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EO Data Delivery

Data access (list all missions and issues if any). NB. in the tables please insert cumulative figures (since July 2020) for 
no. of scenes of high bit rate data (e.g. S1 100 scenes). If data delivery is low bit rate by ftp, insert “ftp” 

ESA /Copernicus Missions No. 
Scenes

1. OMI

2. HIMAWARI

3. MODIS (TERRA&AQUA)

4. METOP

5.

6.

Total:

Issues:

ESA Third Party Missions No. 
Scenes

1. Sentinel 3 SLTSR

2. Sentinel-5P TROPOMI

3. Sentinel 5

4. AEOLUS

5.

6.

Total:

Issues:

Chinese EO data No. 
Scenes

1. FY-3C MERSI

2. FY-3A/B/C TOU

3.

4.

5.

6.

Total:

Issues:



Dragon 5   3rd Year Results Reporting 

Project’s objectives:
• Exploitation of satellite remote sensing to improve our understanding of the Mechanisms and Processes 

affecting Air quality in China

Results after 3 years of activity:
• CO trend in China
• Mechanisms for changes in O3 concentration in a subtropical coniferous forest
• Trace gas removal in ice particles and solid particles
• NOx emissions derived from TROPOMI (S5p)
• Meteorological and anthropogenic induced changes in the AOD

Young scientist results:
• Analysis of drone observations of NO2 in the boundary layer.
• Ship emissions on inland rivers
• Arctic lightning NOx



China Air Pollution Prevention and Control Action Plan: the effect on carbon monoxide during [2008-2022] 
Selviga Sinnathamby and Sarah Safieddine, LATMOS, CNRS, Sorbonne University, France

Trend values are estimated by using the Weighted Least Squares 
linear regression, where we define the monthly variance of CO 
concentrations as weights.

Trends obtained with IASI in the Northeastern region of China (black box) are compared to MOPITT trends. 
Significant trends to one standard error are marked by an asterix (*).

Stipples=significant trends

-1.170 ± 0.03 %/yr (*)
-0.935 ± 0.02 %/yr (*) 

IASI (Infrared Atmospheric Sounding 
Interferometer) is a nadir-looking 
Fourier-Transform Spectrometer that 
measures Earth’s radiance in the 
thermal infrared range. 
Since 2007, three IASI instruments 
have been embarked on board the 
polar orbiting meteorological 
satellites Metop-A, -B and -C. 



Long-term variations of global solar radiation in Sodankylä, Antarctic
* Empirical model of global solar radiation (G): considering the absorption 

and scattering roles of atmospheric substances with better simulations 

Fig. The calculated and observed global 
solar radiation during 2008-2011 at 
Sodankylä station (n=3962). 

Relative bias and RMSE (MJm-2) were  
12.8% and 0.22 for hourly G; 

Relative bias was 4.3% for monthly G.

G = A1e-kWm×cosZ + A2e-S/G + A0   (1)

• The empirical model can simulate G at the top of the atmosphere (TOA) using 
A1+A2+|A0|. The ratios of G to solar constant were 6.4% -11.2%  (S/G: ≤0.1 - ≤ 0.8)  

• Losses of G caused by absorbing and scattering substances (GLA, GLS), total loss (GL)

Fig. Annual losses of G in the 
atmosphere under all sky conditions

• GLA and GLS: decreased by 0.01% and 
increased by 0.88%; GL increased by 
0.32% per year in 2000 - 2018



• Annual air temperature increased 0.07 ℃, which was contributed by the 
increases of GLS and GL. Water vapor and S/G increased by 0.28% and 1.6% per 
year, respectively in 2000 - 2018

Fig. Annual air temperature, 
water vapor pressure (E) 
and scattering factor (S/G)

• Empirical model can calculate the albedos at the surface and the TOA, which 
were in reasonable agreements with the corresponding satellite retrievals

Fig. Calculated and 
satellite retrieved annual 
albedos at the surface 
and the TOA averaged 
from April to September

• Conclusion An empirical model of global solar radiation was developed and used to 
calculate global solar radiation and its losses in the atmosphere as well as albedos. 
Their long-term variations together with air temperature and scattering factor S/G 
were fully studied. In 2000-2018, the calculated and observed G at the surface 
decreased; the albedos increased at the surface, but decreased at the TOA.







Time series and trends: 
Satellites tell you: How China’s Air Pollution Has Changed in the Past Two Decades

Annually averaged Satellite-derived AOD maps over SE China and provincial scale time series show the increase of AOD 
between 2000 and 2007. The strong decrease after 2014 shows the effectiveness of emission reduction policy, resulting in 
overall lower AOD in 2020 than in 2000!

Zhengqiang Li, Gerrit de Leeuw, Xiaoxi Yan, Cheng Fan, Ying Zhang: 
Satellites Tell You: How China’s Air Pollution Has Changed in the Past Two Decades. China Focus, September 2023

(AirCAS/KNMI cooperation)



NOx emissions using TROPOMI

DECSO version 6.1 using 
superobservations based on the 
TROPOMI NO2 retrieval v.2 (PAL 
data set) and the latest version of 
CHIMERE (version 2020r3).
Spatial resolution: 10 km
Temporal resolution: daily
Year: 2019

For ship emissions from the Yangtze river: 
see poster (ID 200) of Xiumei Zhang

For boundary layer research in Nanjing: 
see poster (ID 281) of Mirjam den Hoed



Young scientists

Europe
• Mirjam den Hoed (KNMI). Travelling to China was complicated for a while, 

therefore no new campaign has been joined. She is currently analysing data from 
an earlier (pre-covid) campaign, which she participated.

China
• Xin Zhang (NUIST): he has stayed at KNMI from October 2021 – September 2022 

to use TROPOMI observations to study Arctic source, in particular lightning.
• Xiumei Zhang (NUIST): she has stayed at KNMI for one year (March 2022-March 

2023), to study ship emissions in the Yangtze River Delta and in the Rotterdam 
region using AIS and satellite data. She is now measuring ship emissions at 
Nanjing using a MAX-DOAS instrument.



Chinese Young scientists contributions in Dragon 5

Name Institution Poster title Contribution including period of 
research 

Xin Zhang NUIST, Nanjing N/A Lightning NO2 in the arctic
2020-2023 (PhD obtained in 2023)

Xiumei Zhang NUIST, Nanjing Analysis of Emissions based 
on AIS and MAX-DOAS 
observations

Inland ship emissions
2020-2023



T2: 08-10 23:03T1: 08-10 21:21

T3: 08-11 00:44 T4: 08-11 02:26

Lightning NO2 transport
Lightning observations

NO2 segmentation 
with lightning mask Lightning NO2 selections
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Consecutive TROPOMI observations
for tracking lightning NO2 in the Arctic

Extraction of lightning NO2 pixels
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Lightning NO2 in the Arctic

Zhang et al. (2023), ES&T



Short-term (hourly scale)
Anthropogenic NOx

1160 (ship) + 350 (others) t N/month

Soil NOx

2670 t N/month

Lightning
73 t N/month

Lightning NO2 is comparable to anthropogenic NO2 in the Arctic. 

• NOx emissions over the land:

soil > anthropogenic > lightning

• NOx emissions over the ocean

ship > lightning

Long-term (monthly scale)

NO2 tropospheric column (μmol m-2)

NO2 tropospheric column (μmol m-2)

Lightning NO2 in the Arctic

Zhang et al. (2023), ES&T



Emissions from inland ships 
on the Yangtze river

AIS signals received at NUIST, 
Nanjing.

Data from AIS signals that we use:
• Type of ship
• Speed 
• Size

=> Emissions calculated per ship or per km

See poster by Xiumei Zhang (#200)



European Young scientists contributions in Dragon 5

Name Institution Poster title Contribution including period of 
research

Mirjam den Hoed KNMI, The 
Netherlands

Comparison of vertical NO2 profiles 
measured in-situ from a Quadcopter, 
retrieved from MAX_DOAS observations 
and computed using the Chimere 
Chemistry-Transport model

2018-2023



Comparison of in-situ NO2 drone soundings (~1 km)
with MAX-DOAS and CHIMERE

Daily NO2 volume 
mixing ratios (ppbv) 
from combined upward
and downward
soundings averaged
over bins of 5 hPa.

36 calibrated NO2 vertical profiles (2-12 June 2018)
Diurnal cycle of NO2 clearly visible:
• Elevated NO2 concentrations close to the surface during the

night and early morning.
• Development of PBL/rise of PBL height from sunrise onward.
• Well mixed PBL/flat NO2 vertical profile shapes with lower

concentrations during afternoon.



COMPARISON NO2-SONDE & CHIMERE

› Median absolute NO2 error is negative: 
CHIMERE systematically underestimates the 
NO2 vmr for every vertical layer on the drone 
measurement site. This can be explained by 
the fact that the modeled vmrs apply to a 
larger region (0.1°) while NO2 surface 
concentrations have a higher spatial 
variability.

› More and larger outliers in the lower layers 
and decreasing IQRs with height for the NO2
absolute error: modeled NO2 vmrs are less 
accurate closer to the surface where NO2 is 
emitted.

Comparison of in-situ NO2 drone soundings (~1 km)
with MAX-DOAS and CHIMERE

19



COMPARISON NO2-SONDE & MAX-DOAS

› Large differences in relative error between 
NO2-sonde and MAX-DOAS NO2 column 
concentrations (molecules·cm-3) ranging from 
-89 to 155 %.

› 3 cases with low relative error (8-15%). No 
common contributing factors could be 
identified. 2/3  were conducted during the 
weekend (lower local emissions from traffic, 
industry etc.).

› Effects of wind direction, wind speed, time, 
cloud cover not statistically significant. 13 
collocated profiles: insufficient sample sizes.

Comparison of in-situ NO2 drone soundings (~1 km)
with MAX-DOAS and CHIMERE

20

Green: cloud free conditions; Red: low clouds; 
White: cloud cover/height unknown 


