TOWARDS ATTRIBUTION OF HURRICANE
ACTIVITY CHANGES
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Can we say what drove recent Atlantic increase!?

How do we attribute!
Two part attribution: A -> B; B -> Hurricanes
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MEASURE OF ACTIVITY

 Which measure?
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Year

« Must communicate differences Vecchi and Knutson (2008, J. Clim.)



PDI Anomaly (101" m3 s-2)

PDI Anomaly (101" m3 s-2)

ONE TEMPERATURE PREDICTOR OF ATLANTIC HURRICANE ACTIVITY
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PDI Anomaly (101" m3 s2)

TWO TEMPERATURE PREDICTORS OF ATLANTIC HURRICANE ACTIVITY
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Interpretation 2: How much more than the rest of the tropics will the Atlantic warm?
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TWO STATISTICAL PROJECTIONS OF ATLANTIC HURRICANE ACTIVITY
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..ADD DYNAMICAL PROJECTIONS OF ATLANTIC HURRICANE ACTIVITY

............. TP Y T YT TYTT YT TTTTTIT T Y ITIY] [TV Y IYITIITIT Y] [T TP Y IV YT TY T (Y Y YETTITIYIYINT] FTYTTTTIYIYITITIT] ITVYRTITITTOTIYIOIT]
@ Interpretation 1: How much will the Atlantic warm?
100—-\ii' -
8.0 —
6.0 —| —
4.0 1 Statistically-based ~
- Observed Hurricane projections -
20— Activity and fit to % -
- absolute warming =
0.0 —< —
o |
Past | Fut ‘ 1ons
_2'0 e ' lllllllllllllllllll I lllllllllllllllllll I lllllllllllllllllll l lllllllllllllllllll I IIIIIIIIIIIIIIIIIII [ lllllllllllllllllll I lllllllllllllllllll I T
1960 1980 2000 2020 2040 2060 2080 2100
............. [T YT T TITT TTTTTTIT TR TITIT] FTTTIYITITTTTITTTITI [ETTTTIT Y ITITITIITI (VLYY RN ITTYLY T (YTTTTYITITITITITIT IYITITITITTIRITITN
@ Interpretation 2: How much more than the rest of the tropics will the Atlantic warm?
1on—-\ii' =
8.0 —
6.0 — -
+0- Observed Hurricane Dynamically-based projecions |-
| Activity and fit to |
relative warming -
2.0 e -
| M Statistically-based B
rojections
0.0 - proj < —
o
-2.0 4 Past —
......................................................................................... [P TP TP PP T T T T T

1960 1980 ZOOO 2020 2040 2060 2080 2100

Observed Activity
Absolute Atlantic
Temperature

Observed Activity
Relative Atlantic
Temperature

Vecchi, Swanson and Soden
(2008, Science)



RECORDED NA HURRICANES SHOW CLEAR INCREASE

But was there really an increase!
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OBSERVED NA HURRICANE FREQUENCY CHANGES

NA Basinwide Hurricane Record
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Various efforts to homogenize instrumental TC record (e.g,, Kossin et al. 2007/, Landsea 200/, Chang and
Guo 2007, Mann et al 2007/,Vecchi and Knutson 2008, Landsea et al 2010,Vecchi and Knutson 2010).

Data Archeology and Paleo-proxy Indicators Complement Instrumental Records
(e.g, Nyberg et al. 200/, Chennoweth and Divine 2008, Mann et al 2009)



WEST ATLANTIC HAS SEEN CENTURY-SCALE DECREASE IN HURRICANES
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ATTRIBUTION OF RECENT TS FREQUENCY INCREASE

IN NORTH ATLANTIC

| O0Okm GFDL-HIRAM AGCM recovers recent NA TS Trend when forced
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s -4 AND [995-200/7 PDFs OF NA TS C@E NIz

* lasting two days or more

* 2005 Observed
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2005: decadal pattern of SSTA and interannual variability.



AMO Departure
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SHIFT IN MEAN TS COUNTS ATTRIBUTABLETO “AMQO” SST CHANGE ACROSS 1994-1995

What drove this SST change! Internal variability! Aerosols! Combination!?

1995-2007 minus 1982-1994 “AMO" SSTA Forcing

Monthly values for the AMO index, 1856-2008
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AMO Index: Regression of SST onto NA SST
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B liStlcal Projections of 2| st Century NATFSHlREREE
(model based on difference Atlantic to Tropical SST)

Stat. model recovers

high-res models
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RECENT INCREASE NOT ROBUSTLY “FORCED" IN CMIP3 MODELS

Recent trends in statistical hurricane model applied to CMIP3 20c3m runs

1960-2000 Trend in Hurricane Freq.Index
from 20C3M CMIP3 Models
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CONELUSIONS

* |t Is premature to conclude that human activity (particularly
greenhouse warming) has already had a detectable impact on
Atlantic tropical storm and hurricane frequency or PDI.

 Atlantic TS frequency appears controlled by SST changes in the
Atlantic relative those rest of tropics:

To attribute Atlantic TS changes need to attribute pattern of SST change
(has not been done).

Same for prediction/projections: what controls regional SST patterns?
(see LelLoup and Clement 2009, Xie et al 2009).

» Change in mean TS frequency across 1994-95 attributable to
“AMO-ish” SST change

What drove SST pattern? What about shift in variance? Interannual variability important.



GFDL C-X HIRAM GCMS

Family of global atmospheric models designed for better-representing
tropical cyclone frequency. €90 - 1°, C180=1/2°, C360=1/4°, C720=1/8°

Ref. Zhao et al (2009, J. Climate)
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* Similar Atlantic Response to Atlantic and Uniform Fcing

e |ittle Pacific Response to Atlantic compared to Uniform

| Atlantic Forcing
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Change in Annual NA Storms from Idealized SST:

40.

N
=

Storm Count Anomaly

|
N
o

NATL, GLO, EQU
| | | |

Atlantic Forcing

Uniform Forcing

Similar TS frequency
- response to:

0.25° local warming

o o L
‘§’ o
? .
PR
@ Q) o8 @3 é) ﬁ
% @@o & - 3
l l [ l | | | l
—-4.0 -2.0 0.0 2.0 4.0

SST Perturbation (K)
Veecchi et al (2009,

4° global cooling

in prep.)



