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What We Know and (Generally) Agree On 

• Community Organization: 

o Essential to leverage investments, find synergies, and collaborate. 

o There are now about 10 modeling centers that develop km-scale climate modeling 

capabilities. 

o These efforts are not as collaborative and interconnected as they might be and 

frequently struggle with similar technical and scientific challenges. 

• Model Resolution and Local Information: 

o High spatial resolution (1-2 km) is essential for capturing local and mesoscale 

processes and improving prediction accuracy with AI integration. 

o Needed to address feedback mechanisms between regional and global scales. 

• Model Requirements: 

o Determine optimal grid spacing (1-3 km) and manage computational costs using 

GPUs. 

o Utilize ensemble simulations for uncertainty quantification (UQ) and AI model 

training. 

o Consider energy efficiency in model simulations. 

• Code Structure: 

o Rewriting certain parts of ESMs for optimization and better performance on 

modern hardware. Co-design HPC systems that allow to efficiently run km-scale 

ESM code. 

o Collaborate with the NWP community for improved parameterizations, especially 

cloud microphysics. 

o Engage in public-private partnerships for code development and optimization. 

• Community and Collaboration: 

o Integrate efforts of US groups and coordinate with international projects like 

DYAMOND and EVE. 

o Develop a framework that supports broad collaboration and inclusivity. 

o Balance international collaboration with efficiency to avoid stalling due to 

parochial sensitivities.  

 

 



 

 

2 

Opportunities and Open Research Questions 

 

Opportunities: 

 

• AI and Machine Learning Integration: 

o Enhance model accuracy and integrate various data sources, particularly for fine-

scale predictions and parameterizations. 

o Use AI tools within physical parameterizations to conserve key quantities and 

improve computational efficiency. 

• Enhanced Model Resolution: 

o Capture fine-scale processes and scale interactions critical for accurate climate 

predictions, including extreme events, ocean processes, and land-surface 

interactions. 

o Address feedback mechanisms between regional and global scales using high-

resolution models. 

• Public-Private Partnerships: 

o Support the development and optimization of climate models through significant 

rethinking of current methodologies and codes. 

• Community Building: 

o Foster collaboration among US and international groups working on km-scale 

ESMs to build a cohesive and inclusive research community. 

o Develop a unified framework and naming convention to enhance collaboration 

and community support. 

• Policy and Stakeholder Integration: 

o Align scientific research with stakeholder needs, ensuring that high-resolution 

models address practical applications such as agriculture, urban planning, and risk 

mitigation strategies. 

 

Open Research Questions: 

 

• Optimal Grid Spacing and Model Complexity: 

o Determine the optimal grid spacing for various elements of ESMs and balance 

resolution with model complexity. 

o Address trade-offs between grid spacing and the complexity of physical processes 

represented in the models. 

• Accuracy and Validation: 

o Develop methods to assess the accuracy of km-scale simulations and validate 

them against high-resolution observational data. 

o Investigate the potential for skillful deterministic forecasts to increase model 

credibility with stakeholders. 

• Coupling and Parameterization: 

o Effectively couple different components of the model and calibrate the coupled 

system, particularly when moving from model components with different grids. 

o Investigate new approaches to parameterizations suitable for fine-scale resolutions 

and enhance them with machine learning. 

• Ensemble Simulations and Uncertainty Quantification: 
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o Determine the necessary size and configuration of ensembles to adequately 

quantify uncertainties and provide meaningful projections. 

o Explore the role of AI in producing additional ensemble members and the 

relevance of ensemble size with advanced AI integration. 

• Energy Consumption and Computational Efficiency: 

o Manage energy consumption in high-resolution simulations and develop metrics 

such as simulated years per megawatt. 

o Optimize the use of GPUs and other advanced computational technologies to 

handle the increased computational load at fine resolutions. 

 

Potential Issues on the Horizon 

• Computational and Hardware Challenges: 

o High-resolution models demand significant computational power and efficient 

hardware. Managing energy consumption and ensuring the availability of 

advanced computational resources are critical concerns. 

o Porting existing models to new hybrid frameworks and optimizing code for GPUs 

and other accelerators require substantial effort and collaboration. 

• Code Rewrites and Optimization: 

o Rewriting parts or all of Earth System Models (ESMs) code to take advantage of 

modern computing capabilities is necessary but challenging.  

o Balancing the need for rewriting versus optimizing current models involves trade-

offs and significant investment in time and resources. 

• Model Complexity and Trade-offs: 

o Determining the optimal balance between model resolution and complexity is an 

ongoing challenge. Higher resolution models may require simplifications in 

physical processes to remain computationally feasible. 

o Ensuring accurate representation of key processes like cloud microphysics, ocean 

dynamics, and land-surface interactions at high resolutions is difficult and 

demands innovative approaches. 

• Data and Validation: 

o Validating high-resolution models with equally detailed observational data is 

crucial for credibility. However, obtaining such data at the necessary scales is a 

persistent issue particularly in the global south and ocean regions. 

o Developing methods to assess the accuracy and reliability of km-scale simulations 

remains a significant research question. 

• Community Coordination and International Collaboration: 

o Coordinating efforts among various US and international groups working on km-

scale ESMs is essential for success. However, too broad an international effort 

risks stalling due to differing priorities and sensitivities. 

o Establishing a cohesive and inclusive framework that supports broad 

collaboration without compromising efficiency is a delicate balance to achieve. 

 


