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About ARSET



About ARSET

A ARSET provides accessible, relevant, and cost
free training on remote sensing satellites,
sensors, methods, and tools.

A Trainings include a variety of applications of
satellite data and are tailored to audiences
with a variety of experience levels.
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https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-disasters-training
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-agriculture-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-land-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-water-resources-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-climate-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-health-air-quality-trainings
https://appliedsciences.nasa.gov/get-involved/training?search_api_fulltext=fire

About ARSET Trainings

Online or in -person

Live and instructor -led or asynchronous and self -paced
Cost-free

Bilingual and multilingual options

Only use open -source software and data

o Do Do Do Do Iw

Accommodate differing levels of expertise

A

Visit the ARSET websiteto learn more.
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https://www.earthdata.nasa.gov/data/projects/arset

Remote Sensing for Climate -Sensitive Infectious Diseases
Overview



Why Climate -Sensitive Infectious Diseases
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Observing Climate Variables from Space

Sea Surface Temperature: 40 yrs

Land Surface Temperature: 21 yrs
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Climate, Environment, and Disease Outbreaks

A Developmental Rate
A Larvae Survival

Temperature A Mortality

B A Parasite Development Rate

A Biting Rate
A Vector Competence

A Breeding Habil at
A Food Availabili y
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Training Learning Objectives

By the end of this training attendees will be able to:

A

A

|dentify environmental variables and conditions that can be observed from space which are
relevant to climate -sensitive infectious disease outbreaks.

Identify the steps and tools needed to study climate -sensitive infectious disease outbreaks using
remote sensing data.

Recognize several remote sensing datasets commonly used to study and forecast climate sensitive
infectious diseases, along with their key attributes such as resolution, coverage, latency, and
uncertainty.

Select appropriate remote sensing datasets for studying climate -sensitive infectious diseases based
on the disease characteristics, region of interest, and relevant environmental parameters.
Examine the benefits and challenges of using remote sensing data for studying climate -sensitive

infectious diseases through the case study of the EPIDEMIA system tracking and forecasting Malaria
in Ethiopia and alternative approaches.

NASA ARSET Remote Sensing for Climate -Sensitive Infectious Diseases 9 .



Prerequisites

A Fundamentals of Remote Sensing

NASA ARSET Remote Sensing for Climate -Sensitive Infectious Diseases


https://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing
https://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing

Training Outline

Part 1

How Remote Sensing Can be Used to
Study Climate -Sensitive Infectious
Diseases

October 7, 2025
11:00 - 13:00 EDT

Part 2

Case Study in the Use of Remote
Sensing to Study Climate -Sensitive
Infectious Diseases

October 9, 2025
11:00 - 13:00 EDT

Homework
Opens October 9 0 Due October 23 3 Posted on Training Webpage
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A certificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment(s) before the given due date.
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Remote Sensing for Climate -Sensitive Infectious Diseases
Part 1: How Remote Sensing Can be Used to Study Climate -
Sensitive Infectious Diseases



Part 1 Objectives

By the end of Part 1, participants will be able to:

A

To To o

Understand NASA Earth Observation assets and their characteristics which can be used to study
climate -sensitive infectious diseases

Describe how remotely sensed parameters can be used to monitor disease vector habitats
List the elements of a conceptual framework for disease risk assessment using remotely sensed data

Determine direct and indirect Earth Observation metrics that can be used to assess disease hazard,
exposure, and vulnerability within this conceptual framework

|dentify several common remote sensing missions and derived variables used to map disease risk
and assess disease burden

Articulate some of the common challenges of working with remotely sensed data in infectious
disease studies, as well as strategies for overcoming these challenges
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How to Ask Questions

o To

Please put your questions in the Questions box and we will address them at the end of the webinar.

Feel free to enter your questions as we go. We will try to get to all of the questions during the Q&A
session after the webinar.

The remainder of the questions will be answered in the Q&A document, which will be posted to the
training website about a week after the training.
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Part 1 0 Trainers

Assaf Anyamba Tatiana Loboda
Senior Research Scientist Professor and Chair
UMBC & NASA GSFC Department of Geographical

Sciences, UMCP
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Why We Use Earth Observations (EO) to Study Climate -Sensitive
Infectious Diseases
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Infectious Diseases

A Infectious Disease Definition _: (Human) Disease caused by pathogenic organisms
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https://www.emro.who.int/health-topics/infectious-diseases/index.html
https://www.emro.who.int/health-topics/infectious-diseases/index.html

Disease Econiche Concept

A

The ecological niche ( econiche ) of an infectious
disease represents environmental settings and
conditions that allow a pathogen to survive,
reproduce, and spread.

Disease Econiche Encompasses:

I Environmental conditions (e.g., weather, land
cover, etc.)

I Interactions with other species (e.g., vectors)
I Target host availability and distribution

Primary Characteristics:

I Variability of each of the econiche
components in space and over time

I Highly complex interactions

NASA ARSET Remote Sensing for Climate -Sensitive Infectious Diseases
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Earth Observations: Scale, Coverage, and Pixel Size/Resolution

A Extensive (local to global) information about various components of disease econiche:

I EO data from a variety of satellites (including private satellite constellations) deliver imagery at
different granularities (i.e., spatial resolution or pixel size).

Google Earth
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1&/"*‘\ Maxar 2025 (~30 ¢m)

Google Earth
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Earth Observations: Polar Orbiting Satellites

A Consistent, repeatable monitoring, varying return frequency

MODIS (Aqua) 1km Resolution Landsat (30 m), Sentinel 2 (10 m) Resolution

Credit: NASA Science on a Sphere Credit: NASA's Scientific Visualization Studio
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Earth Observations: Geostationary Satellites

A Consistent, continuous monitoring, coarser footprint

GOES East and West

Credit: NASA's Scientific Visualization Studio
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Earth Observations: Enhanced Viewing Capabilities

A Ability to observe the environment in ways that are not available to our direct senses
I Multispectral (beyond just visible)
I Hyperspectral
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https://www.earthdata.nasa.gov/learn/earth-observation-data-basics/remote-sensing

Earth Observations: Active Sensing Technology

A Ability to observe the environment in ways that are not available to our direct senses
I Multispectral (beyond just visible)
I Hyperspectral
I Radar
i Lidar
JPL Airborne Radar: Wetlands Under Tree Canopy GEDI Lidar: 3-D Structure
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Credit: NASA Earth Observatory Credit: NASA Earth Observatory
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https://eoimages.gsfc.nasa.gov/images/imagerecords/80000/80982/napo_sar_2013076_lrg.jpg
https://bsos.umd.edu/featured-content/gedi-releases-first-data

Earth Observations: Direct and Proxy Metrics

A Direct and indirect metrics describing disease econiche parameters

I Direct: e.g., Vegetation Greenness = How much vegetation is there and how healthy and robust
itis
I Indirect: e.g., Land Use = Occupational Exposure
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Earth Observations: Summary

A A |large fleet of EO satellites is collectingé
I Comprehensive
I Repeated
I Diverse
sets of imagery that are used to derivee
I Direct
I Indirect
metrics which can be used to monitor disease econiche
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Building a Conceptual Framework for Studying Climate -
Sensitive Infectious Diseases (Myanmar Malaria Case Study)



IPCC Conceptual Framework for Risk Assessment

Exposure

Hazard

Vulnerability
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Malaria Risk: Hazard
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Consideration 1: Malaria Vector Diversity
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Figure 5 in Vantaux et al. (2021).

Vantaux et al 2021. Anopheles Ecology, Genetics, and Malaria Transmission in Northern Cambodia. Nature Scientific Reports , 11: 6458 .
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Consideration 2: Malaria Vectors Biting Behavior
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Figure 3 in Vantaux et al. (2021): 6am d&6pm Biting Behavior
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Vantaux et al 2021. Anopheles Ecology, Genetics, and Malaria Transmission in Northern Cambodia. Nature Scientific Reports , 11: 6458 .
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Consideration 3: Probability of Vector Occurrence
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Figure 1, Panel Ain Obsomer et al. (2012)
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Obsomer et al. 2012. Predicted Distribution of Major Malaria Vectors Belonging to the
Environmental Influences. PL0SONE 7(11): e50475.
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Summary of Considerations for Hazard

A Mosquitoes are abundant year  -round = requires continuous monitoring of habitat

A Numerous species adapted for various habitats (tree -dominated, grass/shrub -dominated) = requires
monitoring of habitat conditions across all vegetated land cover types

A Biting occurs during daytime and nighttime although at different rates for different landscapes =
consider occupational exposure during daytime and dwelling exposure during nighttime

NASA ARSET Remote Sensing for Climate -Sensitive Infectious Diseases



Malaria Risk: Exposure

Exposure

Malaria
Risk
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Malaria Risk: Occupational Exposure
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Malaria Risk: Dwelling Exposure

NASA ARSET6 Remote Sensing for Climate -Sensitive Infectious Diseases 39




Summary of Considerations for Exposure

A Land use maps can serve as a proxy for occupational exposure.
A Daily chores and activities provide insight into pe¢

A°A combination of oOnmade&| vataemdi @almanin popul ated ar e
dwelling exposure.
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Malaria Risk: Vulnerability

Malaria
Risk

Vulnerability
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Malaria Risk: Access to Care

Credit: T. Loboda
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Summary of Considerations for Vulnerability

A Various proxies can be extracted from satellite imagery to assess local Socio -Economic Standing.
I Nighttime lights
I Prevalence of natural building materials
I Proximity to logging/mining/etc. activities (subject to local context)

A ldentifying groupings of displaced populations (refugee camps) indicates potentially hyper -
vulnerable populations.

A Access to care requires knowledge of points of care (usually cannot be retrieved from satellite data)
and length/mode/conditions for travel (road networks and pavement can be mapped from
satellite imagery and their conditions can be estimated based on weather observations).
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Malaria Risk

Source: pixnio.com
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Acquiring and Developing EO Datasets to Assess Malaria Risk
In Myanmar



Base Map Development

A Goal: Map land cover and land
use components within Myanmar
which are relevant for malaria risk

A Parameters :

i ldentify classes/components
which are important for
malaria risk assessment and
determine the necessary
spatial resolution = Legend
development + resolution

- Perennial water
:I Impervious surface
I:] Villages

l:l Croplands

D Managed forests
- Natural forests
:l Ephemeral water
- Depressions
D Shrub and grass
]:l Bare surfaces

Chen et al. 2020. Land cover land use map for Myanmar at 30 -m resolution for
2016. PANGAEA, https://doi.pangaea.de/10.1594/PANGAEA.921126 .
46
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https://doi.pangaea.de/10.1594/PANGAEA.921126

Base Map Development

A Goal: Map land cover and land
use components within Myanmar
which are relevant for malaria risk

A Parameters :

i ldentify classes/components
which are important for
malaria risk assessment

I Reuse existing datasets as
much as possible ( evaluate!

A s the metric appropriate?

A 1s the spatial resolution
right?

A What time period does it

cover? Or when was it
produced?

A Does it perform well within
my area of interest?

N

- Perennial water

:I Impervious surface
I:] Villages

l:l Croplands

D Managed forests
- Natural forests
:l Ephemeral water
- Depressions
D Shrub and grass
]:l Bare surfaces

-

Chen et al. 2020. Land cover land use map for Myanmar at 30 -m resolution for
2016. PANGAEA, https://doi.pangaea.de/10.1594/PANGAEA.921126
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Comparing the Performance of Various Datasets Mapping Villages

Imagery  SERVIR Mekong HBASE GHSL

A Visual assessment is
valuable and
frequently sufficient.

A Many datasets (global
and regional) were
available:

i SERVIR Mekong
(urban and built -up
class)

i HBASE (builtup and
settlement)

I GHSL (built-up)

A Conclusion: None
capture Myanmar
villages well.

Figure 3 (Maodified) in Chen et al. (2021). A disease control -oriented land cover land use
map for Myanmar. Data (Basel), 6 (6):63.
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Base Map Development

A Goal: Map land cover and land
use components within Myanmar
which are relevant for malaria risk

A Parameters :

i ldentify classes/components
which are important for
malaria risk assessment

I Reuse existing datasets as
much as possible

i Develop new components as
needed (if accuracy of =Ll

existing ones is insufficient or in [ mpenvioussurtace

no products exist) & find an -

d h D Managed forests
expert to O t at - Natural forests
:I Ephemeral water
- Depressions

D Shrub and grass
]:l Bare surfaces

Chen et al. 2020. Land cover land use map for Myanmar at 30 -m resolution for
2016. PANGAEA, https://doi.pangaea.de/10.1594/PANGAEA.921126 .
49
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Comparing the Performance of Various Datasets Mapping Villages

A Visual assessment is
valuable and
frequently sufficient.

A Many datasets (global
and regional) were
available:

I SERVIR Mekong
(urban and built -up
class)

I HBASE (builtup and
settlement)

I GHSL (built-up)

I Our Dataset =
Current Product

Figure 3 (Modified) in Chen et al. (2021). A disease control -oriented land cover land use map for Myanmar.
Data (Basel), 6 (6):63.
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