Process Oriented Diagnostics of Tropical Cyclones in Reanalyses Using Moist Static Energy Budgets
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Introduction

Key Questions:

. What biases do global models have in representing tropical cyclones (TCs)? - 5 5 o — e

e  What physical processes are involved in a “good” TC simulation in a model? o "o | s

. How does the moist static energy (MSE) variance budget help us understand s PR os W
these biases? ° * ° - - o o |

Goals: | MR B | r ) e — e —
Extend Wing et al. 2019 approach for GCMs to include reanalyses s o | L o]
Develop “observation”-based reference against which models can be B e e e
evaluated with respect to the processes involved in a good simulation of TCs et e rpretit
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Take domain averages and composite across the strongest storms
o =] . All datasets’ storms have similar evolution as a function of time to LMI
B * h'SEF’ increasing most, could be due to covariability with wind field
MSE variance increases with increasing intensity as moist regions get moister and
dry regions get drier in a box following TCs
* At agiven intensity, large spread of the value of variance across datasets
» Potential source of bias if larger h'> = larger h’ = larger feedbacks
Normalize feedback terms by box average of variance in attempt to remove
another source of discrepancy
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0.5° % 0 625° * Bullseye of large h in the center where the storm is strongest

=>» h’ > 0 in center
* Surface flux large in a ring where winds are strongest
=>SEF’ > 0 in ring, SEF’ < 0 in center representing ‘eye’
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=>» h’'SEF’ > 0 in ring, h’'SEF’ < 0 in center
* Net longwave flux negative everywhere, less negative in center where there

Normalized Intensity Bin Box Average Composites
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is cloud cover
= LW’ > 0 in center
= h’'LW’ > 0 in center
* Net shortwave flux positive everywhere, larger in center where higher
moisture content is absorbing more SW radiation
=>» SW’ > 0 in center

TC tracks from TempestExtremes = h’'SW’ > 0 in center _
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Methodology

Column integrated moist static energy:
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h = Efpt (¢, T + gz + L,q)dp
Moist static energy budget:
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=» Calculate this budget in a 10°x 10° box following a TC . 242700 b l

=» Ignore points over land and poleward of 30° o .

=» Calculate anomalies from box average 5 T

Tendency of the spatial variance of h: B o ! -
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* h'SEF’ increase more muted but still has a prominent upward trend

 h'LW' has biggest difference, now appears fairly constant across intensity
» Still a big difference in feedback strength across the datasets even when we try
to remove the inherent effects of different representations of intensity and
variance
* These physical process are being represented differently in these datasets

Conclusions

Key points:
Results point to some fundamental differences among datasets’
representation of feedbacks
Output resolution does not appear to have a direct impact on results
Datasets do not consistently represent the change in variance for a
given change in intensity

* Different conversion factors between variance and intensity

Normalizing by the domain mean variance facilitates a more fair
comparison among datasets and intensities about the physical
mechanisms necessary for TC simulation
Even after removing sources of inherent discrepancy, the feedbacks still
have a large spread across datasets at a given intensity
These physical processes involved in the feedbacks are being
represented differently in these datasets
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=» Analyze these feedback terms | | | | | | - e Wy
=>» Sources and sinks of MSE variance
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Construct two different types of TC composites:
 Composite relative to the time of lifetime maximum intensity 5 s 15
 Compare storms of similar stage in lifecycle ° oo
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* Intensity bin composites
 Compare storm snapshots of similar intensity in 3m/s bins
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* ERA-Interim surface flux feedback largely negative, too large to be an
eye’
* Only dataset with this feature
Surface wind composite reveals a large RMW ~ 200km, broad
circulation
=» 9 gridpoint square of SEF’ < 0
=» h’'SEF’ < 0 at these points

Remaining datasets have similar spatial structures of feedbacks and h
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