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Why Blue Waters?

• 0.25°atmos/land –only (30 years)
o 12K node-hours per model year = 0.36M node-hours for one simulation
o 4 present day – 8 future scenarios (~4.3M)

• Fully-coupled 0.5° atmos/land - 1° ocean/sea ice
o 1 PI control, 3 20th Century, 12 future scenarios

• Fully-coupled 0.25° atmos/land - 1° ocean/sea ice
o 10-12K node-hours per model year = 1-1.8M node-hours for one simulation
o 1 PI control, 2 climate sensitivity, 3 20th Century, 6 future scenarios (~12M-21M)

• Fully-coupled 0.25° atmos/land – 0.1° ocean/sea ice
o 32.3K node-hours per model year = 3.23M node hours for one simulation
o 1 PI control, 1 20th Century, 2 future scenarios (~13M)





Tropical Cyclone (TC) Tracks

Observed and simulated interannual variations of the number of tropical storms are shown for these four
Northern Hemisphere basins in Figure 7. Results are only shown for the high-resolution (0.23! 3 0.31!) version
of CAM5.1. Correlations between the observed and simulated storm counts are generally low for all basins.
However, there are periods when the simulated storm counts are reasonably correlated with observed counts.

Figure 5. Tropical storm tracks identified by the GFDL tracking algorithm in the 1979–2005 integration of (bottom row) the 0.23! 3 0.31! CAM5.1 and (top row) the Emanuel tracks. Col-
ors indicate maximum wind speeds on Saffir-Simpson scale. (left column) Tropical storm strength and larger. (middle column) Tropical cyclone strength and larger. (right column) Intense
tropical cyclone strength

Figure 6. Monthly climatology of simulated (black) and observed (red) tropical storms averaged over 1979–2005 in selected Northern Hemisphere ocean basins for the high-resolution
CAM5.1. (top right) North Atlantic. (top left) North Indian. (bottom left) West Pacific. (bottom right) East Pacific. Units: #/month.
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Tropical Cyclone Tracks 

 
 

•   

Courtesy: Kevin Reed  [See also: Wehner et al. 2014, JAMES] 

•  Tropical cyclone tracks identified 
by GFDL tracking algorithm 

Observations: IBTrACS 

CAM5: 1 degree CAM5: 0.25 degree 

•   CAM5 at 0.25 degree has some 
skills to simulate tropical cyclones 
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Observations: IBTrACS

CAM5: 0.25 degree

Tropical cyclone algorithm and tracker follows Zhao et al. (2009) 
using 3-hourly model output. 

Courtesy Kevin Reed, see also Wehner et al. (2014, JAMES)



Extra-tropical Storm (ETC) Tracks
(for one model year)

Extratropical cyclone tracks and storm properties are found 
using TempestExtremes (Ullrich and Zarycki, 2016).)

0.25° atmos-only
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Present Day and Future ETC Track Density

Units are average hours 
per year in which a storm 
is found within a 4o x 4o

gridbox
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Eady Growth Rate (850mb)
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High Resolution Ocean

0.25° atmos - 0.10° ocean

1° atmos – 1° ocean



High Resolution Ocean
0.25° atmos - 0.10° ocean



Ocean Resolution
0.25° atmosphere
1° vs 0.10° ocean Sample UK Events,

TMQ
Movies of 1 year’s worth of AR events strung together

1 degree 0.1 degree



Ocean Warming Trends

Pershing et al. (2015)



Compared to 1° CESM
High-resolution CESM trend 2006-2050

/50years

°C/44 years

Courtesy Justin Small

1° atmos - 0.10° ocean1° atmos – 1° ocean



Future Changes in
Days that exceed 95°F

RCP4.5 – Present Day RCP8.5 – Present Day
12km atmos



Regional Maximum 
Temperature
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Definitions
Tracking Algorithm

850 mb Wind Speed  >=   10 m/s
270o > Wind Direction > 180o

DY/DX >= 2 (minimum DY = 200km)

850 mb Wind Speed  >=  25 m/s
360o > Wind Direction > 180o

DY/DX >= 2  (minimum DY = 200km)

ZN ==  |Qthreshold|  >=  |Qmean| +  0.3( |Qmax -
Qmean| )
Mean = zonal mean and Max = zonal maximum         ZN = Zhu and Newell (1998)

850 mb Wind Speed  >=  15 m/s
360o > Wind Direction > 180o

DY/DX >= 2  (minimum DY= 200km)

• Pineapple 
Express

• UK Storms

• France/Iberia
n Peninsula



Summary	of	High	Res	Ocean
• Improvements	with	resolution

o Atmosphere	- TCs,	Extreme	precip,	eastern	boundary	SST
o Ocean	– eddies,	western	boundary	SST,	small	scale	air-sea	interaction
o ENSO

• Stays	same	with	resolution
o Southern	ocean	wind	bias
o Subsurface	warming

• Gets	worse	with	high	resolution
o ITCZ	too	strong

• Caveat:	results	apply	to	CESM.	



stronger in CESM-S than observed, whilst CESM-H is more comparable with observations. In JJA preceeding
the peak and through to the peak period of December-January-February (DJF), CESM-H has a maximum SST
signal in the far-east equatorial Pacific (classic El-Ni~no, Figures 13b and 13e) whereas observations (Figures
13a and 13d) and CESM-S (Figures 13c and 13f) maximize further west, suggesting an influence of central
Pacific/Modoki El-Ni~no. Finally, the low pressure cell over the north-east Pacific in DJF, part of the ‘‘atmos-
pheric bridge’’ which acts to cool N. Pacific SST [Alexander et al., 2002], is weaker in CESM-H (Figure 13e) and
in CESM-S (Figure 13f) than in observations (Figure 13d), more so in CESM-H. Put another way, the N. Pacific
teleconnection is weak even when the equatorial Pacific SST signal is too strong (Figure 13f), and it gets
weaker still when the equatorial SST signal gets weaker (Figure 13e). Note however that there can be con-
siderable model variability of N. Pacific response in multidecade means, as indicated by Alexander et al.
[2002], for ensembles of 50 year integrations (see their Figure 14).

4.3. Intraseasonal and Synoptic Variability
4.3.1. Tropical Cyclones
Comparison of the CESM-H Tropical Cyclone (TC) tracks with the observed record [International Best Track
Archive for Climate Stewardship (IBTRACS); Knapp et al., 2010] reveals that the model has too little TC

Figure 14. Tropical cyclone and hurricane tracks: (a) from a 30 year segment (years 60–90) of CESM-H and (b) from the IBTRACS analysis of
observations for 1970–1999 (derived from Knapp et al. [2010]). Storms with maximum wind speed> 33m/s shown. The tracking method is
described in Bacmeister et al. [2014].
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0.25° atm/lnd – 0.1° ocn/sea ice

Observations

Tropical Cyclone (TC) Tracks

Small et al., 2014 (JAMES)



AR Climatology Resolution
50 km  Ensemble Suite
25 km (1deg ocn) Single Run
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Eddy Kinetic Energy 
(500mb)

Units = m2/s2
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0.25° atmos-only


