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Adaptatlon and Response in Drylands (ARID):
NASA field campaign to advance science an
resource management in drylands

Subset of leadership team:
Andrew F. Feldman (NASA GSFC/UMD), Sasha Reed
(USGS), Shawn Serbin (NASA GSFC)
David J.P. Moore, William K. Smith (U. Arizona)
Marcy Litvak (U. New Mexico)
Niall Hanan (New Mexico State U.)
Konrad Wessels (George Mason)
Joel Biederman, Russ Scott (USDA ARS Tucson)

White Paper Link
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NASA Terrestrial Ecology Field Campaigns are

designed to build understanding for complex systems

NASA Terrestrial Ecology field campaigns
focus the community’s attention on:

(a) answering big science questions

tfraining and educating the next S

generation of scientists
(e)leaving a legacy data of great value for
future research.

Models

[ Satellite ]
targeted on important regions or biomes
(b)enabling more effective interpretation [ Aircraft ]
and analysis of space-based
measurements
(c)fostering_collaborative interactions and [ brone ]
building new relationships within the
scientific community [ Tower ]
(d)providing valuable opportunities for [ ]
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A.R[D’S Main Questions and Themes

* What are drylands’ contributions to the Earth System, how are
these contributions shifting with change, and what management
(e.g., mitigation and adaptation) solutions could help maintain the
critical services provided by drylands?

* Major Themes
* Climate Variability and Drought
* Ecosystem Structure, Function, and Biodiversity
 Carbon Cycle Interannual Variability
* Social-Ecological Systems
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Take-aways

* ARID is selected and activities starting to roll out and occurring at
varying scales through early-mid-2030s
* Potential for funding solicitations
* Aircraft campaigns ongoing with field collections
* Request for ongoing field collection metadata

* Pilot demonstrations
* Field-aircraft-satellite scaling studies and applications
* Applications with ranchers and military

White Paper

* Engagement

* Monthly ARID and Applied Earth Observations Innovation Partnership
(USFS & NASA) land management seminars

* Conferences: New Phytologist Symposium, AGU conference sessions
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Why focus on drylandse
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Drylands are often very greenl _
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Drylands are
spatially complex
and often well-
vegetated

Feldman et al. 2024
(Earth’s Future)
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Drylands are greening, but becoming more variable / erratic
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Zhang, Moore, Smith et al. (2026) Greening masks stability loss in drylands. Nature Climate Change.



Drylands are greening, but becoming more variable / erratic
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Zhang, Moore, Smith et al. (2026) Greening masks stability loss in drylands. Nature Climate Change.



Drylands are greening, but becoming more variable / erratic
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Zhang, Moore, Smith et al. (2026) Greening masks stability loss in drylands. Nature Climate Change.



Drylands are greening, but becoming more variable / erratic
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Good years get better, bad years get worse, and models miss it
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Dryland systems are showing threshold-type responses
fo change, resulting in new communities
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DAKTRONICS

Drylands face substantial challenges
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Hotspots for Change: Drought + Heatwaves

Western US drought one of
la rgest seen in over 1200 years Temperature map of Australia
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It's so hot in Phoenix, Ariz., that 42 Cis considered
cooler asrecord high temperature streak ends i

Historic heat began blasting multiple regions across the U.S. in June

The Associated Press - Posted: Jul 31,2023 9:35 PM EDT | Last Updated: July 31, 2023

Australia’s Bureau of Meteorology

CBC News




That equals big challenges for decision makers

M Tribal Lands
- Bureau of Land Monogemen’r

Bl Bureau of Reclamation
Bl Department of Defense
B Fish and Wildlife Service
B US Forest Service

B National Park Service

Bl Other federal agencies

Drylands
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Carbon Emissions & the Land Carbon Sink

419 Monthly Carbon Dioxide Concentration
400 parts per million
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Strong contribution
of drylands to
carbon interannual
variability
Challenges our
ability to measure
carbon emission
reductions



A 1% emissions cut is lost in the land sink's wobble
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Cut fossil
emissions 1%
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larger
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Land sink change
2022 to 2023

Year-to-year swings in
the land sink can hide
the effect of emission
cuts.

So where does the noise
come from?

Friedlingstein et al., Global Carbon Budget 2024 and 2025, ESSD. Ahlstrém et al. 2015, Science (LPJ-GUESS).



A 1% emissions cut is lost in the land sink's wobble

Share of year-to-year variability
in the global land sink
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N
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Grasslands &

GtC per year
3

croplands

0-751 16 times
0.50 - Iarger Tropical
forests

0.25 - 0.1
0.00 - Extratropical
Cut fossil Land sink change forests
emissions 1% 2022 to 2023

The biggest share of that noise comes from semi-arid lands.
Friedlingstein et al., Global Carbon Budget 2024 and 2025, ESSD. Ahlstrom et al. 2015, Science (LPJ-GUESS,).



MODEL NEE (gCm~2yr-1)

Models do not capture dryland variabillity
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“We find that all the models
underestimate both mean annual
carbon uptake/release as well as
the magnitude of net ecosystem

exchange (NEE) interannual
variability (IAV), suggesting that
Improvements in representing
dryland regions will improve global
C cycle projections...Our analysis
suggests that improvements in
modeling C cycle processes across
more than a quarter of the Earth’s
land surface could be achieved by
addressing the moisture sensitivity
of dryland C uptake”.
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Santa Rita Experimental
Range. Moore Lab

Many satellite
resources and
geospatial reanalysis
are too coarse for
county or local
decision support.

Too coarse for many
scientific questions
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Some problems are too complicated to be

solved with only one approach

From Point to Leaf to Orbit — building actionable science together

Planet
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Intensive Discussion
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ARID is informed by an

. S : Feldman et al. (2026)
extensive science and land j ] coping Cambridge Prisms
management community Adaptation and Respo;sefn Drylands FTOGEsS Drylands
Broad Community Scoping Team Intensive Discussions with
Engagement and Input Science Agenda and Field Practitioner, International, and

Solicitation Implementation Strategizing Cross-Agency Partners
. '— 1 T

S

A case for NASA'\,SQ‘
nextfield ¥ andrew Feldman (NASAUMD)

1§ Benjamin Poulter (NASA) |

nin ti _ SashaResd (USGS)
-1 Wiliam K. Smith (U Arizona)




ARID Primary Goals

AR Science Themes

Drivers of Change e==) Ecosystem Response
Drought and Climate Variability

Water Fire
Availability

and Demand

Variability:
Pulses and

Land-atmosphere
Droughts

interactions

Ecosystem Structure,

Function, and Biodiversit
Biodiversity

Carbon Cycle

Vegetation

Finction Dryland Geology

Variability

and Soil Processes
Vegetation Structure

Interannual

-

G®DDARD

EARTH SCIENCES

- A

Human Interaction with
Natural Environment

Social-Ecological
Systems

Land
Management

Adaptation +
Mitigation

L

Feldman et al. 2026 Global Change Biology

e Advance Science:

ARID will leverage new
measurements
coupled with existing
networks to advance
dryland science
themes (left)

Natural Resource
Management: ARID
will enable
development of remote
sensing techniques
urgently needed to
manage resources
(food, water,
infrastructure) on water
limited military, private,
and public lands
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 International engagement started in Red locations
* Interest in flights and experiments
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California
D ©
Y& NEON [J Hyperarid 53
A LTERLTAR Ll Arid =LA 550

[ ] Semiarid .
o AmeriFlux [] Dry Subhumid 93 Million
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G®DDARD 1552

* Existing instrumentation throughout
western US that can be
complemented with NASA campaign

* Opportunity to capitalize on
gradients:
* Hotto cold (South to North)
* Dryto wet (West to East)
 Land cover gradients (natural,
rangeland, and cropland)

* Western US aridity is near average of
all global drylands
 Western US representative of
global drylands



Feldman et
al. (2026)
Cambridge
Prisms
(Drylands)

Increasing Spatial Scale and Coverage

Satellite Remote Sensing .#. é R'&“
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ARID Pre-Campaign Ramping-Up Strategy

* Pre-Campaign Pilot Analyses, Demonstrations, and Workshops
* Formulating teams to pursue multi-scale research
e Successful ARID team proposals in NASA ROSES, DoD SERDP, USGS, etc.
* Land Management Applications
* Utilization ongoing/planned aircraft flights

* Solidifying Partnerships
* Targeting U.S. Agencies (DoD/DoW, USGS) and philanthropies

* Tiger Teams formed to coordinate partnerships, funding sources, and field
collections

* Targeted Engagement
* Field and aircraft field meta data collection
* ARID Seminar Series (monthly)
 Conferences: New Phytologist Symposium
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Key Puints:
© Adaptation and Response in Drylands
(ARID) is & 1-year scoping study fora
multi-year NASA Terrestrial Ecology
dryland field campaign

An ARID workshop was held in
Tugson, Arizona in October 2023 with
mose than 30 daia end-users and 300

scientists in attendance

© Furiher input from hundreds of
rescarchers and end-users was oblained
through workshops, conference town:
halls, and tribal engagement
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drylands (ARID): Community insights for
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Abstract

Drylands caver 41% of Earth's land surface, support 36% of the glabal population and contribute
60% of global food production. Despite these ecosystems’ importance and high vulnerability to
droughts and heatwaves, drylands remain some of the most understudied systems on Earth.
Monitoring drylands is challenging due to their complex ecosystem structure of visible soil
mixed with diverse plant species that respond rapidly to weather and climate. In 2023 and 2024,a

NASA scoping study was conducted for a proposed dryland terrestrial ecology field campaiga.
callod Adde o D S Tl LA RIL Thiarnfier thn NTASA & BITY i torem.
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ABSTRACT

Dryland ecosystems cover 41% of Earth’s land surfaces, aceount for 44% of cultivated lands and 60% of food sources, and make large
contributions to the global water and carbon cycles. However, these ecosystems are experiencing unprecedented extremes including
heatwaves, floods, and droughts as well as hotter temperatures and often declining water resource availability. These ecosysterms
are some of the most challenging to monitor given their high temporal variability with rapid response to their environment as well
as vast spatial variability with inter: g of different plant species and life forms amongst bare soil coverage. The Adaptation and

Resnonse in Drvlands (AR camnaion was selected hy National Aeronantics and Snace Adminisiration (NASAYas a sconine study.

Feldman et al. 2024
Earth's Future
How the community shaped ARID

Feldman et al. 2026
Cambridge Prisms: Drylands
Overview of the final plan

Feldman et al. 2026
Global Change Biology
Research agenda and campaign strategy

Plus the full final report, openly archived: Reed et al. 2025, ORNL DAAC.



Two white papers to the next Decadal Survey

Earth system
models/dynamic
global vegetation|

models

surface models
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Observing Dryland Function Across Scales Dryland Social-Ecological Systems

e The gap: satellites miss fast, rain-driven dryland processes e Starts from land managers' needs, gathered through ARID

e Proposal: ARID aircraft and ground data, dryland-tailored e Proposal: a NASA initiative using spectral, radar, lidar and
satellite products, new space investments fluorescence data

e Focus on resilience in the western U.S. e Forecasting tools for climate-resilient land use

Atmosphere - Biosphere - Geosphere - Hydrosphere Biosphere - Hydrosphere

Led by Andrew Feldman with co-authors. Submitted 24 August 2026 to the National Academies' Earth Science Decadal Survey (ESAS 2028).

Aim: put drylands on NASA's list for the next decade.



* Department of War

* U.S. Navy and USMC agreements with NASA GSFC team to improve installation management and
resilience (2025-2028)

* NRO supporting 606/618 wildland fire risk mitigation efforts (starting March 2026)
* NAVFAC and Innovative Landscape Network Partnership (Jesse Ross)

* DoW/FireSense campaign in July/August, synergistic with ARID, focused on pre-fire vegetation risk to
Lr}sctgll:%%cionél,l:\%i}h a focus on dryland installations in the western U.S. Planning to fly G-LiHT, AVIRIS-3,
, C-

* Potential larger multi-million investment in ARID more broadly from SERDP (Kevin Hiers)

* U.S. Geological Survey

* Powell Center and Core System Science areas funding and planning to co-fund pre-campaign analyses

b USGS with NASA, NEON, and USGS aircraft data
ﬁemam o * GEMx hygoerspectral and thermal remote sensing flights between 2023-2027 ($15M) across Western U.S.
e in ARID domain with input from ARID team on flight paths

* GEMx lead a member of the ARID team

| * Wyoming Rancher/ NASA BDEC
ﬂ * Collaborating with NASA GSFC-based team via NASA Earth Action directed funds
CARTER COUNTRY mha;rs * Wyoming rancher family partnering for ground validation of satellite-based tools
WHOMNEZUSh * Broader opportunities within NASA BDEC Virtual Center & GSFC participation to lead targeted efforts
focused on improving rangeland monitoring and management w/ NASA data

* NEON (Batelle)

ne "n * Potential to align ongoing NEON AOP flights with ARID-based flights
C * Leadership on ARID team (Hank Loescher and Mike SanClements)

| 4

Operated by Battelle




Pre-ARID campaign opportunistic
measurements

AVIRIS (NASA)
Australia (Spring
2027)

AW]S

*Also synergistic NRO fuels project
(GSFC 606/618)

GQ‘DDARD Also ASCENT (STV campaign) - still being plﬁ&d
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@ airbornescience.nasa.gov C .1‘,
{=J<} NASR AIRBORNE SCIENCE PROGRAM

STATUS  MAP

NASA ER-2 (NS8O6NA)
About 15 seconds ago

Ground Speed  Altitude

380 kts  69.1Kkit
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USGS-NASA GEMx (2023-2027)

* Location: Western U.S.
* Instrument: AVIRIS hyperspectral

NASA ASCENT (June 2026)

* Location: Southwest, West Coast
* Instrument: UAVSAR radar, LVIS lidar, Others

* Australia-NASA AVIRIS (Spring 2027)

* Location: Australia (substantial portion)
* Instrument: AVIRIS hyperspectral

NASA G-LiHT (Varies)

* Location: Varies
* |Instrument: hyperspectral, lidar, thermal

NASA SARP (June 2026, 2027)

* Location: Texas, Varies
* Instrument: hyperspectral, lidar, thermal, radar

G®DDARD
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Take-aways

* ARID is selected and activities starting to roll out and occurring at
varying scales through early-mid-2030s
* Potential for funding solicitations
* Aircraft campaigns ongoing with field collections
* Request for ongoing field collection metadata

* Pilot demonstrations
* Field-aircraft-satellite scaling studies and applications
* Applications with ranchers and military

White Paper

* Engagement

* Monthly ARID and Applied Earth Observations Innovation Partnership
(USFS & NASA) land management seminars

* Conferences: New Phytologist Symposium, AGU conference sessions
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Satellite

ARi

Adaptation and Response in Drylands

Multi agencies focused in the
est which creates a center of
us that ARID can leverage

Feldman et - e
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