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Outlines 

Long term GHG observation by CMA 

 F-gas emission estimate by inverse modeling 

High precision CO2 measurement at Beijing-

Tianjin-Hebei city cluster 
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GHG measurement since 

1990 at Mt. Waliguan 



Data of MLO 

downloaded 

from 

WDCGG 

We have the longest CO2 record in China 

We conduct observations under the 

WMO/GAW program. 



The CO2 and CH4 at WLG agrees with the 

global average  



CRDS for CH4/CO2/CO 

GC-FID/ECD  for CH4/CO/N2O/SF6 

Mt. Waliguan Shangdianzi Longfengshan 

Lin’an 

Shangri-La 

5 stations with in-situ measurement since 2010 
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Weekly flask sampling at 7 stations  

since 2006 
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GC-FID/ECD： 

CH4/N2O/SF6 MS：13C, 18O isotope 
GC-MS： 

HFC/PFC/SF6/NF3 

Standard gases 

Trace to WMO scale  

GC calibration system 

(CO2/CH4/CO/N2O/SF6/H2) 

Data server 

Central lab in Beijing 

(sample analysis + calibration) 
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CRDS： 

CO2/CH4/CO 



Release annual China GHG Bulletin since 2012 

Concentrations of CO2/CH4/N2O/SF6/HFCs of 7 CMA stations 



CO2 and CH4  mixing ratios of 7 CMA stations 

since 2006 

CO2 

CH4 



1. The CMA GHGs network 1 WMO/GAW global  + 3 WMO/GAW regional +4 National stations 

Update of CMA  GHG network 

In-situ CO2/CH4 

planned 2020 

In-situ CO2/CH4 

since 2019 

In-situ CO2/CH4 

planned 2021 



1. Chinese GHGs network 

China Meteorological Administration 

 

Background stations (8 stations) 

 

Provincial bureau (33 stations) 

Ministry  of Ecology and Environment of  

the P. R. C. 

 

Background stations (16 stations) 

 

Provincial bureau (>30 stations) 

 

MEE has led climate change since 2018 

Chinese GHGs observation network 
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Outlines 

Long term GHG observation by CMA 

 F-gas emission estimate by inverse modeling 

High precision CO2 measurement at Beijing-

Tianjin-Hebei city cluster 
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Shangdianzi 

SF6 in-situ measurement by GC-ECDs 

 since 2006 at Shangdianzi Station 

SF6 
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HFC+PFC measurement since 2010 

NF3 measurement since 2016 

Shangdianzi 

Medusa 

technique 

developed by 

AGAGE 
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• CO2 

• CH4 

• N2O 

• HFCs: Hydrofluorocarbons   

 HFC-32    HFC-23 

  HFC-125    HFC-134a 

 HFC-152a   HFC-227ea  

 HFC-143a   HFC-236fa 

 HFC-365mfc  HFC-245fa 

 HFC-43-10mee  

• PFCs: Perfluorocarbons 

  CF4  PFC-116  PFC-218 

 PFC-318  C4F10  C6F14   

• SF6 

• NF3 

     

 

 

  

Observed GHG compounds 
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Halocarbon observation network of China Meteorological Administration (CMA) 

Longfengshan 

Shangdianzi 

Lin‘an 

Shangri-la 

Heyuan/Xinfeng 

Jiangjin 

In situ measurement since 2006 

Weekly flask sampling since 2010/2011 

Daily flask sampling since 2016/2017 

Mt. Waliguan 

F-gas observation network (CMA) 
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Weekly flask sampling since 2018 

Akedala 

Jinsha 



Average of seven sites in China 

Seven sites have good 

spatial coverage for China 18 

Footprint map 



Prior emission field (1*1) 

(constant over 2011-2017) 

Roughly populated distributed 

3-hourly emission sensitivity map Simulated mole fractions 

Bayesian inversion 

Posterior emission field (1*1) 

Observation data 

Emission estimate by top-down method 
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Emissions of HFC-32, HFC-125, HFC-134a, HFC-227ea, 

and HFC-245fa have been increasing over 2011-2017 
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Bottom

-up 

Top-

down 

Top-

down 

Top-

down 

Compare with 

other studies 



HFC-410A HFC-32 HFC-125 

Update HFC-410A emission from room air conditioning 

sector with country-specific emission factor (bottom-up study) 

Lower HFC-32 emission by updated bottom-up studies, which explain partly of the  

differences between our top-down estimate and previous bottom-up studies 



For 2005−2016, emission gap (~ 270 

Tg CO2-eq in 2016) between the 

summed emissions from Annex I 

countries and China and the global 

total HFC CO2-eq emissions 

increased over 2005−2016, which 

suggests substantial increases in 

HFC use and emissions in 

developing countries (not obligated 

to report emissions to the UNFCCC) 

other than China. 
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Substantial increases in HFC emissions  

in developing countries other than China 



Outlines 

Long term GHG observation by CMA 

 F-gas emission estimate by inverse modeling 

High precision CO2 measurement at Beijing-

Tianjin-Hebei city cluster 
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Focused on the area with the highest 

CO2 emission intensity in the world 
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An national Key R&D project “High Spatial-temporal 

Resolution Carbon Emissions Monitoring and Application 

Demonstration in Beijing-Tianjin-Hebei (JJJ) City Cluster” was 

funded for 2017-2021 with total budget $ 4.65 million  



• Establishment of comprehensive CO2 observation system 

   Continuous observation: 5 carbon satellites (Tansat, FY-3D, GF-5, OCO-2, GOSAT), 6 

high precision CO2 monitoring station, and the high density network of  200 low-cost 

sensor stations 

  Regular intensive observation, in summer and winter of 2018/2019/2010: mobile and 

airborne measurement, air-core sampling, laser radar scanning 

 

• High resolution data assimilation system     

Simulation of atmospheric CO2 at high resolution (km, hourly), with VEGAS 

model as the core of the simulation; to quantify the uncertainty by using two advanced 

data assimilation method (LETKF-Carbon\ POD-4DVar-CMAQ) 

 

• Dynamic grid carbon emission inventory and its visualization in JJJ. 

       Advanced inventory of JJJ city cluster at high resolution; establish multi-level ( km  grid, 

City, County, Province) carbon accounting database by bottom-up method.  

 

      Provide comprehensive information for low-carbon  policy makers. 

Research Objects 
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Develop a method to quantify carbon 

emission of Chinese cities 

Monitoring CO2 emission at factory-level  

 Evaluate the recent low carbon policies 

1 Scattered coal consumption banned 

2 Clean air target leading to 50% reduction of steel 

production in 2017 

3  Replacing coal with nature gas policy 

etc 
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Key scientific issues 



天津 

保定 

唐山 

张家口 

渤海 
Yellow 

Sea 

Inner Mongolia 

承德 

石家庄 

天津 

香河 北京
塔 

上甸子  
  Beijing 

Urban Beijing 

Suburb BJ 

Tianjin 
Hebei 

Base station 

Network 

Chinese and 

international 

carbon satellite 

High precision 

backbone 

observation 

station 

High-density 

observation  

network 

Intensive observation: 

airplane, LIDAR, air 

core, mobile, and 

balloon  

A carbon monitoring network of this project 



Ground base high precision observation network 

Instrument：Picarro 1301/2301/2401 

Frequency：In-situ, 1 min 

Calibration: every 4 hours, traced to WMO scale 

Observation period：2018-07-01 to 2020-06-31, hope to extend 

Auto calibration system 
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0-350m  

0-1km 

0.6-6km 

0-30km 

Picarro/Tower 

 

Picarro 1301m 

Tall towner 
Laser radar 

Airplane 
 AirCore  

Picarro 

September  2018 

January to February 2019 

July 2019 

 
 TANSAT/GOSAT  

Car 
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Picarro tower 

station 

Aircraft route 

Population: ~10 million (5 million urban)    CO2 emission (bottom-up): 133 billion ton (2015) 

GWP: 587 billion CNY 

Industry output: 291 billion CNY 

car route 
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King Air 350HW  



(S. J. O’Shea, et al., 2014) 

CO2 vertical profile 
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This study in Shijiazhuang 
CO2 net sink during daytime at Shijiazhuang on  September-10-2019 



33 

Ongoing work : 

 Quantify CO2 emission by inverse modeling or 

mass balance method 

 Comparison with inventory   
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Summary 

CMA has conducted long term high 

precision GHG measurement at background 

stations in China since 1990s. 

F-gas emissions were estimated by inverse 

modeling from 2011 to 2017. 

Megacity CO2 project of Beijing-Tianjin-

Hebei city cluster was funded to quantify 

carbon emission by top-down method at fine 

resolution.  
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