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There is a growing interest in connecting energy and climate 
modeling to address climate change and energy security.
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The Community Terrestrial System Model (CTSM) has an urban module, 
but lacks infrastructure to model air-conditioning (AC) adoption 
explicitly.
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The Community Terrestrial System Model (CTSM) has an urban module, 
but lacks infrastructure to model air-conditioning (AC) adoption 
explicitly.
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The Community Terrestrial System Model (CTSM) has an urban module, 
but lacks infrastructure to model air-conditioning (AC) adoption 
explicitly.
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The Community Terrestrial System Model (CTSM) has an urban module, 
but lacks infrastructure to model air-conditioning (AC) adoption 
explicitly.
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We develop an explicit-AC-adoption scheme by introducing an 
explicit AC adoption rate parameter (pAC), and bringing setpoints 
closer to reality.
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We develop an explicit-AC-adoption scheme by introducing an 
explicit AC adoption rate parameter (pAC), and bringing setpoints 
closer to reality.
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The explicit-AC-adoption scheme will be integrated into CTSM.
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We build a present-day, global, survey-based, and spatially explicit 
AC adoption rate dataset at country and sub-country level. 
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AC adoption rate data
• 35 countries/regions from International Energy Agency 

(IEA), literature, national surveys, etc.

• U.S. states from U.S. Energy Information Agency

• Australia states from Australia Bureau of Statistics

Number of AC units per household data 
• 196 countries/regions from IEA

• China provinces from China National Bureau of Statistics
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We build a present-day, global, survey-based, and spatially explicit 
AC adoption rate dataset at country and sub-country level. 
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We grid the dataset to the 
desired resolution, then 
perform grid-cell-based 
nearest neighbor gap filling. 
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We grid the dataset to the 
desired resolution, then 
perform grid-cell-based 
nearest neighbor gap filling. 
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The dataset is publicly available in tabular, gridded, and 
geospatial formats for use in ESMs and other models/analyses. 

14

LMWG Meeting 
02/28/2024 | X. Li

Dataset:



15

LMWG Meeting 
02/28/2024 | X. LiFig. 4, Li et al. JAMES (in press)

Observational 
estimates

Original
Implicit AC adoption

R = 0.38

Anthropogenic heat flux due to AC:

W/m2

The new scheme and dataset improve AC energy flux simulation in 
both magnitude and spatial correlation. 

Total anthropogenic heat



16

LMWG Meeting 
02/28/2024 | X. LiFig. 4, Li et al. JAMES (in press)

Observational 
estimates

New
Explicit AC adoption 
scheme + dataset

R = 0.58

Anthropogenic heat flux due to AC:

W/m2

The new scheme and dataset improve AC energy flux simulation in 
both magnitude and spatial correlation. 

Total anthropogenic heat



The new scheme and dataset improve AC energy flux simulation in 
both magnitude and spatial correlation. 
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The new scheme and dataset improve AC energy flux simulation in 
both magnitude and spatial correlation. 
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The explicit AC adoption scheme enables global-scale experiments on 
the effects of changing AC adoption using CTSM.
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The explicit AC adoption scheme enables global-scale experiments on 
the effects of changing AC adoption using CTSM.
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These developments enhance CTSM’s performance, enable new 
capabilities, and improve representation of coupled human-urban-
Earth dynamics in ESMs.
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We are working to further enhance the performance and 
capabilities of BEM in CTSM.
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We are working to further enhance the performance and 
capabilities of BEM in CTSM.
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