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Background



Collaboration goal
TOTAL CARBON COLUMN OBSERVING NETWORK (TCCON)

• Snapshot 2008

• Little to no coverage in 
South America, Africa 
and mainland Asia

BIRA



Collaboration goal Network for the 
Detection of Atmospheric 
Composition Change 
(NDACC)

• Quasi-Global coverage is 
vital for model 
assimilation, satellite 
validation etc

• Strong need for these 
networks to incorporate 
sites in China 



The measurement site

China

Xiange

50km to the east-southeast of Beijing 
and 70 km to the north-northwest of Tianjin



First Collaboration

• 2-channel MAX-DOAS spectrometer 
developed at BIRA in 2008 and 
permanently installed in Xianghe in 
Feb. 2010

• Continuously operated until Aug. 2022 
in collaboration with IAP/CAS

• Instrument due to be replaced

• Total columns of O3 and NO2

• Tropospheric profiles of NO2, HCHO, 
glyoxal, HONO and SO2

• Aerosol AOD and extinction profile

BIRA-IASB MAX-DOAS instrument



• TCCON type measurements since August 2018
• Became a formal TCCON site 3 September 2021! 
• Dr. Minqiang ZHOU (ex-BIRA [2015-2021], currently at IAP in 

the team of Prof. WANG)  became a member of the Steering 
Committee of TCCON on the same day

• 2nd Chinese TCCON site after Hefei (Anhui Institute of Optics 
and Fine Mechanics (AIOFM), Hefei Institutes of Physical 
Science) formally a TCCON site since 2018

status Bruker 125HR FTIR instrument



Current TCCON

TCCON status Bruker 125HR FTIR instrument

IAP/CAS

BIRA



Remote sensing instruments

• TCCON – LR mode 
added since Nov 
2011

• ~150 spectra for 
NDACC per week

• ~ 200 spectra for 
TCCON per week

• ~ 400 spectra for 
TCCON- LR per 
week



BRUKER 125HR
LASER replacement for Bruker 125HR instrument



Remote sensing instruments



Remote sensing instruments

Instrument Networks Status Insturment note (last year)

Bruker 125HR TCCON Operational Laser down (2 month gap)

Bruker 125HR NDACC Application Laser down (2 month gap)

Bruker EM27/SUN COCCON Operational -

Pandora PNG Application -

Cimel 318 AERONET Operational -

Brewer WMO Operational -

MAX-DOAS NDACC Operational* Detector fail since Aug 2022

XIANGHE remote sensing activities affiliated or collabrated with international networks

* Data on NDACC Rapid Delivery site, Consolidated pending



MAX-DOAS

• Optimization and standardization of retrieval 

strategies for NO2, HCHO, glyoxal and SO2

Important to have a wide range of stations 

operating under different conditions!

• Operational centralized processing of Xianghe

UV-Vis MAX-DOAS data for NO2 and HCHO using 

FRM4DOAS system

• Exploitation of Xianghe MAX-DOAS data series 

for the validation of GOME-2, OMI, TROPOMI and 

GEMS satellite data, with a focus on NO2, HCHO, 

glyoxal and SO2 data products



FTIR
• Like with MAX-DOAS we see a strong push towards ever more harmonized 

retrieval strategies

• Exploitation of Xianghe data for the validation studies



Xianghe satelite validation acitivities
FTIR - TCCON – TROPOMI/OCO

• CO (Sha et al., 2021)
• CH4 (Sha et al., 2021)
• CO2 (Zhou et al., 2022)

FTIR - NDACC – TROPOMI

• HCHO (Vigouroux et al., 2021)
• NO2 (Vigouroux et al., in preparation)

DOAS - NDACC – TROPOMI/OMI

• NO2 (Wang et al., 2022)
• HCHO (De Smedt et al., 2021)
• CHOCHO (Lerot et al., 2021)

https://acp.copernicus.org/articles/2
1/12561/2021/acp-21-12561-
2021.html

https://amt.copernicus.org/articles/1
4/7775/2021/

https://www.mdpi.com/2072-
4292/14/1/214

https://amt.copernicus.org/articles/1
3/3751/2020/amt-13-3751-2020-
discussion.html

https://www.mdpi.com/2072-
4292/14/15/3769

https://amt.copernicus.org/articles/1
4/6249/2021/amt-14-6249-2021-
discussion.html

https://acp.copernicus.org/articles/21/12561/2021/acp-21-12561-2021.html
https://amt.copernicus.org/articles/14/7775/2021/
https://www.mdpi.com/2072-4292/14/1/214
https://amt.copernicus.org/articles/13/3751/2020/amt-13-3751-2020-discussion.html
https://www.mdpi.com/2072-4292/14/15/3769
https://amt.copernicus.org/articles/14/6249/2021/amt-14-6249-2021-discussion.html


TROPOMI-FTIR- CH4 validation

Overall:
• Small mean bias < 0.5%
• Consistent: no seasonal variatition in bias
• Good correlation R>0.8
• Stds observed by sat and g-b are in the same order 



TROPOMI-FTIR- CO validation

Overall:
• One of the two megacity sites (Xianghe and Pasadenia) show smallest bias
• Consistent: no seasonal variatition in bias
• Good correlation R>0.95
• Stds observed by sat and g-b are in the same order 



TROPOMI-FTIR- HCHO validation

Overall:
• Typical urban high HCHO site
• Xianghe shows that TROPOMI has a

underestimation when HCHO is high
• Good correlation R>0.9
• Same seasonal variation



TROPOMI-FTIR- NO2 validation

Overall:
• Typical northern-hemisphere mid-latitude site;
• mainly from the stratospheric partial columns
• The mean bias is close to what we see at Xianghe



TROPOMI-MAXDOAS- NO2 validation

Overall:

• Similar seasonal variation observed by MAX-DOAS, OMI, TROPOMI
• MAX-DOAS is close to OMI, but TROPOMI NO2 is underestimated 



TROPOMI-MAXDOAS- SO2 validation

Overall:

• Similar seasonal variation observed by MAX-DOAS, OMI, TROPOMI
• MAX-DOAS is close to OMI, but TROPOMI SO2 is overestimated 



FTIR

FT
IR

FT
IR

D
ir

e
ct

-s
u

n
 D

O
A

S

MAX-DOAS MAX-DOAS

HCHO VCD intercomparison: MAXDOAS vs. FTIR

Excellent 
agreement of 
direct-sun 
datasets



• The Xianghe site is a very important component within the global 
ground-based remote sensing landscape
• Under-sampled region

• Close to a mega-city (rare)

• It has proven to be able to measure high-quality data over prolonged 
periods of time

• Used within a validation context it has already provided very useful 
information to algorithm developers to improve their products

CONCLUSIONS



• Replace the MAX-DOAS instrument at XIANGHE

• Continue providing high quality data to TCCON

• Continue performing NDACC type FTIR measurements 

• Xiange’s official TCCON status, clears it for use in validation studies 
within projects such as CCI-GHG+, CAMS, etc.

FUTURE PLANS



Thank you for your attention


