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• 0.25°atmos/land –only (30 years)
• 0.36M node-hours for one simulation – total ~4.3M
• 4 present day 
• 8 future scenarios (RCP8.5)

• Fully-coupled 0.5° atmos/land - 1° ocn/ice
• 1 Pre-industrial control
• 3 20th Century
• 3 future RCP2.6
• 3 future RCP4.5
• 3 future RCP6.0
• 3 future RCP8.5

• Fully-coupled 0.25° atmos/land - 1° ocn/ice
• 1-1.8M node-hours for one simulation – total ~17M
• 1 Pre-industrial control
• 2 climate sensitivity 
• 3 20th Century 
• 3 future RCP2.6
• 3 future RCP8.5

• Fully-coupled 0.25° atmos/land – 0.1° ocn/ice
• 3.23M node hours for one simulation – total ~13M
• 1 Pre-industrial control
• 1 20th Century
• 1 future RCP8.5

} complete within 2-3 months

node-hours



EarthWind map, 3-hr precip overlaid on 850mb winds Ralph et al. 2011 (NOAA HMT program)

20 times as much water as the Mississippi River.
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Landfalling Atmospheric Rivers in the High Resolution CESM: 
Climate change for Northeast Pacific versus North

Atlantic Storms
Christine A. Shields and Jeffrey T. Kiehl, National Center for Atmospheric Research, Boulder, CO

Simulation 
Type

Resolution Years 
Simulated
 (Years 
Analyzed)

Short ID for 
Poster

20th Century FV CCSM4 0.5o 
atm coupled to 
1o ocn

1850-2005
(1960-2005)

HDEG-CCSM4

20th Century SE CESM1 
~0.25o atm 
coupled to 1o 
ocn

1960-2005
(1960-2005)

QDEG-CESM

RCP8.5 FV CCSM4 0.5o 
atm coupled to 
1o ocn

2006-210
(2055-2100)

HDEG-CCSM4

RCP8.5 SE CESM1 
~0.25o atm 
coupled to 0.1o 
ocn 

2006-2050
(2006-2015, 
2041-2050)

QDEG_0.1-
CESM

Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 

QDEG_0.1-CESM 

Relative threshold technique (Zhu and Newell (1998 Mon. Wea. Review))

Q = total column 
precipitable water
Mean = zonal mean
Max = zonal maximum

U.S. West Coast (35-52N)
Wind speed threshold = 10 m/s
Wind direction = from the southwest

United Kingdom (49-60N)
Wind speed threshold = 25 m/s
Wind direction = easterly component

Iberian Peninsula (35-49N)
Wind speed threshold = 15 m/s
Wind direction = easterly component

Shape thresholds
dy/dx >=2

dy minimum = 200km



Dark color = 50 km (half-deg)  
Coupled Ensemble Suite

Light color = 25 km (quarter-
deg) Single Run

Hash-filled = ERA-I 
Reanalysis
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Changes in Wind due to Resolution



Atmos/land only 
Quarter-degree

Wind speed and Direction
300mb
DJF average
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Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.
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Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 
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Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 

QDEG_0.1-CESM 

North Atlantic
Iberian Peninsula

North Atlantic
United Kingdom
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Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 

QDEG_0.1-CESM 
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Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 
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Simulation 
Type

Resolution Years 
Simulated
 (Years 
Analyzed)

Short ID for 
Poster

20th Century FV CCSM4 0.5o 
atm coupled to 
1o ocn

1850-2005
(1960-2005)

HDEG-CCSM4

20th Century SE CESM1 
~0.25o atm 
coupled to 1o 
ocn

1960-2005
(1960-2005)

QDEG-CESM

RCP8.5 FV CCSM4 0.5o 
atm coupled to 
1o ocn

2006-210
(2055-2100)

HDEG-CCSM4

RCP8.5 SE CESM1 
~0.25o atm 
coupled to 0.1o 
ocn 

2006-2050
(2006-2015, 
2041-2050)

QDEG_0.1-
CESM

Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 
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• AR location and strength has been tied to atmospheric jets
• Those making landfall on the U.S. West Coast and Iberian Peninsula track the 

subtropical jet
• Those making landfall in the U.K. track both the subtropical and eddy-driven jets

• Using a higher resolution atmosphere improves the representation and 
statistics of  ARs
• Due to improvements in position and strength of  the atmospheric jets

• The largest changes in number of  ARs occurs in their active season
• In DJF, the active season for ARs, we anticipate a decrease in landfalling 

ARs in the PNW and an increase in CA, the UK, and Iberian Peninsula 
due to changes in the atmospheric jets.
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Simulation 
Type

Resolution Years 
Simulated
 (Years 
Analyzed)

Short ID for 
Poster

20th Century FV CCSM4 0.5o 
atm coupled to 
1o ocn

1850-2005
(1960-2005)

HDEG-CCSM4

20th Century SE CESM1 
~0.25o atm 
coupled to 1o 
ocn

1960-2005
(1960-2005)

QDEG-CESM

RCP8.5 FV CCSM4 0.5o 
atm coupled to 
1o ocn

2006-210
(2055-2100)

HDEG-CCSM4

RCP8.5 SE CESM1 
~0.25o atm 
coupled to 0.1o 
ocn 

2006-2050
(2006-2015, 
2041-2050)

QDEG_0.1-
CESM

Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 
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Simulation 
Type

Resolution Years 
Simulated
 (Years 
Analyzed)

Short ID for 
Poster

20th Century FV CCSM4 0.5o 
atm coupled to 
1o ocn

1850-2005
(1960-2005)

HDEG-CCSM4

20th Century SE CESM1 
~0.25o atm 
coupled to 1o 
ocn

1960-2005
(1960-2005)

QDEG-CESM

RCP8.5 FV CCSM4 0.5o 
atm coupled to 
1o ocn

2006-210
(2055-2100)

HDEG-CCSM4

RCP8.5 SE CESM1 
~0.25o atm 
coupled to 0.1o 
ocn 

2006-2050
(2006-2015, 
2041-2050)

QDEG_0.1-
CESM

Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 
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Simulation 
Type

Resolution Years 
Simulated
 (Years 
Analyzed)

Short ID for 
Poster

20th Century FV CCSM4 0.5o 
atm coupled to 
1o ocn

1850-2005
(1960-2005)

HDEG-CCSM4

20th Century SE CESM1 
~0.25o atm 
coupled to 1o 
ocn

1960-2005
(1960-2005)

QDEG-CESM

RCP8.5 FV CCSM4 0.5o 
atm coupled to 
1o ocn

2006-210
(2055-2100)

HDEG-CCSM4

RCP8.5 SE CESM1 
~0.25o atm 
coupled to 0.1o 
ocn 

2006-2050
(2006-2015, 
2041-2050)

QDEG_0.1-
CESM

Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 

QDEG_0.1-CESM 

m/s

Fully-coupled
Quarter-degree atm/lnd
Tenth-degree ocean/ice
Single simulation

Fully-coupled
Half-degree atm/lnd
One-degree ocean/ice

Future (2041-2050) minus Present Day (1980-2005): DJF wind speed
UK US West Coast

Pacific Northwest: 
Decrease in wind speed
Subtropics: Increase

UK/Iberian Peninsula:
Only seeing increase of
subtropical jet over the
ocean

Structure of  winds does 
not depend on 
resolution but the 
strength does.
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20th Century FV CCSM4 0.5o 
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1850-2005
(1960-2005)

HDEG-CCSM4

20th Century SE CESM1 
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Atmospheric River Detection Method

ARs can be defined a number of ways by implementing algorithms to identify 
moisture, wind, and shape thresholds. Pattern recognition techniques can also 
be employed. This study uses  the relative moisture threshold technique 
developed by Zhu and Newell (1998 MWR).  The empirical formula is as 
follows:        

 |Qthreshold| >= |Qmean| + 0.3 ( |Qmax - Qmean| ) 
where “mean” = zonal mean and “max” = zonal maximum. 

In this study, Q is total column precipitable water. For Western U.S. domains, 
wind speed  threshold is 10 m/s and wind direction is from the southwest. For 
UK and Iberian Peninsula domains, wind speed threshold is 25m/s and 15m/s, 
respectively, and wind direction must have an easterly component. Wind speed 
thresholds were chosen using the 85% wind magnitude values for each region. 
Shape thresholds are limited  to DY/DX >= 2 with a 200km minimum in DY. 
Western U.S. (35-52.5N), UK (49-60N). and Ib (35-49N) regions are shown.

CESM Atmospheric Rivers

Atmospheric rivers (ARs) are key contributors to the hydrological cycle that can significantly impact regional water balances. Abundant moisture transported from 
the tropics or subtropics, combined with the dynamics of an extratropical cyclone, form a potent source of intense precipitation that spans across days and 
produces major flooding. Regionally unique topography and geography define different flavors of ARs across the globe. Here, we compare the characterization of 
ARs for three distinct regions: U.S. West Coast and the United Kingdom, and the France/Iberian Peninsula region. This study employs high resolution coupled 
versions Community Earth System Model (CESM1). A variety of climate change experiments and resolutions are evaluated and are listed in the table (right). 

North Atlantic vs East Pacific AR frequency and Zonal Wind Climate Change

Climate change differences in the jet stream and dictate where ARs make landfall. East Pacific storms making landfall over the U.S. West Coast are dominated by 
the subtropical jet whereas North Atlantic ARs making landfall over the UK follow the eddy-driven jet.  The Iberian Peninsula storms are influenced by both types of 
jets.

The Hovmueller diagrams below illustrate these connections for the HDEG-CCSM4. Zonal wind differences (below, right), isolated for each region, are plotted with 
areas of 95% statistical significance (stippled). Accompanying AR frequency Hovmueller diagrams (below, left) are shown using %change (relative to 20th Century) 
across all ensemble members. Significance is denoted by the horizontal black bars and indicate where there is no overlap between 20th century percentages and 
RCP8.5 percentages. Increasing (decreasing) landfalling AR activity is plotted with green (brown) colors and approximates where the zonal wind increases 
(decreases). 
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Jet Changes due to Atmospheric Model Resolution

Overall, CESM biases in jet strength are improved with the QDEG resolution, this is especially so for the North Atlantic region. Consequently, AR frequency statistics 
improve compared to ERA-I reanalysis. Below are 300mb winds for ERA-I, QDEG-CESM and differences between QDEG-CESM and HDEG-CCSM4. The QDEG-CESM 
(which is coupled to a 1 degree ocean) improves AR validation both the Pacific Northwest and California by increases storms in the Pacific Northwest and decreasing them 
in the California region. Simulated storms over the UK are also brought closer to observed by decreasing storm counts. 

AR Structural Fidelity 
Improves with Increased 
Ocean Resolution

The 0.1o ocean provides significantly 
more detail compared to the 1o ocean. 
AR timeslice examples of ultra high (far 
left) and standard (middle left) North 
Atlantic and, respectively for East 
Pacific, are shown these panels.

QDEG climate change impacts regarding jets are compared to HDEG-CCSM4 using available data from the ultra high resolution RCP8.5 simulation halfway through this 
forcing scenario, years 2041-2050. QDEG_0.1-CESM DJF zonal wind changes for North Atlantic and East Pacific regions are shown as a vertical cross section, below left. 
The same years from the HDEG-CCSM4 are plotted (below right) for comparison.  With the caveat of only 10 years being evaluated, initial analysis highlight similarities in 
vertical structure climate changes, but differences in the strength of the response in the upper troposphere.

HDEG-CCSM4 

Meridional 
Water 
Transport
 
Column integrated 
meridional water 
transport appears to 
behave differently 
with an ultra high 
resolution ocean 
model (wide dashed 
lines, bottom left) for 
the North Atlantic 
during seasonal 
transition months. 
Heat transport (not 
shown) also exhibits 
this behavior. The 
presence of detailed 
ocean eddies and 
their impact on heat 
and water transports 
warrant further 
investigation. 

QDEG_0.1-CESM 



Zonal wind is 
the driver for 
ARs tracking

Climate 
change for U 
area averaged 
over longs 
noted in title

Latitude x axis
Height y axis


