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Big Data is about being Smarter about Data
Agqility | Relevancy | Sustainability
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Earth System Digital Twins

® An Earth System Digital Twin (ESDT) — an interactive
and integrated multidomain, multiscale, digital replica of
the state and temporal evolution of Earth systems

® It dynamically integrates
® Relevant Earth system models and simulations

® Other relevant models (e.g., related to world’s
infrastructure)

® Continuous and timely (including near real-time and
direct readout) observations (e.g., space, air,
ground, over/underwater, Internet of Things (loT),
socioeconomic)

® Long-time records
® Analytics and artificial intelligence tools

® Enable users to run hypothetical scenarios to improve
the understanding, prediction of and mitigation/response
to Earth system processes, natural phenomena and
human activities as well as their many interactions
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EARTH SYSTEM
DIGITAL TWINS (ESDT)
TECHNOLOGY
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Enable "Constant
Finger on the Pulse
of the Planet"

Actionable
Predictions
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Continuous Observation and Data Stream Optimization ; - \ What-If

Asset Identification, Access & Management (IAM) Scbiaios
i

+

+

+ Interconnected Modeling

+ Machine Learning @\p‘*‘ : 2

+ High-End Computing Environments v . e

+ Investigative Capabilities (incl. Uncertainty Quantification) Dynamic Interactive Replica of State and Temporal ﬁ
+ Advanced Visualization & ARVR/MR Evolution of the Earth or a Subcomponent of the Earth ;

An integrated information system that, for example, enables continuous
assessment of impact from naturally occurring and/or human activities
or physical and natural environments

ESTO

Earth Science Technology Office  Source: https://esto.nasa.gov/aist/
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The Vision: Toward Earth System Digital Twin

Technology to Bridge the Physical and Digital Environments

ver fiow in the Mississippi River Basin
2008-04-01 00:00 UTC

P A New Paradigm
sco The EOSDIS Cloud 1
SPACE CLIMATE
OBSERVATORY

FloodDAM
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Harmonize Observation and Model Data Access and Analysis
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ACT: Acquistion / Mitigation WeoHy fomanl | J A

Al-based Analysis

—  Facilitate access, integration, and
understanding of disparate datasets

+ Streamline data assimilation for models and
analysis

» Enable dynamic integration of new
observation and analysis

« Establish interoperable ML models and data
services

P R e T R
L e i

Decision Support and Science Planning Forecast and Prediction
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Data and Services Assets: Supports Extract,
Transform, and Load (ETL) workflow for metadata
harvesting, error detection and correction, re-
gridding/reprojecting, Analysis Ready Data (ARD)
transformation

New Observation and Analysis: Smarter method to
automate onboarding relevant data

Integrated Multiphysics, Multi-scale, Probabilistic
Models: Automates inclusion of the latest
measurements and supports scenario-based model

execution

Al and Advanced Analytics: enables dynamic data
acquisition, long-term prediction, data classification,
process orchestration and management, etc.
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Climate Research — A Community Effort

A community of analytic services that harmonizes data, tools and computational resources to permit the
research community to focus on the investigation through common, portable web API

GRACE | GRACE-FO
@AWS

NASA Sea Level Change Portal
@AWS

JPL/BU Land Cover Data Science
@Mass Open Cloud and
Northeast Storage Exchange

4
|

JITIIEY

Air Quality Product
Generation Platform

@GMU
= = -
== ==E

== = =83

NASA AIST Air Quality NASA COVERAGE EUMETSAT COVERAGE
Analytics Center @AWS @WEKEO DIAS
@AWS NASA Marine Data Service Copernicus Marine Data
Service
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Estimating the Circulation and
Climate of the Ocean (ECCO)
@JPL

REST Methane Analytics
API @AWS

NASA ACCESS Cloud-based
Distributed Matchup Service
(CDMS)

@AWS
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meters

Sea Surface Height Anomalies
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IDEAS Teams

Hydrology, Flood Prediction, and Analysis

Partnership between NASA and the CNES-led Space for Climate
Observatory (SCO)’s FloodDAM-DT effort

NASA JPL: Thomas Huang, Megan Bull (intern), Cedric David, Gary
Doran, Jason Kang, Grace Llewellyn, Kevin Marlis, Stepheny Perez,
Wai (William) Phyo, Catalina M. Oaida, and Joe T. Roberts

NASA GSFC: Sujay V. Kumar and Nishan Biswas

NASA LaRC: Paul Stackhouse, David Borges, Madison P. Broddle,
and Bradley MacPherson

CNES: Simon Baillarin, Lerre Benjamin, Frederic Bretar Gwendoline
Blanchet, Peter Kettig, Raquel Rodriguez Suquet, and Lonjou Vincent

CERFACS: Sophie Ricci, Thanh-Huy Nguyen, and Andrea Piacentini

Collecte Localization Satellites (CLS): Christophe Fatras, Sylvain
Brunato, and Eric Guzzonato

QuanCube: Alice Froidevaux, Antoine Guiot, Thanh-Long Huynh,
and Romane Raynal

VorteX.io: Guillaume Valladeau and Jean-Christophe Poisson

WGISS-55, 18-20 April, 2023

Wildland Fire, Air Quality, and Health Impact

Partnership with NASA’'s MAIA Mission, National Institute of
Health, and City of Los Angeles

NASA JPL: Thomas Huang, Nga Chung, David Diner, Gary
Doran, Sina Hasheminassab, Sarah Hallam (intern), Jason
Kang, Olga Kalashnikova, Kyo Lee, Grace Llewellyn,
Thomas Loubrieu, Kevin Marlis, Jessica Neu, Joe T.
Roberts, and David Schimel

City of Los Angeles: Jeanne Holm, and Dawn Comer

CSU Los Angeles:
Pratyush Muthukumar

Mohammad Pourhomayoun, and

Howard University: Joseph Wilkins and Jonathan Barnes
Washington University: Randall Martin
University of Colorado: Daven Henze
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Earth System Digital Twins for
Hydrology, Flood Detection, and Analysis

7 Jet Propulsion Laboratory é cnNnes 2 CERFACS

California Institute of Technology

ST QUANTCUBE 7 >
@5 Q @ W TECHNGLOGY @QJB\ICBEQSSPACE | VORTEX1® SCO

€arth Science Technology Office \ SPACE CLIMATE
OBSERVATORY
Langley —— Q= '
Cenkeseo'e;d' '”&”G ="  [CLS V.GICRUES
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IDEAS: Water Cycle Application

e Resource Interface - evaluate/extend emerging
APPLICATIONS | DT interface standards

ESTO/AIST : H
ol Brali Colincrative e Resource Discovery - central resources registry
I 1 FIEHIGWOIK e Resource Orchestration - provide application-
COMMUNICATION: Access ‘_v AGGREGATE: Data Services ey JPL | RAPID SpGlelC resource OrCheStratlon
r ~  River Routing and e Analytics Center - Apache SDAP for data
¢ Riscaaige aggregation, harmonization, and analysis-
= Observations »  Daa 3 optimized data services
g — i . .
3 = : Orzﬁ::::ueonl ~ et e e New Observing Strategies - event-based and
s e § ESTOIAIST | 7 | ML-driven data acquisition and integration with
Physica ied IDEAS } ‘
S Environment o Digital Twin | g k& ‘ FloodDAM-DT
= ' m - - - LY L] -
< E hesanncsnanns gl - TR '-hje"ggr;‘gg‘;’;'} e Multiphysics, Multiscale, and Probabilistic
5 @ pctiors T o 2 Models - LIS, RAPID, POWER, and FloodDAM-
[ | DT
]_ NSIGHT Forecast] | | Sl S yes and e Machine Learning and Deep Learning - models
ACT: Acquistion / Mitigation Prediction for flood detection and prediction, data
— classification, services coordination, etc.

SFACE cmur:

-!-i

Processing System

Science Data } Sco FloodDAM
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Automate Access to Many Repositories and Services

A

Assimilation and Numerical Models

Vi RS
{ 1 ok

Al-based Analysis

FloodDAM

Forecast and Prediction

Decision Support and Science Planning

N

NASA ESTO/AIST’s
Integrated Digital
Earth Analysis

i <ddda System (IDEAS)

« Establish federated digital twins solution between the NASA ESTO/AIST’s
Integrated Digital Earth Analysis System (IDEAS) (Huang/JPL) and the
Space for Climate Observatory (SCO) FloodDAM-DT (Rodriguez-

Suquel/CNES)

« NASA AIST IDEAS is an open-source Earth System Digital Twins (ESDT)

framework

» The collaboration focuses on establishing DT-powered flood alert systems,

analysis, and risk maps on local and global scales
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Built for Scenario-based Analysis

» Using the latest observation and
analysis to drive model predictions
; Land Surface Model i i i :
. i Observations ‘ et bttt River Routing and Discharge Model Flood Risk Impact
Decision support &

Capability (VIC) | Catchment Land Surface Model (CLSM) | Noah Routing Application for Parallel computation of Discharge (RAPID)

«  On-demand data and analysis L el “ WllFEEe H I- Water Level Mapping

acquisition

* Future instrument scheduling and

Garonne River Vortex-10 Observation and Discharge

taSk|ng 13504 Vortex-10 (Toulouse)
1345
E
Mississippi River USGS Streamflow and RAPID Discharge Land Surface Model Comparison 2949 i
s
80000 USGS Streamflow ~ 31335
(Site 07289000) 3 ‘
RAPID NOAH . / ’ ]
700001 T (Reach 74069827) \ o ey 4330, ’ﬂ
RAPID CLSM : / ‘ WW )
™ (Reach 74069827) \ ‘ \ 1325 PRI 77 DY
60000 s \
= RAPID VIC - v v v - T T -
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£ 50000 RAPID LIS NOAH MP ;
] (Reach 74069827) / 6000 —— VigiCrue observation (Tonneins)
& Ny = RAPID NOAH (Reach 23023000)
£ 40000 4 —— RAPID CLSM (Reach 23023000)
- 5000 RAPID VIC (Reach 23023000)
2 : RAPID LIS NOAH MP (Reach 23023000)
i, 30000 4/ 4000
& 2
E 3000
20000 °
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0 0 AN
2018-11 2018-12 2019-01 2019-02 2019-03 2019-04 2019-05 2019-06 2019-07 2019-08 2019-09 202101 202102 202103 202104  2021-05  2021-06 202107 202108  2021-09  2021-10 202111 202112

Mississippi Flood Event in 2018 — 2019 2021-02 Flood Event in Garonne River
Comparing river discharge with USGS stream gauges Comparing river discharge with micro-station data
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Bringing Observations and Models Together

2021-03 through 2021-12 in Garonne
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ML-Driven In-Situ Data Acquisition

Minimize storage and computation need for pre-staging different in-situ sensor data. Use real-time ML to predict which
stream gauges will be most useful for analysis

* Precipitation-Only Approach: use GPM data

. i ; ' t t
and ML model to predict daily peaks in discharge Incorporating Stream Network: use MERIT basin/reach database to

model propagation of flow during flooding events

* Random Forest model trained on 2,195 gages
over 2 years, totaling 2.2 M examples, from
midwestern US

* Long Short-Term Memory (LSTM) neural network trained to forecast 6-24
hours into the future for each sensor given upstream readings

2018-10-08
= T
‘{ o False Negative e True Positive ® False Positive 7|

N
(=]
Percent Excess Precipitation

L B
W W W ~ - 100
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IDEAS-Powered Flood Notebook

https://github.com/EarthDigitalTwin/IDEAS-notebooks/blob/main/Flood_Demo.1ipynb

Demonstrates the latest IDEAS API and capabilities = [Upyter IDEAS (mammers A o
[ ] STAC — Data Search and metadata File Edit View Insert Cell Kernel Widgets Help Not Trusted |Pylhon3(ipykemel) (o]

B+ x @B 44 % PRin B C » Code v| | =8

¢ Data access — satellite, in-situ, and models T o 7

. Interactlve, harmonlzed data analytlc Capabllltles In [28]: bb_hurricane_ian = ‘{i'min_lon': -87, 'max_lon': =72, 'min_lat': 18, 'max lat': 35}
start_hurricane_ian = datetime(2022, 9, 24)
. . . . end_hurricane_ian = datetime(2022, 10, 2)
[ ] VIS u a I Izatlo n S —_ TI Ie WM S a n d 0 n _d e m a n d ian_parameters = (NEXUS_URL, global precipitation_dataset, bb_hurricane_ian, start_hurricane_ian, end_hurricane_ian)
H H H In [29]: # Plot a b d tial bound
* T |Paotting.nap box (bb hureicase tan)
animation generation _box (b .
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DT Powered VR — Immersive Science
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SCO FloodDAM-DT Subsystems

TABLEAU DE BORD IDEAS&FLOODDAM-DT

[9 14 Points de mesure Io ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ [o 15 Notifcatons envorées l° nnnnnnnnnnnnnn

Legend

B stimated flooded areas
M ermanent water (occurrence >50: %)

Event related news:
No data Flood event : 02 / 2021 Estimat

Data source

Indicator X vagiimece. ¥ ‘Sud ouest
o
- — Mg Projection EPS632610 o O EstimatedCost @ Impacted Population lot garonne

Data source Sentinel1

Relative orbit o N

Acq. date (UTC) 2021-11-16 00:00:00 8 ud gironde

Potarzation W :

Post-processing Majority filter r=2 £ . .

ws : vigilance orange

S ¢ cLs departements vigilance
§q° floodDAMRS™ cnés

CNES and CLS: Rapid Flood QuantCube: Financial Risk Map
Mapping

01°W .0° )1°) 29 0.4°E ¢ MPoet  © % Downiosd X = —
;. 1 Legend 446°N M ot Nowpeogct ® 0w
d . In-situ stations . : swor ow o
Friction zones e * R 3 X
. . .
VorteX.io: Micro-stations
445°N : ,_' ,_Aé.
B FP subdomains ‘ :
22 dH1 1
23 dH2
R Lk 3
€2 dH4 e ;
‘ i : v
. »

CERFACS: Water Level Map CNES and CS: Hydroweb platform and

FloodDAM-DT integration
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SCO FloodDAM-DT Pipeline

Interface
DT

SN €s o s
VORTE.|® ‘ EN ~
V.GICRUES @ JPL \ cNes-S>coLs csS 262 QUANTCUBE
et N E CERFACS ’GROUP\ CcCLS TECHNOLOGY
2- Water height 3- Flood rapid \ _ T 6- Risk ma
1- Water level Interface 9 . P 5- Visualization P
T anomaly mapping from EO and Use
measurement : : Platform
detection imagery
IGDA  Critical Success Index (CSI)  a=ee s
. - N\ — 2021-02-03 19:00 e g * Financial
?"I- | ’ lw}n‘ ’ LD.Y“?:“CdJ'mlWBoumy = 4. : s " « institution
tha, | " Ay P e S Pt * Insurers
Vil M » L \ i v R Overneacsen ey : y F 3 * Real estate funds
/w’\\v‘h\“ .‘M\ " \ Ve ,\\_.,'w\_”\ -;’“, e i g * Etc..
\ CSl = 68.96% &ydrowéb T
» : : : : — ace
ccnes QE Standardize resource interfaces using emerging DT specifications (OGC standards) €S o5
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SCO FloodDAM-DT — Schedule

« Cooperation IDEAS & SCO FloodDAM-DT

End-to-End demonstration on selected

catchments
1/12/2023
Interface & service specifications,selection
of flood events FloodDAM
CNES-AIST Kickoff Meeting 2/12/2022 complete
} 18/2/2022 ~ integration in
Pre-demonstration between IDEAS services Hydrowebnext
Kick-Off JPL and French partners } and FloodDAM Platform
} 30/5/2022 1/6/2023 1/6/2024

2022

2024

Aujourd'hui

e

In-situ stations location & data access ‘ 1/9/2022 -1/6/2024



Earth System Digital Twins for
Wildland Fire, Air Quality, and Health Impact

Jet Propulsion Laboratory ﬁ

California Institute of Technology

HOWARD
UNIVERSITY

m National Institutes of Health
Turning Discovery Into Health
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Big Picture Up Front

Improve usability of science data for air
quality analysis and prediction

Leverage advanced assimilation of
numerical and Al models to Improve

Decision Making

Develop sustainable technology solution
for sustainable science

“Characterize, understand, and improve the quality of air in
urban areas across the planet.” — Jeanne Holm, Deputy Mayor
for Budget and Innovation at LA
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Data Harmonization

2017 — 2018 California Wildfire Season — Interactive Analyze and Visualize (PM, 5 O;, NO, CH,, TLML, PBL, etc.)

Time Averaged Map California April 2017 - December 2018
5 Ourrg D 2017 2010w

Avaye NS Ourrg D 2917 - 2078 Wi seancn n el

me Weathe

44 dead in California fires as the Camp Fire becomes
the deadliest in state history

=
=

=
o

PM2.5 in California JUL 2017 -
DEC 2018(ug/m3)
~ @
-

w o
-
~
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Air Quality Data Analysis Tool

Powered by the AQ ACF Platform

NASA AQACF

NASA
X DATA MAPPING AND ANALYSIS TOOL 28

Blue Marble, Shaded Relief w/Bathymetry
Digital Elevation Map (Color Shaded Relief)
ESRI High Resolution World Imagery

Land/Water Map (data from OSM)

None

Interactive analysis and visualization of
— Satellite Observations
— Model for atmospheric composition
— 10T and in-situ sensors
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Analyze In-Situ Data

Example: PM, 5 and Black Carbon from July 4t Fireworks

Compare 2021 and 2022 emissions

N
=]
-]

— PM 2.5 emussion (2021)
PM 2.5 emission (2022)

)

GRIMM PM 2.5 (j:g/m?)
o
g 3

= Black Carbon emission (2021)
Black Carbon emission (2022)

Source: San Gabriel Valley Tribute

Dynamic retrieval of in-situ
measurements

PM10, PM2.5, BC, CO, NO2,
03, AOD, etc.

NASA Jet Propulsion Laboratory (JPL), Pasadena, CA
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Air Quality Notebook

https://github.com/EarthDigitalTwin/IDEAS-notebooks/blob/main/AirQuality_Demo.1ipynb

Demonstrates the latest | \w ''''''' Sassss = JUpyter AQAGF_Demo uesmes e B =
IDEAS API for air quality
analysis

¢ STAC — Data search
and metadata

File Edit View Insent Cell Kemel Widgets Help Not Trusted I Python 3 (ipykemel) O

B + ¥ @B 4 % PARn B C B Makdown <~ B2

2021 Alisal Wildfire

For much of summer 2021, large fires decimated forests in Northern California. BytherniddecnOdober those fires were mostly extinguished or bumned out,
but red-flag wamnings and fierce fires had begun to cause inthe ds and gr of Central and Southern California.

After igniting near the Alisal reservoir on October 11, the fast-moving blaze charred 13,400 acres (54 square kilometers) by the afterncon of October 13. At that
time, the fire was 5 percent contained. With the blaze at least 100 issued orders and closed parts of Highway
101. The fire was designated as fully contained on Sep. 20, 2021 with a total bum time of 39 days.

In addition to destroying natural habitats wildfires emit high levels of Sulfur Dioxide (SO2) and Nitrogen Dioxide (NO2) while also destroying Ozone (O3) levels.

® Data access —

satellite, in-situ, and Area ofInterest R
d I In [4): v%ldf%rca_bb - (‘?in_lon'x -1'22, ‘max_lon‘: -119, ‘min_lat': 33, ‘max_lat': 36)
moaels e e i)

wildfires_bbox = box(wildfires bb['min_lon'], wildfires bb['min_lat'), wildfires_bb[‘max lon'], wildfires bb[ 'mex_lat']
2 wild )

136
le-5
7
3 50°N >- - IS LT i iy ceceememeeaae -

s "\«.\"
4 1

®* |nteractive,
harmonized data

analytic capabilities

[
U

® Visualizations — Tile
WMS and on-demand

i

animation generation , " e e
1 —h\’\_w

A~ \L%‘:
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TROPOMI Global Daily Product (O5;, CH4, NO,, SO,, and CO) Generation

Powers Value-added Product Generation

Read individual L2 swath files

'g,"' _ i Ve g"v ‘ Ve
ol WL o L

Global grid and generate a daily mean L3 dataset by
averaging valid retrievals

WGISS-55, 18-20 April, 2023

Remap the data into HEALPIx pixels at various spatial
resolutions (6 km, 12 km, 24 km, ...)

,,,,,,,,,,,,,,,,,,,,

Global NO, Total Column
2020-09-01 — 2020-09-03

Slide 26



California EV Mandate 2035 (a.k.a. CAL2035)

® The state of California plans to ban the sale of new gasoline- o - :
powered cars by 2035 mm . :

® Requires 35% of new vehicles sold in CA to be electric by =
2026.

® Wil increase to 68% in 2030 and 100% in 2035 T S

500

® These actions are estimated to achieve a more than 35%
reduction in greenhouse gas emissions and an 80%
improvement in NOx emissions from cars.

—250 -198 aealhs —250 “120 Deaths @
] ; :
Questions e
N eaths
=750 —750 i i

® How does air pollution in CA respond to changing e _ V) —
vehicle emissions, and what are the impacts on

Change in Annual Premature Deaths
o

Change in Annual Premature Deaths
o

human health and exposure? Los Angeles New York
. . . 1000 Pollution Health Impacts in City 1000 Pollution Health Impacts in City
®* How can air quality modeling data and remote
sensing observations be used to present answers to
these types of questions?
% 0 -39 Deaths w % ° e !! !g!! -145 Eeaths
Chicago Miami
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ML-Driven Data Acquisition

Hydrology, Flood Detection, and Analysis Shared

Conceptual

Inputs:
Framework

Precipitation Data, [soil moisture, snow melt, ...]

Model:
Predict propagation through river network using MERIT
basins/reach database using LSTMs

Drives Decision:
Which in-situ stream gauge readings to ingest?
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Wildfire, Air Quality, and Health Impact

Inputs:
MODIS, VIIRS, Wildfire Risk Index

Model:
Predict wildfire growth and pollutant propagation through
atmosphere using (e.g.) GEOS-CF

NS
s & 3
8 &8 8
[ ]

._.
1)
=]

g
®
€
2
k]
S
9
©
a
v
c
i

Drives Decision:
Which in-situ air quality readings to ingest?
Future: MAIA Instrument Retargeting
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Multi-Angle Imager for Aerosols (MAIA) and Surface

Biology and Geology (SBG)

... and will see the world in
SBG provides data for many focus areas ... two critical spectral regions

Coastal Zones VSWIR

Exposure timescale
PM type and Health outcomes

Concentration Acute (days to weeks)
Emergency room visits, NOS — To simulate retasking of NASA’s
e Multi-Angle Imager for Aerosols (MAIA)

Subchronic (months)
Adverse birth outcomes,

pregnancy complications SBG’s fire detection and fire radiative
_ power data for fire risk, detection, and
Chronic (years) .
Cardiovascular and anaIyS|s

respiratory diseases

0 5 10 15 2 %0 80

PM, , derived from MISR and MODIS
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Open-Source Science and Community Collaboration

®  Partnership with Apache Software Foundation e
®  Embrace open-source software e
®  Evolve the technology through community contributions é:'r[”
men - N - omeE

®  Open-Source Science e s

® Share recipes and lessons learned

®  Community validation

®  Technology demonstrations

® Inclusive and Diverse Project Management

Committee (PMC) /Q%E@CHECON

. 4 KEYNOTE by Thomas Huang,

Host webinars, hands-on cloud analytics workshops
and hackathons

Technical Group Supervisor and
Strategic Lead for Interactive Analytics
at NASA Jet Propulsion Laboratory
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Building toward Earth System Digital Twin- opportunity
to define and develop reusable, open-source Earth
System Digital Twins framework

Leverage, improve, and define community standards
to promote interoperability

It is about delivering professional quality open-source
platform that addresses - Agility | Relevancy |
Sustainability

Enables end-to-end data and computation
architecture, and the total cost of ownership

Start with system architecture aiming for simple
interfaces and information model - from generalization
to specialization

MUST team with Science Champions

Successful big data platform needs to be ready for
multi-computing, multi-data-center, and multi-agency
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AGGREGATE: Analytics

|_> COMMUNICATION: Access e Center -
Observations - > Data >
o =
= >
3 z Resource E
8 o Siaiintatietetniattatats 1 |Orchestration 7
A4 | 1 —
« F%‘ | (8 J )
® : < | IDEAS i s
g Physical ‘E L, I =
7 Environment ' | Digital Twin | e
E 1= b , | Resource (3

w = Discovery
5 2
. Actions |« — —— — Analytics 2

INSIGHT: Forecast /

L ACT: Acquistion / Mitigation Prediction <—J

NASA ESTO/AIST’s Integrated Digital Earth Analysis System
(IDEAS) — an Earth System Digital Twin framework. Framework
for pre-fire, during fire, and post fire analysis
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Thomas Huang
thomas.huang@jpl.nasa.gov

NASA Jet Propulsion Laboratory
California Institute of Technology

SPL

DARE MIGHTY THINGS
TOGETHER!

Caltech
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BACKUP
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Land Information System (LIS)

® A system to study land surface processes and land-
atmosphere interactions

®  “Use best available observations” to force and constrain the s o
models WATER VAPOR

®  Applications: Weather and climate model initialization, water contoad
resources management, natural hazards management OF ATMOSPHERS)

®  Need a system viable at different spatial and temporal “_-j:
scales ¢

®  Be able to demonstrate the impact of observations at the Ay
scale of observations themselves ~N WITH FREE ATMOSPYERE)

. o

Explicit characterization of the land surface at the same
spatial scales as that of cloud and precipitation processes
helps in improving the characterization of land-atmosphere

interactions 3 < \/
([ J VER DISCHARGE

Need scalable, high performance computing support to deal
with computational challenges

Need advanced land surface models and modeling tools
(data assimilation, optimization, uncertainty modeling)
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RAPID — River Discharge Model

®  River Model: Routing Application for Parallel computation of Legend
Discharge (RAPl D) B 15 Largest U.S, LakesiReservoirs
®  Written in Fortran90, leverages the PETSc library (high o=
performance computing with MPI)
®  https://github.com/c-h-david/rapid/
®  Pre and Post processing: Reproducible Routing Rituals (RRR) p
®  Written in Python3, leverages various pip packages
®  https://github.com/c-h-david/rrr
°

Sustainable DevOps

®  Continuous Integration with Travis Cl

®  Continuous Deployment with Docker Hub

Runs on laptop, desktop, cloud, or HPC

Inputs and outputs are generally netCDF or CSV. Example
inputs/outputs available
https://doi.org/10.5281/zenodo.3688690

.___. ;—-—- 7:

=<0 250 500 1,000 Kilometers L
T T O T ‘

WGISS-55, 18-20 April, 2023 Slide 35



Prediction of Worldwide Energy Resources (POWER)

", POWER | Data Access Viewer Prediction Of Worldwide Energy Resource

®  Providing key input parameters to the hub in optimized data
formats for use in the LIS model.

®  Key parameters include
®  Surface meteorological properties

® Downward surface radiative fluxes (both the solar and
thermal infrared wavelengths). The data sources for
these latter products is the CERES (Clouds and Earth’s

Radiant Energy System) mission.

or: ALLSKY_SFC_SW_DWN NASA
1.0 x 1.0 Degroe .
: CERES SYN1deg

Temre at 2 Meters (‘E) .
ST
-20 0 20
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I l France Catchment : Garonne river

0.0[00°

0.100°E 0.200°E 0.300°E 0.400°E
44.600°N|-
- &a Réole
O
~Sainte-Bazeille
> = @ v
“Couthure's=Marmande
44.500°N+ o O~
“Marmande
0 )
| I
Legend \
44.400°Nf
@ VigiCrue (national network) in-situ stations
@ VorteX.io micro-stations
[J EDF's Telemac-2D model domain

0.000° 0.100°E

0.300°E
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0.400°E

USA Catchment : Ohio River

88.010°W 87.510°W 87.q0°W 86.5]0"W
Before (2018/02/11 >
38.50°N -
(]
S O
(]
[ ] ) 9 L]
@ <
® . °
38.00°N °
(]
L
L]
[
L}
[}
o .
[ ] ° L4 (]
L]
° %
Legend ° :
) 0 e 25 50 Rm
37.50°N~ @ USGS streamgage stations [ A
[ Selected ROI 9
{ ]
88.00°W 87.50°W 87.00°W 86.50°W
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SCO FloodDAM-DT — Micro-stations

* Analyze live micro-stations data collected by VorteX.io

Vortex-10 (Couthures-sur-Garonne) 1
= VORTEI&¢ =D - OCASSFOOdOAMOT = Raguet RODRGUEZ S Te @ 18 \
17
EAU DE BORD IDEAS& ODDAM-DT | VORTE<.|1® Grdddaud
E16 JPL
- Langhey
14 Points de mesure 10 Notifications actives 15 Notifications envoyées 0 Capteur en alerte & Baneorih
G o @ ] =
L > ¥ + g4 !
z [

w

A Al - V.GICRUES o MUy y |
o o T | : I SR A P

{ i 1
v 2021-03 2021-04 2021-05 2021-06 2021-07 2021-08 2021-09 2021-10 2021-11 2021-12
(o] / 3500
—— VigiCrue observation (Tonneins)
? \ 30004 — RAPID NOAH (Reach 23023522)
v i —— RAPID CLSM (Reach 23023522)
O 7 TR RAPID VIC (Reach 23023522)
- { 2500 RAPID LIS NOAH MP (Reach 23023522)
. o (4] g 4
£2°N % 2000
&
= E
- TN © 1500

1000

0 =
2021-03 2021-04 2021-05 2021-06 2021-07 2021-08 2021-09 2021-10 2021-11 2021-12

Garonne River VigiCrue Observation and RAPID Discharge Land Surface Model Comparison

—— VigiCrue observation (Tonneins)

6000 —— RAPID NOAH (Reach 23023522)
—— RAPID CLSM (Reach 23023522)
—— RAPID VIC (Reach 23023522)
s000 RAPID LIS NOAH MP (Reach 23023522)
2
230011 143016 2 4000
LA s ot | B ORONTCHY. | B Coe B s
£ 3000
Mo € ot COree a Garorme ! - ¥
©
Water level
2 2000
1000 1\
*
0
s s o s a 202101 202102 202103  2021-04 202105  2021-06  2021-07 202108  2021-09 202110  2021-11  2021-12
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SCO FloodDAM-DT - Flood Mapping

*®* Rapid Flood mapping generation from SAR and optical data over the world (‘.cnes

*®* Developed by CLS (Collecte Localisation Satellite) Group in France D=
CLS
Washmgton State and Canada flood event 2021 11-16 Garonne Marmandaise flood event 2021-02-03 """

A Legend

- Estimated flooded areas

Il rPermanent water (occurrence >50%)
No data

I cstimated flooded areas
Il Fermanen t water (occurrence >50%)

No data

Data source

Map Projection EPSG:32610
Data source Sentinel-1
Relative orbit 013
B Acq. date (UTC) 2021-11-16 00:00:00
Polarization W.,VH
Post-processing jority filter re2
N 0000 D SRS NG SR ey
CLS
SCO floodDAMS/™ cnés _
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ronne Marmandaise catchment - flood event 2021-02-03 Simulated vs. observed water level Simulated vs. observed flood extent maps
0‘0° FR

01E 0.2°E 03 04°E == Observed e IGDA

Legend [446° s

. In-situ stations
Friction zones

Water level [m]
[+)]

4-
2.
]| Legend _
1 T2D Garonne Model Boundary A
-E 1.0 Contingency Map ' b
Set Correctly predicted - Non flooded (TN) Y I
o 0.5 B Correctly predicted - Flooded (TP) N
(= Underprediction (FN) G
- Bl Overprediction (FP) \ -
0.0 : ‘
0.1°E 0.2°E 03°E ‘\.‘\1 J ‘\n}' .\.’If" .y’l.q’ 1,0‘\- 19":‘ 1,09 T | 1 Ko % I G DA
Hydrodynamic model : Telemac 2D R S R i ’
Free run simulation
IGDA : FR simulation with Data assimilation of in-situ and remote sensing observations

Publications:

* Nguyen et al., (2022) Improvement of Flood Extent Representation with Remote Sensing Data and Data

Assimilation, IEEE Transactions on Geoscience and Remote Sensing, 60 (4206022), pp. 1-22, Clear Improvement Of SImUIated
doi:10.1109/TGRS.2022.3147429

* Nguyen et al., (2022) Dual State-Parameter Assimilation of SAR-Derived Wet Surface Ratio for Improving Fluvial ﬂOOd eXtent maps Usl ng Data
Flood Reanalysis, Water Resources Research, 58 (11), pp. €2022WR033155, doi:10.1029/2022WR033155
Nguyen et al., Gaussian Anamorphosis for Ensemble Kalman Filter Analysis of SAR-Derived Wet Surface Ratio

Assimilation of in-situ and RS

Observations. IEEE Transactions on Geoscience and Remote Sensing, (Under review) data
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SCO FloodDAM-DT — Financial Risk Map CE&

® Environmental Intelligence Platform and API Flood risk map from FloodDAM-DT

. ] ; i . . . data combination with :
® Real time product on financial risk estimation and risk  Gealnesiten ki of pivsie fescis

map generation of flooding for different type of assets - Ceoloeazd Sl el ekl

Marmande - Residential area

Pipeline

Input: Flood Map Q3 risk modeling Output

Asset valuation: S

Area: 3.7 km?

7 Total population on area : 850 hab

Estimated cost
) B oo @ A
Agriculture: XXX $ +/- xx
’ Q ’ e S +/- N
OQ Industrial: XXX $ +/-xx
Company_1: XXX § +/-
L J
t Social/Env metrics
Impacted population: XX K 2021
Hourly flood map + xx _| Biodiversityimpact:Flood | @ AGRICULTURAL @ ARID @ FOREST  ® PLAINS © URBAN @ WATER
hours forecast eventin a protected area
* uaverage estimated water
elevation
Newspaper info Event related news:
Le monde: Flood Event.. Flood event : 02 / 2021 Estimated cost on asset : $
‘LLe monde: ... B
. vigllance rouge
Indieator A lot garonne,.S4d ouest
Q Estimated Cost @ Impacted Population o

g

crues departement

>

ronde

QUANTCUBE

TECHNOLOGY

Estimated cost on asset

gvigilance orange
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SCO FloodDAM-DT — Hydroweb.next CE &

FloodDAM-DT processing chain will be integrated in the hydrological platform Hydroweb.next
* (CS group responsible of the FloodDAM integration, inter-operability and interfaces

| g— b 0‘ Wl Project © 3 Download

" Q Yo Q]Rcsults & iionel zawadzxigeneste (D

Open
M Project: New project X ® Where © When

GROUP b Mgl < QG eospatia

Consortium

v © [l sworData
A ® Mo SWOT RASTER 100M LEVEL-2 SAMPLE V12 Y
~ 8 Ay SWOT RIVER SINGLE PASS LEVEL-2 - REACH - SAMPLE

‘ ~ @ (O3 SWOT LAKE SINGLE PASS LEVEL-2 - PRIOR - SAMPLEVI. Y L % ‘ |
o L SoatioT ¢
8 @ Total Estimated Water S r

-

urface Area SpatioTempora
Asset Catalog
© @  Water Surface Elevation

® <-438m
® 3778mto-3167m

® 3167mto-2556m

.
%
@ -2556mto-1944m .

¥
@ 1944mto-1333m -

.
.
)
Ei
® -1333mt0-722m ‘ ,‘
-7.22mto-111m ‘
>5m
-

~ ® [l THEADats

v @ [ Reference Dats

, !7
A O Ay RivER Datapase \f
~ © Qg Laxe Daragase A -

© 44.9%0 -0.735

‘l‘ y d ro W e b ne Xt Time series of water levels in the rivers and lakes

around the world processed from satellite altimetry
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SCO FloodDAM-DT — On goingwork CE& S

 Improvement of Flood Rapid mapping algorithm from SAR and
optical data

 Working on interfaces and interoperability

» Chaining RAPID hydrological model with Telemac 2D hydrodynamic
model

* Working on the global financial physical risk model
*» Preparing future micro-station location and installation aux USA

WGISS-55, 18-20 April, 2023 Slide 43



