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Hemati, M., Mahdianpari, M., Shiri, H. and Mohammadimanesh, F., 2024.
Integrating SAR and Optical Data for Aboveground Biomass Estimation
of Coastal Wetlands Using Machine Learning: Multi-Scale Approach.
Remote Sensing, 16(5), p.831.

View data | Paper (PDF) | DOI: 10.3390/rs16050831

Cortese, L., Zhang, X., Simard, M. and Fagherazzi, S., 2024. Storm
impacts on mineral mass accumulation rates of coastal marshes. Journal
of Geophysical Research: Earth Surface, 129(3), p.e2023JF007065.
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Cortese, L., Zhang, X., Simard, M. and Fagherazzi, S., 2024. Storm impacts on
mineral mass accumulation rates of coastal marshes. Journal of Geophysical
Research: Earth Surface, 129(3), p.e2023JF007065.

View data | Paper (PDF) | DOI: 10.1029/2023JF007065

Harringmeyer, J.P., Ghosh, N., Weiser, M.W., Thompson, D.R., Simard, M.,
Lohrenz, S.E. and Fichot, C.G., 2024. A hyperspectral view of the nearshore
Mississippi River Delta: Characterizing suspended particles in coastal wetlands
using imaging spectroscopy. Remote Sensing of Environment, 301, p.113943.
View data | Paper (PDF) | DOI: 10.1016/j.rse.2023.113943

Cortese, L., Donatelli, C., Zhang, X., Nghiem, J.A., Simard, M., Jones, C.E.,
Denbina, M., Fichot, C.G., Harringmeyer, J.P. and Fagherazzi, S., 2023. Coupling
numerical models of deltaic wetlands with AirSWOT, UAVSAR, and AVIRIS-NG
remote sensing data. Biogeosciences Discussions, 2023, pp.1-28.

View data | Paper (PDF) | DOI: 10.5194/bg-21-241-2024

Donatelli, C., Passalacqua, P, Jensen, D., Oliver-Cabrera, T., Jones, C.E. and
Fagherazzi, S., 2023. Spatial Variability in Salt Marsh Drainage Controlled by
Small Scale Topography. Journal of Geophysical Research. Earth Surface, 128(11),
p.e2023JF007219.

View data | Paper (PDF) | DOI: 10.1029/2023JF007219
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View data | Paper (PDF) | DOI: 10.1029/2022GL 101392

Wright, K., Hariharan, J., Passalacqua, P., Salter, G. and Lamb, M.P.,, 2022. From
grains to plastics: Modeling nourishment patterns and hydraulic sorting of fluvially
transported materials in deltas. Journal of Geophysical Research. Earth Surface,
127(11), pp.Art-No.

View data | Paper (PDF) | DOI: 10.1029/2022JF006769
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Wright, K., Passalacqua, P., Simard, M. and Jones, C.E., 2022. Integrating
Connectivity Into Hydrodynamic Models: An Automated Open-Source Method to
Refine an Unstructured Mesh Using Remote Sensing. Journal of Advances in
Modeling Earth Systems (JAMES), 14, p.e2022MS003025.

View data | Paper (PDF) | DOI: 10.1029/2022MS003025
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View data | Paper (PDF) | DOI: 10.1029/2021JG006711

Jensen, D.J., Cavanaugh, K.C., Thompson, D.R., Fagherazzi, S., Cortese, L. and
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extracted from remotely-sensed suspended sediment concentration. Geophysical
Research Letters.

View data | DOI: 10.1029/2022G1 098443

Rovai, A.S., Twilley, R.R., Christensen, A., McCall, A., Jensen, D.J., Snedden,
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Research: Biogeosciences, p.e2021JG006712.

View data | DOI: 10.1029/2021.JG006712
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urface, 127.
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Delta-X Applications Workshops

Purpose: Engage the applications community by demonstrating how to access
and utilize Delta-X campaign data and hydrodynamic models.

2022 Applications Workshop: Focus on data
2024 Applications Workshop: Focus on models
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2022 Delta-X Applications Workshop

May 4-5 = Baton Rouge, Louisiana

Meetings & Presentations

In this two-day workshop, the scientists covered an introduction to

« 2024 Delta-X Applications Workshop Delta-X datasets and steps for analyzing field, airborne, and modeling

« 2023 AGU Fall Meeting datasets. Scientists presented material in the form of lecture

» 2023 Delta-X Open Data Workshop presentatlons,. hands-on Qata access demonstrations, and data analysns
_ methods tutorials mostly in the form of Jupyter Notebook content. View

» 2022 EGU Meeting

all resources at the ORNL DAAC.

e 2022 Delta-X Applications Workshop

o 2021 AGU Fall Meeting

2024 Delta-X Applications Workshop

May 8-9 | Baton Rouge, Louisiana @ Agenda & Instructions

In this two-day workshop, the scientists will present Delta-X models and
their inputs/outputs in the form of lecture presentations, hands-on data
access demonstrations, and data analysis methods tutorials mostly in
the form of Jupyter Notebook content.

To attend virtually, register here.




Delta-X Applications Workshop
May 4-5, 2022

The Estuary at the Water Campus

1110 S River Rd, Baton Rouge, LA 70802

May 4t Agenda
Time (CT) Topic Presenter
8:00 — 8:30 Introduction Yang Zheng
8:30 — 9:00 Delta-X Overview Marc Simard
) ) Data Management Plan and Data Archive Cathleen Jones
9:00 — 10:00 Field Data Overview and Access Alex Christensen
Break 15°
10:15-11:15 Field Data Analysis Alex Christensen
11:15-12:00 AVIRIS-NG Data Overview and Access Daniel Jensen
Lunch 90°
13:30 — 15:45 AVIRIS-NG Application Daniel Jensen
Break 15°

16:00 — 18:00 AirSWOT Data Overview, Access and Application Michael Denbina

May 5" Agenda
Time (CT) Topic Presenter
8:00—-9:30 AirSWOT Application Continued Michael Denbina
9:30 — 10:00 UAVSAR Data Overview and Access Talib Oliver Cabrera
Break 15°
10:15-12:00 UAVSAR Application Talib Oliver Cabrera
Lunch 60°
13:00 — 15:00 ANUGA Model Kyle Wright
Break 15°
15:15-17:15 Delft3D Model Luca Cortese

17:15-17:30 Closeout

Search ORNL DAAC

DAAC Home

Delta-X Applications Workshop

Hosted by: Delta-X Science Team
Date: May 4-5, 2022
Contact for the ORNL DAAC: uso@daac.ornl.gov 4

Keywords: Tutorial, Airborne, Data Management, Python, SAR
Overview

On May 4th and 5th, 2022, the Delta-X Science Team developed and conducted a Delta-X Applications Workshop which was held virtually and in
person at The Estuary at the Water Campus Baton Rouge, Louisiana. In this two-day workshop, the scientists covered an introduction to Delta-X
datasets and steps for analyzing field, airborne, and modeling datasets. Scientists presented material in the form of lecture presentation, hands-on
data access demonstrations, and data analysis methods tutorials mostly in the form of Jupyter Notebook content. The Delta-X Science Team has
provided videos of presentations, slide content, and Notebook material. That material is organized and available from the ORNL DAAC from the
Workshop Content repository link below. The ORNL DAAC archives and distributes datasets from the Delta-X EVS-3 Mission. Read more about the
mission at the Delta-X website.

Workshop Content

Delta-X Applications Workshop (May 4-5, 2022) ©)

~m Delta-X Applications Workshop 2022: Introduction

=

Watch on (23 YouTube

Playlist Link 2
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Delta-X Applications Workshop

Hosted by: Delta-X Science Team
Date: May 4-5, 2022
Contact for the ORNL DAAC: uso@daac.ornl.gov &

Keywords: Tutorial, Airborne, Data Management, Python, SAR
Overview

On May 4th and 5th, 2022, the Delta-X Science Team developed and conducted a Delta-X Applications Workshop which was held virtually and in
person at The Estuary at the Water Campus Baton Rouge, Louisiana. In this two-day workshop, the scientists covered an introduction to Delta-X
datasets and steps for analyzing field, airborne, and modeling datasets. Scientists presented material in the form of lecture presentation, hands-on
data access demonstrations, and data analysis methods tutorials mostly in the form of Jupyter Notebook content. The Delta-X Science Team has
provided videos of presentations, slide content, and Notebook material. That material is organized and available from the ORNL DAAC from the
Workshop Content repository link below. The ORNL DAAC archives and distributes datasets from the Delta-X EVS-3 Mission. Read more about the
mission at the Delta-X website.

=

Watch on (2 YouTube

Playlist Link wal
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[0 README &[5 License

Delta-X Applications Workshop (May 4-5,
2022)

The Delta-X Science Team developed and conducted a Delta-X Applications
Workshop on May 4th and 5th, 2022, which was held virtually and in person at The
Estuary at the Water Campus Baton Rouge, Louisiana.

In this two-day workshop, the scientists covered an introduction to Delta-X datasets
and steps for analyzing field, airborne, and modeling datasets. There are six tutorials
in the workshop, one for each data and model component. The datasets needed to
run the tutorials are available at the ORNL DAAC.

Lecture content and Notebook material as presented are organized and available
here.

ﬂkshop Instructih
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The Delta-X Science Team developed and conducted a Delta-X Applications
Workshop on May 4th and 5th, 2022, which was held virtually and in person at The
Estuary at the Water Campus Baton Rouge, Louisiana.
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In this two-day workshop, the scientists covered an introduction to Delta-X datasets
and steps for analyzing field, airborne, and modeling datasets. There are six tutorials
in the workshop, one for each data and model component. The datasets needed
run the tutorials are available at the ORNL DAAC.
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Lecture content and Notebook material as presented are
here.
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This project is funded by JPL under contract with NASA.

The NASA Delta-X project is funded by the Science Mission Directorate’s Earth Science
Division through the Earth Venture Suborbital-3 Program NNH17ZDA0O0OIN-EVS3.

© 2022 California Institute of Technology. Government sponsorship acknowledged.

Module 1: AirSWOT Data Introduction

GOOGLE COLAB

OPTION IF CAN'T

Module 2: Estimating Water Surface Elevation and Slope from AirSW!
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Module 3: Comparing AirSWOT to In Situ Data ON LOCAL MACHINE
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. CALCULATE WATER SURFACE ELEVATION & SLOPE

COMPARE TO WATER LEVEL GAUGE DATA

The L2 data products are GeoTIFF raster files in the Universal Transverse Mercator (UTM) coordinate system. For the Delta-X domain, these
products are in UTM Zone 15 North. These files can be drag-and-dropped into QGIS for easy viewing. For example:
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Module 1: AirSWOT Data Introduction

ZC Open in Colab

Module 2: Estimating Water Surface Elevation and Slope from AirSWOT

ZC Open in Colab

Module 3: Comparing AirSWOT to In Situ Data

CC Open in Colab
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Delta-X 2022 Applications Workshop

Estimating Water Surface Elevation and Slope from AirSWOT

® 2022 California Institute of Technology. Government sponsorship acknowledged.

Author: Michael Denbina, Jet Propulsion Laboratory, California Institute of Technology

The AirSWOT tutorial is split into three modules, which cover:

1. AirSWOT Data Introduction
2. Estimating Water Surface Elevation and Slope from AirSWOT (this module)
3. Comparing AirSWOT to In Situ Data

In this module, we will show how to use a water mask to mask out AirSWOT pixels that are not open water, how to filter outliers, and
how to spatially average AirSWOT height data in order to produce accurate estimates of water surface elevation for a waterbody of
interest.

Let us say, for example, that we would like to monitor the water surface elevation of the lake at the center of the Google Earth imagery
below:
File display

V4

0 rupesh2 Add 'tutorials/DeltaX_Applications_Workshop_AirSWOT/' from commit 'b7... == 56817d2 - 2 years ago  {1) History

In this module, we covered:

1. How to apply a water mask to AirSWOT data to exclude land pixels from our analysis.

2. How to filter outliers and spatially average AirSWOT data to estimate water surface elevation in a waterbody of interest.

3. How to monitor water level changes over time using repeat passes of AirSWOT over the same lake in the Eastern Terrebonne
Basin.

4. How to estimate the water surface slope of the lake by fitting a plane to masked and filtered AirSWOT data in 3-D coordinates.

AIRSWOT WSE JNB



https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/DeltaX_Applications_Workshop_AirSWOT/2_Estimating_Water_Surface_Elevation_and_Slope_from_AirSWOT.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/DeltaX_Applications_Workshop_AirSWOT/2_Estimating_Water_Surface_Elevation_and_Slope_from_AirSWOT.ipynb
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Hosted by: Delta-X Science Team
Date: May 4-5, 2022
Contact for the ORNL DAAC: uso@daac.ornl.gov &

Keywords: Tutorial, Airborne, Data Management, Python, SAR
Overview

On May 4th and 5th, 2022, the Delta-X Science Team developed and conducted a Delta-X Applications Workshop which was held virtually and in
person at The Estuary at the Water Campus Baton Rouge, Louisiana. In this two-day workshop, the scientists covered an introduction to Delta-X
datasets and steps for analyzing field, airborne, and modeling datasets. Scientists presented material in the form of lecture presentation, hands-on
data access demonstrations, and data analysis methods tutorials mostly in the form of Jupyter Notebook content. The Delta-X Science Team has
provided videos of presentations, slide content, and Notebook material. That material is organized and available from the ORNL DAAC from the
Workshop Content repository link below. The ORNL DAAC archives and distributes datasets from the Delta-X EVS-3 Mission. Read more about the
mission at the Delta-X website.

Workshop Content

Delta-X Applications Workshop (May 4-5, 2022) ©

NASA Introduction

==

Watch on (38 Youlube

Playlist Link 28

DEER) @V LEIGH
Workshop 2022

NASA Earthdata
9 videos 690 views Last updated on Aug 30, 2022

=

NASA's Delta-X Science Team developed and
conducted a hybrid Delta-X Applications
Workshop held May 4-5, 2022, at The Estuary at
the Water Campus located in Baton Rouge,
Louisiana.

>3 Shuffle

The scientists introduced Delta-X datasets in this
two-day workshop and how to analyze field,
airborne, and modeling datasets. Within this
workshop playlist, you will find six tutorials— one
for each data and model component. The
datasets needed to run the tutorials are available
at NASA's Oak Ridge National Laboratory

Distributed Active Archive Center (ORNL DAAC) at:

https://daac.ornl.gov/cgi-bin/dataset_lister.pl?
p=41.

\NUGA Model Tutoriat

A
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]
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Delta-X Applications Workshop 2022: Introduction

NASA Earthdata + 522 views * 1 year ago

Delta-X Field Data: Overview, Access, and Analysis

NASA Earthdata « 196 views * 1 year ago

Delta-X Airborne Visible/Infrared Imaging Spectrometer -
Next Generation (AVIRIS-NG), Part |

NASA Earthdata + 445 views * 1 year ago

Delta-X Airborne Visible/Infrared Imaging Spectrometer -
Next Generation (AVIRIS-NG), Part Il

NASA Earthdata « 289 views * 1 year ago

Delta-X Airborne Surface Water and Ocean Topography
(AirSWOT): Overview, Access, and Application

NASA Earthdata + 122 views * 1 year ago

Delta-X Uninhabited Aerial Vehicle Synthetic Aperture Radar
(UAVSAR), Part |

NASA Earthdata - 337 views + 1 year ago

Delta-X Uninhabited Aerial Vehicle Synthetic Aperture Radar
(UAVSAR), Part Il

NASA Earthdata + 173 views * 1 year ago

Delta-X ANUGA Model

NASA Earthdata + 523 views * 1 year ago

Delta-X Delft3D Model

NASA Earthdata + 2.4K views * 1 year ago




Delta-X Applications Workshop
May 8-9, 2024
The Estuary at the Water Campus

https://github.com/ornldaac/deltax workshop 2024

1110 S River Rd, Baton Rouge, LA 70802
B ornldaac / deltax_workshop_2024  Ppublic
=0l iy T -“,~—%M <> Code (©) Issues 17 Pullrequests ©J) Discussions (») Actions () Security [~ Insights
¥ main ~ ¥ 6 Branches © 0 Tags Q Gotofile
May 8th Agenda
@ iessnicwelch Update README.md @ 1854710 - last week {0 146 Commits
Time (CT) Topic Presenter
8:00 — 8:30 Meet and greet B installation_files Delete installation_files/.DS_Store last month
Marc Simard _ ) )
8:30 — 9:30 Introduction Cathleen Jones M slides Merge pull request #28 from achri19/main last week
Yang Zheng ® tutorials Merge branch 'main' into main last month
9:30 — 9:45 Hydrodynamic modeling with ANUGA: introduction Antoine Soloy
Break 15° [ .gitignore Final version of notebooks used for the workshop last month
10:00 — 12:00 Hydrodynamic modeling with ANUGA: model run Antoine Soloy ) LICENSE.md sikianms 4 months ago
Lunch 90’
13:30-14:30  Hydrodynamic modeling with ANUGA: simulations Antoine Soloy [ README.md Update README.md last week
14:30 — 15:15 Demonstration of Dorado sediment transport I\ﬁlr:@ Briickner
LLolne SQlQX, [0 README &3 License =
Break 15° )
15:30 - 17:00 Demonstration of Dorado sediment transport Briickner, Soloy.
17:00 - 17:30 Hands-on exercises and discussions i . .
Brickner. Solav Delta-X Applications Workshop
th
May 9th Agenda May 8-9, 2024
Time (CT) Topic Presenter :
8:00 — 10:00 Hydrodynamic Modeling of Deltas using Delft3d Ali Payandeh Workshop Instructions
Break 15°
10:15—-12:00 The fate of Deltas - Delft3d Morphodynamic modeling Ali Payandeh
Lunch 90°
13:30 - 15:00 Sediment transport model Dongchen Wang RECORD'NGS OF THE TUTOR'ALS W”_L BE
Break 15°
Robert Twilley POSTED ON ORNL DAAC SOON
Pradipta Biswas
15:15-17:15 NUMAR model, data, and how to use them Ivan Vargas-Lopez
Alex Christensen
Muriel Briicker
17:15-18:30 River Model Tour Ali Payandeh

18:30 — 18:45 Close-out


https://github.com/ornldaac/deltax_workshop_2024

| Detta-X Model | aseaen |

Data Website

O R N L DAAC - Found 27 results
H Osts D e Ita —X M O d e | S Delta-X: Delft3D Sediment Model, Site 396, Terrebonne Basin, MRD, Louisiana, USA

https://doi.org/10.3334/ORNLDAAC/2314

; -h This dataset contains the Delft3D model of the intensive site 396 in the Terrebonne Basin along the Mississippi River Delta E ‘
I' (MRD) in coastal Louisiana... —

Delta-X: Delft3D Sediment Model, Site 399, Terrebonne Basin, MRD, Louisiana, USA

https://doi.org/10.3334/ORNLDAAC/2313

) l: This dataset contains the Delft3D model of the intensive site 399 in the Terrebonne Basin along the Mississippi River Delta ﬁ *
=/' (MRD) in coastal Louisiana... —
Delta-X: Delft3D Sediment Model, Site 322, Terrebonne Basin, MRD, Louisiana, USA
https://doi.org/10.3334/ORNLDAAC/2312
L -h This dataset contains the Delft3D model of the intensive site 322 in the Terrebonne Basin along the Mississippi River Delta E ‘
I’ (MRD) in coastal Louisiana... -4

Delta-X: Delft3D Sediment Model, Site 421, Terrebonne Basin, MRD, Louisiana, USA

https://doi.org/10.3334/ORNLDAAC/2304

l: This dataset contains the Delft3D model of the intensive site 421 in the Terrebonne Basin along the Mississippi River Delta ﬁ &
k=21l' (MRD) in coastal Louisiana...

Delta-X: Delft3D Sediment Model, Site 294, Terrebonne Basin, MRD, Louisiana, USA
https://doi.org/10.3334/ORNLDAAC/2303

lv This dataset contains the Delft3D model of the intensive site 294 in the Terrebonne Basin along the Mississippi River Delta E G
‘ 88| (MRD) in coastal Louisiana... -

https //d0| org/10.3334/ORNLDAAC/2302

This dataset contains the Delft3D model of the Atchafalaya Basin along the Mississippi River Delta (MRD) in coastal Louisiana. a
Simulations cover the...

Ban

Delta-X: Delft3D Broad-Scale Sediment Model, Terrebonne Basin, MRD, Louisiana, USA

https //doi.org/10.3334/ORNLDAAC/2301
This dataset contains the Delft3D model of the Terrebonne Basin along the Mississippi River Delta (MRD) in coastal Louisiana. E
Simulations cover the Delta-X...

Ren

5 .

Delta-X: Digital Elevation Model, MRD, LA, USA, 2021
https://doi.org/10.3334/ORNLDAAC/2181

by ‘J This dataset provides an updated digital elevation model (DEM) for the Atchafalaya and Terrebonne basins in coastal Louisiana, a -t
;o

USA. The DEM is updated from...

Delta-X: Island and Secondary Channel Model, MRD, LA, USA, 2022
https://doi.org/10.3334/ORNLDAAC/2106

. This dataset includes model code and output for a model that simulates changes in islands and small water channels of river ﬁ

fe

delta systems in response to...



DELTA-X at ORNL DAAC:

https://daac.ornl.gov/cgi-
bin/dataset_lister.pl?p=41

DELTA-X WEBSITE:

JPLU

Jet Propulsion Laboratory
California Institute of Technology

TEXAS

The University of Texas at Austin.

Lsu FIU


https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.lsu.edu%2Fstratcomm%2Fimages%2Fbrand%2Flsu_purple_rgb.jpg&imgrefurl=https%3A%2F%2Fwww.lsu.edu%2Fstratcomm%2Fbrand-creative%2Findex.php&tbnid=FyqNG0rtdI6lUM&vet=12ahUKEwj2_OuLlp70AhXCnZ4KHaxnA8EQMygAegUIARC6Ag..i&docid=mpczPW6RNMby_M&w=360&h=180&q=lsu%20logo%20official&client=firefox-b-1-d&ved=2ahUKEwj2_OuLlp70AhXCnZ4KHaxnA8EQMygAegUIARC6Ag
https://www.google.com/url?sa=i&url=https%3A%2F%2Fcommencement.utexas.edu%2Fgifts-and-memorabilia%2Fofficial-class-ring&psig=AOvVaw34Ox4lArE0aYwcVVHL0kym&ust=1637196458166000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCJDJ75yWnvQCFQAAAAAdAAAAABAK
https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F3%2F31%2FBoston_University_wordmark.svg%2F1200px-Boston_University_wordmark.svg.png&imgrefurl=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3ABoston_University_wordmark.svg&tbnid=E2iGwR7ZwAZKdM&vet=12ahUKEwi3vv-xlp70AhVXlp4KHbh0DRUQMygBegUIARD_AQ..i&docid=W6_FnHO4GzX3vM&w=1200&h=538&q=boston%20university%20logo&client=firefox-b-1-d&ved=2ahUKEwi3vv-xlp70AhVXlp4KHbh0DRUQMygBegUIARD_AQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fidentity2.sites.unc.edu%2Fwp-content%2Fuploads%2Fsites%2F885%2F2019%2F01%2Fcentered_logo.png&imgrefurl=https%3A%2F%2Fidentity.unc.edu%2Fbrand%2Funiversity-logo%2F&tbnid=1ImDVMSVlB8GVM&vet=12ahUKEwjL5Mbilp70AhV2GTQIHUEzACkQMygBegUIARCJAg..i&docid=_oJpj539ySzC3M&w=768&h=588&q=unc%20university%20logo&client=firefox-b-1-d&ved=2ahUKEwjL5Mbilp70AhV2GTQIHUEzACkQMygBegUIARCJAg
https://www.google.com/imgres?imgurl=https%3A%2F%2Fbrand.fiu.edu%2F_assets%2Fimages%2Ffiu-alone.png&imgrefurl=https%3A%2F%2Fbrand.fiu.edu%2Flogos%2F&tbnid=2A1avh8pzypTsM&vet=12ahUKEwiAq7O2l570AhXCAzQIHZEmA98QMygAegUIARDKAQ..i&docid=GOaTiNIsi8fThM&w=2825&h=1309&q=FIU%20logo&client=firefox-b-1-d&ved=2ahUKEwiAq7O2l570AhXCAzQIHZEmA98QMygAegUIARDKAQ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FCalifornia_Institute_of_Technology&psig=AOvVaw2J0BPr5aLkFh_OEAx1LDf0&ust=1637196520138000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCODJmrqWnvQCFQAAAAAdAAAAABAE
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