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Much of what we do under this theme involves Interactions Across Multiple Time and Space 
Scales        
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PSD has a long history, going back to the days of the Climate Diagnostic Center, of tropical and 
tropical-extratropical research 
 
Understanding tropical variability and its interaction with the extratropics offers tremendous 
potential to extend global predictions across the entire range of weather to climate time scales 
 

1 DAY 
1 

WEEK 
1 

MONTH 
1 

YEAR 
1 

DECADE 
100 

YEARS 



N O A A  R E S E A R C H  •  E S R L  •  P H Y S I C A L  S C I E N C E S  D I V I S I O N  

Atmosphere and Ocean Dynamics 

Science Review  •  Boulder, CO  •  12-14 May 2015  4 

Much of what we do under this theme involves Interactions Across Multiple Time and Space 
Scales        
 
 
 
 
Turbulent Fluxes                    Equatorial Waves          MJO        Sub-Seasonal Prediction            ENSO         Pacific-Decadal Oscillation 

 
PSD has a long history, going back to the days of the Climate Diagnostic Center, of tropical and 
tropical-extratropical research 
 
Understanding tropical variability and its interaction with the extratropics offers tremendous 
potential to extend global predictions across the entire range of weather to climate time scales 
 
…as well a providing targets for model validation and development 
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PSD 2010 Strategic Goal Addressed: 
 
Improve Observations and Understanding of Earth System Processes 
 
NOAA Strategic Goal Addressed: 
 
Improved Scientific Understanding of the Changing Climate System and its Impacts 
 
Specific NOAA Goals in the 5-Year Plan: 
 
1.  Atmospheric and Oceanic Observations Integrated into Earth System Modeling 

2.  Improved Understanding of Interactions and Processes of Key Oceanic, Terrestrial, and 
Atmospheric Components of Earth’s Climate System 

 
Specific OAR Science Goals: 
 
What is the State of the Climate System and How is it Evolving? 
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to meridional moisture transport, it has not been pre-
viously shown how synoptic-versus-LF time scales im-
pact climatological moisture transport. An analysis of
the seasonal cycle of the mean vertically integrated
atmospheric moisture budget using 40 yr of NCEP–
NCAR reanalysis data reveals that during the cool
season in the extratropics of both hemispheres, LF and
synoptic anomalies play a significant role in the atmo-
spheric transport of moisture from ocean to land. This
occurs despite the fact that transport by the mean cir-
culation generally has a much larger amplitude because
much of the transport by themean does notmovemoisture
onto land so much as move moisture zonally from the
western to the easternmargins of the ocean basins. In some
regions, such as the North American southwest, Europe,
and Australia, the LF transport is the largest contributor

to net wintertime and even annual mean atmospheric
moisture. The LF transport is also critical to the Arctic
moisture budget throughout the year and reaches maxi-
mum amplitude during summer, associated with mois-
ture transport from land to ocean, especially over
Eurasia.
In addition, the differences between the LF and syn-

optic transport patterns are so striking as to suggest that
LF transport does not merely represent a red-noise re-
sidual of synoptic variability, but that the dynamical
processes driving LF transport are fundamentally dif-
ferent from those driving synoptic transport. Despite its
relatively small impact in many regions of the globe, LF
transport is a key moisture source for continental pre-
cipitation during winter. Note that while the sources
associated with synoptic transport are fairly similar to

FIG. 12. Regression of huLFi0:85, hyLFi0:85 (indicated together by wind vectors, in m s21) and hqLFi (indicated by
color shading) on leading wintertime huLFi0:85 PC (PC1) defined in (a) the Pacific sector and (c) the Atlantic sector;
the sign of PC1 in each sector is chosen so that positive corresponds to a maximum westerly wind anomaly (at about
308N in the Pacific and 558N in the Atlantic). Composite of LF moisture transport (vectors) and associated flux
divergence (shaded) averaged over both12 and22 standard deviation values of PC1 for (b) the Pacific sector and (d)
the Atlantic sector; only values that are locally 95% significant (based on 1000 Monte Carlo simulations) are shown.
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Pacific (essentially the Aleutian Low Strength)  
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Leading Mode of Moisture Transport 
over Western North America 

=> What are the paths of moisture leading to extreme precipitation over the 
Western United States? 
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Fig. 9. “High” Composites maps constructed from the top 1% (232 6-hourly values) of the first principal 938 
component, (PC 1) of the anomalous: IVT (a) magnitude; (b) IVT direction (vectors) and IVT 939 
convergence/divergence (shading, convergence = -∇⋅IVT > 0, mm day-1); (c) 700 hPa specific humidity 940 
(q, g kg-1); (d) 500 hPa heigh (dm); (e) precipitation from CFSR (mm day-1); and (f) precipitation from 941 
Livneh (mm day-1). 942 
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Fig. 4. Count Maps (left) and Cross section (right) indicating the number of back trajectories that pass 898 
through a CFSR grid column originating in the a) WA-nID, b) OR-sID, and c) NV regions. The 899 
trajectories are initiated at 00, 6, 12 and 18z on days when one of the top 150 (independent) precipitation 900 
events occurred. The trajectories are initiated at the four CFSR grid point around the station that recorded 901 
the event at a single pressure level located between 50 and 100 hPa above the surface (see text for more 902 
details). A total of 2400 trajectories were initiated in each region. The position of a trajectory is estimated 903 
at one-hour intervals over the five previous days using the six-hourly three-dimensional CFSR wind 904 
fields.  Topography is depicted via a 5-point smoother applied to the 30 arc-second (~1 km) terrain 905 
height, with contours at 1000 m (3281 ft), 1500 m (4921 ft) and 2300 m (7546 ft) and stippling above 906 
2300m. Vertical cross section of the back trajectory counts along the crest of the Cascade, Sierra and 907 
Peninsular Mountains (black curve in Fig. 1) for the a) WA-nID, b) OR-sID, and c) NV regions. The 908 
terrain is shown in black.   909 
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Track Density of Moisture Paths Leading 
to Extreme Precipitation over eastern 
Washington 

Vertical Section of Moisture Path 
Leading to Extreme Precipitation 
over eastern Washington	  
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=> 

Addresses a fundamental Climate Issue: How Much Does it Actually Rain?  
Critical for Global Moisture Budgets and for Model Validation 

Comparison of Precipitation Data Sets over North America 

=> 
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Stable Boundary Layers- Andrey Grachev  

Do We Understand 
Turbulent Fluxes over 
Stable Boundary 
Layers? 

 

 

Fig. 1. Aerial view of the topography of Granite Mountain showing a schematic view of the 

experimental set-up at the East slope (towers ES2-ES5). 
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Westward & 
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Understanding Convective Coupling in Atmospheric Tropical Waves- 
Juliana Dias  

How well do models reproduce equatorial 
waves? 
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Tropical Forecasts and Predictability for Week 3 and Beyond-  
Matt Newman 
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Can we characterize 
predictability beyond week 2? 
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The Processes Underlying the Pacific Decadal Oscillation  
Mike Alexander 
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What are the processes underlying the 
PDO? 


