
Updates from Zeng’s Group

HSRL2 and dropsonde MLH comparison (Xu et al. 
2023, submitted)

Relation between HSRL2 cloud fractions versus 
dropsonde environmental conditions (Cutler et al.)

Triple-correlation analysis of the HSRL2, RSP, and 
MODIS AOD data (Siu et al., 2023, submitted)

Data gridding (Cutler et al.) - Monday afternoon 

Intercomparison of PBLH algorithms (Xu et al.) -
Tuesday afternoon
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The ACTIVATE field campaign HSRL 
(airborne High Spectral Resolution Lidar )

Dropsondes
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MLH & PBLH process 
from Dropsondes

Relativity Humidity & 𝜃v Profile 

Is it a stable boundary layer?

Does it contain a cloud?

Use Relative Humidity & 
The lifting condensation level 

Thick cloud Thin cloud

Use 𝜃v & Relative Humidity

No

Yes No

(Xu et al.. 2023, JGR-Atmo, Under Review) 3



Data Collocation 

20 km

HSRL Track

Min Dis

Dropsonde

Removed in statistic analysis 
(but included in the database):

ØDropsondes that too far away

ØDropsondes with an ambiguous 
PBLH/MLH

506 Dropsondes
Point used for 
Intercomparison
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How does MLH-HSRL perform on MLH?

Ø The MLH-HSRL performs well for MLH. 

2020 - 2022 MLH 

R2
Median Difference 

(m)
IQR Difference (m)

MLH-HSRL 0.44 18 286
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Evaluating the Relationship Between Low Cloud Fraction and 
Atmospheric Stability Indices Over the Western North Atlantic 
Lauren Cutler (laurencutler@arizona.edu) and Annalisa Minke 

Figure from Cutler et al. (2022, GRL)

Relationship of 
seasonal low 
cloud fraction and 
LTS (pictured) and 
EIS (not pictured) 
vary depending 
on the cloud 
dataset used
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How do the relationships between low cloud fraction and atmospheric 
stability indices from ACTIVATE observations compare to the same 
relationships at individual time steps in atmospheric models?

Variable Instrument Info
Low Cloud Fraction (LCF) HSRL-2,

cloud_top_height 2min & 5min (calculated)

Lower Tropospheric Stability 
(LTS) (Klein & Hartmann, 1993)

Dropsonde 𝐿𝑇𝑆 = 𝜃!"" − 𝜃#$%

Estimated Inversion Strength 
(EIS) (Wood & Bretherton, 2006)

Dropsonde
𝐸𝐼𝑆 = 𝐿𝑇𝑆 − Γ&'("(𝑧!"" − 𝐿𝐶𝐿)

Estimated Cloud-Top 
Entrainment Index (ECTEI) 
(Kawai et al., 2017)

Dropsonde 𝐸𝐶𝑇𝐸𝐼
= 𝐸𝐼𝑆 − 𝛽( /𝐿 𝑐%)(𝑞#)* − 𝑞!"")

Cold-Air Outbreak Index (CAO) Dropsonde 𝐶𝐴𝑂 = 𝜃#+, − 𝜃'""

Inversion Strength (IS) Dropsonde Calculated from PBLH
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MAM - ACTIVATE

Red = binned by cloud
Blue = binned by index

ECTEI and CAO are the best predictors of 
LCF for both binning scenarios. 

Index r2 (Binned by Cloud) r2 (Binned by Index)

LTS 0.12 0.00

EIS 0.17 0.33

ECTEI 0.34 0.48

CAO 0.46 0.50

IS 0.03 0.01
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May – E3SM2MAM - ACTIVATE Red = binned 
by cloud
Blue = binned 
by index

The cloud fraction 
values for the 
binned by index 
case are lower for 
E3SM2 (CF<0.2) 
compared to 
observations from 
ACTIVATE.
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Retrievals of aerosol optical depth over the western North Atlantic during ACTIVATE

• Two instruments retrieve AOD during ACTIVATE
• Research Scanning Polarimeter (RSP)
• Second Generation High Spectral Resolution Lidar 

(HSRL-2)

• Challenge:
• How do we objectively assess the two datasets?

• Solution:
• Technique: Triple collocation
• Third dataset: Moderate Resolution Imaging 

Spectroradiometer (MODIS)

Siu et al. (2023, submitted)
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RSP and HSRL-2 AOD have large seasonal variations but also exhibit considerable 
deviations between the two. 
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11



Mean squared deviation budget analysis shows that lack of correlation contributes 
the most deviation.

Mean squared deviation = squared bias + nonunity slope + lack of correlation 
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TC analysis shows that HSRL-2 is the most accurate dataset over the ACTIVATE 
region.

• sigma is RMSE of each instrument with respect to ground truth.

• r is correlation coefficient of each instrument with respect to ground truth.

Table 3. Triple collocation analysis of RSP, HSRL-2, and MODIS AOD.

RSP HSRL-2 MODIS

seRSP rRSP seHSRL-2 rHSRL-2 seMODIS rMODIS

0.0637 0.796 0.0273 0.926 0.0511 0.858

Figure 4. Two-dimensional histograms of the triple collocated AOD datasets. Bin sizes are 0.02 for both instruments. (a) RSP vs HSRL-2.

(b) MODIS vs HSRL-2. (c) MODIS vs RSP. In each plot, the linear fit (black dashed), 1:1 line (thick gray dashed), ±0.1 intervals (thin gray

dashed), and selected performance metrics are also shown.

that HSRL-2 is the most accurate dataset among the three. Note also that MODIS AOD corresponds to the whole atmospheric

column whereas RSP and HSRL-2 AOD correspond to the column below the aircraft. Therefore, MODIS AOD should be

slightly larger than RSP and HSRL-2 AOD due to the contribution above the aircraft. The mean bias shows that MODIS is

larger than HSRL-2 (Figure 4b) but RSP is larger than MODIS (Figure 4c). This suggests that it is more likely that RSP has a

high bias over HSRL-2, not that HSRL-2 has a low bias over RSP (Figure 3).235

4.3 RSP filter

The triple collocation analysis indicates that the most accurate AOD dataset over the western North Atlantic Ocean is HSRL-2

and paves the way for improving the data quality of RSP: design a simple RSP filter to reduce disagreement between the two

instruments. There are three guiding principles. First, the filter should effectively get rid of outliers as suggested from the result
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N = 2344
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A simple filtering criterion has 
been developed to improve the 
RSP data quality.

• Imposing a more stringent cost 
function in the RSP retrieval 
algorithm improves agreement 
between RSP and HSRL-2.
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