
 

Physics Hierarchical Testing Framework Recommendations 
 
Developed during DTC Community UFS Test Plan and Metrics Workshop July 31, 2018. 
This document should be considered as guidance from the workshop participants only. 
 
Break-out Session 3: Hierarchical Model Testing - Discussion Topics/Assignments 
●       Consider a hierarchical testing framework such as the one described in the Figure below, 
which was designed by DTC for evaluation of physical parameterizations. Note that DA is data 
assimilation and LR/MR/HR refers to low-, medium- and high-resolution. 
 
●       Also consider a hierarchical testing such as the CESM one, that allows turning on/off 
individual components (add figure). 
●       Is hierarchical testing necessary for the UFS evaluation? 

❖ Good agreement for yes, this is necessary 
❖ For the decision of which physics go into UFS more so than evaluation of entire model  
❖ Starting with fundamentals will help alleviate problems of looking from highly non-linear 

processes 
❖ Scheme interactions should also be considered, as schemes share information (one 

step higher than single-column model). This is already present to an extent in single-
column models. 
 

● Is hierarchical testing feasible for all community needs? 
○ Yes, throughout most of the tiers. Some specialization may be needed by some 

groups, but as long as the HTF is very user-friendly and well-documented, with 
some support, we should be able to provide a useful framework for the 
community. 

○ The framework should be model-agnostic, to ensure the largest community 
support and usage 

○ Getting the entire community working on a framework would be key - as opposed 
to current fragmentation of efforts 
 

● How does hierarchical testing help improve model development and the transition from 
research to operations? 

○ Important in the development phase, isolates errors 
○ Testing can lower bar for more researchers to contribute to solving the problem 

■ Testing would be through operationally relevant platforms 
○ Framework can be used by researchers wanting to test their own schemes 

(consistency) 
■ Framework can be incorporated into education, as well as research 

○ Feedbacks between schemes should also be evaluated 
○ Analysis increment testing could be a useful component of the HTF (e.g., see 

how the physics respond in a single-column model given specific increments) 
■ This should especially be done in cold-start models, as DA shouldn’t be 

relied upon to fix tendency errors if they’re linked to the physics 



 

○ Could be used to develop scale-aware capability within parameterizations. Scale-
aware testing requires 3D capability. Variable grids are useful for testing scale-
awareness. 

●       Which tiers should be considered? Do the tiers depend on which application is being 
evaluated? if so, how? 

● Ideally, 
○ Would like to include LES simulations in addition to (all) current tiers, physical 

processes in 3D.  
○ Running our own LES simulations would be ideal, but computationally expensive. 

Would provide pivotal details for physics schemes (e.g., entrainment)  
○ Limited area domain tier mostly provides value for the CAM-scale, although 

reducing dimensions may not reflect the CAM’s true skill for some metrics (such 
as convective mode) 

○ Allowing a model to run for multiple years to determine long-range model biases 
and tendencies of different parameterizations 

● Practically, our priorities include: 
○ Well-documented test cases (5-6, but the more the better) 

■ Be cautious of numerical changes (chaos seeding) vs actual impact of 
changed physics scheme 

○ Cold-starts (physics without forcings) 
○ DA (how physics react with forcing) 

● Tests for each parameterization should be sure to test the process that the 
parameterization is designed to simulate 

● An aerosol/chemistry component should also be a part of this HTF. Climate and weather 
needs may differ. 
 

○      For each of these applications, please provide specific hierarchical tests that could be 
conducted: GFS, GEFS, S2S, CAM, physics 

● All of the HTF discussed here focused mainly on the physics, and how they would 
behave in these different models (as well as in single-column models). A separate 
conversation is required for testing DA, which is another critical component of these 
models 
 

●       What can we learn[1]  from the simplified tiers. For example, 
○       What can we learn from Single Column Models? When is it appropriate to use this tool 
and when is it not appropriate? 

● Can provide sensitivity analyses in testing stochastic physics. Current work is already 
using single-physics models. 

○ Single column models can give us useful information about uncertainties at the 
sub-grid scale, local process level.  

○ These models could be run at every point on a global domain  
● Tracer transport not currently available in single-column models, but this should be a 

priority to make available, as it is key in physics development and describes 
assumptions within the schemes. 



 

 
○       Running models in lower resolution can save lots of computational resources, What can 
be learned from testing global models in lower-resolution? What are the dangers in testing at 
lower resolution? 

● For DA, scales of perturbations are important. Part of the model could be run more 
coarsely (for the DA piece). When looking at actual forecasts (particularly with CAMs), 
the higher resolutions will be necessary 

● For physics test cases, high-resolution preferred.  
○       Is there value in testing NWP models (GFS, CAM etc.) in cold-start mode (without data 
assimilation)? If so, under what circumstances? 

● Use cold start when possible to ensure that the tendencies are moving in the 
correct direction. DA won’t and shouldn’t fix everything. 

● Having both cold-start and DA runs explores multiple important aspects of the 
physics. System is complex and non-linear, so performance may differ largely 
between cold-start and DA  

○       What is the tradeoff in resources? If we can learn a little that is of only marginal value for 
operational prediction, should such testing should be mandatory? 
●       What tests are essential for advancing prediction capability? What tests are scientifically 
interesting? 
●       Are there simplified tests not covered[2]  in this diagram that should be considered? For 
example, single-components tests (ocean-only, sea-ice only etc.)? What can be gained from 
such configurations? 
●       How can we separate evaluation of DA from model evaluation? How does one evaluate 
DA schemes and quantify improvements in the DA system. 
●       Gather Recommendations 
●       Be prepared to populate 1-slide for the Outbrief (panel) Discussion on Wednesday 
morning 
●       Attend Wednesday morning Break-out Group prep to synthesize commonalities amongst 
the groups 

 
Another aspect: what is the tradeoff in resources? If we can learn a little that is of only marginal 
value for operational prediction, how much such testing should be mandatory? 
What tests are essential for advancing prediction capability? What tests are scientifically 
interesting? 
Hierarchical testing slides to begin the breakout session, to give conceptual context 

● CCPP: Common Community Physics Package, way to share physics between models 
and organizations 

● Visualization can help determine how physics schemes are moving variables through the 
atmosphere 

● Use different convective scheme (SAS vs Tiedtke) to motivate discussion 


