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ENSO diversity

• El Niño is one major source of 
seasonal TC predictability.

• However, there is a diversity of El 
Nino warming patterns.

Patricola  |  RGMA PI meeting – coastal breakout  |  Future Changes in the Relationship Between Tropical Cyclones and ENSO

ºC

Patricola et al. (2016) Nature Geoscience

a

b

c

ºC

Doubled Warm Pool El Niño 

Warm Pool El Niño 

Cold Tongue El Niño 
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Tropical cyclone response to ENSO diversity

a

b

c

ºC

Doubled Warm Pool El Niño 

Warm Pool El Niño 

Cold Tongue El Niño 

Patricola  |  RGMA PI meeting – coastal breakout  |  Future Changes in the Relationship Between Tropical Cyclones and ENSO

2x Warm Pool El Niño - climatology  

Warm Pool El Niño - climatology  

Cold Tongue El Niño - climatology 

SST warming near the warm pool is more effective than 
warming of the cold tongue at suppressing Atlantic TC activity.

Patricola et al. (2016) Nature Geoscience
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Absolute SST is more informative than SST anomalies

Less warming is required near the warm pool than the cold tongue 
to satisfy the SST threshold* for deep convection.

ºC

cm s-1

Simulated deep convection and prescribed SST and SST anomalies (Aug-Oct)

Doubled Warm Pool El Niño Warm Pool El Niño 

Cold Tongue El Niño Climatology

*Thresholds vary in time and depend on global SST.  
(Williams and Pierrehumbert 2009; Johnson and Xie 2010)

Patricola  |  RGMA PI meeting – coastal breakout  |  Future Changes in the Relationship Between Tropical Cyclones and ENSO

Patricola et al. (2016) Nature Geoscience
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PANTONE 5743 C 

CMYK 54 24 86 73 

HEX #3E4827 

RGB 62 72 39 

 

PANTONE 548 C 

CMYK 100 21 28 76 

HEX #003D4C 

RGB 0 61 76 

 

PANTONE 1815 C 

CMYK 16 97 86 54 

HEX #7C2529 

RGB 124 37 41 

 

PANTONE 464 C 

CMYK 11 53 94 53 

HEX #8B5B29 

RGB 139 91 41 

 

PANTONE WARM GREY 11 C 

CMYK 26 36 38 68 

HEX #6E6259 

RGB 110 98 89

PANTONE 7496 C 

CMYK 46 6 100 42 

HEX #76881D 

RGB 118 136 29 

 

PANTONE 307 C 

CMYK 100 22 2 18 

HEX #006BA6 

RGB 0 107 166 

 

PANTONE 484 C 

CMYK 8 92 100 33 

HEX #9A3324 

RGB 154 51 36 

 

PANTONE 465 C 

CMYK 9 29 66 24 

HEX #B9975B 

RGB 185 151 91 

 

PANTONE 424 C 

CMYK 30 20 19 58 

HEX #707372 

RGB 112 115 114

PANTONE 5777 C 

CMYK 26 9 56 20 

HEX #A2A569 

RGB 162 165 105 

 

PANTONE 5425 C 

CMYK 45 16 9 24 

HEX #7A99AC 

RGB 122 153 172 

 

PANTONE 167 C 

CMYK 5 77 100 15 

HEX #BE531C 

RGB 190 83 28 

 

PANTONE 7403 C 

CMYK 1 11 58 2 

HEX #EED484 

RGB 238 212 132 

 

PANTONE WARM GREY 5 C 

CMYK 11 13 16 32 

HEX #ACA39A 

RGB 172 163 154

*Please note when using Pantone 142 on uncoated paper stock Pantone 7549U should replace Pantone 142. 02/18

Primary Palette

Secondary Palette

PANTONE  186 C 

CMYK  2  100  85  6 

HEX  #C8102E 

RGB  200  16  46 

 

PANTONE  451 C 

CMYK  21  15  54  31 

HEX  #9B945F 

RGB  155  148  95 

PANTONE  142 C* 

CMYK  0  24  78  0 

HEX  #F1BE48 

RGB  241  190  72 

 

PANTONE  454 C 

CMYK  11  5  29  8 

HEX  #CAC7A7 

RGB  202  199  167 

PANTONE  449 C 

CMYK  31  38  75  76 

HEX  #524727 

RGB  82  71  39 

 

PANTONE 5743 C 

CMYK 54 24 86 73 

HEX #3E4827 

RGB 62 72 39 

 

PANTONE 548 C 

CMYK 100 21 28 76 

HEX #003D4C 

RGB 0 61 76 

 

PANTONE 1815 C 

CMYK 16 97 86 54 

HEX #7C2529 

RGB 124 37 41 

 

PANTONE 464 C 

CMYK 11 53 94 53 

HEX #8B5B29 

RGB 139 91 41 

 

PANTONE WARM GREY 11 C 

CMYK 26 36 38 68 

HEX #6E6259 

RGB 110 98 89

PANTONE 7496 C 

CMYK 46 6 100 42 

HEX #76881D 

RGB 118 136 29 

 

PANTONE 307 C 

CMYK 100 22 2 18 

HEX #006BA6 

RGB 0 107 166 

 

PANTONE 484 C 

CMYK 8 92 100 33 

HEX #9A3324 

RGB 154 51 36 

 

PANTONE 465 C 

CMYK 9 29 66 24 

HEX #B9975B 

RGB 185 151 91 

 

PANTONE 424 C 

CMYK 30 20 19 58 

HEX #707372 

RGB 112 115 114

PANTONE 5777 C 

CMYK 26 9 56 20 

HEX #A2A569 

RGB 162 165 105 

 

PANTONE 5425 C 

CMYK 45 16 9 24 

HEX #7A99AC 

RGB 122 153 172 

 

PANTONE 167 C 

CMYK 5 77 100 15 

HEX #BE531C 

RGB 190 83 28 

 

PANTONE 7403 C 

CMYK 1 11 58 2 

HEX #EED484 

RGB 238 212 132 

 

PANTONE WARM GREY 5 C 

CMYK 11 13 16 32 

HEX #ACA39A 

RGB 172 163 154

*Please note when using Pantone 142 on uncoated paper stock Pantone 7549U should replace Pantone 142. 02/18

Research underway

Patricola  |  RGMA PI meeting – coastal breakout  |  Future Changes in the Relationship Between Tropical Cyclones and ENSO

Outgoing longwave radiation

(W m-2)

Question:  How are changes in ENSO expected to influence future TC 
statistics and characteristics?

Hypothesis:  Changes in ENSO can modulate the dynamic and 
thermodynamic TC environment, with non-linear TC responses.

Method: TC-permitting WRF tropical channel model.

Impact:  Addresses a major gap identified by TC community.

Lin, Camargo, Patricola, 
et al. (2020)
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