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Background

ñLong-Livedò GHGs 

(CO2,CH4) 2.5-3.1W/m2

ñShort-Livedò 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
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We must use measurements to constrain and understand 

emissions! Models do not match Satell i te and surface 

observat ions in tandem, biases with extreme events.
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What + Where + When Ą Why
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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 ĄWhy
Chinese Coal Mine Methane
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High -Frequency Ground -Based Observations

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

TROPOMI Satellite yields 5km x 

5km daily emissions product. 

Explicit uncertainty analysis makes 

results useful for attribution .



Å40% of data demonstrates

global methaneincrease.

Å5.3% of data demonstrates

long-range transport of coal

mine methane from Shanxi to

Agricultural regionsin Henan.

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

We needto know why

in order to produce

actionablesolutions!
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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 rangesfrom 23.3ï62.3%

What + Where + When ĄWhy
Black Carbon from Forest Fires



BCσMapping BC Mass and Size in 
Space and Time

Western China BC mass and number

üObjectively determine the high NO 2 source areas

üPolicy implementation starting in 2013, BC size in Urban areas decreased, 

while they did not in suburban areas

üTwo 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 ĄWhy
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; C ohen 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 Ą 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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