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Many studies 
use IVT 

magnitude 
in forecasting 

impacts 
associated with 

atmospheric 
rivers and 

precipitation.

This study 
highlights need to 
focus on vertical 
distribution of 

IVT and its 
direction relative 

to topography.

• The AMS Glossary defines Atmospheric Rivers (ARs) as “Long, narrow, and
transient corridors of strong horizontal water vapor transport that are typically
associated with a low-level jet ahead of extratropical cyclone cold fronts”

• This study focuses on the relationship among the direction, magnitude, and
vertical structure of water vapor transport in ARs and precipitation over the
Russian River Watershed (RRW) and over the Santa Ana River Watershed
(SARW) during the cool season (October–March).

• 20-yr period: 1999/00 to 2018/19 
• NASA MERRA 

• 6-h water vapor flux binned 50 hPa 
• RRW  38N; 123.125W
• SARW  33N; 117.125W

• Oregon State PRISM QPE
• 24-h QPE averaged over watersheds

Introduction Study Locations and Data

Results: Direction of IVT and Watershed Precipitation 
a. RRW: IVT Magnitude and Direction b. SARW: IVT Magnitude and Direction

• Watershed Precipitation increases with increasing IVT magnitude
• Watershed Precipitation generally largest for southwesterly IVT directions
• Correlation between IVT magnitude and precipitation varies by IVT direction; largest R2 values for IVT and 

low-level (1000–700-hPa) IVT directions of 225° (SW)

a. RRW: IVT Direction and Variance Explained

b. SARW: IVT Direction and Variance Explained

Variance explained between daily average 1000–
300-hPa IVT direction and precipitation (orange
lines) and daily average 1000–700-hPa IVT
direction and precipitation (blue lines) for the (a)
RRW and (b) SARW.

Fig 2. Daily average IVT magnitude (distance from center) and direction (arc location) for locations offshore of (a) RRW and (b) SARW. The inner circle
is IVT =250 kg m-1s-1 and the outer circle is IVT =500 kg m-1s-1. Colors illustrate daily precipitation averaged over each watershed.
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a. RRW: Shallow vs. Elevated IVT 225 and Precipitation b. SARW: Shallow vs. Elevated IVT 225 and Precipitation

• Shallower-than-average IVT is generally associated with higher watershed precipitation
• More-elevated-than-average IVT is generally not associated with precipitation

Daily average low-level 1000–700-hPa IVT magnitude projected onto 225° versus precipitation (mm) over (a) RRW and (b) SARW with gray circles representing “shallower” IVT and colored circles
representing higher concentration than average “elevated” IVT. Daily average elevated IVT (700-300-hPa) over the RRW contains 40% of all IVT (1000-300-hPa) on average. Daily average elevated IVT
(700-300-hPa) over the SARW contains 50% of all IVT (1000-300-hPa) on average.

Fig 3. 

Results: Vertical Structure of IVT and Watershed Precipitation Prelim-Results: RRW Q-Vectors, IVT, and Precipitation

Results: IVT magnitude and Watershed Precipitation 
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(a) RRW: Q-Vector and IVT Projected on 225° (b) RRW: Q-Vector and Low Level IVT Projected on 225°

• Increasing IVT 225 is associated with higher precipitation
• Increasing low level (1000-700-hPa) IVT 225 improves the 

relationship.
• Weakly negative Q-Vector Divergence (i.e., convergence) is 

associated with higher precipitation.

(a) RRW Daily average IVT magnitude (kg m−1 s−1) versus 700-hPa Q-Vector Divergence over RRW (x1015 m^-2s^-1) with gray
circles representing precipitation totals <25 mm and colored circles illustrating precipitation totals >25 mm according to legend.

(b) As in (a) except for daily average low level (1000-700-hPa) IVT magnitude (kg m−1 s−1)

Fig 5. 

a. RRW: IVT and Precipitation b. SARW: IVT and Precipitation

c. RRW: IVT 225° and Precipitation d. SARW: IVT 225° and Precipitation

• IVT magnitude explains higher variance in precipitation over RRW as 
compared to SARW

• Using low-level IVT magnitude improves R2 relationship by ~10%
• Projecting low-level IVT onto 225° improves R2  relationship by ~20%

(a) RRW Daily average IVT magnitude (kg m−1 s−1) versus precipitation over RRW (mm) with gray circles representing 
1000–300-hPa IVT magnitude and colored circles illustrating low-level 1000–700-hPa IVT magnitude. (b) As in (a), except 
for SARW. (c) As in (a), except for low-level 1000–700-hPa IVT projected onto 225°. (d) As in (c), except for SARW.

Fig 4. 

IVT Vector (kg m−1 s−1; shaded & arrows)
Sea Level Pressure (hPa; contoured)


