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                             *

 * 30 years of collaboration
•      my entire career!

https://mplnet.gsfc.nasa.gov/
https://mplnet.gsfc.nasa.gov/


I began working in this field in 1994, at the end of my 1st year of grad school
Grad student in the Physics Department at Univ of Miami

Working with Ken Voss (my PhD advisor) and Howard Gordon (Physics), also with 
Joe Prospero’s aerosol group RSMAS.

Managed hand-held sunphotometers and shadowband radiometers (pre-commercial) 
in the Aerosol-Ocean-Chemistry Experiment sites: Miami, Bermuda, Barbados

Calibration & processing, retrieved AOD and AE, correlation with in-situ sampling

Later in 1994, they bought a new instrument from a company called Cimel, 
to work with this new project at NASA. That was added to my task.

Izana 1994

Izana 2018
Still there!

Calibrating shadowbands at 
Izana in summer of 1994

https://mplnet.gsfc.nasa.gov/


I become an AERONET site operator in 1994

University of Miami – RSMAS Campus
Site:  Key_Biscayne
1994 – 1996
1 of 47 total sites at the time

Key_Biscayne AERONET Page Me Key Biscayne
Evacuation
Direction

First time I “met” Brent – August 1995

Aug 1: Brent called me at home (somehow) 
< 1 day before Hurricane Erin

Me

Brent:  “Judd! Its Brent.”
Me: “Who?”
Brent: “Brent Holben, with AERONET”
Me: “How? What …”
Brent: “Ya, there’s a hurricane coming at you”
Me: “I know, the entire city is freaking out …”
Brent: “Did you take the cimel down at Key Biscayne?”
Me: “Ah, no. The island is being evacuated”
Brent: “Well you really should take it down”
Me: “Uh, ok” … but wanting to say something unprofessional

Me after Brent call. Trying to 
convince police to let me go 
against evacuation traffic

https://mplnet.gsfc.nasa.gov/


I become an AERONET site operator in 1994

University of Miami – RSMAS Campus
Site:  Key_Biscayne
1994 – 1996
1 of 47 total sites at the time

Fort Jefferson
Dry Tortugas, FL
Site:  Dry_Tortugas
1996 - 1998

https://mplnet.gsfc.nasa.gov/


The Micro Pulse Lidar – 1996

Micro Pulse Lidar (MPL) developed at GSFC in the early 1990s, 
including funding from ARM. Four prototypes were delivered to 
ARM and installed at their sites.

The MPL was patented and commercialized.
Science and Engineering Services Inc (SESI) first company. 

Our group bought the first commercial MPL ~1996
Serial number 0005 (they included the 4 prototypes)

I was tasked with the MPL:
Testing, calibration, processing, deployments
Ocean color validation cruises to MOBY in Hawaii

I began interacting with the MPL team at NASA around this time.
I could not find a good pic of the 
original MPL. This is a similar era 
model at our GSFC site in early 2000s.

We built an environmental housing for 
the MPL, which was used throughout 
my grad school and post-doc.

NOTE: the MPL and newer miniMPL are now sold by
Droplet Measurement Technologies

https://mplnet.gsfc.nasa.gov/


The Aerosol Characterization Experiment 2 (ACE-2) - 1997

Me

Paola Formenti

Hal Maring

This was pre-digital, before you could tell someone their eyes are closed!

July 17, 1997: Saharan Dust Layer
CIRPAS Pelican Aircraft
AATS-14 AOD

MPL
AERONET

Izana Observatory July 1997I went back to Tenerife and Izana for ACE-2

I deployed the MPL and 2 AERONET 
sunphotometers to measure aerosol properties

This included joint work with AERONET 
(Smirnov), the NASA AATS team (Schmid), and 
MPI team (Formenti). The analysis of a dust 
layer on July 17 was the first time we had 
validation of an MPL aerosol retrieval!

First MPL aerosol 
extinction validation

July 17, 1997 Dust Layer

Aerosol Optical Depth
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Welton et al, 2000
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The Indian Ocean Experiment (INDOEX) - 1999
I graduated with my PhD in 1998

I did a one year post-doc at Univ of Miami, including 
participating in the Aerosols-99 cruise and INDOEX 1999.

Our Miami team deployed the MPL and a microtops 
aboard the NOAA R/V Ron Brown for the Aerosols-99 
cruise across the Atlantic, continuing onto INDOEX from 
Cape Town into the Indian Ocean.

I was on the INDOEX portion of the cruise.

Three significant things happened:

R/V Ron Brown: My home for 2 months Back to the ship after a day off

MPLI became a shellback on this cruise

I accepted a new job at NASA during the cruise.        
Based on my experience with AERONET and the MPL I 
was going to help start what became MPLNET.

I published a paper and was co-author on a few.     

Ackerman, A. S., O. B. Toon, D. E. Stevens, A. J. Heymsfield, V. 
Ramanathan, and E. J. Welton, 2000: Reduction of tropical 
cloudiness by soot. Science, 288, 1042-1047 

MPL Backscatter: clouds and aerosol

One of them has done a bit better 

https://mplnet.gsfc.nasa.gov/


Original MPLNET Proposal Submitted 25 years ago

Original Concept:

Develop a lidar network capable of 
supporting AERONET column 
observations

Lidar must be:
• eye-safe
• capable of automated operations
• commercially available (growth)
• have proven performance and 

peer-reviewed publications

The commercial MPL met these 
requirements based upon successful 
deployments such as ARM, ACE-2, 
and INDOEX.

Centralized, Standardized Data Processing:

Federated Network Approach:

• NASA to install new sites at GSFC, South 
Pole, Barbados, West Africa, Australia, 
Maldives, Middle East

• Incorporate existing partners who had 
purchased MPL systems:  ARM and Japanese 
colleagues

• Reserve one MPL for field campaigns

MPLNET was approved, began ops in 2000:
• PI:  Jim Spihine
• Project Scientist: Judd Welton
• Instruments/Processing: James Campbell
• AERONET liaison: Brent Holben
• Field Campaigns: Si-Chee Tsay
• This begins Version 1 era for MPLNET

Didn’t notice till preparing 
this presentation that my 
name was misspelled!

https://mplnet.gsfc.nasa.gov/


MPLNET Project Overview: Network & History
MPLNET Sites:  2000 - current

MPLNET Website

Operational
Closed
Planned

Principal Investigator:  2002 - current
Judd Welton, NASA GSFC Code 612

Current MPLNET Staff:
Sebastian Stewart, Aether Embedded/GSFC 612
Jasper Lewis, UMBC GSFC Code 612
James Campbell, Naval Research Lab
Simone Lolli, CNR Italy
Vinay Kayetha, SSAI GSFC Code 612
Lisa Nalborczyk, SSAI GSFC Code 612

All our international network partners

and AERONET

Funding:
NASA Radiation Sciences Program and Earth 

Observing System, as well as contributions 
from our many network partner organizations

https://mplnet.gsfc.nasa.gov/
https://mplnet.gsfc.nasa.gov/


MPLNET Project Overview: Network & History
MPLNET Sites:  2000 - current

MPLNET Website

MPLNET Sites:  2000 - current
• 85 sites total
• 28 operational, 57 closed, across 28 countries
• 10 more sites in planning
• colocation with AERONET

MPLNET History:
• Three Version Releases
• Version 1 and 2 (2000 – 2021)
• Version 3 (V3) Released in Nov 2021
• Version 2 and 3 data are available on our 

website

Operational
Closed
Planned

https://mplnet.gsfc.nasa.gov/
https://mplnet.gsfc.nasa.gov/


MPLNET: Instrumentation & Operations

Instrumentation:
• Micro Pulse Lidar, miniMPL
• Eye safe, green backscatter lidar 
• Polarized in early 2000s
• Entire network has polarized MPL 

since ~2016

Operations:
• Federated Network (NASA + partners)
• Continuous day/night data
• Data resolutions:  1 minute temporal, 

       30 or 75 meter vertical, from 0 – 30 km
• Raw data transmitted to central MPLNET server hourly
• Automated processing of data, products available near-real-time (hourly)

https://mplnet.gsfc.nasa.gov/


MPLNET:  Data Product Suite
Modernized Data Product Suite and aligned with AERONET V3

After post calibration
and AERONET L2

https://mplnet.gsfc.nasa.gov/


MPLNET:  Data Product Examples
GSFC, USA:  2017-03-16 to 2017-03-20 Ragged_Point, Barbados:  2015-07-25 to 2015-07-26

https://mplnet.gsfc.nasa.gov/


MPLNET: How we utilize AERONET Data

Night Day

MPLNET GSFC Site: MPLNET Signals June 30, 2021

Aerosol Top

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

MPLNET GSFC Site: Aerosol Backscatter June 30, 2021

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

Aerosol properties are retrieved using AERONET

https://mplnet.gsfc.nasa.gov/


MPLNET: How we utilize AERONET Data

Night Day

MPLNET GSFC Site: MPLNET Signals June 30, 2021

Aerosol Top

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

AERONET times only
MPLNET GSFC Site: Aerosol Backscatter June 30, 2021

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

Aerosol retrievals are performed for all AERONET 
AOD observations

Constrain a Fernald/Klett retrieval by forcing the 
extinction to integrate to AERONET AOD       
(Marenco et al 1997, Welton et al 2000).

This method does not require a priori specification of 
the lidar ratio, it calculates a column average value 
in the solution.

MPLNET GSFC Site: Aerosol Backscatter June 30, 2021

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

Aerosol properties are retrieved using AERONET

https://mplnet.gsfc.nasa.gov/


MPLNET: How we utilize AERONET Data

MPLNET GSFC Site: Aerosol Backscatter June 30, 2021

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

The retrieved lidar constant (C) values are 
interpolated to the 1 minute temporal grid

These are used to calculate column AOD at times 
without AERONET observations

 

Aerosol properties are retrieved using AERONET

https://mplnet.gsfc.nasa.gov/


MPLNET: How we utilize AERONET Data

MPLNET GSFC Site: Aerosol Backscatter June 30, 2021

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

The retrieved C values are interpolated to the 1 
minute temporal grid

These are used to calculate column AOD at times 
without AERONET observations

 

MPLNET GSFC Site: Aerosol Backscatter June 30, 2021

Retrievals Constrained Using AERONET AOD

Constrained Interpolated
Lidar C
Lidar Ratio
AOD

*

AERONET

The interpolated AOD are used to retrieve aerosol 
properties

The final aerosol product contains both constrained 
and interpolated data, the interpolated will be lower 
quality.

There are a number of other QA flags in the product, 
including indication of which AOD was used:
day, night, or interpolated.

Aerosol properties are retrieved using AERONET

https://mplnet.gsfc.nasa.gov/


MPLNET: How we have supported AERONET
• Signal and Depol Ratio profiles provide atmospheric structure information
• Coincident aerosol height and backscatter & extinction profiles expand upon column observations

MPLNET L1.5 Aerosol Backscatter, Cloud Phase Mask, Mixed Layer Heights

AERONET L1.5 AOD, Angstrom Exponent, MPLNET L1.5 AOD (interpolated)

MPLNET V3 Lidar Signals and Aerosol Product:

https://mplnet.gsfc.nasa.gov/


MPLNET: How we have supported AERONET
• Separation of column AOD to mixed layer and free tropospheric AOD components

MPLNET V3 PBL Product:

https://mplnet.gsfc.nasa.gov/


MPLNET: How we have supported AERONET

• Cimel Lunar AOD development began in MPLNET.  Goal: duplicate our lidar retrievals during nighttime
• Proof of concept paper 2011, transitioned to AERONET for implementation

GSFC Feb 1, 2010
MPLNET NRB & Raw Cimel Signals 

Langley Calibrations                                     Lunar vs Daytime AOD

• Berkoff, et al., Nocturnal Aerosol Optical Depth Measurements with a Small-Aperture Automated 
Photometer Using the Moon as a Light Source, JTECH, DOI: 10.1175/JTECH-D-10-05036.1, 2011

https://mplnet.gsfc.nasa.gov/


MPLNET: How we have supported AERONET
• Cloud Location and Screening

• MPLNET V3 cloud data used in development of AERONET V3 cirrus screening
• Support studies of aerosol-cloud interactions 

MPLNET V3 Cloud Product:
Lewis, J.R. et al. Overview of MPLNET Version 3 Cloud Detection, 2016.
Lewis, J.R. et al. Determining Cloud Thermodynamic Phase from the Polarized Micro Pulse Lidar, 2020.

AERONET V3 Cirrus Screening:
Giles, D.M., et al, Advancements in the Aerosol Robotic Network (AERONET) Version 3 
Database – Automated Near Real-Time Quality Control Algorithm with Improved Cloud 
Screening for Sun Photometer Aerosol Optical Depth (AOD) Measurements, 2019.

https://mplnet.gsfc.nasa.gov/


Current Focus:   Smoke Research and Increasing Importance 
MPLNET Contributions to Wildfire Smoke Research. Also recognition of a growing problem in the Northern Hemisphere….

https://mplnet.gsfc.nasa.gov/


Current Focus:   Smoke Research and Increasing Importance 

The “wall of smoke” example from MPLNET measurements at GSFC on June 6, 2023

MPLNET L1 NRB Signal

Smoke from older fires after 
circumnavigation

Smoke from Western Canadian Fires

Smoke from Eastern Canadian Fires

https://mplnet.gsfc.nasa.gov/


Current Focus:   Smoke Research and Increasing Importance 

The “wall of smoke” example from MPLNET measurements at GSFC on June 6, 2023

These conditions are becoming prevalent for much of the year, especially in the Northern Hemisphere

There is an urgent need for lidar profiling to cover wide spatial and temporal scales
• Combination of satellite and network observations

Smoke from older fires after 
circumnavigation

Smoke from Western Canadian Fires

Smoke from Eastern Canadian Fires
• Less depolarizing
• More spherical particles

     MPLNET L1 NRB Volume Depolarization Ratio

https://mplnet.gsfc.nasa.gov/


Up Next:  ESA EarthCARE Validation and Joint Research

Task 1: Validate aerosol, 
cloud, and planetary 
boundary layer heights using 
L3 MPLNET products

Task 2: Compare drizzle 
occurrence and properties

Task 3: Evaluate 
EarthCARE-based cirrus 
datasets for TOA CRE 
(top-of-atmosphere cirrus 
cloud radiative effect)

The ESA EarthCARE mission includes ATLID, the next satellite lidar (in commissioning phase now). Data will be available soon.
ATLID is a polarized High Spectral Resolution Lidar (HSRL) operating at 355 nm.
MPLNET is a member of the ESA EarthCARE validation team (PI Welton, Co-PI Lewis)

Examples of EarthCARE validation using CALIPSO data and simulated EarthCARE data

J. Lewis PI:  validation and science proposal through the NASA Earth Science US Participating Investigator Program

https://mplnet.gsfc.nasa.gov/


MPLNET: Summary

Version 3 continues
• Reprocessing archive and release of Level 2 data, delayed due to server constraints and COVID
• Finalizing development of Level 3 products (monthly, diurnal averages)
• Moving to a hybrid configuration of on-premises server and Amazon Web Services
•         Backups of project
•         More flexibility and computing power (Level 2)
•         Version 4 development, eventual home in AWS

Completion of network expansion
• MPLCAN subnet (newest site Stony Plain, near Edmonton)
• Installation of sites in Western North America for smoke observations closer to fires

Planning for next 5 year cycle
• Proposal due end of October

Continuing and strengthening our collaborations with other lidar networks
• See poster on the WMO GAW Aerosol Lidar Observation Network (GALION)
• A network of lidar networks approach to global coverage on the scale of AERONET 

https://mplnet.gsfc.nasa.gov/


Conclusion

My sincere thanks to AERONET:
Past, current, and future members …

… and Brent in particular

Hopefully you are 
getting some much 
needed rest now

Somewhere on week 3 in Asia

https://mplnet.gsfc.nasa.gov/
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