American Meteorological Saciety. Annual Meeting
February-1st 2024, Baltimore, MD

THE COMMUNITY RESEARCH ON
CLIMATE AND URBAN SCIENCE
(CROCUS) PROJECT

|
Scoft Collis,"on’behalf of'the CROCUS team

|
Director of the Argonne Testbed for Multiscale Observational Science, ‘
Environmental Science Division C R O C U S |
Lead CROCUS Measurement Strategy Team Community Researchion

Argonne National LLaboratory Climate & Urban Science
scollis@anl.qev



mailto:negri@anl.gov

CROCUS: Pioneering community-driven science
and climate learning in the Chicago area
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MOTIVATION AND CONTEXT

Urban climate science needs an integrated approach to evaluate physical and social drivers and L e ]
community impacts of climate change communites [

Chicago is 8" in income inequality among the Nation’s largest cities.

Today’s inequalities in the region have old roots. These have pushed underrepresented communities
into the most physically challenging areas with lower quality infrastructure.
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Existing community
planning documents
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Community
meetings
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JUST ENERGY
TRANSITION

Resiliency

Energy and
environmental justice

Preferred energy solutions

OVERARCHING

> SCIENCE QUESTIONS

J

Select questions
and tailor for inclusivity
and pertinence

3

SCIENTIFIC AND COMMUNITY VISION COMING TOGETHER

Refined, specific
science question

)

SCIENCE GOALS
Understand the natural and
human drivers and effects
of environmental change in
an urban area

J

Education and
workforce development

URBAN DIGITAL TWIN
FOR CLIMATE
SERVICES

Scientifically advanced tools
for decision making and
stakeholder capacity building

Observations

N v

Modeling

SOCIETAL BENEFITS
Sustainable, resilient,

and equitable solutions,
with special attention to
underserved communities




CROCUS MODELING
PARADIGM

» Understating how the complex urban
environment can interact with a changing
climate requires a multi-scale modeling
approach.

» This is part of the MODEX cycle.

» CROCUS deploys climate to regional to
very high resolution models like nekRS

(LES and RANS).

» CROCUS is leveraging Al for both
observations and training of emulators
for speed.
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STREET-SCALE MODELING Heatmoisture flux

Y
o

Micro-scale modeling to enhance
the Building Effect Parameterization
(BEP) schemes currently used in
mesoscale models like WRF by
incorporating these findings

Source: Martilli, CIEMAT

/ 5 \ / RANS simulation \ / Multiphase Modeling \
Urban Physics Modules (e.g. Tree) . 237

Normalized Temperature Normalized Speed
Sub-canopy scale tree properties extracted ! ¥ _ _
directly from geometry 0.0 0.28 0.55 0.83 1.1 0.0 0.33 0.65 098 1.3
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Source: D. Fytanidis, Argonne
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MEASUREMENT STRATEGY

Four components: Micronet, field campaigns,
public data & citizen science.

Chicago Micronet
Network of 21 observatories.

Field campaigns, bringing the
most advanced
instrumentation to Chicago.

Students involved
throughout! Developing
the diverse workforce of
the future.
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THE CHICAGO MICRONET

A network of 21 sites.

» Three levels of complexity. All have air
quality and meteorology, four will have
LIDARSs giving vertical structure. Four will
have towers with fluxes. Two will have
radars for precipitation. Four ceilometers
across the city.

» Work horse sensors at the Vaisala AQT
and WXT. These have a serial interface
and are calibrated. The AQT gives
information about particulate matter and
precursor gasses. The WXT gives high
frequency meteorology up to 10Hz.
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POWERED BY WAGGLE

Cyberinfrastructure that makes every CROCUS node extensible.

= Every one of the 21 nodes has a
Waggle edge compute node.

= CROCUS benefits from the "shovel Optice! Rala Seneor

Sky facing camera

Additional Sensors

I’eady” CyberlnfraStl’UCtu re in Waggle Sensor Stevenson Shield ‘<\ Mounting Point
developed by the Sage project. Roltiv humiciy || 3l W o
” ” barqmetnc pressure -_1 -
» Waggle acts as a "beachhead” from ambient temperature N
where we can add new sensors as Microphone - 4G, 56, WiFi

Sensor expansion
ports: PoE & USB

the network develops.
= By writing edge code repository
plugins Sage acts is one conduit we

have for sharing open science.

110/230V AC Power
Ethernet

'— Ground Facing Camera
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POWERED BY WAGGLE

Cyberinfrastructure that makes every CROCUS node extensible.

= Every one of the 21 nodes has a
Waggle edge compute node.

» CROCUS benefits from the "shovel
ready” cyberinfrastructure in Waggle

developed by the Sage project.

» Waggle acts as a "beachhead” from
where we can add new sensors as

the network develops.

= By writing edge code repository
plugins Sage acts is one conduit we
have for sharing open science.
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FIELD CAMPAIGNS

Four intensive observational periods.

= While the micronet will provide longer
term (multiple seasons) observations
several agile campaigns are needed
to collect the data needed for the
thematic group driven science
questions.

= We will be bringing advanced remote
sensing platforms, soundings, and
sense temporary in-situ networks.
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EARLY RESULTS AND LATEST UPDATES

Argonne &



2023 STUDENT COHORT
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HOW ACCURATE ARE THEY?
A RAIN GAUGE QUALITY COMPARISON

Cassie Isenberger |
Central Michigan University

S197 - How Accurate are They? A Rain Gauge Quality

Comparison

14

Jake Vile
University of lllinois Urbana-
Champaign

<C

Py
ge
.i’g
:gl.u

CD>

L]
=
e
U |
)

C

[P]

]

Q
(a'4
£

>

Look at the 27-29 June 2023 Air Oualit

S47 - The Worst Air Qualit

AAAAAAAAAAAAAAAAAA



CROCUS NEIU Node (W08D) - Vaisala AQT-580

300

ON THE TOPIC OF AIR

QUALITY

Working with EPA Region 5 to
establish if this was the worst AQ N
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= Historic wildfires in Quebec and e [ b

Ontario.

» Southward advection and subsidence
plus a stout inversion led to some
very bad air quality in Chicago.

—— Nitrogen Dioxide

Conc. (ppb)

longitude = -87.72 [degrees_east], latitude = 4

= Air quality is a environmental justice
issue as EPA's recommendation is to
“stay indoors”. Not all underserved
citizens have AC.

Manuscript in prep.
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ON THE TOPIC OF AIR
QUALITY

Initial modeling efforts are
underway

» Using WRF-Chem to model regional
transport and processing from Canadian
wildfires

» Investigating the role of local meteorology.
Working theory (Based on ACAR data and
ceilometer) that an inversion compounded
bad AQ.

» Early example of U-IFL data being used as

an observational target for model Sicheng Wu and Ashish Sharma
improvement.
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CHARACTERIZING THE UHI IN CHICAGO

Max Berkelhammer and Ralph Citron

Average maximum daytime land surface temperature for the
26.0 summer season by block in Humboldt Park, 2018-2022
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Populatlon by race/ethn|c|ty by block in Humboldt Park, 2020 Average household income by block group in Humboldt Park, 2017-2011
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Miquel Gonzalez-Meler

« Stomatal Density (Little-leaf Linden)

Stomatal density
(No. of stomata/mm?)
ns

180

*
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150

120

Urban SuburbanSuburban
park forest residential

 Stomatal density of Tilia cordata (Little-leaf Linden) street trees sampled was 77, 48, and 60 stomata/mm? at the
urban park, suburban forest, and suburban residential

« Little-leaf Linden trees in Urban Park had higher stomatal densities compared to suburban sites, suggesting a
higher transpiration capacity and more potential for evaporative cooling than in suburban areas



THREE NODES ARE DEPLOYED

Five more before fall
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CROCUS NU Node (W099) - Vaisala WXT536
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UPCOMING OPPORTUNITIES

CROCUS Chicago Urban Canyon Unveiling Knowledge of Land Effects ChUCKLEs

ChUCKLEsS is our first field campaign. Ll i
The science we will be tackling can be broadly —
described as “Understanding how an urban
canyon couples to the atmosphere around
Chicago. How does the lived experience in this
canyon differ from our models?”

It will collect data to improve those models and
represent urban canyons.

ETA, ~June/July 2024.

We will work with BSEC and other U-IFLs
on our field campaign cadence. Once the
micronet is fully realized we will have a

large field campaign.
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CROCUS

Community Research on
Climate & Urban Science

https://crocus-urban.org/data/observations/
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