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Urbanization Changes Local Climates
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Source: Y. Qian, T. C. Chakraborty, J. Li, et al. (2022). 

https://doi.org/10.1007/s00376-021-1371-9
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Urban Heat Mitigation

Wang Z. (2021). 

https://doi.org/10.1016/j.scs.2021.103284

Strategies

Strategies?

How to evaluate?



CLMU: Community Land Model Urban

4

Real world Digital world

simulation 1. Software/Operating System

2. Case configuration

3. Input data limitation



A Universal Tool for Urban Climate Modeling
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CLM ENV

CLM  >
(hosted by NCAR)

GitHub: https://github.com/ESCOMP/CTSM

Run CLM/CTSM in container

./create_case …

./xmlchange …
…
./case.build

./preview_namelists

./case.submit

CLMU 

CLMU-App

amd
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Linux macOS Win

pyclmuapp

• Pull image

• Run container

• Run case

• Get results

• Create forcing

• Create surface

• …

OS-independent Personal computer Python interface



A Universal Tool for Urban Climate Modeling
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A Universal Tool for Urban Climate Modeling
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from pyclmuapp import get_forcing 

get_forcing( lat=lat, lon=lon, zbot=zbot, start_year=start_year, end_year=end_year, 

      start_month=start_month, end_month=end_month

     )
# return a file like: era5_forcing_51.5_0.12_30_2012_1_2012_2.nc

from pyclmuapp import get_urban_params 

urban = get_urban_params(

 lat = 51.5116, lon = -0.1167,

 urban_ds='data/mksrf_urban_0.05x0.05_simyr2000.c170724.nc’, 
soil_ds='data/mksrf_soitex.10level.c010119.nc’, 

outputname='data/surfdata_london.nc’

 )

➢ Generating forcing for model input from ERA5

➢ Generating surface data for model input

usp.modify_surf(action={"ALB_ROOF_DIR":0.2}, mode="add")

➢ Modify the surface file



CLMU Provides Better Urban Temperature Estimates
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Airport

CLMU
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Urban Climate Adaptation of CLMU
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road

Urban canyon

road

Adaptation



Cool Roofs Provide Greater Benefits at Noon and Under 

Warming Scenario
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Temperature difference = cool roof experiment - default

cool roof: roof albedo added by 0.2

Cool roof decrease more heat in noon

Cool roof benefit more 

under global warming
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Potential engineering adaptations
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Blue infrastructures

• Water irrigation

• Road / roof sprinkling

• Water misting
• …

New materials

• Albedo

• Heat capacity

• Conductivity

• Solar panel
• …

Green infrastructures

• Trees

• Grass

• Green roofs
• Park

• … Anthropogenic heat control

• Heating

• Air conditioning

• Transportation

• …

Making a better urban environment



Large Simulations for Optimization and Sensitivity Test
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LHS Sampling

Surrogate Modeling

CLMU

BEM Tc

Roof

Shaded

wall

Canyon floor

Sunlit

wall

Ta

Parameters:

1. Height

2. Canyon_HWR

3. Roof fraction

4. Pervious road fraction

5. Albedo (different facet)

6. Emissivity (different facet)

Inputs Climate response

a

b

F

F’

perviousImpervious

pyclmuapp

• Optimizing urban adaptation planning

• Test urban surface parameter sensitivity

Easily parallelize

simulations with 

different 

parameters using 

Python



pyclmuapp: tutorials and paper
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