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Why are Model Diagnostics Needed?

A Lorenz Tellus 1960), Maximum Simplification
of the Dynamic Equations
I Numerical model forecasts, even if they were
aZYSRIe LISNFSOUZ R2Yy QI
A Implication: If models are a good
representation of the chaotic atmosphere
oceanland system, they will be almost as hard
to understand as nature

I Bad forecast models will be hard to fix



HWRF Intensity Forecasts for
Hurricane Celia (2010)
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Diagnostic Studies

A Evaluate variables derived from a model in the context of a
conceptual or theoretical framework for improved
understanding

I EXpected response to storm translation
I Gradient balance
I Energy and angular momentum budgets
A Model to model intercomparisons
A Comparison with observations
I Case studies and statistical comparisons
Al'aS Y2RSt 2dziLldzi la G&GRIGI €
processes
I Ocean feedback
I Impact of vertical shear on vortex tilt



Example 1: Model Intecomparisons

A Program for Climate Model Diagnosis and
Inter-comparison (PCMDI)

A Develops improved methods and tools for the
diagnosis andhtercomparison®f GCMs

A Comparisons must be systematic between
models

I Shared tools and standardized climate runs

A Being 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

From: ASummary of the CMIP5 Experiment Desig
Leadauthors: Karl E. Taylor, Ronald J. Stouffer, an
Gerald AMeehl, 22January2011*

*Available from
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Example 2: Tropical Cyclone Genesis In
Global Forecast Models

A Use understanding of tropical cyclone structure for_
Fdz2YlF 0SSR &aU02NXY aidNF Ol SNJ

I Warm core, cyclonic vortices
I Tropical and subtropical regions
A Apply quantitative thresholds appropriate for model
resolvable scales
A Collect statistics on formation
I Inter-model comparisons

I Comparison with observed formations

A Depends on choice of space/time windows for comparison with
model

I Relate formation statistics to other model variables

Input from MikeFioring ESRL



120-h ECMWVF forecast valid 2010102912

20L(shary)&2 | L(tomas).2010

ECMWF.IFS bdtg: 2010102412 7= 120 [h] pr: 6.76 [mm/d] prc2t: 0.73

valid vdtg: 2010102912 :: sTDd [d] nGenTc: 2 nGenHit: 2
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|20-h FIM forecast...

ESRL.FIM bdtg: 2010102412
valid vdtg: 2010102912 ::

= 120 [h]

pr: 7.83 [mm/d]
sTDd [d] nGenTc: 2 nGenHit: 2 nNo:

1 stddNo:
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TCgen Stats :: Gentau: 120 [h] Basin: LANT Year: 2010 Models: GFS, ECM, UKM, NGP
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LANT 2010 spuricanes

mean SD 20100600-110100

Mean Scaled TD days (sTDd) [day] in: atLANTic basin AKA 'Spuricanes’
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LANT 2010 spuricanes

mean preonv/priot 20100600-110100

Ratio Conv/Total Precip [%)] in: atLANTIc basin
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Example 3. Vortex structure diagnostics
for HWRF Initialization

A Operational HWRF showed consistent spin
down problem in early forecast periods

A Possible suspect is improper wind structure
and pressurewvind balance

A Model intercomparisorof wind structure
i HWRF, GFDL, GFS models

A Study by NHC to provide guidance to EMC
model developers

Input from Wallace Hogsett (NHC) and Ryan Torn (SUN®



NHC Diagnostics

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

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

06Z01NOV2010 tomas GFS lon = 292.9 06Z01NOV2010 tomas HWRF
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Above Southnorth (top) and WesEast (bottom) vertical cross sections from the GFS (left), HWRF (middle), and GFDL
(right). Relativevorticity is contoured. Note the differences in vertical structure among the models. 15



