015-2020)

• All Causes Excess Mortality 
Analysis Islandwide (weekly 
2015-2020) Including COVID-19

• Weekly average deaths 
during 2015-2020: overall 
and by season

• Weekly average deaths 
during 2015-2020: overall 
by year of death for each 
season

• Weekly average during 
2015-2020 in specific 
diseases of the respiratory 
system.

• COVID-19 Mortality Analysis 
(weekly 2020)

• RR adjusted by 
environmental data (weekly 
2015-2020)

• Medical Record Analysis



Alliances

• Reached out to several clinical sites in the Río 
Piedras Medical Center, the main supra-tertiary 
medical hub in Puerto Rico. 

• Clinical sites were selected based on their focus 
working with COVID-19 patients and main sites 
were identified.

• The Alliance is a National Institutes of Health 
(NIH) sponsored clinical and translational 
research facility where service priorities are 
established in accordance to the National 
Institute of General Medicine (NIGMS) 
guidelines. 



Lockdown 



Summer

Winter



Deaths per year of death and 
season

Deaths per year of death and season

dyr |    winter     summer     autumn     spring |     Total
-----------+--------------------------------------------+----------

2015 |     6,937      6,828      7,590      6,768 |    28,123 
2016 |     8,113      7,691      7,478      6,375 |    29,657 
2017 |     7,410      7,095      9,451      7,164 |    31,120
2018 |     8,240      7,356      7,206      6,425 |    29,227 
2019 |     7,885      7,187      7,236      7,298 |    29,606 
2020 |     6,463      8,573      8,166      8,077 |    31,279

-----------+--------------------------------------------+----------
Total |    45,048     44,730     47,127     42,107 |   179,012 



Poisson model to estimate the Relative Ratio (RR). We used 5 years of deaths in 5 
groups of environmental variables (using quintiles), the RR indicates average number of 
deaths in one group per 1 death in the reference group; in this case, the reference 
group was the first quintile.

COPD: 
the estimated number had values of UTCI ≥ 29.25 was 15% (RR: 1.15; 95%CI: .936,1.42) 
higher than in environments of COPD weekly deaths when the environment  with UTCI 
values < 25.73. Heat index ≥ 86.93 was 10% (RR: 1.10; 95%CI: .954,1.26) higher than in 
environments with heat index values < 78.92. 

Pneumonia: 
the estimated number of pneumonia weekly deaths when the environment had values 
of UTCI ≥ 29.25 was 11% (RR: 1.11; 95%CI: .875,1.42) higher than in environments with 
UTCI values < 25.75. HEAT INDEX ≥ 86.93 was 8% (RR: 1.08; 95%CI: .797,1.45)



Next Steps

• Given the situation with public health 
data, we requested a No-cost 
extension for this Grant.

• Next steps for medical record 
analysis:

• 1) Completion of the database
• 2) Analysis of the comorbidities most 

associated with COVID-19 and related 
diagnoses.

• 4) Final, in depth medical record 
review.



Questions! 

Environmental Health Department
Graduate School of Public Health

University of Puerto Rico-Medical Sciences Campus
PR-CLIMAH (Puerto Rico Climate and Health Research Group)

Principal Investigator: NASA Grant Number 80NSSC19K0194

Principal Investigator: NASA Grant Number 80NSSC20K1588

Supported by: NASA Research Announcement (NRA) NNH20ZDA001N-RRNES, Research 
Opportunities in Space and Earth Science (ROSES-2020), Program Element A.28 Rapid Response and 
Novel Research in Earth Science (RRNES).

https://www.facebook.com/PRCLIMAH

