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• The method:  (Analogous to Gray’s SST threshold determination.)

1. Plot ~30 years of summer season TC formation locations

2. Overlay with various atmospheric/oceanic variables

3. Choose thresholds for a minimum number of variables that 

define the formation regions  



Presentation Plan

• Introduce threshold variables

• Compare with Gray’s TC formation regions

• Apply to CMIP5 models



Poleward boundaries:

• Emanuel's Maximum Potential Intensity: 𝑉𝑃𝐼 = 40 𝑚𝑠−1

• Relative humidity: 𝑅𝐻700 = 40 %

• Vector wind difference magnitude between 850 and 200 hPa: 𝑉𝑠ℎ = 20 𝑚𝑠−1

Equatorward boundaries:

• 850 hPa absolute vorticity: 𝜂 850

• Barotropic instability measure at 700 hPa: 𝛽700
∗ =

𝜕𝜂

𝜕𝑦

• Best result is a hybrid 𝜂-𝛽∗ quantity: 𝜉 =
𝜂 850

𝛽700
∗ Τ𝑅 2Ω

= 2.0 × 10−5𝑠−1

𝜉 is similar to a Brunet and Haynes (1995) index, which determines if a 
disturbance in a shear flow will roll-up into a vortex or be sheared apart.

Boundary variables and thresholds



• SST thresholds: Palmén (1948), 26—27°C; Gray (1968), 26.5°C
• "TCs rarely form within 5° of the equator"
• Not too bad in the Summer months, but large areas of 'false alarms' in Winter.

• OWZP detected TD
• OWZP detected TS

TC formation boundaries: Historical
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• Palmén/Gray Boundaries replaced with 𝑉𝑃𝐼 and 𝜉 thresholds
• Additional 𝑅𝐻700 and 𝑉𝑠ℎ thresholds added.
• Improved boundaries 
• Much improved in Winter (not shown).

• OWZP detected TD
• OWZP detected TS

TC formation boundaries: Improved



• All ocean basins (except NI) influenced by oceanic and atmospheric anticyclones
• Cold upwelling in the eastern basins
• Eastern basins: Cool/dry air and cold SST advected equatorward and westward.
• Western basins: Warm/moist air and warm SST advected poleward 
• Relative size, strengths of upwelling, anticyclones etc. determines the east/west asymmetry

TC formation boundaries: Why this shape?



Application to CMIP5 models

• Add boundaries to CMIP5 models with OWZ detections 

overlaid

• Use to: Understand TC formation errors

Eliminate poorly performing models

Formulate projections from common patterns



• Why are there no TCs in the central NA?
• Why do the TCs extend so far east in the SP?
• Why are there low latitude TCs in the SA?
• Why are there TCs in the NI, equatorward of 15°?

Example: Understand TC formation errors



• Why are there no TCs in the central NA? 
• Why do the TCs extend so far east in the SP? 
• Why are there low latitude TCs in the SA?
• Why are there TCs in the NI, equatorward of 15°?  

Too dry.
Too warm and moist.
Too warm and moist.
Monsoon shear too weak.

Example: Understand TC formation errors

Original thresholds: fine lines



Example: Inform projections 

• Historical scenario: Model performs reasonably well.
• Too few TCs in the NA:  Too dry and shear too strong. 
• Other basins are good and can be used in projection study.



Example: Inform projections 

• RCP85 scenario: 
• Most changes are subtle.
• More TDs outside the boundaries in NP
• General drying and increase in shear here:
• General moistening and/or reduction of shear here:
• Best way to compare is to overlay the boundaries. 



• Central NA becoming less favourable:
• Central NP becoming more favourable:
• Narrowing of favourable zone in SI: 
• Central SP becoming less favourable:

ACCESS1-3

Drying, increased wind shear
Moistening, reduced wind shear
Drying
Increased wind shear

Example: Inform projections 

These changes are common to many models.

• Australian region sees a narrowing of the favourable formation region



ACCESS1-0
ACCESS1-3

Had-GEM2-ES CSIRO-Mk3-6-0

MIROC-5 MRI-CGCM3

Formulate projections from common patterns 

• Six models show results consistent with the previous slide
• Australian region sees a narrowing of the favourable formation region

Dashed lines: ERA-interim boundaries



Summary

• Previously: Developed method for identifying TC 
formation regions in seasonal data

• The method is used to understand TC formation regions 
in CMIP5 models, and to identify future changes 

• Selected results:

Central NA and central SP becoming less favourable

Central NP becoming more favourable

Narrowing of favourable zone in SI

Australian region is becoming less favourable

ACCESS1-3


