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GFDL Dynamical Models for Predictions
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* Tropical cyclones (TCs) have large societal and economic
impacts on the United States (and many other countries)

Disaster Type Number of Percent CPl-adjusted Percent of Average Event
Events Frequency Losses Total Loss Cost

(S billions) (S billions)

Drought 21 12.4 199 19.1 9.5
Flooding 19 11.2 86 83 4.5
Freeze 7 4.1 25 2.4 3.6
Severe Storm 65 38.2 143 13.7 2.2

| Tropical Cyclone 34 20.0 530 50.9 15.6 |

Wildfire 12 7.1 26 2.5 2.2
Winter Storm 12 7.1 35 3.4 2.9

Table: Damage cost from U.S. Billion-dollar disaster events (1980-2013)
Smith and Matthes (2015, Natural Hazards)

* About 85% of the total TC damage has been caused by the intense
hurricanes (Saffir-Simpson Categories 4 and 5; hereafter C45)

# C45 Hurricane: Hurricane with lifetime maximum surface wind =60m/s (113kt)
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Seasonal Hurricane Predictions by FLOR

CM2.5: Fully coupled model with 50km-mesh atmosphere and 0.25° ocean/sea ice
FLOR : Fully coupled model with 50km-mesh atmosphere and 1°  ocean/sea ice
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HiFLOR — A New High-Resolution CGCM
| omeR | wWAmOR

Atmosphere : 50 km, L32 Atmosphere : 25 km, L32
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SST Restoring Experiments by FLOR and HiFLOR

(c) Observations (1979-2012)
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Murakami et al. (2015, J. Climate)

Restoring Experiment:

30w o

Observed time-varying
SST is restored at 5-day
timescale for the period
1971-2012.

FLOR underestimates
TC intensity

HiIFLOR improved
TC intensity

Number: Annual mean TC
frequency
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Simulated TC Intensity

PDF of Life—time Max Intensity Max Wind Speed-Mean SLP Relationship
45 i i i i i L 'l L 'l Pl L Fl L Fl 1 Fl L i
1020 -
32 351 8- HiFLOR (1971-2012) & aap -
o _ =
= 30 =@ Observations (1979-2012) | E 960 A
(C 25 Cas - 9401
T 20 e 9201
S . = a00 -
& = ga0{ o
= 104 S gl ®FLOR N |
5- = auo | @HIFLOR | \Q%
04 i 820 OBS Observed Regressed Llne N
0 10 20 30 40 50 &0 70 &80 90 100 0 10 20 30 40 50 60 70 80 90 100
Life-time Maximum Intensity [m s'] Maximum Surface Wind Speed [m s-1]

* HIFLOR can simulate C45 hurricanes.

« TC structure iIs reasonably simulated in terms
of Maximum Wind Speed- Mean SLP
relationship.
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Interannual Variation of North Atlantic Storms

Murakami et al.
(a) Tropical Cyclone Frequency (>34kt) in the North Atlantic (1971-2012)
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Interannual Variation for Global Ocean Basins

Murakami et al. (2015, J. Climate)

Correlation Coefficients (Observed vs Model, 1971-2012)

I Model N.Indian WN.Pacific @ EN.Pacific = N.Atlantic  S.Indian  S.Pacific
(a) All TSs (>3/kt, 1971-2012)

HiFLOR —0.27 +0.35 +0.49 +0.68 +0.38 +0.31
FLOR +0.01 +0.55 +0.41 +0.59 +0.02 +0.23
(b) Hurricanes (>64kt, 1971-2012)

HiFLOR +0.04 +0.17 +0.51 +0.77 +0.51 +0.23
FLOR +0.01 +0.55 +0.27 +0.68 +0.11 +0.02
(c) Categories 4 and 5 (>114kt, 1971-2012)

HiFLOR +0.38 +0.24 +0.31 +0.64 +0.32 +0.18
FLOR N/A N/A N/A N/A N/A N/A

95% Significant

HIFLOR shows higher skill than FLOR in all the ocean basins, except for WNP
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Retrospective Seasonal Prediction by HiFLOR (Major Hurricanes)
Murakami et al. (2016, J. Climate)

Model | HiFLOR
Period | 1980-2015, mainly focus on TC prediction for July—November

Initial | July (Leal Month=0—4), Ocean is initialized, but atmosphere is not initialized.

Ensemble | 24 Ensemble Members
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Real-Time Prediction for the 2017 Summer Season

Murakami et al. (2018, Science)
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What caused the active 2017 MH season?

Murakami et al. (2018, Science)

Observed SST Anomaly in 2017
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A. Moderate La Nina?
B. Warmer Tropical Atlantic?
C. Warmer off the coast of North America?
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|dealized Seasonal Predictions

Murakami et al. (2018, Science)

July 18t, 2017 August September October November Dec
_ Free Coupled Model Simulation given the Initial Condition
Real-time
Prediciton
edicitons Initial Condition
ldezalized
Predicitons

Initial Condition

SST is BligmrgdiiaiiseSi iscerasp#edf regional SST

We call this type of experiments as “real-time attribution” because we can examine
causes for active hurricane season even as hurricane season is underway.
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|dealized SST-Prescribed Seasonal Prediction

_ _ _ Murakami et al. (2018, Science)
Predicted Major Hurricane Density Anomaly

A. Moderate La Nm

C. Warmer off the
coast of North

America? x

60°5
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December 10, 2019

B. Warmer Tropical
Atlantic?




Potential Impact of Global Warming on the 2017 Major

Hurricane Activity

Murakami et al. (2018, Science)

2017 SST Anomaly Mean SST change projected by CMIP5
models under RCP4.5
(2080-2099 minus 2015-2025)
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Will we see more major hurricanes if we experience a similar summer
like 2017 in the future?
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|dealized Seasonal Prediction for 2017 Assuming

at the end of 215 century

Murakami et al. (2018, Science)

2017

Idealized
Predictions

July 1st, 2017 August September October November

C0O,=2017 level

Initial Condition

SST =2017 SST

July 1st, 209X August September October November
C0O,=2090 level under the RCP4.5 or RCP8.5 scenario

2017 In
Future

long-term RCP4.5
or RCP8.5
simulatio

Idealized
Predictions

dT= Mean future changes in SST projected by the CMIP5 models
(2081-2100)
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|dealized Prescribed SST Experiments in the Future

Murakami et al. (2018, Science)

RCP4.5
(2080-2099 minus 2015-2025) 2017 SST Anomaly

Projected MH Density Anomal

RCP8.5
(2080-2099 minus 2015-2025) 2017 SST Anomaly
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More active MH season than the 2017 summer is projected in the future even with the same spatial
patterns of 2017 SST anomaly, resulting in amplifying the risk of MHs.

BCC/GFI Seminar

December 10, 2019



Local SSTA or Relative SSTA?

MH Frequency and MDR RSSTA and SSTA (July-November)
3/|C=3 MHFreq. e RSSTA e—e SSTA

SSTA: Local SST Anomaly (A)
RSSTA: Relative SST Anomaly (A-B)

r (MH freq. vs RSSTA)=+0.61
2L T (MH freq. vs SSTA)=+0.50

MH freqquency (bar, o)

1980 1985 1990 1995 2000 2005 2010 2015

30S -

Observed number of MHs (gray bars) is correlated with both
tropical Atlantic (10-25°N, 80-20°W) SST anomaly (SSTA, r=+0.50) and
tropical Atlantic SST relative to tropical mean (30°S-30°N) (RSSTA, r=+0.61)
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Local SSTA or Relative SSTA?

2017 Experiments
only
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Previous Studies on Future Changes in Global TC Frequency

Expected percent change in the average
over period 2081-2100 relative to 2000-2019
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I.  Global TC Frequency (decrease)
[I.  Mean TC Intensity (increase)

[ll.  Mean TC Precipitation (increase)
IV. Global C45 Frequency (increase)

IPCC AR5 Chapter 14

BCC/GFI Seminar

IPCC AR5 Assessment Summary

It is likely that the global frequency of tropical
cyclones will either decrease or remain
essentially unchanged.

However, most of the models considered
for this assessment were with 50-100 km
mesh (medium or low resolution).

What about HiFLOR (25-km mesh)?
Any difference from FLOR (50-km mesh)?
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Why did HiFLOR project increases in global TCs?

Vecchi et al. (2019 Clim. Dyn.)

GGGG - — i E— Difference in Variance of 3-10-day vort850
Vertical mz‘ 3 A 3 R HiFLOR T
Wind ha e
Shear
MPI An increase in “seeds” could be a critical factor
for the projected increase in global storms in HIFLOR
RMegg - Global TC number (N) =T x P
T: Number of trial (seeds)
P: Probability (large-scale environment)
Vort 850 "4 B
-1 - FLOR

HiFLOR "‘ 4-* 3

[ 1] [ 1 ]
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Transient 2xCO, Response Per Degree Global Warming

Large-scale parameter cannot explain the
difference in projected changes in TC
frequency between FLOR and HIFLOR
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1. HiFLOR can simulate C45 hurricanes as observed.

2. HIFLOR has skill in predicting major hurricanes a few months in
advance.

3. The active 2017 major hurricanes were controlled by the tropical
ocean surface warming in the North Atlantic.

4. Future changes in relative SST anomaly is a key for future
changes in major hurricanes in the North Atlantic.

5. HIFLOR is a unique model to project an increase in number of
global tropical cyclones in a warmer climate. A possible reason for
the increase could be an increase in number of tropical-cyclone
seeds.
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