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What are atmospheric rivers?
Atmospheric rivers (ARs) are constantly moving, narrow filamentary bands of 
intense water vapor transport through the lower atmosphere.  Recent studies 
(e.g., Ralph et al.,  2006) demonstrated that these ARs were present and were an 
important contributor to recent extreme precipitation and major flooding 
events along the west coast.  The events also contribute up to 50% of the 
seasonal water supply in the Sierra Nevada mountains.

The problem
Given the impact of these events, it is critical to understand how well they are 
forecast.  This study is an initial attempt to quantify the ability of several leading 
numerical weather prediction (NWP) models to reproduce the frequency, width, 
and intensity of atmospheric river events. 

MOTIVATION

Objective Results
911 Total days analyzed

No score on 42 days due to data gaps or other problems
257 successfully identified landfalling days
17 “false positive” identifications
4 missed events
591 correct days without events

Summary Scores

Critical Success Index (CSI) = 92.4%

Probability of Detection (POD) = 98.5%

Probability of False Detection (POFD) = 2.8%

Validation of the Technique
To test the ability of the objective technique to accurately identify the IWV signuature of ARs and whether they made 
landfall, landfalling events identified by the technique were compared with those determined visually in the 
climatology of Neiman et al (2008).  Direct comparisons were performed for all days within October-March during 
the 5 cool seasons from 2003-2004 to 2007-2008.  Scores were based on identifying days where a landfalling AR 
impacting the west coast was found in either the ascending or descending orbit 12-hour composite images.

An automated technique was devel-
oped to objectively identify and charac-
terize ARs in observed or modeled fields 
of IWV content.  The overall steps in the 
procedure are summarized in the flow 
chart to the right and the resulting 
stages are illustrated in the panels for a 
sample application on 7 November 
2006.  The technique is currently imple-
mented through a combination of IDL 
and Matlab routines.

The primary outputs of the procedure 
are the number of atmospheric river 
events and their location.  For each axis 
point along the AR, the width and core 
IWV value are also estimated.  From the 
individual core IWV values and width es-
timates, average core IWV and width es-
timates are computed both over the 
entire AR extent and for the 100 km 
closest to land in the case of landfall.  
Outputs for the example at the right are 
shown below.

A manuscript describing the technique and its validation (Wick et al., 2011) has been submitted and is in review.  

OBJECTIVE IDENTIFICATION TECHNIQUE

CONCLUSIONS
-  An automated method for identifying and characterizing ARs from IWV imagery has been de-

veloped and applied to the validation of NWP models.

-  Validation against visual classification demonstrates that the tool performs extremely well.

-  The occurrence of ARs are generally well-predicted in TIGGE models, though initial results sug-
gest some potential tendency for overprediction.

-  The width and core strength of the ARs is less well predicted, particularly at longer lead times.

-  The models generally perform similarly, though the results are slightly better for ECMWF with 
0.5 deg. spatial resolution than for the other models with 1 deg. resolution.

-  The tool is now being applied in real time to GFS model outputs to evaluate its potential for 
operational utilization.

Illustration of Technique

 VERIFICATION OF FORECAST FIELDS
Verification Summary Results

The verification technique is illustrated 
for an atmospheric river on 11 Novem-
ber 2007.  The panels to the right show 
the representation of the event in the 
forecasts from the different models out 
to 7 days.  The axis of the AR detected by 
the technique is shown with the over-
plotted circles.  The panel below shows 
the AR as observed in SSM/I imagery.

All models forecast the occurrence of 
the AR with 7-10 day lead time, but the 
position, width, orientation, and 
strength vary significantly with model 
lead time and resolution.  The location of 
landfall, in particular, is highly variable.  
Prediction of the two distinct filaments 
is challenging at longer leads and with 
coarser model resolution.

The accuracy of the models was evaluated based on their ability to predict days in which at 
least one AR was present.  The ability of the models to reproduce the frequency of occurrence 
is characterized by the probability of detection and false alarm rate.  For days with exactly one 
AR, the average width and core strength of the observed and forecasted AR events were di-
rectly compared.  The agreement is expressed here in terms of correlation.

The models exhibit good skill in reproducing observed events but some tendency to overpredict events, 
particularly at longer lead times.  Overall skill decreases with time, but models perform similarly.

Probability of Detection False Alarm Rate

Frequency of Occurrence

Width Comparison Core Strength Comparison

No large biases were observed in predicted width or core strength, but there is notable variability in 
the predictions .  Overall the results are best for ECMWF which has the highest resolution.  By 7-10 
days, the correlation is poor.
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 REAL TIME APPLICATION

APPROACH

Satellite Observations
Integrated water vapor retrievals from passive microwave brightness 
temperatures from the SSM/I

Wentz optimal statistical algorithm

Combination of multiple DMSP satellites

12-hourly composites centered on forecast time
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The ability of several NWP models to reproduce ARs is evaluated through 
comparison of their integrated water vapor (IWV) fields with satellite 
observations.  An objective technique for identifying and characterizing ARs was 
developed and applied in an identical manner to the satellite-derived and 
modeled IWV fields.  All models were drawn from the THORPEX Interactive Grand 
Global Ensemble (TIGGE). 

-

-

TIGGE Model Products
Control forecasts of total column water

ECMWF         - JMA - Japanese Meteorological Agency

UKMO - UK Met Office     - CMC - Canadian Meteorological Centre

12Z Initialization

Forecast lead times analyzed:  0, 3, 5, 7, and 10 days

Analysis period:  October 2007 - March 2008

Key Questions
Are ARs reproduced with the proper frequency in reanalyses and forecasts?

Are the widths of the atmospheric rivers reproduced accurately?

Are there any biases in the modeled strength of the atmospheric rivers?

Are these results a function of model resolution and forecast lead time?

The AR detection tool is 
now running in real time 
comparing the IWV signa-
ture of ARs in the GFS 
model with passive micro-
wave satellite observations.  
The position of the AR im-
plied by IWV is also being 
compared with modeled 
water vapor transport.


