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[eadership Team

Dr. Michelle Newcomer(Lawrence Berkeley National
Laboratory): Hydrology, Reactive Transport Modeling

Dr. Kristen Rasmussen (Colorado State University):
Mesoscale/Cloud Processes, Weather-Climate Interface

Dr. Ruby Leung (Pacific Northwest National Laboratory):

Earth System Modeling, Water Cycle and Extreme events
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(dobal distribution of mountainous regions

e Farth’s mountains
cover ~23% of global
land

e Mbuntains provide 60-
90% fresh water for
people worldwide

I Not mountainous

@, - 300-1000 m and local elevation range > 300 m )

[ 11000-1500 m and slope > 5° OR local elevation range > 300 m

Wrzesien et al. (2019):] 1500-2500 m and slope > 2°




Mbuntainous Systems are
Important and they are
Changing

e Projected declines and potential

disappearance of mountain snowpacks
(Stirila-Woodburn et al. 2021)

® Increases in growing season length have
cascading effects on terrestrial and aquatic
ecosystems (Huss, 2017), and hydrological
partitioning and water delivery (Rumsey
2017)

e Increasingly vulnerable to disturbances,
extreme events, and climate change




Mbtivation for the IMHC Workshop

Research will address the bi-
directional feedbacks between the
atmospheric and the terrestrial and
subsurface component, and the
embedded human systems.

Charge: Provide insight on priority
challenges, regions, and future
research needs

Outcomes: (1) Presentations at AGU,
DOEPI meeting, and DOE ASR

meeting (2) Aworkshop report




Quick summary - IMHC Workshop Structure

e Session 1: November 15-16, 2021
Breakout 1: Disciplinary Topics
Breakout 2: Gross-Disciplinary Topics
Breakout 3: Gross-Cutting Topics
Breakout 4: Integrated
Activities/ Experiments
m Integrated activities on extreme
events, transferable knowledge, and
actionable science
e Session 2: January 19,2022
o  Opportunities and Challenges for Inter-
agency collaboration
o Inter-Agency panels
o  Program manager roundtable

O O O O

184 Participants
34 Universities
9 Federal Agencies
5 Local/ State Agencies
4 | Intgpational |
Universities/ Agencies




Workshop Co-Leads

, { Adam Varble (PNND) Nathalie Voisin (PNND) > Human Systems
Atmospheric
Alan Rhoades (IBNL) #ndy Jones (IBND) .
. Frica Woodburn (IBND) ) .
( Matthias Sprenger (IBND) Integrated Climate
Terrestrial < Paul Ullrich (UC Davis) s galriability and
ange
Nate Chaney (Duke) Ning Sun (PNND) )
( Andreas Prein (NCAR) McKenzie Skiles (Univ Utah) N
- . Societal
Human-Terrestrial- < Peter Thornton (ORNL) Simon Wan ah State :
Atmospheric PR BT ) g (Ut ) Connections

Interactions Naresh Devineni (CUNY) lan Kraucunas (PNND) J

e



Takeaways: Gaps, Grand Challenges, and Opportunities

Mountain Extremes

Scaling of Mountam Processes and Data
Mbdeling and Prediction of Mbuntain Processes
Data-model Integration in Mountain Regions
Uncertamty in Mountain Hydrochimate Research
Coordimation and Collaboration



Mbountain Extremes

Challenge Quantifying thresholds and tipping points before and after extreme events and the scale
at which they mnteract

Opportunity Improve quantification of the downstream impacts of extreme events and thresholds
and tipping points by developing long term and rapidly deployable observations of mountain biomes
to quantify ecosystem steady states before/ after extremes

Warming Enabled Upslope Advance in Western U.S. Forest Fires

Qo e\ )

1984

Rapidly deployable
campaigns. ...

..enable extreme

event analysis Snow and Wildfire Change at the Wildland Urban
< Interface (Charles Luce, USFS)




Scaling of Mbuntain Processes and Data

Challenges: 1) a wealth of data already exists that has yet to be fully utilized

2) land-atmosphere models are now posited to outpace the skill of observational

netWOI'kS Intensity Frequency Heavy precipitation

PELL i
4 N~

3) Gridded mterpolated products
have limited to no validation in
mountain regions

4) Vast under-sampling across
elevation gradients with limited

<
:

temporal breadth o I e < I - S g

Nikolina Ban (2021, University of Innsbruck, Austria)



Scaling of Mbuntain Processes and Data

Pre-MODEX Turn existing data from other
regions into quantitative knowledge

Opportunities:

1) Overcome underutilization of data by
analyzing data from past field campaigns and

Quantitative Knowledge

inputting such data into state-of-the-art

. 5 Model Development . . Multiscal
models before developing new operational and nesee emedateSele. Large Sl Synthesis
observational networks as a pre-MODEX Sm— —
o . Fine-Scale Intermediate-Scale Large-Scale Fine-5cale Intermediate-Scale Large-Scale
activity, R — BEN S— S—
Multiscale Observation and Experimentation .
. Simulations . Fine-Scale Intermediate-Scale Large-Scale
2) Qosmg Short_and—long terrn SpatIOter‘nporal Process Predictions Critical Study Needs
. . . . . (hypotheses) (hypotheses)
observational gaps and optimizing experimental = — A 4
=ps TS OIS S ~ [

sampling design using systematic approaches G Qumtiication




Mbdeling and Prediction of Mbuntain Processes

Challenge determine the minimum but sufficient process representation to credibly simulate
mountain hydroclimate variability and change

Opportunity to better integrate measurements, multi-scale models, and machine learning for
scientific advances and improved guidance of observational needs and model development

Artificial
Intelligence

Machine
Learning

Deep
Learning




Mbdel Development : Bvapotranspiration, Wildfire, Orographic
Precipitation

Climate variability ‘

!

Meteorological —l

drought

A Low to

moderate
fire risk

Weather control

HP

<

Layer 2 ; : '
Soil moisture
Vadose zone drought
K
HP_ .

4

Hydrological
drought
Saturated zone
1

Taufik et al. (2017)

Landscapeicontrol




Model Development: Human Systems, Multi-Sector Dynamics and
Risk Bvaluation

. Mbdeling natural-human interactions in BSM
Challenge: Need for long-term observational s

platforms and models that include human-multi Human system Earth system

sector dynamics (GCAM) (E3SM)

Opportunities: 1) leverage observational datasets
and various stakeholders and science communities to
develop model evaluation and improvement testbeds,

2) Implement regional climate modeling and storyline

/ \
4 \
s \

Climate ]

development

River network
wﬁ

Man-mgated Irigated




Uncertainty m Mbuntain Hydroclimate Research

(1) Downscaling approaches used for
global or regional climate models

(2) Model resolution and
representation of land use and land
cover spatial variability, and its
interplay with terrestrial processes
such as snow and soil-water processes

(3) Model representation atmospheric
and terrestrial feedbacks

(4) Inadequate or no representation of
human multi-sector dynamics

Atmospheric
warming/
Extreme events

Snow
F=9,000 Gt yr"

Glamers of ¥,
tomorrow /\

, \Gsbhaond,
x_.\’//)\\\ oo / 7

Raln over land

F=114,000 Gt yr’ /

GIacners \
7 Erosnon
/j\ /

M1ssooust ,' s
Rockfall \ \

Hyd) ropower

~ productlon
(F=10 EanouIes Vg

A

"

> R Sedlment ﬂux"‘

[Nutrient flux
F=66 Mt yr; (N))
F=11|Mt yry (P) S

—

> Rivers]

¢ F=38,800 Gt yr/s
Domestlc water wnhdrawal -

F=380 Gt yry

Industrlal water, thhdrawal
E=770 Gt yr "

Huss et al. (2017)



Cross-Divisional Collaboration and Coordination

Challenge: Need for long-term observational platforms and models

Opportunities: As there are already several mountainous catchments instrumented around the
globe, a concerted effort to foster more collaborations across sites and inter-site comparisons

SAIL: Surface CACTI: Cloud,
Atmosphere Integrated Aerosol, and Complex DOE Watershed
Field Laboratory

DOE CASCADE

Function SFA




Inter-Agency Roundtable Reflections: Successful Collaboration
Requires. ..

Research-2-Operations (R20) and Operations-2-Research ((2R)
development cycles

Ashared understanding of the prediction problem

Approaches geared towards stakeholder co-production of research
Bottom-up and top-down collaboration business models

Defining priority regions




Key Takeaways

e Scaling Challenges are pervasive: Scale mconsistency between
models/ observations/ decisions

e [ack of model process representation in mountains

e Need for longer term observations across the globe

e Poor definition/ monitoring/ modeling of extreme events and their impacts
(wildfire, wind, snow)

e Need for models that include human and multi-sector dynamics to enable
actionable science and decision making

e 'Transferability of models and data to new regions 1s limited: Need for cross
scale model development and intercomparison

e Understanding/ quantifying uncertainty
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