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Background

“Long-Lived” GHGs 

(CO2,CH4) 2.5-3.1W/m2

“Short-Lived” Climate 

Forcers (BC,CO,NOx). 

Locally powerful: 10-50W/m2



Radiative Forcing of Methane

Continues to Increase Globally

Black Carbon (BC) is a short-lived 

climate pollutant (SLCP) produced 

by incomplete combustion of fossil 

fuels and biomass.

Background



《地球大数据支撑可持续发展目标报告——
SDGs十周年特别报告》

9月27日，在第80届联合国大会期间，《地球
大数据支撑可持续发展目标报告——SDGs十
周年特别报告》（以下简称“《报告》”）在
联合国官网正式发布。

我校环境与测绘学院碳排放与空气
质量遥感团队的秦凯教授、Jason 

Cohen教授、胡玮博士生等负责完
成了《报告》的“减缓：温室气体
排放”部分有关甲烷排放量的内容
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We must use measurements to constrain and understand 

emissions! Models  do not match Satell ite and surface 

observat ions in tandem, biases with extreme events.
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96.6% of coal production in 2020.

From 2021-2023, production up

530MTon in western China and

down 30MTon elsewhere.

What + Where + When → Why
Chinese Coal Mine Methane



𝐝 𝑪𝐂𝐇𝟒

𝐝𝒕
= 𝑬𝑪𝑯𝟒

− 𝜶𝜵 ∙ 𝑪𝐂𝐇𝟒
 𝝎 − 𝜷𝜵𝟐𝑪𝑪𝑯𝟒

High-Frequency Ground-Based Observations

What + Where + When → Why
Building Fast, Flexible, & Open Physical Models

TROPOMI Satellite yields 5km x 

5km daily emissions product. 

Explicit uncertainty analysis makes 

results useful for attribution.



• 40% of data demonstrates

global methane increase.

• 5.3% of data demonstrates

long-range transport of coal

mine methane from Shanxi to

Agricultural regions in Henan.

What + Where + When → Why
Transport of Coal Mine Methane to Agricultural Areas

We need to know why

in order to produce

actionable solutions!
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BC: From Loading and Microphysics to Emissions

Liu and Cohen* et al. (2025) RSE ; Cohen (2014) ERL; Liu and Cohen* et al. (2025) ESTL; Cohen and Wang (2014) JGR

⚫ Emissions of BC (247Gg) are higher 

than inventories, similar to Cohen 2014.

⚫ High emission found in rapidly 

developing areas & Biomass Burning.

⚫ Uncertainty ranges from 23.3–62.3%

What + Where + When → Why
Black Carbon from Forest Fires



BC：Mapping BC Mass and Size in 
Space and Time

Western China BC mass and number

➢Objectively determine the high NO2 source areas

➢Policy implementation starting in 2013, BC size in Urban areas decreased, 

while they did not in suburban areas

➢Two substantial decreases were observed: the first uniquely in 2008 (Beijing 

Olympics) and the second starting in 2013.

Liu, Cohen, et al., 2024; https://doi.org/10.1038/s41612-024-00663-9

What + Where + When → Why
Black Carbon And Air Pollution Control: Success!
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Analysis of BC products in India

Analysis of BC products in South America

Liu J; Cohen et al (2024, 2025) ; Tiwari, P; Cohen, J.B (2025) ; Liu, Cohen, et al., 2025; https://doi.org/10.5194/essd-2025-593

What + Where + When → Why
Black Carbon Global & Regional Data

Satellite and Ground 

Remote sensing observation 

High Resolution Products 

(5km x 5km) over Huaihai 

Economic Region and 

Bangladesh yield 

unprescedented ability to 

identify and quantify 

industrial sites, including 

ones not currently 

included in databases!
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What + Where + When → Why
Carbon Monoxide (an indirect GHG)

CO全球及能源省份山西省 “自上而下”排放清单

Carbon Monoxide 

is substantial in 

Shanxi, up to 7% 

of the total CO2

emissions.

Although 

Emissions are 

decreasing, they 

are not accounted 

for in the current 

Carbon 

Accounting 

Framework.
Li and Cohen* et al. (2023) ACP;  Li and Cohen* et al. (2025) CEE; 

Wang, Cohen* et al., (2025) NPJ

Most of this is 

attributed to 

Iron/Steel and Coke, 

necessary 

components for the 

Green Energy 

Transition!



What + Where + When → Why
NOx (Air Pollutant and Emissions Tracer)

• TROPOMI

• Mass balance equation

1. Sources Attribution (NOx/NO2)

Industrial Source Types 50% hl_ratio Attribution Factors

Power Plants 8.02 6.15 [M,L]

Steel and Iron Factories 9.21 6.16 [H,L]

Cement Factories 7.14 8.93 [L,H]

Heat Production and Supply 6.93 7.94 [L,M]

Biomass Burning 6.50 5.96 [L,L]

2. Quality-checked NOx Emissions (Using Observational Uncertainty)

Lu, Cohen* et al. (2025) ACP;  Lu, Cohen* et al. (2025) TGRS



What + Where + When → Why
CO2 Indirect Calculation

We use 3 different satellite products: TROPOMI NO2, CO and SO2 VCDs

https://doi.org/10.1016/j.rse.2023.113720

https://doi.org/10.5194/acp-23-8001-2023

https://doi.org/10.5194/acp-25-2291-2025

https://doi.org/10.1038/s43247-025-02301-5

新疆基地

宁东基地

神东基地

陕北基地

µg/m2/s 宁东基地 陕北基地 神东基地 新疆基地

CO2-2019 538.2±266.3 232.1±90.5 551.6±191.8 301.5±127.6

CO2-2020 735.5±202.0 371.2±144.8 416.7±146.8 217.3±119.8

Compared to MEIC 

data, 87% of grid 

cells exhibit higher 

emission estimates, 

underscoring the 

necessity of improving 

GEOSPATIALLY 

DISTRIBUTED 

emission inventory 

accuracy. 
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What is my Scientific Idea? 我的科学理念

SATELLITE

SPECTRUM

COLUMN

CONCENTRATION

NOx CO CH4 BC

EMISSION

METHOD

Divergence-Based Method The Cross‐sectional Flux

Modified Gaussian Function

Learning‐based Method Mass Balance Method 

Integrated Mass 

Enhancement

➢Observation Based Approaches

➢ Model Based Approaches

Flexible Inclusion of Atmospheric Thermodynamics, 

Dynamics, and Chemistry to Quantify Emissions of NOx, 

CO and CH4

Considering Explicit Observational Uncertainty and 

Cross-Species Source Consistency to Quantify 

Attribution and Anomalous Events

Addressing Realistic Optical and Microphysical 

Assumptions Impact on Quantifying Absorbing Aerosol 

Emissions

如何发展一个物理约束的轻量级排放遥感反演方法体系？



Li, Cohen, et al., 2025 CEE; Liu, Cohen, et al., 2024 CEE; Hu…Cohen, 2024 CS&T;

Lu, Cohen, et al., 2025 ACP; Qin, … Cohen, 2023 RSE; Li, Cohen, et al. 2023 ACP; Wang, Cohen, et al., 2025 NPJ

Emissions: Fast, Attributable, Physical, Open, Accessible

Thermodynamics of combustion

Chemical 
Decay

Chemical Production

Atmospheric Transport: pressure induced and gradient induced

Atmospheric Diffusion

Wet and Dry 
Deposition
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路漫漫其修远兮
吾将上下而求索

Shortening the Path From 

Remote Sensing Observations 

to Real-World Emissions

感谢聆听！
Thank you for your time!
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