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• to predict the future


• to protect life, resources, 
infrastructure, economic activity

Why do we model?
hours to days

seasons

decades



• set the initial state


• integrate the governing 
equations:


• conservation of momentum, 
energy, mass, water

How do we model?

Iowa State University



• data assimilation: setting the initial state


• parameterization: continuous equations, 
discrete representations


• the need to represent subgridscale processes


• evaluation: how well do models perform?


• understanding: what processes regulate the 
flow of energy across scales?

Challenges…
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Observations:

• parameterization: direct measurement of 
subgridscale processes (field campaigns)


• evaluation: direct measurement or retrieval of 
key variables across time and space scales


• understanding: how do small-scale 
(unresolved) processes vary under large-scale 
(resolved) forcing? source: clima.caltech.edu

http://clima.caltech.edu


Model-OBS partnership?

• how do we leverage fine-scale measurements 
from spatially spare and short-duration 
process studies?


• how do we assess the representativeness of 
field measurements for model development?

source: clima.caltech.edu
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http://clima.caltech.edu


Model hierarchies

• OBS-to-models:


• LES/DNS: generate subgrid statistics, develop/refine parameterizations


• Regional: do new parameterizations improve initialized regional simulation?


• Global: how well do new parameterizations perform in other regimes? 

Observations DNS/LES Regional Global

1 km (0.01°) 360°
a) b) d)

102-104 km (1°-100°)
c)

OBS models



Model hierarchies

• models-to-OBS:


• Global: where, when, why of largest biases? (model vs OBS budget studies)


• Regional: test sensitivity to parameterization assumptions/formulations


• LES/DNS: design and assess process study sampling strategies  

Observations DNS/LES Regional Global

1 km (0.01°) 360°
a) b) d)

102-104 km (1°-100°)
c)

OBS models



Model-observer interaction

• what: a dispersed collection of modeling and process diagnostics experts


• why: global collaboration to develop best practices for model-obs comparison


• topics: TCs, MCSs, inter-scale energy transfer, extremem precipitation, air-sea 
interactions, aerosol effects, urban climate impacts, AI applications

e.g., WCRP Global Kilomenter-scale Hackathon



Summary

• observations are key for model 
assessment and improvement


• hierarchical modeling can help 
assess representativeness of 
observations


• model-observer collaborations 
can help optimize the model 
assessment exercise Observations DNS/LES Regional Global

1 km (0.01°) 360°
a) b) d)102-104 km (1°-100°)c)
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observers modelers



extra slides



understanding flux algorithm effects: a model hierarchy approach

1D ocean mixing model OGCM simulations coupled simulationsAGCM simulations

 data atmosphere

surface obs:  
T, q, wind, SW, LW, rain

1D ocean

surface obs:  
T, q, wind, SW, LW, rain

3D ocean

3D atmosphere

data ocean (SST)

3D atmosphere

3D ocean

JRA55: 1979-1988


