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http://atlasofurbanexpansion.org/cities/view/London



Temperature Rainfall

Heat 
Stress

Urban 
Floods/Droughts

Air  Emissions, 
Anthropogenic urban 

activities
Infrastructure 

Water 
Scarcity

Shifts in  
Location & 

Timing

Climate Change / Global & Regional

Conceptual diagram of emergent Urban Risks

UHI









Science to Engineering 

Solutions



How to move from science to 

engineering? 

Continued understanding of processes and 
scale interactions

- offer sustained evidence
- “similar to pharma drug discovery”



12- 15 

years!

Likely similar time period 
needed for science to 

implementation to regional / 

engineering solutions in our 

domain





How can we Speed-up “Disruption” or R2O in 
Urban Weather and Climate Sciences?



https://www.kxan.com/news/local/austin/east-austin-neighbor-says-capmetro-bus-stop-
needs-more-shade-coverings-officials-say-theyre-working-on-it/

https://www.reddit.com/r/sanantonio/comments/w33994/the_bus_stops_in_this_city_are_sad_one_has_no/



Cool Pavement Priority
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UTwin

● AUDTs are digital twins that 

capture the dynamic interplay 

between the urban scape and 

atmospheric elements. 

● UTwin is a digital twin of the 

UT Austin campus.

● It provides historic and real-

time energy use data, as well 

as energy demand forecasts 

Atmospheric 
And Urban Digital 
Twins

NSF, DOE,  Bentley 

Systems, WCRP Digital 

Earth Lighthouse 

Activity



THERMALSCAPE of Austin
tinyurl.com/colabthermalvr

https://www.arcgis.com/home/webscene/viewer.html?webscene=b31e1b361f2a4fab96d65ef4f25b514b&viewpoint=cam:-97.74274646,30.27553543,535.325;31.608,72.512


Paris 2024 Research Demonstration Project



UTCI

Paris Olympics 

marathon

Olympics_Marathon.mp4

Olympics Marathon.mp4

http://drive.google.com/file/d/1x26cQ8orkVXQezLOcMQwdvQbl9Ar5jI9/view
http://drive.google.com/file/d/1AXNgSMPALwJO6QjisguisYajbyZP6Vgk/view


UT-HindCast: Google Graphcast based 45 year, global, hindcast 
Dataset from The University of Texas at Austin

Performance of AI models (Source: weatherbench 2)

1979- 2017 global data

(Models have different resolutions)

Hindcast Generated from AI 
model (1979–2024)

● Daily 15-day forecasts, 
initialized at 00 UTC ERA5.

● Produced at 0.25° x 0.25°
resolution (global).

● Uses Graphcast operational 
model

Computational Performance

● Texas Advanced Computing 
Center ’s NVIDIA H100 GPU.

● <4 minutes to complete a 15-
day forecast. 



Urban modification of 
Surface energy and Radiation Balance

Change in Temperature
and Moisture

Greater trapping of Infrared 
radiation

(Warmer air holds more 
moisture)

Increased CAPE, Stronger 
thermals, Modified regional 

convergence

Modified location, intensity, 
duration of Rainfall



Chicago/ La Porte Observational Analysis
(Reassessment with new knowledge and technology)

NW to SE moving → STRONG anomaly

W to E moving → weaker anomaly
SW Wind Weekend → NO ANOMALY

SW Wind Weekday → Anomaly present



● Urban boundary layer (UBL) influence on convective precipitation 
has been studied for >50 years, but is under researched

● METROMEX (inland St. Louis): Urban modification does exist, 
combination of urban heat island (UHI), mechanical turbulence by 
buildings, and/or industrial aerosol production

● Beijing (inland): urban precipitation is modulated by UHI intensity

Urban Precipitation and Urban Heat are interlinked

Huff et al., 1971–1975 Summary of 
METROMEX Volume 1

High UHI Low UHI

Dou et al., 2015 Journal of Applied 
Meteorology and Climatology

1975 2015







2. 3.

4. 5.

Potential Rainfall Patterns over Austin 



















Use Cities affect Rainfall science to build new water 

resources avenues that become part of future strategies for 

water extremes from floods to droughts.

Interested? 

Contact dev.niyogi@jsg.utexas.edu

website: NIYOGI.dev

mailto:dev.niyogi@jsg.utexas.edu


Figure resources: 

https://waterdata.usgs.gov/blog/water-cycle-release/
https://andthewest.stanford.edu/2025/thirsty-for-power-and-water-ai-crunching-data-centers-sprout-
across-the-west/
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