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Abstract
In the framework of the collaboration between the European Space Agency (ESA) and the Karlsruhe Institute of Technology (KIT) and in the context of the COllaborative Carbon Column Observing Network activities (COCCON[1]), in June 2023 an EM27/Sun FTIR 
spectrometer was installed in the Atmospheric Physics Laboratory (APL, 41.90° N, 12.51° E) of Sapienza University, Rome downtown. It is the first instrument of this type operating in Italy. The APL site is part of the "Boundary-layer Air Quality-analysis Using 
Network of Instruments” supersite (BAQUNIN[2]) and was selected as specific urban site thanks to its favourable position and the simultaneous operation of the BAQUNIN instrumental suite (Iannarelli et al., 2022[3]). Since then, the BAQUNIN team performed 
measurements in cloud free conditions and processed the acquired measurements using the PROFFAST v2.4 software[4] and PROFFASTpylot v1.3 software[5] to retrieve accurate information about the greenhouse gas (GHG) columnar amounts of H2O, CO, CO2 and 
CH4, with the aim of monitoring the daily evolution of such species in the urban environment and to provide high quality GHG data for satellite Cal/Val purposes. This work presents results of the comparisons between collocated COCCON (BAQUNIN-APL) and a) 
satellite-based observations of XH2O, XCO, XCO2 and XCH4 from JAXA GOSAT and GOSAT-2 satellites (sources: NIES[6] [7] and EORC [8][9][10] (Kuze et al., 2022 [11])); b) bias-corrected XCO2 dataset from NASA OCO-2 and OCO-3 (source: GES DISC[12]).
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BAQUNIN APL
Latitude [deg] 41.902
Longitude [deg] 12.516
Altitude [km] 0.077

EM27/SUN on the rooftop of 
Physics Dept. in Sapienza 
University

BAQUNIN APL measurements: 140 (Apr 2025)

PROFFAST v2.4

Daily trends of column-averaged dry-
air mole fraction XH2O, XCO, XCO2, 
XCO2-STR and XCH4.

GOSAT | GOSAT-2

• Species: XH2O, XCO, XCO2 and XCH4.
• GOSAT site (41.883; 12.494).
• GOSAT-2 site (41,887; 12.529).
• GOSAT mean overpass:  12:42:30 UTC.
• GOSAT-2 mean overpass: 12:40:52 UTC.
• Time-window around mean satellites 

measurement: ∆𝑡 = ±0,5 ℎ.
• Average GOSAT | GOSAT-2 daily data.
• Average EM27/SUN daily data within ∆𝑡.

OCO-2 | OCO-3 (XCO2)

• OCO-2 mean overpass time: 12:10:34 UTC.
• OCO-3 overpasses along day.
• Area around BAQUNIN APL (radius 𝑅 = 1°).
• Time-window around satellites’ daily 

measurements: ∆𝑡 = ±1 ℎ.
• Average OCO-2 | OCO-3 daily data within 𝑅.
• Average EM27/SUN data within ∆𝑡 and 𝑅.

NIES d GOSAT GOSAT-2

BIAS d(XCO) - -0.007

STD d(XCO) - 0.006

BIAS d(XCO2) 0.8 -2.9

STD d(XCO2) 1.2 1.0

BIAS d(XCH4) 0.004 -0.004

STD d(XCH4) 0.005 0.005

BIAS d(XH2O) 103.2 221.2

STD d(XH2O) 206.9 309.7

𝑑 = 𝑀𝐸 − 𝑀𝑆𝑎𝑡

𝐷 = 100
𝑀𝐸 − 𝑀𝑆𝑎𝑡

𝑀𝐸

JAXA EORC d GOSAT GOSAT-2

BIAS d(XCO) - -0.006

STD d(XCO) - 0.004

BIAS d(XCO2) 1.6 0.8

STD d(XCO2) 0.9 0.7

BIAS d(XCH4) 0.002 -0.003

STD d(XCH4) 0.009 0.005

BIAS d(XH2O) 3.4 13.3

STD d(XH2O) 75.0 57.6

JAXA EORC D GOSAT GOSAT-2

BIAS d(XCO) - -6.8

STD d(XCO) - 4.7

BIAS d(XCO2) 0.4 0.2

STD d(XCO2) 0.2 0.2

BIAS d(XCH4) 0.08 -0.2

STD d(XCH4) 0.49 0.3

BIAS d(XH2O) -0.1 -0.1

STD d(XH2O) 3.6 2.8

NIES D GOSAT GOSAT-2

BIAS d(XCO) - -7.1

STD d(XCO) - 6.1

BIAS d(XCO2) 0.2 -0.7

STD d(XCO2) 0.3 0.2

BIAS d(XCH4) 0.2 -0.2

STD d(XCH4) 0.3 0.2

BIAS d(XH2O) 103.2 221.2

STD d(XH2O) 206.9 309.7

d OCO-2 OCO-3

BIAS d(XCO2) 0.2 0.06

STD d(XCO2) 0.7 0.60

D OCO-2 OCO-3

BIAS D(XCO2) 0.05 0.02

STD D(XCO2) 0.16 0.14

1. COCCON web site, https://www.imk-asf.kit.edu/english/COCCON.php
2. BAQUNIN web site, https://www.baqunin.eu/
3. Iannarelli et al., 2022, A. M. Iannarelli, A. Di Bernardino, S. Casadio, C. Bassani, M. Cacciani, M. Campanelli, G. 

Casasanta, E. Cadau, H. Diémoz, G. Mevi, A. M. Siani, M. Cardaci, A. Dehn, P. Goryl, “The Boundary Layer Air Quality-
Analysis Using Network of Instruments (BAQUNIN) Supersite for Atmospheric Research and Satellite Validation over 
Rome Area”. Bull. Am. Meteorol. Soc. 2022, 103, E599–E618, https://doi.org/10.1175/BAMS-D-21-0099.1 

4. PROFFAST v2.4 web page, https://www.imk-asf.kit.edu/english/3225.php
5. PROFFASTpylot v1.3 documentation, https://www.imk-asf.kit.edu/english/4261.php 
6. NIES GOSAT portal, https://data2.gosat.nies.go.jp/index_en.html
7. NIES GOSAT-2 portal, https://prdct.gosat-2.nies.go.jp/index.html.en 
8. JAXA EORC web site, https://www.eorc.jaxa.jp/GOSAT/index.html 

9. JAXA EORC GHG Trend Viewer with GOSAT long-term target observations, 
https://www.eorc.jaxa.jp/GOSAT/CO2_monitor/index_Ver.K.V3.0.multi.html 

10. JAXA EORC GHG Trend Viewer with GOSAT-2 long-term target observations, 
https://www.eorc.jaxa.jp/GOSAT/CO2_monitor/index_Ver.K.G2.V3.0.multi.html 

11. Kuze et al., 2022, A. Kuze, Y. Nakamura, T. Oda, J. Yoshida, N. Kikuchi, F. Kataoka, H. Suto, K. Shiomi, “Examining partial-
column density retrieval of lower-tropospheric CO2 from GOSAT target observations over global megacities”. Remote 
Sensing of Environment, 273 (2022 ), Article 112966, https://doi.org/10.1016/j.rse.2022.112966 

12. NASA GES DISC portal with OCO-2 and OCO-3 dataset, Goddard Earth Sciences Data and Information Services Center 
(GES DISC), Accessed: 16/06/2025, https://disc.gsfc.nasa.gov/ 

13. Google Earth Web, https://earth.google.com/web 
14. Google Earth Pro software, version 7.3.6.9277 (64-bit)

Images generated with KML files on Google 
Earth Web [13] and Google Earth Pro[14]

Example of EM27/Sun data processing

• Linear regression analysis with 
satellite and ground-based data 
(check interpolation line and R 
value correlation).

• Statistical analysis of differences (𝑑 
and 𝐷):

• General good correlation with BAQUNIN EM27/SUN data (R > 0,71).
• Best correlation is with JAXA EORC for XH2O, XCO and XCO2, while for 

XCH4 the best correlation is with NIES data.
• NASA XCO2 and JAXA EORC XCO2 data show larger errors then NIES 

XCO2.

Further Developments
• Increase BAQUNIN APL EM27/SUN dataset with new observations and 

keep supporting COCCON as site of the network.
• Keep updated the processing software PROFFAST and all related scripts 

(a full reprocessing will be performed once processor will be updated).
• Comparison analysis tools shall be finalized and routinely run for 

monitoring EM27/SUN observations with GOSAT, GOSAT-2, OCO-2 and 
OCO-3.

• Look for further satellite-based dataset to perform comparisons with 
EM27/Sun dataset.

Exploring different radii (0,1°, 0,2°, 0,5°, 1,5°, 2,0° and 
2,5°) around BAQUNIN APL:
• OCO-2 measurements reduce dramatically for 

lowest radii, while OCO-3 sample is still populated.
• The highest is the radius, the highest is the error on 

the measurement average.

GOSAT and GOSAT-2 data from NIES and JAXA EORC
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