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Urban Hazards in Monsoon Systems

• Urban Heat
• Urban Heavy Rain Events leading to Flooding

• Monsoon Depressions
• Tropical Cyclones

Urban Features can be a subgrid scale heterogeneity in operational models

Urban Feedback for solutions needs within city  heterogeneity





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

The Reserves

Vista Point



Hyperlocalization

CIMBY – “Climate in My Backyard”



How?

Continued understanding of processes 
and scale interactions
 - often sustained evidence
 - “similar to pharma drug discovery”





• 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







Source: González-Cruz et al., 2021 Urban Climate 

Urban Precipitation Mechanisms



About 10 – 15 years from Research to Operational Setup 



12- 15 years!



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



Different Urban Datasets Show Different Extent of Urbanization- Need Dynamic 
Urban Mapper and Parameter development

Delhi, India

Chakraborty et al., 2024



World 
Urban 
Data
Analysis
Portal/ 
Tools



Another example/// Brown Ocean Effect 
• Emanuel K, Callaghan J, Otto P (2008) A hypothesis for the 

redevelopment of warm-core cyclones over northern 
Australia. Mon Weather Rev 136:3863–3872. 
doi:10.1175/2008MWR2409.1

 “It is here hypothesized that the intensification or reintensification of 
these systems, …possible by large vertical heat fluxes from a deep layer 
of very hot, sandy soil that has been wetted by the first rains of the 
approaching systems, significantly increasing its thermal diffusivity.”

Chang, H.I., Niyogi, D., Kumar, A., Kishtawal, C.M., Dudhia, J., Chen, F., 

Mohanty, U.C. and Shepherd, M., 2009. Possible relation between land 

surface feedback and the post‐landfall structure of monsoon 

depressions. Geophysical Research Letters, 36(15).

https://doi.org/10.1175/2008MWR2409.1


• Evans, Clark, Russ S. Schumacher, and Thomas J. Galarneau Jr. "Sensitivity in the 
overland reintensification of Tropical Cyclone Erin (2007) to near-surface soil moisture 
characteristics." Monthly Weather Review 139, no. 12 (2011): 3848-3870.

• Hlywiak, J. and Nolan, D.S., 2021. The response of the near-surface tropical cyclone wind 
field to inland surface roughness length and soil moisture content during and after 
landfall. Journal of the Atmospheric Sciences, 78(3), pp.983-1000.

• And several others…





Convergence of…

Summer Urban Heat

Landfalling Hurricanes

Urban Flooding



How can we Speed-up Disruption/ R2O in 
Urban Weather and Climate Services?





UT-GLOBUS building height dataset

• Open, building heights urban canopy parameters for 

urban-WRF globally. More than 1000 cities globally.

Paper: https://doi.org/10.1038/s41597-024-03719-w

Data: https://doi.org/10.5281/zenodo.11156602 

Example Data availability for US cities

Applications

1. Urban temperature simulations

2. Urban-thunderstorm interaction

3. Urban thermal comfort

https://arcg.is/DyKCW

https://doi.org/10.1038/s41597-024-03719-w
https://doi.org/10.1038/s41597-024-03719-w
https://doi.org/10.1038/s41597-024-03719-w
https://doi.org/10.1038/s41597-024-03719-w
https://doi.org/10.1038/s41597-024-03719-w
https://doi.org/10.1038/s41597-024-03719-w
https://doi.org/10.1038/s41597-024-03719-w
https://doi.org/10.5281/zenodo.11156602




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


FIRE AND SMOKE,  AIR QUALITY DIGITAL TWIN
Jiao, J., Lewis, R.H., Seong, K., Farahi, A., Navratil, P., Casebeer, N. and Niyogi, D., 2023. Fire and 
Smoke Digital Twin--A computational framework for modeling fire incident outcomes. arXiv 
preprint arXiv:2305.18313.



Paris 2024 Research Demonstration Project







UT-MeteoGAN architecture
Input: Graphcast global 36 hr forecasts (25 km 
spatial resolution, 6 hourly averages)

Target: 1 km 1 hr NOAA AORC 
(https://registry.opendata.aws/noaa-nws-aorc/ ) 

Model: SRGAN

Variables: precipitation, surface air temperature, 
u and v surface winds

Trained over DC, transfer learning for Paris

Fall, G., Kitzmiller, D., Pavlovic, S., Zhang, Z., Patrick, N., St. Laurent, M., 
Trypaluk, C., Wu, W. and Miller, D., 2023. The Office of Water Prediction's 
Analysis of Record for Calibration, version 1.1: Dataset description and 
precipitation evaluation. JAWRA Journal of the American Water Resources 
Association, 59(6), pp.1246-1272.

https://registry.opendata.aws/noaa-nws-aorc/
https://registry.opendata.aws/noaa-nws-aorc/
https://registry.opendata.aws/noaa-nws-aorc/
https://registry.opendata.aws/noaa-nws-aorc/
https://registry.opendata.aws/noaa-nws-aorc/


August 19th, 2024 Forecast





Thermal Comfort 
for runners 
considering the 
race start 
options for 
8am, 9 am, 10am, 
11 am, or 12 noon



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


Other experimental Forecast  for Heat + Hurricane studies
From UT Jackson School of Geosciences with TACC resources using Ongoing 
research Models HWRFxUT (with NOAA) and Graphcast-Operational Setup at UT



Working with NOAA-
HRD testing the moving 
nests and physics 
based model capability 
in Monsoon Mission 
model IOLA/ HWRFx-UT

48 hour simulation of Hurricane Irma (2017)

Simulations also for 
all recent Gulf Coast 
hurricanes Ida, 
Harvey, Michael, 
Idalia, Laura, (Beryl 
underway)



Hurricane Beryl (2024)



Hurricane Idalia 2023
The models are initiated ~48 hours before the landfall.

FCN- Fourcastnet, 
FCNV2_SM- Fourcastnet V2 
Graphcast Operational - Operational 
version of Graphcast

Hurricane tracks by AI models

Initiated at 
2023/08/28 12:00:00



Hurricane Harvey 2017
The models are initiated ~48 hours before the landfall.

FCN- Fourcastnet, 
FCNV2_SM- 
Fourcastnet V2 
Graphcast Operational - 
Operational version of 
Graphcast
PANGU- Panguweather

Hurricane tracks by AI models

Initiated at 
2017/08/24 00:00:00

FCN - vision 
transformer 
architecture with 
Adaptive Fourier 
Neural Operator 
(AFNO) attention
FCNV2 - Spherical 
Fourier Neural 
Operator
Graphcast - Graph 
Neural Networks 
(GNNs)
Panguweather - 3D 
earth transformer



Hurricane Ian 2022
The models are initiated ~48 hours 
before the landfall.

FCN- Fourcastnet, 
FCNV2_SM- Fourcastnet V2 
Graphcast Operational - Operational version of Graphcast

Hurricane tracks by AI models

Initiated at 
2022/09/26 18:00:00

HWRFx model



Hurricane tracks by AI models
Hurricane Michael 2018
The models are initiated ~48 hours before the landfall.

FCN- Fourcastnet, FCNV2_SM- Fourcastnet 
V2 
Graphcast Operational - Operational version 
of Graphcast
PANGU- Panguweather

Initiated at 
2018/10/08 12:00:00

FCN - vision transformer 
architecture with Adaptive 
Fourier Neural Operator (AFNO) 
attention
FCNV2 - Spherical Fourier Neural 
Operator
Graphcast - Graph Neural 
Networks (GNNs)
Panguweather - 3D earth 
transformer



Near Real Time Forecast

Hurricane Beryl Depression BOB 02



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. 



UT-HindCast: Google Graphcast based 45 year, global, hindcast 

Dataset from The University of Texas at Austin

Conversations/ tests underway 

To host at the World Data Center for Climate 

(WDCC) @340TB data 

and also 

Document in WCRP /WMO Newsletter

Peer reviewed publication under development

Atmospheric Variables (13 

vertical levels):

● Specific humidity

● Winds (u, v)

● Vertical wind

● Geopotential (height)

● Temperature Comparison with HWRF model (Hurricane Beryl 2024) near real time runs 
with GFS

Surface Variables:

● Temperature

● Wind speed (u, v)

● Precipitation

● Mean sea-level 

pressure



UT-HindCast: Google Graphcast 

based 45 year, global, hindcast 
Dataset from The University of 

Texas at Austin

Enhancing Extreme Weather Research (short and long term)

● Provides a long-term dataset (45 years) for extremes and 
variability studies.

● Allows retrospective evaluation of AI-based forecasting.

Benchmarking Against Traditional Models

● Help assess Graphcast’s performance vs. numerical 
weather prediction (NWP) models.

● Enables model improvements & uncertainty analysis.

Supports Extreme Weather Prediction

● Helps study hurricanes, heatwaves, and heavy rainfall 
events.

● Can be leveraged for real-time forecasting 
enhancements.



Digital Twins (DT) for urban extremes/ cascading hazards

Select core physics and model development activities:
- Physics-based Numerical Weather Prediction / Hurricane Modeling
- AI/ML based models for Hurricanes (evaluation)
- Developing hybrid-models Testbed UT-DeepNWPv2
- AI/ML input to Physics based models (UT-GLOBUS) especially for coastal cities 

- Atmospheric Urban DT (World Climate Research Program Digital Earth Lighthouse 
Activity)

- Experimental Paris Olympics Research Demonstration Project participation
- UT- NOAA MoA
- UT- NOAA - NITR/India partnership - IOLA (Indian Ocean - Land - Atmosphere Model) 

under Monsoon Mission



Towards hyperlocalization

• Continued understanding  physics and processes
• Representing physics and processes in models
• Data Assimilation (to some extent)
• AI/ML based downscaling
• AI/ML based parameters for physics-based models 
• (Building colabs for rapid dissemination and coproduction)



Other considerations
Hyperlocalization is necessary and useful  but….

The AI ML models capability for local inland parameters of interest (winds, pressure, rains,..) is 
still matter of large uncertainty

AI ML models are surprisingly easy to use and develop – need for benchmarking; will likely need 
governance?

Earth systems models have evolved as community tools – the economic model is skipping 
scientific/community vetting and participation and could lead to sustained decline in 
discovery

Robust need to reassert the importance of physics-based models and approaches as the gold 
standard (despite all its current short comings)

” AI/ML based models are like cheap insurance. For most purposes it will work, but you are 
never sure if it will when you really need it. “: Personal perspective



Urban meteorology perspective

• Urbanization is the new global change
• Monitoring, modeling, development of model parameters are critical as 

we move towards sub km / hectometer scale modeling
• Many opportunities emerging 

• Need the measurements to model parameterizations development/testing plan
• Improved physics, dynamical understanding
• Need measurements to operational use which is still elusive for weather and 

feasible but expensive for climate models
• Aerosols, Soil moisture have an impact as well– India will be starting a national 

soil moisture network as NISAR launch undertakes shortly.

• More info: Email happy1@utexas.edu    https://niyogi.DEV 

mailto:happy1@utexas.edu
https://niyogi.dev/


The UT City & Climate CoLab is a collaborative 
initiative between the City and  the University of 
Texas at Austin 

Focused on addressing weather and city climate 
extremes, data, and solutions. 

Brings together researchers, policymakers, and 
community members to develop innovative 
solutions and strategies for building climate-
resilient cities.



“Everyone has a story”.

Lived Experience + Localized Data → Useful and Usable Information 



USEFUL TO 
USEABLE

It is a framework that is 

tied into local city 

departments, 

communities, and UT 

Researchers 

EXPERIENCE
from the community, 

and the city

UT + City 

Climate

CoLab

DATA
from the climate 

and atmospheric 

sciences



Temperature, 
Precipitation, Air 
Quality, Satellite, 

Transportation, and 
Infrastructure

LOCAL DATA

Academia, City, 
Community 
Partnership

HEAT MAPPING



AUSTIN’S FUTURE CLIMATE PROJECTIONS

Temperatures are 
projected to rise. The heat 
index, which is the 
temperature after 
factoring in
humidity, can increase by 
2–10°F in the future. 

Fewer frost days and 
freeze spells are 
projected. 

Both heatwaves and 
hot spells are 
expected to increase
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