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CalWater2 Observations on 5 February 2015
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Dropsonde X-Section ( V, RH, vapor flux )
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Dropsonde X-Section ( V, RH, vapor flux )
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Dropsonde X-Section ( V, RH, vapor flux )
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Budget Region Dropsonde Times & Positions
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Budget Region Dropsonde Times & Positions
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Budget Region Dropsonde Times & Positions
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Budget Region Radar-Estimated Precipitation

G-IV Radar Precipitation
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Budget Region Radar-Estimated Precipitation
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Budget Region Radar-Estimated Precipitation
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Water Vapor Budget Terms

Surface w is assumed to be zero, and water condensate is neglected

aIwyVv
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IWV tendency in Eulerian reference frame




Water Vapor Budget Terms

Surface w is assumed to be zero, and water condensate is neglected
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Water Vapor Budget Terms

Surface w is assumed to be zero, and water condensate is neglected
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IWV tendency in Eulerian reference frame »

Column Integrated Moisture Convergence (CIMC) + Evaporation



Water Vapor Budget Terms

Surface w is assumed to be zero, and water condensate is neglected
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IWV tendency in Eulerian reference frame »

Column Integrated Moisture Convergence (CIMC) + Evaporation — Precipitation



Water Vapor Budget Terms

Surface w is assumed to be zero, and water condensate is neglected
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—J —V-(qV) dp
9 Jo

Column Integrated Moisture Convergence (CIMC)



Water Vapor Budget Terms

Surface w is assumed to be zero, and water condensate is neglected
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Advection of Moisture (ADV)



Water Vapor Budget Terms

Surface w is assumed to be zero, and water condensate is neglected
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Advection of Moisture (ADV) + Dynamical Convergence of Moisture (CONV)



Water Vapor Budget Terms

Advection of Moisture (ADV) only moves a column of moisture from one place to another and does
not result in precipitation.



Water Vapor Budget Terms

Dynamical Convergence of Moisture (CONV) is closely related to upward ascent of moisture and can
therefore result in precipitation.
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Water Vapor Budget Terms

Dynamical Convergence of Moisture (CONV) is closely related to upward ascent of moisture and can
therefore result in precipitation.
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Water Vapor Budget Terms



Water Vapor Budget Terms
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Water Vapor Budget Terms

» CONV
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Dynamical Convergence of Moisture (CONV)



Water Vapor Budget Terms

» CONV + E

»

Dynamical Convergence of Moisture (CONV) + Evaporation



Water Vapor Budget Terms

» CONV +E —P

»

Dynamical Convergence of Moisture (CONV) + Evaporation — Precipitation



Water Vapor Budget Terms

» CONV +E —P

The Lagrangian reference frame is most relevant for investigating physical processes adding or
removing moisture from a moving atmospheric column



Water Vapor Budget Regions

Water Vapor Budget Regions
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Substantial Variability among Subregions
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Subregion with most positive CIMC has strong upward motion and low-level dynamical convergence



Substantial Variability among Subregions
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Subregion with most negative CIMC has downward motion, low-level dynamical divergence, and
advective drying



Contributions of ADV and CONV to CIMC

CIMC and CIMC Components
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Contributions of ADV and CONV to CIMC

CIMC and CIMC Components Among subregions...
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Contributions of ADV and CONV to CIMC

CIMC and CIMC Components Among subregions...
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Contributions of ADV and CONV to CIMC

CIMC and CIMC Components Among subregions...
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Contributions of ADV and CONV to CIMC

CIMC and CIMC Components Among subregions...
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CONV and Precipitation

Boxes with error bars use a Z-R

relationship empirically derived from ship
disdrometer
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CONV and Precipitation

Precipitation and CONV
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CONV and Precipitation

Precipitation and CONV
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CONV and Precipitation

Precipitation and CONV
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CONV and Precipitation

Precipitation and CONV
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IWV Time Tendency
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IWV Time Tendency
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IWV Time Tendency

Satellite IWV at budget region
but 3.25 h earlier than dropsonde
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IWV Time Tendency
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u
. . aIwv
Time Difference —— = (Dropsonde IWV - SSMIS IWV ) / 3.25 hr
ot lpagr J

\ Satellite IWV at location where

budget column was 3.25 h earlier



IWV Time Tendency

Budget closure if (within range of uncertainty)
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IWV Time Tendency

However...

We cannot really expect perfect closure because Instantaneous IWV Tendency and
Time Difference IWV Tendency may have incommensurate time scales, especially

for small subregions.
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IWV Time Tendency
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IWV Time Tendency
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IWV Time Tendency

Lagrangian IWV Tendency
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Closure might be better obtained for larger regions and shorter time scales.



Water Vapor Budget Terms for Entire Region

ADV =-1.54+0.18 mm hrt!



Water Vapor Budget Terms for Entire Region

ADV =-1.54 +0.18 mm hrt CONV =2.13 + 0.10 mm hr?



Water Vapor Budget Terms for Entire Region

ADV =-1.54+0.18 mm hr- CONV=2.13+£0.10 mm hrt
Precipitation =2.47 + 0.41 mm hr?



Water Vapor Budget Terms for Entire Region

ADV =-1.54+0.18 mm hr CONV =2.13+0.10 mm hr
Precipitation = 2.47 + 0.41 mm hr- Evaporation = 0.0 £ 0.05 mm hr-



Water Vapor Budget Terms for Entire Region

ADV =-1.54+0.18 mm hr CONV =2.13+0.10 mm hr
Precipitation = 2.47 + 0.41 mm hr Evaporation = 0.0 £ 0.05 mm hr-

Instantaneous Lagrangian IWV Tendency =-0.34 + 0.42 mm hr
Time Difference Lagrangian IWV Tendency =-1.17 + 0.24 mm hr?



Water Vapor Budget Terms for Entire Region

ADV =-1.54+0.18 mm hr CONV =2.13+0.10 mm hr
Precipitation = 2.47 + 0.41 mm hr Evaporation = 0.0 £ 0.05 mm hr-

Instantaneous Lagrangian IWV Tendency =-0.34 + 0.42 mm hr
Time Difference Lagrangian IWV Tendency =-1.17 + 0.24 mm hr?

Instantaneous Eulerian IWV Tendency = -1.85 + 0.46 mm hr!
Time Difference Eulerian IWV Tendency =-0.52 + 0.24 mm hr!



Ssummary of Results

 Substantial variability in precipitation, dynamical convergence, vertical velocity,
and advection occurs within a 150 km x 160 km large budget region.



Ssummary of Results

 This variability must occur on short time scales since the instantaneous WV
tendencies are too large to be sustained over several hours



Ssummary of Results

 Precipitation rate varies proportionally with dynamical convergence of moisture



Ssummary of Results

 Precipitation rate varies proportionally with dynamical convergence of moisture
» Does convergence drive precipitation, or does convection drive convergence?



Ssummary of Results

 Precipitation and dynamical convergence of moisture are the largest terms in the
frontal region of the AR



Ssummary of Results

* There is a net loss of moisture over time in the frontal region of the AR



Conclusions

o [t is feasible to observationally close the water vapor budget within a region of an
atmospheric river



Conclusions

o [t is feasible to observationally close the water vapor budget within a region of an
atmospheric river

Key uncertainties
 Estimation of precipitation rate from airborne radar

* Independent measurement of IWV tendency by successive observations of the
same region
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Satellite IWV for 4-7 February 2015
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MERRAZ2 SLP and IVT for 4-7 February 2015

MERRAZ2 SLP and IVT
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MERRA2 Vj,z, Qg,5, W-q, fOr 4-7 February 2015
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Dropsonde X-Section (V, g, q)
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Budget Region Dropsonde Times & Positions

SSMIS from 16:15 UTC Overpass
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Budget Region Radar-Estimated Precipitation
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Budget Region Dropsonde Profiles
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