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2017 Decadal  Survey 

RFI #2 seeks specific input from the community regarding science and 
applications targets (i.e., objectives) and associated measurements that 
promise to substantially advance understanding in one or more of the Earth 
System Science themes associated with the survey's study panels. 

 
This response (#2) falls within the purview of one of the five Earth science 
themes defined in the Request for Information for ESAS2017: 
!  (III) Marine and Terrestrial Ecosystems and Natural Resource Management 

Biogeochemical Cycles, Ecosystem Functioning, Biodiversity, and factors 
that influence health and ecosystem services: 
"  Disease Vector’s Habitats and Life Cycles 
"  Urban Heat Island - Impacts on Environmental Public Health 
"  Harmful Algal Blooms (HABS) 
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1915 Ross Model For Vector-borne Malaria 
Transmission 

Ross, Ronald. “Some a priori pathometric equations.” British Medical 
Journal 1.2830 (1915): 546 http://equationsofdisease.wordpress.com 



	
Measures environmental state functions important to 
vector & disease life cycles (within vector) 
Precipitation, soil moisture, temperature, vapor pressure 
deficits, wet/dry edges, solar radiation…. 
 
But also the interfaces as process functions: 
Land use/cover mapping; Ecological functions/structure, 
species, canopy - cover species, phenology, chemistry; aquatic 
plant coverage….. 
 
And provides a Spatial Context 
Spatial coverage & topography – local, regional & global… 
              Lastly, but perhaps the greatest strength: 
               Provides a time series of measurements 

Strengths Of Satellite Observations 
	



Epidemiologic Triangle of Disease 
(Vector-borne Diseases) 

A multi-factorial relationship between hosts, agents, vectors 
and environment 

Host 

Environment 
(Climate & Weather) 

Agent 
(eg, Pathogen) 

Vector	

Morin 2014 
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A Ecological Thermodynamic Paradigm"
	 ☀ θ∆ ics 🌎	

The epidemiological equations (processes) can be adapted 
and modified to explicitly incorporate environmental factors 
and interfaces 
	
Remote sensing can be used to measure or evaluate or 
estimate both environment (state functions) and interface 
(process functions). The products of remote sensing must 
be expressed in a way they can be integrated directly into 
the epidemiological equations. The desired logical 
structures must be consistent with thermodynamic and with 
probabilistic frameworks. 
	







Luvall & Hobo 1989 
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soil evaporation 

Root uptake 

infiltration 

drainage 

PRECIPITATION 

 transpiration & 
        evaporation  

Rootzone moisture 

Sfc moisture 

Soil hydraulic parms 

Veg stress parms  
 

Bare soil evap parms 

Soil moisture 
holding capacity 

Root distribution parms 

Given known radiative energy inputs, 
how much water loss is required to keep 
the soil and vegetation at the observed 
temperatures? 

runoff 

WATER BALANCE APPROACH 
(prognostic modeling) 

SURFACE TEMPERATURE 

TSoil 

Tsoil & Tveg  

 transpiration & 
        evaporation  

soil evaporation 

Tveg 

ENERGY BALANCE APPROACH 
(diagnostic modeling) 

Ag and Forest Meteorology, May 2014 
Martha C. Anderson, et al. USDA-Agricultural Research Service, 
Hydrology and Remote Sensing Laboratory, Beltsville, MD 
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Malone, J. B. 2005. Biology-based mapping of vector-borne parasites by 

Geographic Information Systems and Remote Sensing. Parassitologia 47:27–50.	
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Challenges 
☀θ∆ ics 🌎 

Satellite Data 
                      – repeat frequency & spatial resolution 
                      – spectral bands available 
                      – clouds 
                      – life cycle 
                      – cost 
                      – data availability & timeliness of delivery 

Public Health & Epidemiology 
                     – availability of data & various sampling issues	
                     – difficulty in getting access to sampling areas	
                     – cost	
                     – understanding of the data provided by satellites	
                     – Define & quantify the multi-factorial relationships	
                        between hosts, agents, vectors and environment	
	



http://www.gnosisgis.org/index.php	



Urban Heat Island - Impacts on Environmental 
Public Health 
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Extreme heat events, or 
heat waves, are the most 
common cause of 
weather-related deaths in 
the United States. They 
cause more deaths each 
year than hurricanes, 
lightning, tornadoes, 
floods, and earthquakes 
combined. 
 
 
The number of heat-
related deaths is rising. 
For example, in 1995, 465 
heat-related deaths 
occurred in Chicago. From 
1999 to 2010, a total of 
7,415 people died of heat-
related deaths, an average 
of about 618 deaths a 
year. 



European heat wave caused 35,000 deaths 2003 
 
	

! European heat wave caused 35,000 deaths 2003 
 
! Over 15,000 likely dead in Russian 2010 heat wave; Asian 

monsoon floods kill hundreds more 

! Heat wave death toll in NYC rises to 8 NYDN 7/23/13 
 
! UK Heat wave death toll: Up to 760 killed and total may 

double as temperatures above 30o c continue 7/18/13 

! Chicago July 1995 more than 700 died 
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Surface Temperature(ºC)  

Surface Temperature  Day: Flight 1 Line 23 Hato Rey 



  5       16       20       24           26    33.3 
           Surface Temperature (ºC) 
 

Surface Temperature at Night: Flight 2 Line 23 Hato Rey 







San Juan Puerto Rico  
Albedo vs Temperature 
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Comarazamy, Daniel E, Jorge E Gonz‡lez, Jeffrey C Luvall, Douglas L Rickman, and Robert D Bornstein. 2013. 
“Climate Impacts of Land-Cover and Land-Use Changes in Tropical Islands Under Conditions of Global Climate 
Change.”Journal of Climate 26 (5): 1535–50. doi:10.1175/JCLI-D-12-00087.	
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Harmful Algal Blooms (HABS) 



Western	Basin	CyanoHAB	during	the		
2014	Toledo	Water	Shutdown	(1-3	Aug	2014)	

Source:	Photos-	P.	Essick,	National	Geographic;	
Related	article:	J.J.	Lee,	Aug	4,	2014	National	Geographic	News	 Ortiz	et	al.,	(HyspIRI	2016)	
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SPoRT SST composite MODIS 2 km	
	



        transitioning research data to the operational weather community 

NASA’s	Short-term	Prediction	Research		
and	Transition	(SPoRT)	Center	

•  The SPoRT Center focuses on the 
transition of “research to applications” 
for unique NASA, NOAA, and other-
agency capabilities 

•  Current focus is on the use of land 
surface modeling and remote sensing 
for a variety of applications 

–  Weather Analysis and Forecasting 
–  Numerical Weather Prediction 
–  Remote Sensing 
–  Disasters 

•  SPoRT is well-suited to combine 
multiple products to support Public 
Health applications, through 
combination of satellite-derived and 
model-derived information. 

Temperature and soil moisture anomalies for public 
health (extreme heat and cold) or environmental 
applications favorable for disease vectors 

True Color:  
Highlighting Dust False Color: Improved 

Depiction of Dust 
Multispectral remote sensing from VIIRS and MODIS 
for air quality and vegetation applications. 

Combined, modeling and remote sensing capabilities can support the generation of new  
Public Health products, alerts, and end training for end users. 


