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@ Favorable Environmental Conditions
for Tropical Cyclogenesis

—
.

SST in excess of 26°C to a depth of 60 m (SST > 26°C)
Conditional instability

High mid-level relative humidity (RH > 80% at 500 hPa)
Weak vertical wind shear (850 — 250 hPa vector shear)

oW

Distant from the equator (|| > 5° latitude)

U1

6. Anomalous cyclonic low-level relative vorticity (taken
at 850 hPa — above the PBL)
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@ Favorable Environmental Conditions
for Tropical Cyclogenesis

Support for vigorous deep convection
1. SSTin excess of 26°C to a depth of 60 m (SST > 26°C)
Conditional instability

2
3. High mid-level relative humidity (RH > 80% at 500 hPa)
4. Weak vertical wind shear (850 — 250 hPa vector shear)

Distant from the equator (|| > 5° latitude)

4

6. Anomalous cyclonic low-level relative vorticity (taken
at 850 hPa — above the PBL)
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@ Favorable Environmental Conditions
for Tropical Cyclogenesis

Support for vigorous deep convection

1. SSTin excess of 26°C to a depth of 60 m (SST > 26°C)
2. Conditional instability

3. High mid-level relative humidity (RH > 80% at 500 hPa)
4. Weak vertical wind shear (850 — 250 hPa vector shear)
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@ Favorable Environmental Conditions

for Tropical Cyclogenesis

Support for vigorous deep convection

1. SSTin excess of 26°C to a depth of 60 m (SST > 26°C)
2. Conditional instability

3. High mid-level relative humidity (RH > 80% at 500 hPa)
4. Weak vertical wind shear (850 — 250 hPa vector shear)
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pem%nz Tropical cyclones develop from a
pre-existing disturbance of
oceanic deep tropical convection
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@ Observed tropical SST and deep
convection (1974-1979)
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OLR: 5°x5°, 5-day
averages from
polar orbiter
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AOGCM transient CO2 SST threshold

behavior for tropical convection
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Convective Precipitation Rates (mm day' )
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@  AnSST Threshold for Deep
Convection

* Threshold SST exists for deep tropical
convection

* Evidence from AOGCMs that this threshold
will increase in value under global warming

* How does this relate to tropical cyclones?
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@ A threshold SSTis also observed
for tropical cyclogenesis

* Palmén (1948)
— identified a 26.5° C SST threshold for tropical
cyclogenesis

* Gray (1968)

— relates 26.5° C threshold to other environmental
conditions

— linked SST directly to convective support for TCG

* Dare and McBride (2011)
— re-examine the SST threshold value
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@ Athreshold SSTis also observed
for tropical cyclogenesis

(a) SST GENESIS COMPARISON () SSTy50451,, COMPARISON
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FIG. 5. (a) Accumulated percentages of SSTs at the point of TC genesis corresponding to each 1°C bin for TCs that
occurred during the period September 1981 to June 1995 (solid line) and during July 1995 to December 2008 (dashed
line). (b) As in (a), but with the SST48s.
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@ Athreshold SSTis also observed
for tropical cyclogenesis

(a) SST GENESIS COMPARISON () SSTy50451,, COMPARISON
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FIG. 5. (a) Accumulated percentages of SSTs at the point of TC genesis corresponding to each 1°C bin for TCs that
occurred during the period September 1981 to June 1995 (solid line) and during July 1995 to December 2008 (dashed
line). (b) As in (a), but with the SST48s.
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@ Observations of SST and TC
intensity
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S Observations of SST and TC
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v So far

* Tropical cyclones develop from pre-existing
complex of deep tropical convection

* Threshold temperature for existence of
deep tropical convection

* Tropical cyclogenesis also has threshold SST

* Tropical cyclone maximum (possible)
intensity also dependent on SST
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v Remainder of talk

* Two recent contributions to this problem

— Diagnostics of TC activity in climate model
incorporating environment variability metrics
(Waters, Evans, Forest. J. Climate, 2012)

— Further examination of structure of SST-
threshold for deep convection in current climate
(Webster and Evans 2013)
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@ Gray’s Seasonal Genesis Parameter (SGP)

for climate change projections

Values are (2xCO2 [ 1xCO2) by SGP component

Seasonal Genesis
Parameter Component Interpretation

(SGP)

Lo f/1£11+5

Cyclone relative
vorticity anomaly
Weak vertical wind
shear
E SST = 26°C
| . Conditionally

(994dp +5) unstable

(RHsgq - 40)/30 High mid-level RH

(dviaz + 3) N
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@ Inferring tropical cyclogenesis
likelihood from larger scales

* Morerecent TCindices — Camargo and
Sobel, Nolan and Emanuel, ...

* Thermodynamic envelope for TCG varies
slowly over large scales and long times

* Hypothesis: must capture short term
dynamic and thermodynamic variability to
capture TCG signatures

METEOROLOGY
Waters, Evans and Forest (2012)
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@ Inferring tropical cyclogenesis
likelihood from larger scales

e Deviation anomalies: how anomalous is this
15 days?
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@ Inferring tropical cyclogenesis
likelihood from larger scales

e Deviation anomalies:

O;—O
o(All o;)
 Sub-monthly variability (also 5 and 10 days)

* Develop logistic (Y/N) and Poisson (#) TCG
regression models

/

O —

* Build models on EOFs of deviation anomalles
METEOROLOGY




CAM3.1 (1.4°x 1.4°)

GPI (0 — 10 events)

850 hPa {,

Potential Intensity

850-200 hPa shear
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DEPARTMENT OF

I 5 O 5 |
Waters, Evans and Forest (2012) METEOROLOGY

MINERAL SCIENCES




PENNSTATE

& 3 L'.wh'r-,un

Ea

i ERA-40

ERA-40 PC1 EE]J"‘"T"'“'L'FIJ’HH‘JHH
* IPV350 |

 Shear o |.1,|J._|J_..|j1lJ,llJJ.|,

,',h','lrll,l,huj CAM3.1 #1

Ihpuli.,rl..,uplj CAM3.1#2

En

ERA-40 PC2

S
© PR x#**%ﬂ*hm4ﬁﬁ
gt

dnuli_.l_ldnl_, CAM3.1 #3
 W500 : = ;

1.0 | |e)
0.5 -
oo fhe iy i T CAM3.1#4
-0.5 - — - A
¥ 5 2883 28 %g g8 28 E &0
o P 2 G 8 353 ¥ O doppd 8 8 § & o
= 3 s 8 e N EN §F & A T B©
5 7 -4 gl.ngc'»gcn_ e Q4 g g
= £ Z o 6 ® L i

DEPARTMENT OF
ERA-40 CAM3.1 IC1 CAM3.1 IC2 CAM3.1 IC3 CAM3.1 IC4 METE OROLOGY

mPC1 mPC2 mPC3 mPC4 mPC5 mPC6 mPC7 | ~ COLLEGE OF EARTH AND




PENNSTATE
S

4

Logistic Regression: TCG Likelihood vs. 15-Day PC1-7 MDR (20°-60°W) JJAS 1981-2000
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@ Observed SST threshold behavior
for tropical convection
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@ Temporal variation of SST
threshold in Asian monsoon region
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@ SST threshold variation in Asian
monsoon: April 2004 (dry)
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@ SST threshold variation in Asian
monsoon: July 2004 (wet)
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¥ SST threshold from observations

* Increase in average SST in a tropical region
< SST threshold for deep convection
Increases!

* Linkis via large-scale dynamical structure of
the atmosphere

* Thermodynamics are fundamental to TC
development, but dynamics are the limiting
factor
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@ Observed SST threshold behavior
for tropical convection

* Level 4 AVHRR SST - daily, 0.25° resolution
* Terra OLR - 3 hourly, 1°
* ERA-Interim reanalyses — monthly, 1.5°

* July 2002 through October 2005

Webster and Evans (2011, submitted) METEOROLOGY



