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Outline

ÅPurposes of Model Diagnostics

ÅExamples

1. Climate models

2. TC genesis forecasts

3. Vortex structure analysis 

4. Vortex asymmetries

5. Statistical diagnostics of inner core

6. Forward radiativetransfer model diagnostics

ÅDiagnostic software packages



Why are Model Diagnostics Needed?

ÅLorenz (Tellus, 1960), Maximum Simplification 
of the Dynamic Equations
ïNumerical model forecasts, even if they were 
ǎƻƳŜŘŀȅ ǇŜǊŦŜŎǘΣ ŘƻƴΩǘ ƭŜŀŘ ǘƻ ǇƘȅǎƛŎŀƭ ƛƴǎƛƎƘǘΦ 

ÅImplication: If models are a good 
representation of the chaotic atmosphere-
ocean-land system, they will be almost as hard 
to understand as nature
ïBad forecast models will be hard to fix 



HWRF Intensity Forecasts for 
Hurricane Celia (2010)



Diagnostic Studies

ÅEvaluate variables derived from a model in the context of a 
conceptual or theoretical framework for improved 
understanding
ïExpected response to storm translation 
ïGradient balance
ïEnergy and angular momentum budgets

ÅModel to model inter-comparisons
ÅComparison with observations
ïCase studies and statistical comparisons

Å¦ǎŜ ƳƻŘŜƭ ƻǳǘǇǳǘ ŀǎ άŘŀǘŀέ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǇƘȅǎƛŎŀƭ 
processes
ïOcean feedback
ïImpact of vertical shear on vortex tilt 



Example 1: Model Inter-comparisons

ÅProgram for Climate Model Diagnosis and 
Inter-comparison (PCMDI)

ÅDevelops improved methods and tools for the 
diagnosis and intercomparisonsof GCMs

ÅComparisons must be systematic between 
models
ïShared tools and standardized climate runs 

ÅBeing applied to Intergovernmental Panel on 
Climate Change (IPCC)  models

http:// www.clivar.org/organization/wgcm/references/Taylor_CMIP5.pdf

http://www.clivar.org/organization/wgcm/references/Taylor_CMIP5.pdf
http://www.clivar.org/organization/wgcm/references/Taylor_CMIP5.pdf


From: A Summary of the CMIP5 Experiment Design
Lead authors: Karl E. Taylor, Ronald J. Stouffer, and 
Gerald A. Meehl, 22 January 2011*

*Available from 



Example 2: Tropical Cyclone Genesis in 
Global Forecast Models 

ÅUse understanding of tropical cyclone structure for 
ŀǳǘƻƳŀǘŜŘ ǎǘƻǊƳ άǘǊŀŎƪŜǊέ
ïWarm core, cyclonic vortices
ïTropical and subtropical regions

ÅApply quantitative thresholds appropriate for model 
resolvable scales 
ÅCollect statistics on formation
ïInter-model comparisons
ïComparison with observed formations 
ÅDepends on choice of space/time windows for comparison with 

model 

ïRelate formation statistics to other model variables 

Input from Mike Fiorino, ESRL 













Example 3. Vortex structure diagnostics 
for HWRF initialization 

ÅOperational HWRF showed consistent spin-
down problem in early forecast periods

ÅPossible suspect is improper wind structure 
and pressure-wind balance

ÅModel intercomparisonof wind structure

ïHWRF, GFDL, GFS models 

ÅStudy by NHC to provide guidance to EMC 
model developers 

Input from Wallace Hogsett (NHC) and Ryan Torn (SUNYA)



NHC Diagnostics
Å NHC has developed a system to compare vortex structure among the models in real time.

Å Results from the 2010 season have brought to light some important issues with the current 
models, e.g. the vortex initialization.       

15
Above: South-north (top) and West-East (bottom) vertical cross sections from the GFS (left), HWRF (middle), and GFDL 
(right).  Relative vorticity is contoured.  Note the differences in vertical structure among the models.
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