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Epidemiologic Triangle of Disease
(Vector-borne Diseases)

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

Host

Agent Environment
(eg, Pathogen) (Climate & Weather)

Morin 2014
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al Capacity

>

VC = ma?bpM

-log(p)
m Mosquito:vertebrate density
a Man biting rate of mosquito

(alternatively, contact rate)

b Vector competence (% mosquitoes
that will become infectious)

p Mosquito mortality (average
lifespan)
N EIP (time it takes for virus to be

transmitted by a mosquito)

Figure 5: Vectorial Capacity (VC)
equation and variable definitions.




Impacts of Temperature on Vector Life Cycle
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Figure 6 (from Christofferson & Mores 2016): Figure 7 (from Christofferson & Mores 2016): Survival curves

Survival curves for comparisons of A) unexposed to  for comparisons of A) infected mosquitoes across all three

infected mosquitoes at 30°C and B) unexposed to temperatures and B) mosquitoes with a disseminated infection

mosquitoes with a disseminated infection were across all three temperatures. Significant differences were found

significantly different. only between 26°C (red) and 30°C (blue) in both cases.




¥ _ Potentially, An Increased Risk of Transmission
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Figure 8 (from Christofferson & Mores 2016): Schematic
demonstrating the impact of mosquito mortality on the
cumulative transmission potential of an arbovirus.

. § “Extrinsic Incubation Period (EIP). This process is known to be influenced by both.intrinsic (such as viral
7 strain and/or mosquito population) and extrinsie;factors (such as temperature and humidity)



Places that Produce Anopheles Mosquitoes




Backyard Swimming Pools Los Angeles County California.
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—# Stiengths Of Satellite Obsetvations

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,
canopy cover, species, phenology, 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
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Ecoﬁ |cal Thermodynamlc Paradlgm
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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.
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Challenges
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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 sampiing areas
— cost
— understanding of the data provided by satellites
— Define & quantify the multi-factorial relationships

between hosts, agents, vectors and environment "




Environmental Surveillance and
Monitoring System

Robert ]. Novak, PhD
University of South Florida
College of Public Health
Department of Global Health




asmodium falciparum is a protozoan parasite, one of the
gcles of Plasmodium that cause malaria in humans.

SVivax was also present in Cambodia)

Anopheles vectors in Cambodia are
extremely diverse

An. aconitus pallidus
An. annularis :: pampanai
An. barbirostris (45p.)  an beditaeniatus > 30 Anopheles species
An. campestris An. philippinensis ~ from our collections
An. dirus A An. pseudojamesii
An. hyrcanus group (4 5p.) An. splendidus
An. Jamesil An. subpictus
Pt An. sundaicus 16 species positive

. An, tessellatus for P dp fa d
An. maculatus (3 sp.) An. vagus or P.f. and P.v. so far (red)
An. minimus {2 sp.) An. varuna
An. nigerrimus Unknown An.
An. nivipes
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DELIVERABLES

. The Product will provide the means for overlaying a measured and changeable grid for

. The Product using remote sensing technology provides the means to detect plums of CO, and

To develop an “off the shelf” user friendly Product for “Environmental Surveillance and
Monitoring using GIS, remote sensing technologies, providing for the basic elements
applicable to multiple landscapes and geographic areas {global) to provide near real time

information for decision makers at all levels of Government and malaria control operations.

enhance logistics for surveillance and sampling from high resolution satellite data and the
ability to create associated data files to specific areas of concern.

The product will also provide a user friendly means to identify and monitor aquatic and
terrestrial mosquito habitats and create “unique habitat signature” for Anopheles species
{habitat signatures to locate new and unknown habitats.

The Product will also provide “user friendly” means to create digital elevation, climate and

vegetation models to locate and monitor areas of concern for malaria transmission.

ammonia in 20 to 60 cm” units to locate areas of high attractive risk to human hosts.

The product will include open data architecture to accommodate multiple users and
databases.

This new signature ability is combined with UAV {Drone) technology developed for mosquito

surveillance and control to fine-tune habitat signatures regarding temporal habitat variations,






1.  To develop an “off the shelf” user friendly Product for “Environmental Surveillance and Monitoring using GIS, remote sensing technologies, providing for the basic elements applicable to multiple landscapes and geographic areas (global) to provide near real time information for decision makers at all levels of Government and malaria control operations. 

2.  The Product will provide the means for overlaying a measured and changeable grid for enhance logistics for surveillance and sampling from high resolution satellite data and the ability to create associated data files to specific areas of concern.

3.  The product will also provide a user friendly means to identify and monitor aquatic and terrestrial mosquito habitats and create “unique habitat signature” for Anopheles species (habitat signatures to locate new and unknown habitats.  

4.  The Product will also provide “user friendly” means to create digital elevation, climate and vegetation models to locate and monitor areas of concern for malaria transmission.  

5.  The Product using remote sensing technology provides the means to detect plums of CO2 and ammonia in 20 to 60 cm2 units to locate areas of high attractive risk to human hosts.  

6.  The product will include open data architecture to accommodate multiple users and databases. 

7.  This new signature ability is combined with UAV (Drone) technology developed for mosquito surveillance and control to fine-tune habitat signatures regarding temporal habitat variations.




Key Input Elements of the Cyber System Platform.

Community Based = Evidence Based Data

Entomological Data Menu
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Creating a Spectral Habitat Signature
Spectral

Band

Coastal Blue

Blue
0.2—-0.6 m2
Pixel Green
Yellow
Red
Red Edge

Near Infrared
1

Near Infrared
2

Purpose

Vegetation and water depth
based on chlorophyll

Vegetative analysis based on
chlorophyll

Plant vigor analysis

Plant vigor on land and in the
water

Vegetation discrimination, soils,
geology

Plant vigor

Moisture content, plant biomass

Moisture content, plant biomass
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Pailin Cambodia

Villages within Pailin, Cambodia,
in Comparison
to Elevation
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RattanKiri Elevation and NDVI Maps

Villages within Rattanakiri, Cambodia,

Villages within Rattanakiri, Cambodia,
in Comparison to Elevation

in Comparison to
NDVI Values

Legend

® Possible Villages Legend

. Possible Villages
®  Unknown Villages ©  Unknown Villages
® Known Villages

@ Known Villages

Roads |:| District Boundary
I vater N NDVI .
. Val
Elevation (meters) W%FE T gh £ 0631344
) — A\ E
- High : 1483 S
Low : -0.240289
L -
- Low : 56

R AN .
o
e Citone :
8 Sacung .

Trapeang Kraham a
; { Koun Mom}
Trapeang Chres s

o CE m | B 1
= %
{Serci Mongkol | i

S

20 Miles
)

Sources: United States Geological Survey, DIVA-GIS, Google Earth







e
A
O 5
L
P g g
gy
e,
iy

e
7




HyspIRI Science and Applications Workshop
17 to 19 October 2017, Caltech, Pasadena, CA

Key Science and Science Applications
Climate: Ecosystem biochemistry, condition & feedback; spectral
albedo; carbon/dust on snow/Ice; biomass burning;
evapotranspiration.
Ecosystems: Global plant functional-type, physiological
condition, and biochemistry including agricultural lands.
Fires: Fuel status, fire occurrence, severity, emissions, and
patterns of recovery globally.
Coral reef and coastal habitats: Global composition and status.
Volcanoes: Eruptions, emissions, regional and global impact.
Natural and resources: Global distributions of surface mineral
resources and improved understanding of geology and related
hazards.

Societal Factors: Urban environment, habitability and resources. ;

Mission Urgency
The HysplRI science and application objectives are important
today and uniquely addressed by the combined imaging
spectroscopy, thermal infrared measurements, and IPM direct
broadcast. “F

Ecosystems

Bl SprucefFir
White Pine
Hemlock

Beech

Sugar Maple
Red Maple
Other Mixed HW

Evapotranspiration
e | -y 3

Measurement
Imaging Spectrometer (VSWIR)
- 380 to 2510 nm in 10nm bands
- 30 m spatial sampling o7
- 16 days revisit 5.
- Global land and shallow water #::
Thermal Infrared (TIR): 02
- 8 bands between 4-12 ym o
- 60 m spatial sampling
- 5 days revisit
- Global land and shallow water
IPM-Direct Broadcast
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Workshop Objectives

Interact with broad science and applications research
community

Review science inputs to the Decadal Survey

Review HyspIRI Mission Concept efforts in 2017

Discuss ECOSTRESS TIR mission headed to the ISS

Present new relevant Science and Applications Research

Review results from the U.S. HyspIRI preparatory airborne
campaigns

Review AVIRIS-NG VSWIR Asian Environments campaign in
India

Support current Decadal Survey process

Information and Registration at: http://hyspiri.jpl.nasa.gov



> Hyperspectral Data from LEO
.

» Teledyne and DLR have partnered to build
and operate the DLR Earth Sensing
Imaging Spectrometer (DESIS) from the

Teledyne-owned MUSES Platform on the
ISS

» DESIS Provides:
« 30 m GSD, 30 km swath
« 235 contiguous bands of 2.55 nm
« Senses from 400 nm to 1000 nm

- .." ':"!'fm_ : ‘I
P

ﬂi

» Commercially available in Q2, 2018 through
Teledyne’s Earth Sensor Portal

Ray Perkins, Teledyne Geospatial Solutions
17 October, 2017 NSSTC presentation



GECOSTRESS

ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station
Dr. Simon J. Hook, JPL, Principal Investigator

ECOSTRESS will provide critical insight into plant-water dynamics and how ecosystems change with
climate via high spatiotemporal resolution thermal infrared radiometer measurements of
evapotranspiration from the International Space Station (ISS).

Water Stress Drives Plant Behavior

Threatens Ecosystem Productivity

- F)
Stomata close to m. 4
conserve water ;
-~

c
8
=
©
S
o
O
c
c
-
=
o
o
S
>
L

Evaporative Stress Index
High Water Stress <l ) Low Water Stress

Water stress is quantified by the
Evaporative Stress Index, which relies on
evapotranspiration measurements.

When stomata close, CO2 uptake and
evapotranspiration are halted and plants
risk starvation, overheating and death.

Science Objectives

* lIdentify critical thresholds of water use and water stress in key climate-sensitive biomes

 Detect the timing, location, and predictive factors leading to plant water uptake decline and/or cessation over the diurnal cycle

» Measure agricultural water consumptive use over the contiguous United States (CONUS) at spatiotemporal scales applicable to improve drought
estimation accuracy



Compact Snapshot Image Mapping Spectrometer (SNAP-IMS) with
an Unmanned Aerial Vehicle for Hyperspectral Terrain Imaging -

Jason G. Dwight!, Tomasz S. Tkaczyk', David Alexander?, Michal E. Pawlowski', Jeffrey NA'
C. Luvall®, Paul Tatum3, and Gary J. Jedlovec? o

'Department of Bioengineering, Rice University, Houston, TX, 77005, United States
’Rice Space Institute, Rice University, Houston, TX, 77005, United States
*Marshall Space Flight Center, NASA, Redstone Arsenal, Huntsville, AL, 35812, United States

SNAP-IMS Specifications

Dimansions 2BB8x130x160 mm
Mass 3.6 kg

FOV 10.6°

IFOW 03’

Speciral Range 485 nm - B30 nm
speciral channels 55
spalial Samples  350x400



Visible Derivative Spectroscopy of Mu

a nd Hype rS peCtra | I m a ges A N eW Ap o Intercomparison of Approaches to
- - . . the Empirical Line Method for
Algal and Cyanobacterial Differentiatic Vicaricus Hyperspectral Reflectance

Josoph D. Ortiz *, Dulcinea Avouris', Stephen Schiller?, Jeffray G. Luvall®, John D. Lekki®,
Reger P Tokars®, Robert C. Anderson®, Robert Shuchman®, Michae! Sayers® and

Dr. Joseph Ortiz > A e
(jortiz@kent.edu),

Kent State University D e
Department of Geology o e 1o oo
Collaborators: D. Avouris (KSU),

Stephen Schiller (SDSU), Jeff Luvall
(NASA-Marshall), John Lekki,
RogerTokars, Robert Anderson,

Robert Shuchman, Michael Sayers, _
and Richard Becker e S,

Peer-Reviewed article: https://www.frontiersin.org/articles/10.23

Ortiz et al., (HyspIRI 2017; jortiz@kent.edu)


https://na01.safelinks.protection.outlook.com/?url=https://www.frontiersin.org/articles/10.3389/fmars.2017.00296/full&data=01|01|jortiz@kent.edu|dab13fe461ff442c9fc008d50cba6070|e5a06f4a1ec44d018f73e7dd15f26134|1&sdata=ZKQxyE6HhCpRAsRvJ+I/1vdcWHY+I0EAXNa5os+4MIY=&reserved=0

KSU Spectral Unmixing Experimental Outcome
Number of
Spectral Placement
: Components
and Resolution

extracted
Landsat 8: Four bands: 3om 3m
440, 480, 560, 655 @ 20, 60, 60
and 30 nm resolution 3 3
NASA HSI2: 31 Bands
400-700 NM @310nm resolution > >

Ortiz et al., (HyspIRI 2017; jortiz@kent.edu)



VPCA 3 Simulated L8 06211615 MBSP 062116 15_MBSP 062116 15_MBSP 10nm, 062116 15_ MBSP

VPCA 3 Simulated L8 bands, 3m, smooth gxg 1onm,

bands, 3om

Composition:
-Goethite &
+Haematite
(R=0.84)

And

Hematite &

phycocyanin
(R=0.95)

062116 HSI2 15_MBSP L8 Bands, 30m VPCA 3: 0.5%



PRECIPITATION

1

transpiration &

evaporation
Veg stress parms

tBare soil evap parms
soil evaporation 4>

Sfc moisture ~~_

infiltration ™
‘Soil hydraulic parms

Rootzone moisture --» Root uptake

) Root distribution parms
drainage ,',

Soil moisture
holding capacity

WATER BALANCE APPROACH
(prognostic modeling)

SURFACE TEMPERATURE
I"’ Tsoil & Tveg

transpiration &
evaporation

Tso ---» soil evaporation

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

ENERGY BALANCE APPROACH
(diagnostic modeling)




Remote Sensing of Environment 115 (2011) 1772-1780

Contents lists available at ScienceDirect

Remiote Sensing
Erwvir(nment

Remote Sensing of Environment

journal homepage: www.elsevier.com/locate/rse

High-resolution urban thermal sharpener (HUTS)

Anthony Dominguez ?, Jan Kleissl **| Jeffrey C. Luvall ®, Douglas L. Rickman °

# University of California, San Diego, Department of Mechanical and Aerospace Engineering, USA
® NASA, Marshall Space light Center, AL 35812, USA




A Dominguez et al. / Remote Sensing of Environment 115 {2011) 1772-1780
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Fig. 5. Sharpened T; zoomed in to a 100 x 100 pixel urban region (centered at 18.390698°N, 66.153084°W) at 10 m resolution. The figure shows a major highway intersection (Cll 2
and Carr 174). To the south of the east-west highway are mostly residential neighborhoods with trees, while parks, parking lots, and commercial buildings are to the north. West of



ECOSTRESS Simulated LST - 67m

1. Signatures of
vegetation stress are

manifested in the
LST signal before
any visible
deterioration of
vegetation cover
occurs.

. The surface

moisture state can
be deduced directly
from the remotely
sensed LST.

MASTER LST: 08/26/2014

400 m

323.8K

319.2 K

gle Earth: 08/28/14




A high spatio-temporal resolution Land Surface Temperature (LST) product for urban

environments

Glynn Hulley, JPL, PI
Jeffrey Luvall, MSFC, Co-lI

AVIRIS -
NDVI

AVIRIS

Albedo

.

Geolocation
and
Resampling

Training

Dominguez et al. 2011

HyTES LST

*HUTS = High Resolution Urban Thermal Sharpener

Multivariate

regression
(HUTS®)

f{INDVI, Albe

Figure 1-3. Flow
schematic detailing the
procedure for
generating the high
spatio-temporal
resolution LST urban
do) product (30m, 30min)

Sentinel-2a/b Weekly
Albedo, NDVI

(20m)
Geolocation
and
Resampling

Landsat 8 LST

Application

HUTS Sharpening

ST

f(NDVI, Albedo)

Landsat LST
20m

«— Daily 30 min

SVM*+
Gradient
Boosting

model

*SVM = Support Vector Regression Machine
Sismandis et al. 2016




NSID( http://nsidc.org/data/SPL2SMAP_S/versions/1
¥

Dear Colleague,

The beta version of the “SMAP/Sentinel-1 L2 Radiometer/Radar 30-Second
Scene 3 km EASE-Grid Soil Moisture” data set is now available at the NASA
National Snow and Ice Data Center Distributed Active Archive Center (NSIDC
DAAC).

This product combines L-band radiometer measurements from SMAP and C-
band radar measurements from Copernicus Sentinel-1 to produce high-
resolution soil moisture estimates.

The SMAP Science Data System (SDS) began forward processing for this new
data set on 27 October 2017. Data reprocessing from 01 April 2015 to 27
October 2017 will start in mid-November 2017. These data will be made
available as they are processed and registered users will be notified when
reprocessing is complete.

Users should be aware that these beta data use preliminary algorithms that are
still being validated and are thus subject to uncertainties. The
calibrated/validated release of this data set is expected to occur in Spring 2018.

To access data, documentation, and tools, please see the SMAP Web site at
the NSIDC DAAC:
http://nsidc.org/data/smap/




SMAP - One day 3 km x 3 km pixel Surface Soil Moisture (0-5cm)

Figure 2. Spatial Coverage Map displaying SMAP/Sentinel-1A/1B match-up scenes. The map was created using the NASA Earthdata Search tool.




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

e Current focus is on the use of land
surface modeling and remote sensing

health (extreme heat and cold) or environmental for a variety of applications
applications favorable for disease vectors — Weather Analysis and Forecasting

— Numerical Weather Prediction
— Remote Sensing
— Disasters
e SPORT is well-suited to combine
multiple products to support Public
Health applications, through
combination of satellite-derived and

Temperature and soil moisture anomalies for public

Multispectral remote sensing from VIIRS and MODIS : _ ]
for air quality and vegetation applications. model-derived information.

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

;?el? T transitioning research data to the operational weather community










KEY ATTRIBUTES OF THE SURVEILANCE AND MONITORING SYSTEM

(1)
(2)
(3)
[iél)
(5)

(6)
(7)

8)

PO)

Determine the current and evolving state of malaria prevalence and incidence by analyzing, refining and validating
existing and developed models;

Provide training and courses designed to give professional and non-professional personnel an adequate knowledge
of disciplines including entomology, parasitology, epidemiology, GIS/Remote sensing and computer technology.

Guide the tailoring of intervention strategies to local landscape characteristics by integrating the implementation
and analysis of multiple intervention tactics from environmental to clinical.

Integrate climate, epidemiological and ecological data, to forecast critical potential high risk transmission areas and
time periods.

Analyze overall progress for households and communities, to determine health and economic implications
associated with malaria reductions or increases.

Identify and provide key data needs for operational managers, ministers of health, donors and scientific users.

Measure the performance and cost effectiveness of malaria control and/or other interventions by performing
periodic cost-benefit analyses.

Expand the surveillance system to different provinces or landscapes within country.

Ensure built-in adaptability of this system to other diseases of public health importance.

(10) An open IT system design to accommodate other data-bases, partners, and sources of information




Protecting Our HeaLtw

Thriving on Our Changing Planet

A Decadal Strategy for Earth Observation from Space

premature deaths from vat = B Satellite observations of temperaturs, "
air pollution around the . = 4 vegetation, and rainfall help predict

warld every year the spread of mosquito-horne
illnesses like malaria, Zika,
and West Nile Virus.

| pollutants across the

try, providing air quality data
ral areas without ground-based
monitoring systems and measuring
the effects of air quality regulations.

N e .| SCIENCES
#EarthDecadal R oret ENGINEERING

Earth Informatic n is Increasingly
Critical to Thriv ng on our Planet

THE IMPORTANCE OF EARTH INFORMATION M

1 ==
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Ensuring Resource AvaiLasiLimy
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Recommended NASA Priorities: Desighated

TARGETED

SCIENCE/APPLICATIONS SUMMARY

Aerosol properties, aerosol vertical
profiles, and cloud properties to
understand their direct and indirect
effects on climate and air quality

Aerosols

Clouds,
Convection, dynamics for monitoring global
& hydrological cycle and understanding

Precipitation contributing processes

Large-scale Earth dynamics measured

by the changing mass distribution within measurement of gravity X
and between the Earth’s atmosphere,

Mass Change

Coupled cloud-precipitation state and

. ground water, and ice sheets

Earth surface geology and biology,
ground/water temperature, snow
reflectivity, active geologic processes,

vegetation traits and algal biomass

Surface
Biology &
Geology

Surface

Interf

CANDIDATE MEASUREMENT
APPROACH

Designated
Explorer
Incubation
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