
Utilizing the NDACC Lidar Working Group Dataset Aerosol Validation
The aerosol extinction products will be validated using a combination of balloon-borne instruments and ground-based LIDAR 
observations.  Throughout the history of SAGE missions aerosol extinction validation has proven to be challenging, primarily for 
two reasons: 1. the SAGE method is extremely precise and finding an instrument that can provide higher precision is rare; 2. SAGE 
produces extinction products, while most potential validation instruments report either aerosol number density as a function of 
particle radius, or backscatter intensity.  While backscatter profiles (e.g. LIDAR) are helpful in a qualitative manner, optical particle 
counters (OPCs) have proven more applicable to our validation efforts as they provide number-density size distributions that can be 
used in Mie calculations for estimating aerosol extinction coefficients.  The University of Wyoming OPC has provided a long flight 
record of excellent quality (Deshler et al. 2003) that has proven useful for validating past SAGE missions.  Ideally, similar 
instruments would be flown from multiple tropical/mid-latitude sites, though similar disposable, commercially available instruments 
are currently not available.  

Figure 7: Diagram view of the POPS 
instruments.  From Gao et al. 2016.

Figure 8: Profile plots from the ND/MAX USHAS spiral 
and coincident POPS launch from TMF.   Black dashed 
lines indicate 1-sigma uncertainty in the UHSAS data. 

Figure 9: Aerosol size distributions for both instruments throughout 
the troposphere.  POPS data have an “x” marker to indicate bin 
location.

The Printed Optical Particle Spectrometer (POPS, Fig. 7) was developed at NOAA 
ESRL (Gao et al. 2016) for use on UAVs and sonde flights.  The POPS instrument 
was identified as a potential validation tool for the SAGE-III/ISS mission, and has 
subsequently been tested against established instruments.  

POPS and UHSAS Comparison
An intercomparison opportunity became available in January and Februray of 2018 
as part of the ND/MAX aircraft mission, wherein an Ultra-High Sensitivity Aerosol 
Spectrometer (UHSAS) was flown aboard the NASA DC8.  Spirals were carried out 
over the Table Mountain Facility (TMF) in southern California, coincident with a 
POPS sonde flight.  Profiles from both instruments are presented in Fig. 8.  Despite 
limited overlap in size bins the instruments show good agreement with each other 
throughout the profile.  Corresponding size distributions are presented in Fig. 9, 
wherein it is seen that the agreement between the two instruments is very good 
throughout the troposphere.  Unfortunately, the DC8 was limited to an altitude below 
the tropopause for this day.  

Comparison with Wyoming OPC
POPS was flown with the Wyoming OPC (Wy-OPC) from Laramie, WY on 9-November 2017.  The comparison was conducted 
as a double-blind experiments, with neither group aware of the other’s results until processing was complete.  The only caveat is 
the Wyoming group informed the NOAA (POPS) group regarding the Wy-OPC bin cutoffs to allow the POPS data to be 
reprocessed to match to bin ranges, effectively allowing a direct comparison of the two instruments.  Profiles for five channels are 
presented in Fig. 10.  Agreement between the instruments is remarkably good, especially at smaller particle sizes where the 
number densities are relatively high.  
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Abstract
Validation of science data products from the Stratospheric Aerosol and Gas Experiment (SAGE) III, installed on the 
International Space Station (ISS) in March 2017, requires intercomparison with validated data sources.  The SAGE 
III/ISS mission is actively utilizing in-situ profile measurements from balloon packages, consisting of a standard 
meteorological radiosonde, ozonesonde, and frost-point hygrometer, that were launched coincident with SAGE III/ISS 
overpass opportunities. Some packages have included an aerosol sonde. This provides regional correlations of ozone, 
water vapor and aerosol extinction between the in-situ measurement data and the SAGE III/ISS profile products. In 
addition, ground-based LIDAR measurements and aircraft-based measurements of ozone, water vapor, aerosol 
extinction and nitrogen dioxide will provide additional validation data for correlation with the SAGE III/ISS data 
products. Initial results of the mission directed validation program will be presented.  When possible, operation and 
launch times were modified to improve the temporal and spatial coincidence between the measurements.  Results and 
progress utilizing LIDAR and balloon-borne aerosol observations are discussed herein, while intercomparisons that 
make use of ozone sondes is are presented in the companion poster by Kizer et al.  

Ozone and Aerosol Measurements
Despite ozone representing only a small fraction of the atmosphere (typically on the order of tens of parts per billion) 
it is crucial for life on Earth. Without stratospheric ozone the Earth would be exposed to more of the Sun’s UV 
radiation, resulting in reduced crop yield, and an increase in cancer and cataracts. 
Ozone is created and destroyed via natural photolytic processes.  However, in the 1970s scientists discovered that 
cholorfluorocarbons (CFCs) provided a catalytic pathway for the destruction of stratospheric ozone during polar 
spring. As a result, scientists and policy makers worked together to create the Montreal Protocol, which was signed in 
1987, to limit the production of CFCs.  The United States Congress then mandated that NASA monitor stratospheric 
ozone recovery,  with SAGE III selected as one of several instruments to perform this task. The goal of these 
measurements is to determine if residual stratospheric ozone is recovering from the recorded lows of the late 1990s/ 
early 2000 as expected. 

SAGE produces vertical profiles of aerosols and gases in the stratosphere and upper troposphere. The multi-decadal 
SAGE ozone and aerosol data sets have undergone intense scrutiny and are highly regarded for accuracy and stability. 
SAGE scientific measurements provide the basis for five of the nine critical constituents identified in the U.S. National 
Plan for Stratospheric Monitoring1 including profiles of aerosols, ozone (O3), nitrogen dioxide (NO2), water vapor 
(H2O), and air density using O2.  SAGE aerosol data has been recognized as an important dataset for the understanding 
of O3 trends (Montreal Protocol Scientific Assessment Panel2) and understanding climate variability (Hansen, 2008 
AGU Bjerknes lecture3).

Figure 1: Representation of UV penetration in the 
atmosphere.

Figure 2: Basic chemistry of the ozone destruction 
mechanism and time series showing ozone trend from 
pre-Montreal protocol to end of SAGE-II.

Operation and Products

Table 1: SAGE-III/ISS data products, wavelength locations for retrieval, and 
resolution/precision specs.  

Figure 3: Diagram of occultation observations (left) overpass event latitudes for 2018 (center) and overpass histogram 
(right).  Overpass events are weighted toward mid-latitudes, near +/- 40o.  

One of the toolsets used in validating the SAGE-III ozone product is lidar profiles from the Network for Detection of Atmospheric 
Composition Change (NDACC) Lidar Working Group (LWG, Fig. 5 and Table 2).  Groups within the LWG typically operate 3-4 
times per week and have up to one year to make their data publically available.  Lidar data have several benefits for validation, such 
as long data records at key sites, longterm instrument/measurement stability, high vertical resolution (typically <500 m in the lower 
stratosphere), and observation over the majority of the SAGE-III vertical profile range.  

Intercomparison with lidar data were carried out when the following coincidence criteria were met: overpass was within  ±5° 
latitude,  ±10° longitude, and  ±24 h.  The validity of these criteria will be discussed below.  As shown in Fig. 6 panels A-B, despite 
the loose matching criteria, the number of coincident observations remains small for the two sites that had the highest number of 
overpasses (Hohenpeißenberg and Observatoire Haute Provence).  Further, Fig. 6 shows how a few outlier profiles can influence the 
overall correlation and percent difference.  Despite this influence, the 20-40 km mean percent difference remainded within 5% for 
Hohenpeißenberg and within 10% for Haute Provence.  
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Figure 5: NDACC LWG sites worldwide.  Latitudes outside the 
SAGE-III/ISS overpass range have been shaded out.

Table 2: Timeline overlap of NDACC LWG operation with 
SAGE-III/Meteor and ISS missions.  NOTE: Only sites that have 
data posted overlapping with the ISS mission are represented in 
Gantt chart.

NDACC Lidar Working Group Operation Record

Rethinking Latitude Criteria for Ozone Comparisons

Figure 6: Composite plots for all ozone profiles available for Hohenpeißenberg (A), Observatoire Haute Provence (B), a series of 
profiles displaying the persistent ozone feature at 25 km at Hohenpeißenberg (C-F), and a series of profiles showing a latitude-
dependent variation in the percent difference at both sites (C-J).  The heavy black line within the percent difference plots in panels 
A and B indicate the overall mean percent difference of all profiles available.  Distances in the caption indicate the distance from 
the measurement site to the ISS overpass tangent point.
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The subplots in Fig. 6 show the need to redefine the coincidence criteria.  While simply redefining the latitude, 
longitude, and time definitions may suffice for preliminary evaluations, a more appropriate method will likely involve 
characterizing atmospheric conditions to ensure SAGE-III and the lidar are seeing the same atmosphere.  One method 
that may prove useful in doing this involves redefining the site and satellite latitudes in “equivalent latitude”.  Equivalent 
latitude can be derived from several products: potential vorticity, passive tracer simulations, and measurement of 
atmospheric tracers such as ozone, thereby effectively transforming the atmosphere from a rigid lat/lon grid to a more 
dynamically defined latitude that is defined by atmospheric conditions (i.e. dynamics and thermodynamics).  The 
practicality of using equivalent latitude as a coincidence criteria is currently under evaluation.

SAGE-III/ISS is the fourth instrument in the SAGE series (SAGE, SAGE-II, SAGE-
III/Meteor, SAGE-III/ISS).  The instrument has three operation modes: solar 
occultation, lunar occultation, and limb scattering.  Currently, only the  occultation 
modes have released products.  The spectrometer is an 809x10  pixel CCD that has a 
spectral range from 280-1040 nm (approximately 1.5-2 nm resolution), with an 
additional photodiode at 1550 (±15) nm for aerosol extinction.  All data products 
listed in Table 1 are operational and are being posted to the web 
(eosweb.larc.nasa.gov/project/sageiii-iss/sageiii-iss_table) approximately monthly 
(except for water vapor, which will be a standard product in a subsequent release).  

Figure 10: Aerosol number density profiles from the Wy-OPC and POPS intercomparison.  POPS data were rebinned to match 
the Wy-OPC bin ranges, therefore there is no need to apply the dN/dlog(Dp) correction.

Conclusions and Future Directions
Initial comparisons with O3 lidar profiles from the NDACC LWG show promise, with the mean percent difference remaining below 10%.  The lidar and sonde (see Susan Kizer's poster) profiles  will continue to serve as the primary 
validation tools for the O3 product.  Future evaluation of the SAGE-III products will include equivalent latitude as a matching criteria.  The POPS sondes show promise for providing a high-quality validation dataset comparable to the 
Wy-OPC record.  Further evaluation of this instrument is required prior to use in SAGE validation (i.e. direct comparison in thermal/vac chamber studies that simulate multiple ascents).  Further, O3 sondes and O3 LIDARs continue to 
serve as primary validation tools for the O3 product.
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Figure 4: Data flow through SAGE-III 
algorithm.
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