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Solving Pressing Earth System Science Issues:
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?{ \eX NASA’s Earth Venture Suborbital — 3 (EVS-3) Missions
i“)ﬁ{’gf"‘t-é_x (NASA’s Science Mission Directorate/Earth Science Division)

* ACTIVATE:

Aerosol Cloud Meteorology Interactions over the Western Atlantic Experiment
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* DCOTSS:

Dynamics and Chemistry of the Summer Stratosphere

A+ o Delta-X:

/
%:.g%.f.a_x Resilience of River Deltas
 |IMPACTS:
Investigation of Microphysics and Precipitation for Atlantic Coast-Threatening
Snowstorms
* S-MODE:

Submesoscale Ocean Dynamics and Vertical Transport
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DELTA-X: A STUDY OF LAND-BUILDING PROCESSES IN RIVER DELTAS

Most large- and medium-sized deltas cannot grow fast enough to keep up with sea-level rise in M OST LA RG E & M E DI U M _SIZE D D E LTAS CAN N OT

the next century. Damming reduces sediment load further and pushes more deltas into the red.

- Delta size

>10,000 km? Amazon LEVEL RISE IN THE NEXT CENTURY.

Huanghe
100,000 - 1,000-10,000 km? -
: <1,000 km?

' UPSTREAM DAMMING REDUCES THE SEDIMENT
g S INFLUX FURTHER, ACCELERATING LAND LOSS.

L0 N HOWEVER, THIS “BATHTUB” MODEL ASSUMES
: Pechars THE ENTIRE DELTA IS LOST, BUT IN FACT SOME
e PARTS CAN SURVIVE.

compensate somewhat
for lack of sediment.

~N
1723
@
=
=
o)
2
©
oo
)
=
N
)
o
L
‘©
>
©
4_,
c
@
£
o
o)
2]
£
=
£
x
©
=

Not enough sediment

to meet needs of delta

10 100 1,000 10,000 100,000 1,000,000

Sediment needed to elevate delta plain by 1 metre in 100 years (megatonnes)

Source: “Climate change: Protect the world's deltas” Liviu Giosan, James Syvitski,
Stefan Constantinescu & John Day, Nature, 03 December 2014

https://deltax.jpl.nasa.gov
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HOW CAN DELTAS SURVIVE THE NEXT DECADES OF RISING SEA LEVEL?

LAND LOSS AND GAIN OCCURS AT SUB-ISLAND SCALES

Current macroscale models Zones on island with different rates of soil accretion

’ (depicted as elevated colored layers
| Delta-X _‘% T

\ \J
‘ _ : — - : 4 Delta-X resolves soil accretion rates from mineral
Macroscale models estimate sediment Delta-X remote-sensing data resolve channel sediment deposition and organic soil production from
needed tofil the total areaof adelfa | | networks & island vegetation, and calibrate models plants using fully calibraQed numerical models

MOVE FROM BATHTUB SCALE TO ~HECTARE SCALE



s Delta-X Cross-Disciplinary Science
ﬁm Study Processes Controlling Land Building in Deltas

Interdependence of Hydrology — Ecology — Geomorphology

Overarching Science Question: What are the hydrological and
ecological processes responsible for the resilience and vulnerability of
river deltas to Relative Sea Level Rise (RSLR), and what are their
relative contributions to soil elevation?

Delta-X objectives: To evaluate the roles of 1) vegetation on soil
accretion rates; and 2) channel-network density and deltaic island size
on soil accretion rates.

Role of Vegetation in soil production & flow of water/sediment into

island interior

Role of Channel Network in delivering & removing sediment

Channel
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DELTA-X TEAM
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Delta-X Framework

Combine hydrodynamic, ecogeomorphic, and sediment
transport models to predict long-term soil accretion
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https://deltax.jpl.nasa.gov/

Land Loss & Gain in the Mississippi River Delta, Louisiana
(Delta-X Study Area)

ATCHAFALY.
Active

TERREBONNE BASIN
Inactive Delta
(No sediment input from upstream rivers)




DELTA-X FIELD & AIRBORNE CAMPAIGNS

HIGH RIVER FLOW, LOW BIOMASS

* Spring campaign 2021:
e March 21t - April 22"
* 3 TIDAL STATES

LOW RIVER FLOW, HIGH BIOMASS

* Fall campaign 2021:
* August 16t - September 26t
* 2 TIDAL STATES

Demonstration Delta-X (Pre-Delta-X)

campaigns
* May 2015 (Spring)
* October 2016 (Fall)

Atchafalaya
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CALIBRATION / VALIDATION DATA TO SUPPORT
MODEL DEVELOPMENT

In Situ AVIRIS-NG

- B sediment and vegetation)

| '\ ArSWOT
(Single pass Ku-band SAR
interferometry: water height and
slope)
n Situ
(Vegetation & Soil)

FRESHWATER, INTERMEIDIATE, AND SALINE SITES IN BOTH BASINS

UAVSAR

(Repeat-pass L-band SAR
interferometry:
water level change, map channel
network)

INTENSIVE STUDY SITES:

(Not to scale)



In Situ AVIRIS-NG

(Water flow and sediment) _«# (Spectroscopy:

“», sediment and vegetation)

Radars fly at same time
Timed to catch different parts of the

tidal cycle

In situ:

Water flow (ADCP) : _

Water |eve| gauges UAVSAR t adar interferometry: water height
(Repeat-pass Radar ; and slope)

> C h anne | S interferometry:
water level change)
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Delta-X

Spectrometer images channels for
sediment concentration

In situ (during flights): suspended
sediment concentration, grain size
distribution

In situ (synchronicity not required):

Spectrometer vegetation
In situ vegetation, soil, elevation,
bathymetry

In Situ <

(Water flow and sediment) &
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(Repeat-pass Radar
interferometry:
water level change)

AVIRIS-NG

(Spectroscopy:
».sediment and vegetation)

adar interferometry: water height
and slope)

In Situ
(Vegetation & Soil)



Delta-X Intensive Study Sites

Legend
) CRMS 200m Site Buffer
CRMS Station Hidrology
CRMS Station Sediment Elevation
CRMS Station Soil Properties
) g % CRMS Station Vegetation Survey
g } 1 -‘S% . : JPL/LSU SAMPLING STATION

JPL_CRMS2568 Fresh: (0.19 PPT) JPL_CRMS0294 Fresh: (0.32 PPT)

g

JPL._CRMS2568 | o A el

JPL_CRMS0396

Brackish:
(5.19 PPT)
JPL._WLD

PL CRMS0294

JPL_CRMS0396

4

JPL_CRMSO03

JPL_CRMSO Saline:
Fresh:

(0.2 PPT) JPL_CRMS0399 pr
JPL_CRMS50322 JPL_CRMS0421

Intermediate:
(4.78 PPT) Saline: (12.56 PPT)
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VEGETATION AND
SOIL SAMPLING




Water Quality And
Dynamics

(channels and islands




UAVSAR Flight Pattern (repeat pass InSAR (DInSAR))
White = Atchafalaya, Yellow = West Terrebonne, Purple = East Terrebonne
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Capturing tlde propagation
¢ Across wetlands every ~20°-30Q

© 2021 Google
Image Landsat / Cop

41 km Data SIO, NOAA, U.S. Navy, NcA,ucszesco Google Earth



Add AirSWOT single-pass InSAR flight lines

e propagation

= around high, low and receding
%  stages simultaneously in

w3 channels & wetlands
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© 2021 Google
Image Landsat / Copernicus

ST Data SI0, NOAA, U.S. Navy, NGA, GEBCO GOOQIC Earth



Add AVIRIS-NG Spectrometer coverage
Image entire area to get vegetation & all channels
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Google Earth

© 2021 Google
Image Landsat / Copernicus
Data S10, NOAA, U.S. Navy, NGA, GEBCO

41 km



MODELS

byt
gfgf}i;‘\')g( (Eco-hydrodynamic-sediment transport)

Measured Modeled

Delft3D = -

* Hydrodynamic model, includes sediment transport, deposition,
elevation change

* 1-90m grid overall with 10m grid at 7 intensive sites
e 2-30-m grid

* 3 -lrregular grid, full domain (In progress) o o
* Incorporates storm surge and erosion

* Hydrodynamic model,
* Irregular grid full domain (Atchafalaya+Terrebonne) - -
* Cal/val with remote sensing data

* Does not include sediment transport, deposition and elevation change

NUMAR (La. State Uniwv.) u T | T T .
* Organic productivity at the ecogeomorphic scale (~hectare)
Water Level Change [cm]

DORADO N S ©

* Lagrangian transport model for water and sediment

TELEMAC

* Includes sediment transport, deposition, elevation change

* lIrregular grid . .
S e A UG bl aslils e Arois Mesh, channel, and bathymetric corrections

guided by integrating remote sensing results



DELTA-X DATA & MODEL REPOSITORY

Alaska Satellite
Facility DAAC

SAR Products,
Sea Ice,
Polar Processes,
Geophysics

National Snow
and Ice Data
Center DAAC

Frozen Ground,
Glaciers, Ice Sheets,
D . Sea Ice, Snow,
hvsical Soil Moisture

Gravity, Sea Surface
Temperature, Ocean
Winds, Topography,

Circulation & Currents

Land Processes
DAAC

Land Cover,
Surface Reflectance,
Radiance, Temperature
Topography,
Vegetation Indices

Goddard Earth Sciences
Data and Information
Services Center

Global Precipitation,
Solar Irradiance,
Atmospheric Composition,
and Dynamics, Global Modeling

Crustal Dynamics
Data Information
System

Space Geodesy,
Solid Earth

Oak Ridge
National Laboratory
DAAC

Socioeconomic Data
and Applications Center

Human Interactions, Land Use,
Environmental Sustainability,
Geospatial Data

Ocean Biology
DAAC

Ocean Biology,
Sea Surface
Temperature

[ | Biogeochemical Dynamics,
Ecological Data,
Environmental Processes

Level 1 and Atmosphere
Archive and Distribution
System DAAC
MODIS Level-1 and
Atmosphere Data Products
Global Hydrometeorology
Resource Center

Hazardous Weather,
Lightning, Tropical Cyclones
and Storm-induced Hazards

Atmospheric
Science Data Center

Radiation Budget,
Clouds, Aerosols,
Tropospheric Chemistry
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