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Cholera Deaths Soho, London August-September, 1854
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Measures environmental state functions important to vector

& disease life cycles (within vector)
Precipitation, soil moisture, temperature, wet/dry edges, solar
radiation

But also the interfaces as process functions:
LLand 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 the greatest strength.
Provides a time series of measurements




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 intertace (process functions). The
products ot remote sensing must be expressed 1n 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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Second law and ecosystems

What is the thermodynamic game?

Store energy
Increase Biomass

Make use of as much of the exergy as possible to
perform tasks. Make the most effective use of the

energy. @

(H.T. Odum was right! If maximum work principle
means extract the most available work from the
energy source.)




Surface
Radiation Budget

O = (K int K out ) i (L in T L out )
Q™ = Net Radiation
K .. = Incommg Solar
K .= Retlected Solar
L ;.= Incomimng Longwave

L .= Emitted Longwave



Surface Energy Budget

Q*=H+LE+G

H = Sensible Heat Flux
[LE = Latent Heat Flux

(G = Storage (maybe + or - )




T hermal Response Number

TRN = Q%delta |

where:
Q* = net radiation
delta | = change In temperature

m Uses the change 1 surtace temperature between
2 measurement times

m Uses surface net radiation as amount of energy
available the surface for partitioning

m Produces a quantifiable value (k] m-2 oC -1)

m Allows the classification of land use 1n terms ot
energy partitioning




Nonequilibrium thermodynamic
hypotheses concerning ecosystem
development

* Exergy utilization will increase

— Rn/K* will increase
— Surface temperature will decrease

* Internal equilibrium will increase

— Spatial variation in surface temperature will
decrease (Beta index increases)

— Temporal variation in surface temperature will
decrease (TRN increases)




Surface Temperature

_ Rb
T =T + . (R - E)
p
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Environment/interface

. Temperature- ECOSTRESS (2017), HyspIRI (2020+)
. Precipitation-GPM 2014

So1l Moisture-SMAP(2015)

. Hyperspectral-proposed Space Station (~2017)

. Structure- IceSat-2 (2016)
. Flooding/water levels lakes streams — SWOT (late 2020)
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ECOsystem Spaceborne Thermal
Radiometer Experiment on Space Station



ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station

ECOSTRESS will provide critical insight into and how

ViEz resolution thermal infrared radiometer measurements of
evapotranspiration from the International Space Station (ISS).

Water Stress Drives Plant Behavior Water Stress Threatens Ecosystem Productivity

Stomata close to
conserve water

Aug 2012

Evapotranspiration

Evaporative Stress Index
High Water Stress Low Water Stress

6 AM 12 PM 6 PM

Identify 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
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The International Space
Station (ISS)




Public Health

* Landscape epidemiology

* Heat stress & drought
monitoring

* Insect infestation

* Emergency response plans
* Disease forecasting

Risk mitigation

Global Coverage once every 3 days
Products for soil moisture &
temperature

1-36 km resolution
Jan 2015




—H1 (m21)

— H2 (m28)

—H3 (a10)

—H4 (a11)

—HS5 (a12)
HG

— H7

— H8 (m32)

Relative Spectral Response

3.00 4.00 5.00 6.00

7.00 8.00 9.00
Wavelength (um)

10.00

\

11.00

12.00

13.00



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
o . . surface modeling and remote sensing
Temperature and soil moisture anomalies for public

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

 SPORT is well-suited to combine
multiple products to support Public
| Health applications, through
Multispectral remote sensing from VIIRS and MODIS combmatlc?n ot .satelllteiderlved and
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.

SPOKI
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