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Differences in the spectral characteristics of the different Planetscope sensor generations 
introduce inconsistencies in reflectance time series

-Planetscope-0 blue typically 25% greater than Planetscope-1 surface reflectance 
-Planetscope-0 red, green and NIR typically 5%, 14%, 13% smaller than Planetscope-1 surface reflectance 
-Planetscope-0 atmospherically corrected NDVI typically 9% smaller than Planetscope-1

Spectral transformation functions developed & demonstrated so can simply adjust surface 
reflectance and NDVI between the Planetscope-0 and Planetscope-1 sensors to each other

9109 Planetscope-0 and -1 images

Red surface U NIR surface U

NDVI



Sharpen Sentinel-2 10 m and 20 m data with Planetscope to 
generate 3 m surface reflectance for the Sentinel-2 bands: 

0 50 100 150 200 250 300 350
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

SAM = 0.9970    RMSE = 0.0214

red green blue NIR, Red edge, SWIR

Potential next research steps to 
provide consistent 3 m visible, red-
edge, NIR, SWIR daily time series:
• Fit sinusoidal harmonic model to NASA 

Harmonized Landsat Sentinel-2 (HLS) 30 m time 
series

• Sharpen harmonic fitted 30 m time series to 3 m

Key publications:
Huang, H. and Roy, D.P., 2020, Characterization of Planetscope-0 
Planetscope-1  surface reflectance and normalized difference 
vegetation index continuity, Science of Remote Sensing, In Review. 

Li, Z., Zhang, H.K., Roy, D.P., Yan, L., Huang, H., 2020, Sharpening the 
Sentinel-2 10 and 20 m bands to Planetscope-0 3 m resolution, Remote 
Sensing, 12, 2406.

Roy, D.P. and Yan, L., 2020, Robust Landsat-based crop time series 
modelling, Remote Sensing of Environment, 238, 110810. Day of year
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Evaluation of Spire GNSS RO data for 
Tropopause and PBL Detections

Zhen Zeng*, William Schreiner, Jan Weiss

COSMIC Program, UCAR
*zzeng@ucar.edu

280 300 320 340
0

200

400

600

800

1000

1200

280 300 320 340
2018.DOY

0

200

400

600

800

1000

1200

N
um

be
r o

f R
O

s

90Sï90N30Sï30N10Sï10N

90Sï90N
30Sï30N
10Sï10N

0 4 8 12 16 20 24
Local Time (hr)

ï90

ï60

ï30

0

30

60

90

La
tit

ud
e

Spire GNSS RO Dataset
• Level 1 data were provided by Spire.
• RO atmospheric profiles are processed by CDAAC using standard data 

processing package. 
• Data period: 2018.266-344 (Sep. 23 – Dec. 10)
• GNSS constellations: GPS, GLONASS
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Comparison of SPIRE RO BA to ECMWF
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Statistics: SNR & BA STDV

Statistics of Spire RO data processing metrics &
Statistical comparison of Spire RO retrievals against model forecast

• Spire SNR is about half of the 
one from COSMIC. 

• Spire retrievals processed by CDAAC show
reasonable agreement with model forecast.



(a) zdnmin (b) dnmin

Scientific evaluation of Spire GNSS RO data

• The PBL structures derived from Spire RO data are consistent with previous studies. Spire RO 
can be used to detect the PBL height.  

dnmin = &'
&(

Tropical cold-point tropopause (CPT) height and temperature

Planetary boundary layer (PBL) depth

• Temporal variability of 
zonal-mean CPT from Spire 
agrees well with the one 
derived from other RO 
missions. Spire RO is 
suitable for studying the fine 
structures and seasonal 
variabilities of CPT. 
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Evaluation of GNSS Radio Occultation observations 
in Atmospheric Rivers

Michael J. Murphy1, Jennifer S. Haase1, Bing Cao1, F. Martin Ralph2, & Pawel Hordyniec3

(1) Scripps Institution of Oceanography, UC San Diego, Institute of Geophysics and Planetary Physics (IGPP)

(2) Scripps Institution of Oceanography, UC San Diego,  Center for Western Weather and Water Extremes (CW3E)

(3) Wroclaw University of Environmental and Life Sciences, Institute of Geodesy and Geoinformatics

Atmospheric River (AR)
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AR Reconnaissance:
The Valentine’s Day AR Event
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Intercomparison between several different RO constellations as 
well as dropsondes from AR Reconnaissance versus reanalysis.

Mean Standard
deviation

deeper 
penetration 
inside AR

wrt reanalysis (ERA5) wrt reanalysis (ERA5) 

max bias
near 1 km 
except for 
Spire

Data was collected over 3 winter seasons during 29 Intensive Observing Periods (IOPs)

larger σ
inside AR



GNSS RO has great potential to define the structure of Atmospheric 
Rivers (ARs), but care is required in processing.

mjmurphy@ucsd.edu

Systematic error due to unrealistic smoothing of observed 

profile in lower troposphere. These sharp contrasts are 

important features of the structure of the extra-tropics that 

should not be removed.

Example of Individual profile

outside of an AR from Spire

Full statistics from

outside AR

Lack of sharp refractivity gradients in the vertical within the
core of an AR leads to deeper penetration of RO. 

latitude

n = 
291

Sharp
inversion 
at top of 
PBL



RO Receiver : IGOR RO Receiver : CION

Prior to using CICERO data for reliable weather prediction, 
its performance assessment is necessary

COSMIC I CICERO

GNSS

Miniature version of
the conventional 

RO receivers

Size 20 ൈ 24 ൈ 10.5 cm

Mass 4.6 kg

Size 30 ൈ 10 ൈ 6 cm

Mass 1.2 kg



COSMIC I 
# of occultations / day : 251

CICERO 
# of occultations / day : 300

COSMIC I 
coverage area୔୅ஸଵ୩୫ : 60 %

CICERO 
coverage area୔୅ஸଵ୩୫ : 50 %

The cubeSat constellation CICERO can provide RO measurements 
comparable to the COSMIC I mission

Number of occultation events Penetration capability

Refractivity error when compared to radiosonde Refractivity accuracy in relation to antenna off-boresight

COSMIC I 
Refractivity error 

CICERO 
Refractivity error

COSMIC I 
Refractivity accuracy : 1.09 

CICERO 
Refractivity accuracy : 1.16 

≅

≅

≅

≅



Significance of the Research

Contact Information:  hyeyeonchang@kaist.ac.kr (cosmoshy93@gmail.com)

Reduction in time and cost 
for RO system development

Demonstrate the capability of 
cubesat sized RO LEO

High quality GNSS RO data for 
reliable weather forecast

RO Data

Capability
RO LEO
CubeSat

Understand
the effects of 

CICERO receiver 
characteristics on 

the RO quality



1

NOAA CWDP2 Data Evaluation 
and Forecast Impact

www.cosmic.ucar.edu/what-we-do/cosmic-2/ wikipedia.org

JCSDA Quart. News 62 

Francois Vandenberghe1, Hui Shao1, Jim Yoe2 & Dick Dee1

1JCSDA, Boulder, CO
2NOAA/NWS, College Park, MD,



NOAA CWDP Round 2 findings
Nov. 2018 – Oct. 2019

2
OmB bias between operational sensors (COSMIC-1, KOMPSAT-5, TanDEM-X, TerraSAR-X, and MetOP) and

GeoOptics (solid) and Spire (dashed) for July 2019.
Error bars indicate the standard deviation of the operational data

www.space.commerce.gov/wp-content/uploads/2020-06-cwdp-round-2-summary.pdf



Summary

3F. Vandenberghe, JCSDA
vandenb@ucar.edu







Surface Roughness Characterization and Classification of Crevasse Types from SmallSat Data

Negribreen Ice-Surface Roughness from ESA Copernicus Sentinel-2 and Planet

RapidEye Image Data

Sentinel-2. 10 m pixels.
Roughness map at 200 m resolution
Result: Map shows surge expansion.

RapidEye. 6.5 m pixels.
Roughness map at 130 m resolution

Result: Map shows features of surging glacier and
mass loss through calving.

from Herzfeld et al., in prep.

Connectionist-geostatistical classification from WorldView Data

Negribreen — Time series of crevasse provinces during surge

2016-June-25

(a) WV02 20160625170309 original
image

(b) WV02 20160625170309 classification

Result of connectionist-geostatistical classification based on 13 crevasse classes

from Herzfeld et al. (in prep. 2020)

Connectionist-geostatistical classification of ice surfaces from Planet SkySat data

20190818 - ssc 9 (0.72m) 20190922 - ssc 1 (0.86m)

20190803 - ssc2 (0.86m), 20190805
ssc11 (0.72m)

20190717 (ssc3) and 20190718 - ssc4
(both 0.72m)

20190725 - ssc8 (0.72m)

Growing a Community of Users: Development and Sharing of two

Cyberinfrastructures (Open Source/Open Science)

(1) The Density-Dimension Algorithm family for ICESat-2 laser
altimetry: Surface heights, clouds, aerosols [NASA ICESat-2 Science
Team Project]

(2) The Connectionist-Geostatistical Classification framework for
satellite image analysis [NSF OAC Project]

Future: Integration of (1) and (2) for combined analysis of altimetry and
satellite imagery as a means to advance (cryospheric) sciences

Open Source — Open Science

! Growing a community of users

! Early adopters of our algorithm family

! github, doxygen and all that

! Experiments on the cloud

! In-person workshops and online-courses

! Open-access algorithm publications and online documentation

! Generalizations: Other disciplines and applications/ applied sciences

Questions? ute.herzfeld@colorado.edu



Motivation

Urgent need of 
developing 
methods to 
rapidly 
generate 
landslide 
inventories. 

Fatalities from rainfall triggered landslides (2007-2017)



Results

Semi Automatic Landslide Detection 
(SALaD)

Top right: SALaD detected landslides

Bottom: Areal coverage of landslides 
mapped: a. SALaD; b. manual



Location: Queja, Guatemala
Event: Hurricane ETA, 2020
Number of landslides mapped: 57
Source: Planet (3m) and Sentinel-2 (10 m)
Date: 11/05/2020

Contact details:
Pukar Amatya
pukar.m.amatya@nasa.gov

Summary
• SALaD is good for rapid response.
• Access to high resolution data through Commercial Smallsat Data

Acquisition program is invaluable for advancing landslide research and
rapid response capabilities.

mailto:pukar.m.amatya@nasa.gov
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