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ABSTRACT MPLNET has been running the Version 2

The NASA Micro Pulse Lidar Network processing system [4] since 2006. We have
(MPLNET) is a global federated network of developed an enhanced and more mature Version
Micro-Pulse Lidars (MPL) co-located with the 3 (V3) processing System, set for release in .spring
NASA Aerosol Robotic Network (AERONET) 2017. The new website is already active at
MPLNET began in 2000, and there are currentl}; http://mplnet.gsfc.nasa.gov. V3 introduces a new
17 long-term sites, numerous field campaigns, and polarized MPL, .al.ready deployed throughout the
more planned sites on the way. We have network. In addltlon to the new polarized da'ta
developed a new Version 3 processing system prOdUCt.S’ Va§t improvements to all PrOdUCtS will
including the deployment of polarized MPLs be provided including new cloud optical data and

: . a more robust mixed layer depth product to
across the network. Here we provide an overview Y pth p

) ) examine the PBL. The entire V2 data archive is
gfu}]rzr;ﬁs& the polarized MPL, and current and available from the new V3 website, and new V2

data will continue to be produced through 2017.
1  INTRODUCTION This presentation will provide an overview of

MPLNET Version 3, the polarized MPL, and
The NASA Micro-Pulse Lidar Network current and future plans.

(MPLNET) [1] is a global federated network of
polarized Micro-Pulse Lidar (MPL) systems
designed to measure aerosol and cloud vertical
structure continuously, over long time periods
required to contribute to climate change studies
and provide ground validation for satellite sensors
and related aerosol modeling and forecasting
efforts. MPLNET began in 2000, and there are
currently 17 long-term and numerous short-term
field campaign sites. Seven of the long-term sites
have 10+ years of data, and many more have 5+
years. There are 6 more sites in planning stages

. [l acti I i
towards operational status by end of 2017 and o on 2 ekt cumpige
several more at proposal stage. Most MPLNET HR poes @ S cumpeon

[l proposed planned/proposed site

sites are co-located with the NASA Aerosol — ship cruise
Robotic Network (AERONET) [2], producing
both column and vertically resolved data on
aerosol and cloud properties and the evolution and
structure of the planetary boundary layer (PBL).
MPLNET is also a member of the WMO Global 2 THE POLARIZED MPL

Atmospheric Watch (GAW) Aerosol Lidar The original MPL design from the 1990s was
Observation Network (GALION) [3]. depolarized. A solution to polarize the MPL was

Figure 1. MPLNET Sites and Deployments
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presented by Flynn et al [5] in the early 2000s,
and many instruments were sold by the
manufacturer (Sigma Space Corporation). This
version of the polarized MPL was not used within
MPLNET because a full performance and
sensitivity study was not completed. The design
showed promise but was not ready to integrate
into MPLNET. In addition, the design utilized a
liquid crystal retarder (LCR) to switch
polarization states, but the nematic LCR is limited
to millisecond switching speeds. In practice the
MPL was switched much slower which could
affect cloud observations.

Several years ago, the MPLNET team began
working with Sigma Space to redesign the
polarized MPL to utilize a ferroelectric liquid
crystal (FLC) rotator, which is capable of
switching the emitted polarization state of the
transmitted MPL pulses at microsecond data rates.
The new design produces similar data, and data
processing techniques described by Flynn et al [5]
remain applicable. However, the operation of the
MPL using a rotator versus a retarder requires a
different assembly methodology and calibration
process. Stewart et al [6] (this issue) present an
overview of the new polarized MPL design and
present a methodology for calibrating the FLC
component. A more thorough presentation of this
polarized MPL, its performance characteristics,
system bias, and calibration procedures will be
provided in a forthcoming publication.

In summary, the new calibration protocols
account for the optical properties of the MPL
components, the most critical being the polarizing
beam-splitter (PBS) and the FLC. The window
used for data collection may also be important if
stressed due to  mechanical/temperature
fluctuations. The diattenuation, retardance, and
alignment/rotation angles of the PBS and FLC are
critical parameters. Once obtained (see [6]), the
MPL can be calibrated to reduce systematic bias
in the measured signals and resulting volume
depolarization ratio to within fractions of a
percent. As a result, the new polarized MPL is
capable of measuring the molecular volume
depolarization background with sufficient time
averaging to reduce signal noise (~1 hour at night
for less turbid conditions). Without careful
application of such calibrations, large systematic
bias (up to ~30%) may be present in the signals,

especially for returns from weakly depolarizing
layers (e.g. molecular background). The affects
are highly non-linear, with low bias in signals
from strongly depolarizing layers. Thus the new
MPL is easily capable of detecting the presence of
non-spherical particles (dust, ice clouds), but
quantitative analysis requires the polarization
calibrations. Figure 2 presents examples of the
new MPL signals and depolarization ratios
measured at NASA Goddard Space Flight Center
from May 20 — 24, 2015.

1 minute temporal, 75 meter vertical resolution

Figure 2. MPLNET V3 Level 1 Products

In addition to calibrating the optical components,
ferroelectric materials are temperature dependent
by nature. The FLC is subject to both solar
background and internal heat within the MPL,
which can change the location of the fast axes,
and the resulting rotation angle (studies indicate
approximately 0.3° change per 1° C). A
temperature correction has been developed as part
of the new calibration procedures, but is a second
order affect unless the FLC temperature changes
by several degrees (this is uncommon). For typical
operating temperatures, the expected bias from
temperature dependent FLC effects is ~0.5% at
most. The temperature calibrations are more time
consuming and difficult to determine and apply
per MPL. If the basic polarization component
calibrations are applied to the MPL, but the
temperature dependent effects are ignored, then
for normal operating temperatures it is possible to
accurately measure volume depolarization ratios >
1.5%. For more weakly depolarizing aerosols
(such as sulfate), the temperature corrections must
be applied to produce quality data with minimum
of systematic bias.
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3 VERSION 3 PROCESSING SYSTEM

The new V3 processing system is a completely
new version of MPLNET. In addition to the new
polarized MPL, all data communications,
archiving, processing code, and the website are
new. Some V3 algorithms are based on mature V2
processing, but the code and processing structure
are new. Some of the important new changes in
V3 include:

CF compliant NETCDF4 data formats
QA flags at all data levels

New product structure and definitions
NASA GEOS-5 Meteorology

Online data ordering and delivery
Near-real-time (NRT) Level 1.5 products
are now quality assured

e (Custom data products and delivery to
aerosol forecasting centers

Both V2 and V3 data will be provided from the
new website. Older V2 data will be provided in
the new V3 data file formats. Table 1 provides
definitions and descriptions of the new V3
products levels.

Signal data (NRB) are processed using mature V1
and V2 algorithms [7,8]. The new polarized MPL
and calibration requirements will be presented in a
future paper. The V3 cloud products (CLD) are
new, and generated from algorithms presented by
Lewis et al [9], including improved cloud
detection versus V2 and new thin cloud optical
depth and phase information. The new V3
planetary boundary layer products (PBL) include
mixed layer depths presented by Lewis et al [10].
Finally, the aerosol algorithms remain unchanged
from V2 [11, 12], the only differences are in the
operational implementation (online algorithm
theoretical basis documents, ATBD, will be
available on our website soon).

L1 products are automated and generated in NRT
(latency for most all of network is ~1.5 hours). L1
processing will utilize forecast meteorology from
the NASA GEOS-5 model [15]. Quality assurance
screens will be applied to all L15 data. In V2, this
was only done for L2 products. This change
follows the same protocol developed for
AERONET V3 data. L15 processing will also
occur in NRT and browse imagery will be
available on our website, but data files will not be

publicly downloadable until the final assimilated
GEOS-5 data are available for reprocessing
(typically ~ 24 hour delay). The NRT L15 data
files will be made available to operational aerosol
forecasting centers under agreement.

Table 1. V3 Product Level Definitions

V3®Product
NRB Lidari8ij molumell ization@atio:
CLD Cloudtheights@nd&etrievals.
PBL PBLHeight@nd@stimatedAOD
AER AerosoltheightsEnd&etr i incident,@o-I d h vations.
CAER Aerosoltheights@ndi&etrievalsfcontinuous).fless@ccurate®hanBERGProduct.

V3@Productievels
L1_NRB
L1_CLD
L1_PBL
L1_AER GEOSS5(ForecastiNRT, Fepr
L1_CAER
L15_NRB
L15_CLD
L15_PBL
L15_AER GEOSSForecastiNRT,Fepi
L15_CAER
L2_NRB
L2_CLD
L2_PBL
L2_AER GEOS5@ssimilated, AERONETA2AOD
L2_CAER

Descriptions

NRT,fhotiEcreened,finitialZalibration,Butomated

[AERONETA15AOD

AERONETA15A0D

NotiNRT, Bcreened, Bostalibration

Figure 3 presents examples of V3 data products
retrieved from data collected at NASA Goddard
Space Flight Center for the same time span as
shown in Figure 2 (May 20 — 24, 2015). The top
pane displays V3 cloud heights (gray) and
identification of ice clouds (purple). The next
pane presents estimates of thin cloud optical depth
from [9], where the results are bounded using
lidar ratios of 20 and 30 sr (dark and light blue
respectively). The following pane shows retrievals
of aerosol extinction [11,12] and an overlay of the
new V3 mixed layer depth (brown). The bottom
pane displays the column aerosol optical depth
(AOD), from AERONET (green), the continuous
V3 aerosol product (CAER, red), and the estimate
of the PBL AOD (brown). All MPLNET aerosol
retrievals are constrained by the co-located
AERONET data [11].

4 CONCLUSIONS

An overview of the new V3 MPLNET processing
system has been presented. V3 data products will
be released in 2017, and joint processing of V2
data will continue through at least 2017. All V2
products will be available from the new website,
including after joint processing of V2 ends. The
size and distribution of the network and the
planned addition of new sites in the near term
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were shown. Additional growth of the permanent,
long-term sites in the network requires a funding
increase to accommodate new personnel.
However, MPLNET will continue to participate in
short-term field campaigns worldwide as well as
the WMO GALION project.

MPLNET RA L1_NRB: GSFC_ra, 2015-05-20 to 2015-05-25

AERONET AOD
MPLNET CAER AOD
MPLNET PBLAOD

Figure 3. MPLNET V3 Cloud, Aerosol and PBL
Products
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