
Fig 1.  All-season mean frequency of AR occurrence over the North Pacific.  
 

Fig 3. AR frequency differences for (a) JJA and (b) DJF resulting from the subtraction of the all-
season mean AR frequency from the seasonal composite frequency. Positive (blue) values indicate 
seasonal frequencies of occurrence higher than the all-season mean, while negative (red) values 
indicate seasonal frequencies lower than the all-season mean. 

Fig 2. (above) Mean number of ARs within the 
entire domain (gray) and along the U.S. West 
Coast (cyan). The solid lines represent the 
seasonal mean over the 36-year period, while the 
shading highlights the range between the highest 
and lowest seasonal values.  

1.  All-Season Climatology 

2.  Seasonal Variability 

ü  ARs exist throughout the year over the North Pacific 
ü  The seasonal cycle appears as a northward and westward displacement of ARs during the 

warm seasons in association with the seasonal migration of the eddy-driven jet 

Atmospheric rivers (ARs) are regions of anomalously high tropospheric water 
vapor and intense low-level winds that contribute substantially to the water 
vapor flux within the hydrologic cycle and give rise to a dichotomy of risks 
and benefits. 
 

Here the climatology and variability of ARs over the North Pacific are 
examined, without restricting the study to landfalling or wintertime features, in 
order to answer: 
 

         Are ARs over the North Pacific purely cold season phenomena? 
 

         How do seasonal and tropical variability impact AR frequency? 

Data and Indices 
•  Atmospheric variables via NASA's Modern-Era Retrospective Analysis for Research and 

Applications (MERRA); 36 years (1979 - 2014) of 6-hourly data at ½° x ⅔° resolution 
•  El Niño-Southern Oscillation (ENSO) via the Oceanic Niño Index (ONI) 
•  Madden-Julian oscillation (MJO) via the Real-time Multivariate MJO Index (RMM) 

Methodology 
1.  Calculate instantaneous anomalous integrated water vapor transport (IVT)  
2.  Apply an objective detection algorithm to identify AR-like features; 81,409 feature 

occurrences identified within the North Pacific domain during the 36-year period 
3.  Composite the algorithm output in order to describe AR incidence in terms of the long-

term mean (LTM) climatology, the seasonal cycle, and tropical variability 
 

Five locations of potential societal importance are examined to further elucidate the diverse 
impacts of tropical variability on AR incidence. 

Fig 4. AR frequency differences resulting from the subtraction of the all-season AR frequency from 
the composite AR frequencies based on ONI values for (a) El Niño, (b) La Niña, and (c) ENSO 
neutral conditions. Fig 6. Seasonal variability of ENSO’s impacts in terms of percent change in AR frequency 

compared to the three-month seasonal mean for five locations identified in (e). For each location, 
lines representing El Niño (red) and La Niña (blue) conditions are plotted.  Also included in each 
subplot is a depiction of the seasonality of the mean number of ARs within the location’s bounds. 

Fig 7. As Figure 6, but for percent change of paired seasonal MJO phase composite frequencies 
compared to three-month seasonal mean AR frequencies. 

Fig 8. Composite frequency anomalies as a function of MJO phase. 

Fig 5. As Figure 4, but for MJO phase composites with the all-season AR frequency subtracted. 

3.  Tropical Variability 4.  Subregional Analysis 
ENSO Composites 

MJO Composites 

ENSO Composites 
 

MJO Composites 
 

ü  ENSO and the MJO both impact the displacement and occurrence of ARs in ways not 
unlike the seasonal cycle, but on different time scales, due in part to the modification of 
the eddy-driven jet position and strength 
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ü  Tropical variability influences AR activity throughout the year 
ü  Changes to the seasonally varying background state due to ENSO and the MJO may 

enhance or offset the seasonal cycle and/or each other, with changes upwards of 40-50% 
of the seasonal mean AR frequency 

5.  Key Conclusions 
 

ü  AR frequency of occurrence varies by location, by season, and by changes in the 
background state due to climate variability 

ü  The well-posed arguments made regarding the importance of considering wintertime 
landfalling ARs along the U.S. West Coast in earlier works may be applied to other 
regions of interest, although the season and climate background state require 
consideration 


