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Layered precipitable water is defined as the integral of the mixing ratio q 

profile through a pressure layer, divided by gravity:

So LPW is proportional to layer mean mixing ratio.

Some Definitions

TPW:  Total Precipitable Water.  The condensed depth of water from 

the surface to space.  Also referred to as PWAT, TCWV, IPW, IWV…

LPW:  Layer Precipitable Water:  The condensed depth in some 

specified pressure layer

ALPW:  Advected LPW:  use winds to move LPW to common time
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Ocean Salinity a Proxy for Evaporation

The chief source of atmospheric water vapor is evaporation over 

the ocean, which makes conventional observations difficult.  

As a result, satellite observations of atmospheric water vapor have 

been made since the earliest days of satellite observation.



4Mears et al, 2018, Earth and Space Sciences

Water Vapor is Increasing in the Troposphere

• Global Mean TPW is 26 mm (~1 in.)

• +1.5% / decade increase over global oceans observed

• Highest TPW I’ve ever observed is 91 mm (3.5”, GPS site, 

Slidell LA, Hurricane Katrina)

• Some regional decreases



“Water vapor is a limiting factor in the amount of extreme 

precipitation more than the intensity of the weather causing 

the event” (Kunkel et al. 2020)

• Noted disproportionately large effect on extreme precipitation 

at higher Total Precipitable Water (TPW) values
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“…a generally rising trend in land-falling AR activity. The latter trend 
is consistent with a long-term increase in vapor transport from the
warming North Pacific onto the North American continent.”



The Inland Penetration of Atmospheric

Rivers over Western North America
Rutz, J. J., W. J. Steenburgh, and F. M. Ralph,

Mon. Wea. Rev., 2015

Schematic highlighting 3 predominant regimes associated with landfalling ARs on the North American West Coast. 

Regimes are a function of AR quantity and likelihood of penetrating inland.

Regime1

Regime 3

Regime 2
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Why not just use the model water vapor?

The NOAA Joint Center for Satellite Data Assimilation (JCSDA) has 

six primary scientific research priority areas:

One of these is:

 “Assimilation of satellite data impacted by clouds and precipitation”

The ALPW product directly uses all of the satellite microwave radiance 

data.  Data assimilation systems for NWP are still evolving to use 

cloudy radiances and microwave radiances over land.

The satellite products provide a rapid update (typically hourly) without 

the latency, cadence of models.

➢ Blended Satellite Products provide an observation-driven 

comparison to the model moisture field
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Blended Multisensor Products



• NOAA Blended TPW first became operational in 
2009.

• Operational Blended TPW enhancements (“V4.0”) 
in early 2025 (nominally Feb. 5) include:
➢GOES East/West TPW in clear skies
➢MIMIC (Tony Wimmers CIMSS) advected LEO microwave 

TPW
➢GPS data over CONUS with more limited extrapolation
A much-improved product!

• ALPW is a new product and became operational in 
Fall 2024
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Status of Blended TPW and ALPW



Advection Fills in Between Satellite Overpasses

QuickSounder 
(2026) ; first 
satellite in the 
NEON program

Polar MiRS constellation for ALPW

➢QuickSounder will fill a key gap

➢Currently, 9 hour reachback 
window used for each hourly 
analysis

➢SmallSats in other planes 
welcome!

➢This diagram is key to 
understanding satellite water 
vapor and precipitation 
products.



Current Blended TPW LEO Constellation – more satellites than ALPW
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ALPW is Used for a Variety of Purposes 

Mesoscale Precipitation Discussion 0823

NWS Weather Prediction Center College Park MD

547 PM EDT Tue Aug 06 2024

Areas affected...Coastal Plains of the Carolinas...

Concerning...Heavy rainfall...Flash flooding likely

Valid 062145Z - 070345Z

DISCUSSION... GOES-Visible and RAP analysis denote 

a broad area of generally stable with relative vertical 

lapse rates in an southwest of the center generally 

aligned with CIRA LPW suite of highest values and 

totals near 2.5-2.75".  However, a mid-level 700-500mb 

dry slot is detected along the southeast and eastern 

quadrants lifting northward across the Gulf Stream.  

GOES-E Visible delineates this very well…

The most important ALPW product validation: 

It makes sense when viewed by forecasters and compared to other data
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Mesoscale Precipitation Discussion 

0047

NWS Weather Prediction Center 

College Park MD

358 AM EST Mon Feb 28 2022

...

DISCUSSION...Over the past 6 hours, 

GOES West 6.9 micron and CIRA

Layered Precipitable Water imagery 

have shown a complex pattern of

mid-level vorticity centers over the 

northeastern Pacific, but one

Typical Uses of Blended TPW (Total Precipitable Water) and 
ALPW (Advected Layer Precipitable Water)

ALPW products have proven to be a very useful diagnostic tool at WPC 

for operational forecasters at WPC’s Quantitative Precipitation Forecast 

(QPF), Rainfall Hazards and MetWatch desks...

...ALPW products have been utilized operationally at the MetWatch desk 

to identify areas of enhanced rainfall efficiency (e.g. warm rain and 

“seeder-feeder” processes) and to query the depth of Pacific 

atmospheric river events. 

     -Andrew Orrison 

      NOAA WPC Oct. 2022

“So many uses, especially for mesoscale analysis and supporting our 

partners' needs in the critical first 12 hours of the forecast. I did a quick 

search and we have mentioned ALPW in our Area Forecast Discussion 7 

times in the last year.”

     - WFO Norman, OK 

      June 2023



LPW (mm)

“I am finding these ALPW/Layer vapor transport products very helpful in detecting real-
time frontogensis in the atmosphere.”  -- Chris Jakub, NWS Wichita , Nov. 2023.

https://www.youtube.com/watch?v=_z-hFd5d3X8&t=786s

FDTD Applications Webinar on November 4, 2020

https://www.youtube.com/watch?v=_z-hFd5d3X8&t=786s
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Layered Precipitable Water (mm)

Hourly ALPW for New England Flood 10 July 2023

Sfc-850 850-700

500-300700-500



Layered Precipitable Water (mm)

Sfc-850 ALPW

July 2013-2022 percentiles

15 UTC 10 

July 2023

New England Floods, July 10 2023



Polar view of Blended TPW and ALPW available at https://rammb-slider.cira.colostate.edu/

Sfc-850 mb layer
Layer Precipitable Water (mm)



6-hour loop of 700-500 mb ALPW from CIRA SLIDER



20

Constructing the ALPW and Blended TPW 

Products
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Much of what we are doing with blended 

products is trying to mimic the 

functionality of a geostationary 

microwave sounder.

Why don’t we have one? 



➢Concepts for a 
geostationary 
microwave sensor have 
been around since the 
1980’s

➢Programmatic and 
technical reasons have 
kept it from happening 
so far

➢But with a mixture of 
larger LEO’s, Smallsats 
and advection where 
warranted we can begin 
to approach this 
capability
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1985 2022

4.4 m

“Plans and budgets were in place for the 
instrument on at least one satellite in the 
GOES - NEXT series.  And then came the 
Challenger disaster (1986)... NOAA had to 
move on with the operational GEO satellites 
and arranged for conventional launch vehicles 
for all the GOES-NEXT. We thus lost the 
opportunity to fly a sizeable antenna on those 
spacecraft due to smaller payload shrouds”. 
(Tom Vonder Haar, pers. comm.)

JPL developed and tested the GeoSTAR synthetic 

aperture instrument concept (smaller). 

No launch plans as of now.
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NOAA operational MiRS 

retrieval system is the 

backone used to produce 

TPW and LPW

• Uses passive microwave 

data including 183 GHZ 

spectral region

• Forecast model 

independent



SNPP field of view time is 

11:10 UTC which is > 

trajectory time of 11:00 

UTC.  Solution achieved. 

Target time 
15:00

14:00

13:00

12:00

11:00

Reverse wind 

vector

LPW (mm)

Before

After

S-NPP 700-500 LPW April 20, 

2016 advected to 1500 UTC (~4 

hour advection) 

Schematic of how the back-trajectory method works for advection

Winds are from the GFS 25
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New Product V4.0

MIMIC GOES E/W

Data Source Code

GPS Sites 

(via MADIS)

GPS extrapolated

Hourly Loop at https://cat.cira.colostate.edu/btpw_2020/ 

New Version of Blended TPW to go Operational in Early 2025 

While ALPW is Microwave-Only, Blended TPW Uses Microwave, GOES infrared and Surface GPS Data. 

Blends inputs according to hierarchy.  1st GOES, 2nd GPS, 3rd Advected Microwave 

https://cat.cira.colostate.edu/btpw_2020/


Validation of Advected LEO (MIMIC) and 

GOES TPW versus Surface GPS

13 months of hourly data:

 September 2022 through September 2023

➢ GOES TPW very consistent, no penalty for 

advection
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Independent Radiosonde Validation Supports Forecaster Evaluation 



SmallSat missions with microwave sensors for water vapor 
profiling:

• NASA TROPICS (2023 – 4 satellites launched)
• NASA INCUS (~2027)
• EUMETSAT Arctic Weather Satellite / Sterna Program
• Commercial (Tomorrow.io)

➢ Data access in near real time and rapid integration into 
operational products are needed to realize potential.



New Layered Vapor Transport Currently Evaluated at WPC

Sfc-850 850-700

500-300700-500

15 UTC 9 March 2023 

- Derived using 
ALPW and GFS 
winds

- Work in 
progress on 
comparing to 
commonly used 
Integrated 
Vapor Transport 
(IVT)

AWIPS-2 files being distributed hourly to WPC

https://cat.cira.colostate.edu/ALPX/LVT/lvt.htm

http://cat.cira.colostate.edu/ALPX/LVT/lvt.htm
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Applied Climatology Products 

for Forecasters



March 9, 2023 California Atmospheric River



ALPW Percentile Ranking for 10-year Record

15 UTC 9 March 
2023 

Highest 
values in 
record

Sfc-850 850-700

500-300700-500



95th percentile

September 2013-2023 
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Resources
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https://rammb.cira.colostate.edu/training/visit/blog/
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ALPW VISIT Training Session Available in Commerce 

Learning Center.  

http://rammb.cira.colostate.edu/training/visit/training_sessions/advected_layer_

precipitable_water_product/

http://rammb.cira.colostate.edu/training/visit/training_sessions/advected_layer_precipitable_water_product/
http://rammb.cira.colostate.edu/training/visit/training_sessions/advected_layer_precipitable_water_product/


Published 2016

Published 2018
Published 2015
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Summary:
• Observationally-driven blended water vapor datasets are useful for 

forecasters, show “plumbing” of the atmosphere.

• TPW is increasing over oceans  ==> extreme precipitation events.

• New ALPW product and upgraded blended TPW available in 

operations in early 2025.

• Historical records provide forecasters new context for water vapor 

amounts in advance of flood threats.  

• Sheldon Kusselson and Dan Bikos have created many application 

examples (floods, winter weather...), on VISIT blog.
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https://cat.cira.colostate.edu/SPoRT/Layered/Advected/ALPW_Hourly.htm   <- ALPW CONUS Hourly

http://cat.cira.colostate.edu/ALPX/ALPW_Percentile/index.html  <- LPW 5th, 95, 99th and max percentiles

http://cat.cira.colostate.edu/ALPX/LVT/lvt.htm  <- ALPW vapor transport (GFS winds)

http://cat.cira.colostate.edu/ALPX/ADVLUT/ALPX_ADVLUT_212.png  <- full resolution global 4-panel image (Large)

Links

https://cat.cira.colostate.edu/SPoRT/Layered/Advected/ALPW_Hourly.htm
http://cat.cira.colostate.edu/ALPX/ALPW_Percentile/index.html
http://cat.cira.colostate.edu/ALPX/LVT/lvt.htm
http://cat.cira.colostate.edu/ALPX/ADVLUT/ALPX_ADVLUT_212.png
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