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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 satellites.” (- Stan Kidder, CIRA)



Zonal Averages of Total Precipitable Water(TPW)
(m

m
)

0 75

Monthly Mean TPW (mm) from NASA 
NVAP-M Climate dataset for 2005 

(mm)

• Strong annual cycle is found in all latitude zones, 
roughly 10% of the mean

• ENSO of 1997-1998 most apparent in 0-30° S
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4Mears et al, 2018, Earth and Space Sciences

Water Vapor Fuels Climate Change Impacts

• Global Mean TPW is 26 mm

• +1.5% / decade increase over global oceans observed 

(Mears et al 2018)

• Highest I’ve ever observed is 91 mm (GPS site, Slidell LA, 

Hurricane Katrina)
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BAMS State of the Climate Year 2022



“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)

• Compared > 3000 Co-op stations to NCEP and NASA 

MERRA-2 reanalysis from 1949 – present.

• Noted disproportionately large effect on extreme 

precipitation at higher TPW values



Integrated Vapor Transport (IVT) well-

corelated with extreme precipitation in 

Alaska.  Does Layered Vapor Transport 

(LVT) add any insight for forecasters? 



2022 JPSS Science Digest
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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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Product Operational? Inputs Details

Blended TPW and 

TPW anomaly

Yes (since 2009) Microwave 

retrievals from 7 

spacecraft.

~ 400 surface GPS 

stations each 

hour.

No GOES-16/18 

currently

Hourly

16 km near-global

Polar data non-

advected

Advected Layered 

Precipitable Water

No*

*CIRA distributes 

in NRT to WPC, 

NHC, and 27 

WFO’s

*Should become 

operational late 

summer 2024

MiRS retrievals 

from 5 polar 

orbiters

Hourly

Four layers: 

sfc-850 mb

850-700

700-500

500-300 mb

16 km spatial

Two Blended Satellite Water Vapor Products for Forecasters
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NOAA operational MiRS 

retrieval system used to 

produce TPW and LPW

• Uses passive 

microwave data 

including 183 GHZ 

spectral region

• Forecast model 

independent

Key Feature:  MiRS does not use a dynamic NWP model 

and retrieves in cloudy conditions
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The battle to keep 

older spacecraft 

operating goes on... 

Current ALPW Constellation – 5 Satellites



Advection Fills in Between 

Satellite Overpasses

NOAA QuickSounder 
2026 launch

Polar MiRS constellation when 
ALPW operations commence 
(expect late summer 2024)

➢QuickSounder will fill a key gap

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

➢SmallSats in other planes 
welcome!

• Key point – undesirable periods of high 

and low sampling throughout the day



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

Gitro et al. JOM 2018
14



Current Blended TPW Leo Constellation
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Layer Precipitable Water (mm)

A Weather Product:  Hourly Advected Layer Precipitable Water (ALPW)

❑ 5 satellites with microwave sensors, MiRS retrieval system, GFS winds

❑ Transitioning to NWS operations in 2024

❑ MiRS can be run for both weather and climate applications

Sfc-850 850-700

500-300700-500

New England Flood (10 July 2023)
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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



ALPW 

reveals long-

distance 

trajectories of 

water vapor 

for heavy 

precipitation.

Brazil floods 

early May 

2024.

 

Main 

moisture 

source is 

tropical 

Atlantic. 



SmallSat missions with microwave sensors for water vapor:

• NASA TROPICS (4 satellites launched, data not released)
• NASA INCUS (~2025) – One MW radiometer
• 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.



• ALPW is running in the  NESDIS Common Cloud Framework 
(NCCF).  Should become operational in late Summer.

• In the interim, CIRA distributes hourly ALPW in AWIPS-2 format 
in NRT to 27 WFO’s and NHC, WPC.

• Blended TPW became operational in 2009.
• Operational Blended TPW enhancements (“V4.0”) should 

become operational in second half of 2024 include:
➢ GOES East/West TPW in clear skies
➢MIMIC (Tony Wimmers CIMSS) advected LEO microwave TPW
➢ GPS data over CONUS with more limited extrapolation

➢ Always seeking more GPS networks, any in Alaska?
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Status of Blended TPW and ALPW for Operations



Alaska ALPW Examples



22

CIRA/Colorado State University Advected Layered Precipitable Water (ALPW) for 18 UTC 26 October 2017

Juneau, AK          
Total Rainfall           

26-27 October 
2017 = 3.37”

Sfc-
850

500-
300

700-
500

850-
700

Avg 
Wind 

flow at 
layer

GOES-
15 IR

GOES-15 VIS GOES-15 Water 
Vapor

18 UTC 26 October 2017

Photos by Adelyn 
Baxter/KTOO)

CIMSS MIMIC 
TPW2.0

18 UTC 26 October 
2017

One of the first cases:  Atmospheric Rivers of High Concentrated Moisture into Alaska at 4 
layers For Excessive Rainfall & Flooding –                                          26-27 October 2017

Helped along 
by the 

remnants of    
Typhoon Lan

Long fetch moisture 
advection/transport 
along atmospheric 
river of moisture at 4 
layers;Moist 
boundary also 
provides the focus for 
excessive rains

Analysis Prepared by Sheldon Kusselson



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



https://cat.cira.colostate.edu/CAT/FTP/2023Dec1218Advect_LPW_AK_ALT_anim.gif 

Advected Layer Precipitable Water Loop for the 

Period 0900 UTC 11 Dec to 1500 UTC 12 Dec 2023

mm

https://cat.cira.colostate.edu/CAT/FTP/2023Dec1218Advect_LPW_AK_ALT_anim.gif


https://cat.cira.colostate.edu/CAT/FTP/2024Feb2109Advect_LPW_AK_ALT_anim.gif 

mm

Advected Layer Precipitable Water Loop for the 

Period     0000 UTC 20 Feb to 0600 UTC 21 Feb 

2024

https://cat.cira.colostate.edu/CAT/FTP/2024Feb2109Advect_LPW_AK_ALT_anim.gif
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Layered Precipitable Water (mm)

http://cat.cira.colostate.edu/SPoRT/Layered/Advected/LPW_Alaska.htm

Alaska and North Pacific Sector
27

http://cat.cira.colostate.edu/SPoRT/Layered/Advected/LPW_Alaska.htm


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/


Getting the Research Data to Forecasters

• As a NOAA cooperative institute at a university, with 

5 federal employees, CIRA has long-standing data 

flows to the National Weather Service.

• The ALPW product is provided to forecasters on their 

display system (very important).  CIRA-developed 

training.

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

A lead forecaster at NWS WFO Tucson mentioned, 

“we look at the ALPW product religiously, especially during the 

Southwest Monsoon season”.

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


Recent Historical Record of 

ALPW



Layered Precipitable Water (mm)

Sfc-850 850-700

500-300700-500

September 2013 – 2023 Median LPW from LPW data 



Layered Precipitable Water (mm)

Sfc-850 850-700

500-300700-500

September 2013 – 2023 95th percentile LPW 



Layered Precipitable Water (mm)

Sfc-850 850-700

500-300700-500

September 2013 – 2023 99th percentile LPW 



Layered Precipitable Water (mm)

Sfc-850 850-700

500-300700-500

March 2013 – 2021 Maximum LPW 



New Derived Products Being 

Evaluated

• Percentile Ranking

• Layered Vapor Transport (LVT)

• Reanalysis records 



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



Layered Precipitable Water (mm)

Sfc-850 850-700

500-300700-500

02 UTC 25 May 2024 



Percentile Ranking

02 UTC 25 May 2024 

Sfc-850 850-700

500-300700-500



New Layered Vapor Transport (LVT) evaluated at WPC FFaIR* 

Experiment (Jun. – Aug. 2023)

Waiting for final evaluation

NWS Alaska Region has also looked at this product

Sfc-850 850-700

500-300700-500

15 UTC 9 March 2023 

- Derived using 
GFS winds

- Work in 
progress on 
comparing to 
IVT

*Flash Flood and Intense Rainfall Experiment



1. Did the percentile ranking focus your attention on areas 

which received heavy rain?
• “The areas which were shown as being around the 95th 

percentile or greater did coincide with areas that reported 

moderate to heavy rain”

2. Do you think the percentile ranking tool could be useful in 

communicating threats to the public?
• “…when communicating to the public we can more confidently 

draw comparisons to previous extreme events and thus be 

more proactive in communicating potential impacts…”

3. Did the LVT product help you see how much moisture was 

being transported over mountains?
• “Moisture that was being transported over the mountains was 

only viewable for heights above 700mb while everything 

below was blocked by the terrain of the Coast mountains.”

Sample of Questions Being Posed to NWS Alaska Forecasters 



Related Work in Progress



Layered Precipitable Water (mm)

Sfc-

850

850-

700

500-300700-500

MiRS Satellite 

Retrieval 

May 2013-2013

Mean



Layered Precipitable Water (mm)

Sfc-850 850-700

500-300700-500

MERRA2 

May 2013-2013

Mean
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Total Precipitable Water

09 UTC 1 Feb 2021

CIRA will run a non-Gaussian framework microwave retrieval (C1DOE:  Fletcher, 

Kliewer et al. 2016) for NASA NVAP project (40-year instrumental record)

❑ 1DVAR retrieval similar to NOAA MiRS

❑ Should better retrieve extreme values

❑ Will also run MiRS (Gaussian) and validate the two  
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https://rammb.cira.colostate.edu/training/visit/blog/

Many examples of 

applications of satellite 

products around the 

world.

If you have a specific 

heavy precipitation case 

you’d like us to look at 

please let us know.
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Links

https://cat.cira.colostate.edu/SPoRT/Layered/Advected/ALPW_Hourly.htm   <- ALPW CONUS Hourly

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

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

https://cat.cira.colostate.edu/ALPX/ADVLUT/ALPX_Hourly.htm  <- reduced size global 4-panel loop

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

https://cat.cira.colostate.edu/SPoRT/Layered/Advected/LPW_Alaska.htm <- Alaska / N.Pacific ALPW sector

https://cat.cira.colostate.edu/SPoRT/Layered/Advected/ALPW_Hourly.htm
https://cat.cira.colostate.edu/ALPX/LVT/lvt.htm
https://cat.cira.colostate.edu/ALPX/ADVLUT/ALPX_Hourly.htm
https://cat.cira.colostate.edu/ALPX/ADVLUT/ALPX_ADVLUT_212.png
https://cat.cira.colostate.edu/SPoRT/Layered/Advected/LPW_Alaska.htm
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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 2024.

• 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.

• New efforts at CIRA underway to examine radiosonde, reanalysis 

LPW and TPW records for flood forecasting and historical 

perspective.  A nearly 40-year record will be created.

Always happy to have feedback and questions!  

(John.Forsythe@colostate.edu)



Backup Slides



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

CAT/FTP/2024Mar1615Advec

t_LPW_AK_ALT_anim.gif Advected Layer Precipitable Water Loop for the 

Period     0600 UTC 15 Mar to 1200 UTC 16 Mar 

2024

mm

https://cat.cira.colostate.edu/CAT/FTP/2024Mar1615Advect_LPW_AK_ALT_anim.gif
https://cat.cira.colostate.edu/CAT/FTP/2024Mar1615Advect_LPW_AK_ALT_anim.gif
https://cat.cira.colostate.edu/CAT/FTP/2024Mar1615Advect_LPW_AK_ALT_anim.gif


First attempt 

at blended 

TPW: 1996

Used GOES-8 Sounder, 

Two SSM/I’s over ocean, 

Eta model

29” rainfall event near 

Houston!



Source          n r2      RMS (mm) Bias (mm)

 

 Advected Microwave:       17485    0.92      4.3      0.17

 GOES:              3951   0.96      2.7     -0.40 

 GPS short range:               710    0.96      2.4     -0.67

 Operational Blended TPW:        17632   0.91      4.6    -0.99

 BTPW2020:          17632    0.94      3.7      0.20

Radiosonde matchups over CONUS:  March 21, 2020 – June 12, 2020

24% improvement in RMS error 

in new blended TPW
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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 and TPW products directly use all of the satellite microwave 

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

cloudy radiances.

• Satellite-only products not be affected by model initialization / missing 

data issues like a model cycle.



54

Typical Use of Blended TPW – Atmospheric Rivers

Also commonly used by NHC / TAFB to analyze tropical waves, 

Saharan Air Layer



Towards the Next Generation of Blended TPW Products

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

Microwave-only advected GOES-16/17 GPS Sites (look closely!)

New Blended Product Data Source Code GPS short-range extrapolation

Blends inputs according to hierarchy.  Version 2.0:  GOES > GPS > Advected Microwave 

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


Alternative AWIPS Color Table

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

Microwave-only advected GOES-16/17 GPS Sites (look closely!)

New Blended Product Data Source Code GPS short-range extrapolation

(mm)

Blends inputs according to hierarchy.  Version 2.0:  GOES > GPS > Advected Microwave 

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


Independent Validation:  Radiosondes over CONUS

• GPS is typically a great validation source (hourly, 

accurate, all weather), but since we want to use it in the 

product need another source.

Radiosondes 

GPS network 



Supports results in:

Schmit, T. J., Li, J., Lee, S. J., Li, Z., Dworak, R., Lee, Y.‐K., et al. (2019). Legacy 

atmospheric profiles and derived products from GOES‐16: Validation and applications. 

Earth and Space Science, 6, 1730–1748. https:// doi.org/10.1029/2019EA000729



2019 Forecaster Surveys of the New Total Precipitable Water Product 
(without GPS at the time)  

Question 2019 HWT (severe wx experiment) 2019 FFaIR (flash flood experiment) 

1. Did the new Version 1.0 TPW product 
perform better than the operational 
blended TPW? 

(responses = 79)

68% YES                                                                                 
32% NO 

(responses = 80)

70% - much better      
12% - better  14% - 
same
  4% - worse

2. Is hourly temporal resolution 
sufficient?

(responses = 35)

60 % Yes
40 % No

responses = 25)

68% Yes
12 % No
(20 % N/A)

3. Would you like a TPW product that is 
completely independent of model  
moisture fields?

(responses = 35)

Yes, but - 45%       

No, but - 40%   

No definitive answer - 15%

(responses = 15)

Yes - 60%  
No -    7%   
Yes and No - 7%                            
No position - 26%
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Before / After Advection of TPW using MIMIC algorithm (Wimmers and Velden,2011)



Layered Precipitable Water (mm)

Sfc-850
850-700

500-300700-500

March 2013 – 2021 Median LPW  



Layered Precipitable Water (mm)

Sfc-850
850-700

500-300700-500

June 2013 – 2021 Median LPW  



Now Forecasters Can See Four Layers of Water Vapor

Advected Layered Precipitable Water (mm)

http://cat.cira.colostate.edu/sport/layered/advected/lpw_alt.htm

Sfc-850 850-700

500-300

Near-surface

700-500

Long-distance transport from Tropical Pacific

http://cat.cira.colostate.edu/sport/layered/advected/lpw_alt.htm
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MESOSCALE PRECIPITATION DISCUSSION 0020 

NWS WEATHER PREDICTION CENTER COLLEGE PARK MD 847 PM EST TUE FEB 20 2018 AREAS 

CONCERNING...HEAVY RAINFALL...FLASH FLOODING POSSIBLE VALID 210145Z - 210745Z 

…DISCUSSION...A DEEP FETCH OF MOISTURE EXTENDED INTO THE ARKLATEX REGION ALONG A SLOWLY 

ADVANCING COLD FRONT...WITH PRECIPITABLE WATER VALUES NEAR THE UPPER ECHELONS OF WHAT HAS BEEN 

OBSERVED AT SOUNDING SITES IN THE MONTH OF FEBRUARY. IN FACT...THE 00Z SOUNDING FROM SHREVEPORT 

LA RECORDED 1.72 INCH PW...WHICH BROKE THE FEBRUARY RECORD (1.69 IN.  CIRA LAYER PW 

PRODUCTS REVEAL A PLUME OF SUBSTANTIAL MOISTURE THAT EXTENDS INTO THE 

MID-UPPER LEVELS (BOTH THE 700-500MB AND 500-300MB LAYERS)...AND THIS 

DEEP MOISTURE PLUME ORIGINATED AS FAR SOUTH AS 10N IN THE TROPICAL 

EASTERN PACIFIC. THE DEEP MOISTURE PROFILE AND RECORD PWATS SHOULD FAVOR EFFICIENT 
RAINFALL PRODUCTION IN CONVECTIVE BANDS THIS EVENING AND INTO THE OVERNIGHT HOURS. 

Advected Layered Precipitable 

Water (mm)

Sfc-850 850-700

700-500 500-300



Layered Precipitable Water (mm)

Sfc-850 850-700

700-500 500-300

18 UTC 11 July 2020

Near-Global View of LPW in Near Realtime
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