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• Fully utilize wealth of Earth 
Science data as well as data 
from policy sector

• Improve spatial and temporal 
resolution of Earth Science 
models, e.g., using Machine 
Learning (ML) with Physics-
based models

• Provide easy-to-access and 
interactive actionable 
information to non-traditional 
users

ESDT Drivers

Why ESDT 
Use Cases?

• Continuous observations of interacting 
Earth systems and human systems from 
many disparate sources driving inter-
connected models at many physical and 
temporal scales

• Fast, powerful and integrated prediction, 
analysis and visualization capabilities 
using Machine Learning,  causality and 
uncertainty quantification

• Models running at scale in order to 
improve our science understanding of 
those systems, their interactions and 
their applications

An ESDT includes …

• Understand potential applications and science needs for ESDTs

• Engage the science community in motivating an ESDT Design

• Determine long-term vision for an ESDT in specific science areas

• Identify their value proposition

• Identify the technology gaps preventing the development of an 
ESDT in those areas

Example
Coastal Zone 
Digital Twin 
(CZDT) Use 

Case
(Collaboration 
with NOAA and 

CNES)

Earth System Digital Twins:
Earth System Digital Twins (ESDTs) are an emerging capability for understanding, forecasting, and conjecturing the 
complex interconnections among Earth systems, including anthropomorphic forcings and impacts to humanity.

Reference: October 2022 ESDT Workshop Report https://esto.nasa.gov/files/ESDT_Workshop_Report.pdf

• Include representative use 
cases from several Earth 
Science domains

• Developed during October 
2022 ESDT Workshop 

• Continuous advancement with 
relevant stakeholders

Approach

6 Current ESDT Use Case Domains

https://esto.nasa.gov/files/ESDT_Workshop_Report.pdf
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