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Global Mean Radiative Forcing (W m-2) ERF (W m?)
Comment AR5
Well-mixed 2.45 (2.08 to 2.82) 2.43(2.19t0 2.67) 2.63 (2.37 t0 2.89) 2.83 (2.54t03.12) Change due to increase 2.83 (2.26 to 3.40)

greenhouse gases in concentrations

T ) —

halocarbons)
Tropospheric ozone || +0.40 (0.20 to 0.60) | +0.35 (0.20 to 0.50) +0.35 (0.25 to 0.65) +0.40 (0.20 to 0.60) [ Slightly modified estimate

Aerosol-radia- Not estimated Not estimated —0.50 (-0.90 to —0.10) | —0.35 (-0.85 to +0.15) || Re-evaluated to be —0.45 (-0.95 to +0.05)
tion interactions smaller in magnitude
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CH, mole fraction (ppb)
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—— Radiative Forcing of Methane

GLOBAL METHANE BUDGET 2008-2017 ©PO co;
‘ Continues to Increase Globally
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We must use measurements to constrain and understand
emissions! Models do not match Satellite and surface
observations in tandem, biases with extreme events.

Jason Blake Cohen
(Singapore) 2013 Jason Blake Cohen (Arctic) 2014
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Chinese Coal Mine Methane -

96.6% of coal production in 2020. Supparted B
From 2021-2023, production up

530MTon in western China and
down 30MTon elsewhere.
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Ground-based Observations of Methane in
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Coal Production: Key Provinces & Autonomous Regions(in 100 million tonnes)
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= Observation period:
April and December 2024

* EM27

* Doppler Wind LiDAR

* Hyperspectral Imaging Systems

* Eddy Covariance Flux Tower

{ « Greenhouse Gas Analyzer: ZG-3000
ventilation shaft » Portable High-flow Methane Analyzer
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Building Fast, Flexible, & Open Physical Models e =
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Merging TROPOMI and eddy covariance A} ARTICLES & PREPRINTS = SUBMISSION POLICIES * PEERREVIEW ~ EDITORIALBOARD AWARDS * ABOUT = E
observations to quantify 5-years of daily
CH, emissions over coal-mine dominated | Article Article
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. Estimation: Calculating Emissions over Unidentified Source
Regions

80 Zheng, jason Blake Cohen &2, Lingxiao Lu, Wel Hu, Pravash Tiwar, Simone Loll, Andrea Garzell, Hui Su, and Kal Qin &2

Abstract. We propose a novel method for computing the effects of TROPOMI observational uncertainties on emissions

calculation arising from the nonlinearity of the gradient terms and non-biased filtering in space and time. Application using

TROPOMI XCH datainclean areas of Western China with ong-term WMO background obsevations quantfies a minimum
Avticies / Volume 24, issue 5 / ACP, 24, Search [a] - ¢ ke -
detectable emissi of 1.8 pg/ma/s, lower : ~ TROPOM. By combining
rosches ti XCHq uncertint "
PrETT e approaches that (CHa uncertaintes we identy and

fiter physically unrealistic emission values in both space and time. The resulting emissions reveal bot

ources anda s

articte |[FAcsats.| Freerreviow | [Fraecrice.| [etated arsaizs| | *Article (5711 i) 9% emission bias caused by the nonlinearity of the gradient term, Validation was performed by applyi 0d 1o the
Re- article | ©® . thod's ability to align ine ndent
5 = : X > Research article | @® 08 Mar 2024 ca datasets. The importance and implications of our results are related to this being a new mrmoam:xjfm::».::Tm:j-n‘m
Surface-observation-constrained high-frequency coal . Individual I th . osinay e . enables p f emision sources and improved handing of observational
, ! z X g = ndivi mine m ne emission: nstrain » BibTex ise, offering 3 more 3 2 for diverse regions using existing satellte
mine methane emissions in Shanxi, China, reveal = tal.cod.mine methane:cizsions conotiained |y E |+ entncee liorms, ot rests e non et doase g an i and aton metod,which ncode
e + o . . o s i I lower minimum emissions threshold on all grids and reduction of faise positives. Finally, the new roact in be adopted to
more emissions than inventories, consistent with - bY e(?ldy covariance measurements: low bias and or— S ot Sk o e s e s A o ey o s
Wei Hu, Kai Qin (), Fan Lu, DingLLi & Jason B. Cohen ) satellite inversion = missing sources I e [Py | beyondtraditional plume identification and background subtraction

emissions and How to cite. Zheng, B,, Cohen, J. B, Lu, L Hu, W., Tiwari, P, Loll, S Garzelll A. Su, H. and Qin, K.: How can we trust TROPOMI
uncertainty on a mine: based Methane Emissions Estimation: Calculating Emissions over Unidentified Source Regions, EGUsphere (preprint],
https://dol.org/10.5194/egusphere-2025-1446, 2025.
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Transport of Coal Mine Methane to Agricultural 4 SR
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- Black Carbon from Forest Fires @ 5 A
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Liu and Cohen* et al. (2025) RSE ; Cohen (2014) ERL; Liu and Cohen* et al. (2025) ESTL; Cohen and Wang (2014) JGR
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Black Carbon And Air Pollution Control: Success! S o
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»Objectively determine the high NO, 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.
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Black Carbon Global & Regional Data

2004-2020 world BC mass (kg per grid per day)
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b.) BC Column Mass Density (mg m~2)
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Carbon Monoxide (an indirect GHG)
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+ Although
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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
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NOx (Air Pollutant and Emissions Tracer)
e« TROPOMI 2. Quality-checked NO, Emissions (Using Observational Uncertainty)

° 12
e Mass balance equation 1
= - . Number of Manths 10—
40°N e 3 . . 12 e)  Qualily-Checked
o o -2 ¢ ST . : i1 [ CEMS
B i % TSN : BN INTAC
1. Sources Attribution (NO,/NO, s _ i A
{ g il
Y 25 a5 1 E
4 ) Power Plants s =ik b) Steel and Iron Mg 4= 120% ¢) Cement Factories - 20% 8
P —— 0% 30 B J/ 4 —— 40% 20| —— 4% .
20 20 4 s P N e 6
15 15| 15| E P
10 10 10 B 1
5 E 5 4
Jan Teb Mar Apr May Jun Jul Aug Sep Oul Nuv Dev Jan Teb Mar apr May Juz Jul Aug Sep Ocl Nov Dot J;. Tob Mai Apr May Jua Jul Aug Sop 0wl Nuv“ﬂ‘cu 2
k) 35 an ¥ -
. &) Heat Production and Supply == % ¢) Biomass Burning 2 Atk —— Power Plants D —=- Biomass Burning 2 I
0 N 4 iy A ol l::"“ 40- == Steel and lron Factories —4— Cement Factories =
25 aRT '_‘: z:]‘;:“ a8 oy —e— Heat Production and Supply 12 H
™ ¥ \"; ~a- BO% 20 A _ - R0% 30 /,‘- : u IL I'
15 3 15 % A ,/":4.::‘ :-~::~:\:\\ :i 00 T2 > ;}h 5 g g' g! 1 2zzg
-, - el = - s 2
W i s W= ol 2SS pF3230 T3
A Mié?:..' o ., ® 4] - w A A0 7 7z m 2w
= s 1
Jan Teb Mar Apr May Jun Ju Aug Sep Ocl Nov Dec ® Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jen TFeb Mar Apr Muy Jun Jul Aug Sup Ol Nov Duc
_ 34.8°N
%1% ¢) Power Plants %1% h) Steel and Iron 14 ) Cement Factories %1% i) Heat Production "' k)Biomass Burning
012 o2 Factories [XE o2+ and Supply 012
0.10 o010 0.10, -
34.4°N
s o8 now
0.06 0.06 0.0
o oua nos 114°E 115°E 116°E 117°E 118°E 119°E 120°E 121°E 34°N L tvr: Power Flants
0.0z 0.02- 0.02 } Starl cuned Toon Fon ising
Lleet Prucuction 2nd Supply
o o e 000 00 b Cranwnl Faclan as
\ . T - - 5
114°E 115°E 116°E 117°E 118°E 119°E 120°C 121°C o 3 .
! 116K 117°K 11H°K 114%¢
Industrial Source Types hl ratio Attribution Factors

Power Plants [M,L]
[H,L]
[L.H]
(L.M]

[L.L]

Steel and Iron Factories
Cement Factories

Heat Production and Supply

Biomass Burning

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



What + Where + When > Why V@ Necon i @
CO2 Indirect Calculation FomREEAEA

We use 3 different satellite products TROPOMI NOZ, CO and SO, VCDs
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SATELLITE
SPECTRUM

COLUMN
CONCENTR

METHOD

EMISSION * g /2L

Divergence-Based Method The Cross-sectional Flux

Modified Gaussian Function Integrated Mass
Enhancement

Learning-based Method Mass Balance Method
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» Observation Based Approaches
» Model Based Approaches

Flexible Inclusion of Atmospheric Thermodynamics,

Dynamics, and Chemistry to Quantify Emissions of NO,,

CO and CH,

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
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Emissions: Fast, Attributable, Physical, Open, Accessible
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Thermodynamics of combustion 1 Chemical Production|| Atmospheric Diffusion
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Wet and Dry
Deposition

(MFIEEZNOy)

1 1 1 -
CO) + (Vco) — — HCHO) + —- V(u >VCO (MFIEE-CO)
A2q az2p as

CH4 = % (Vena) + ais V(u-Vene) + ais V2(Verh) (MFIEE-CH,)

Epc = = (Vac) + — |Rain|(Vae) + —— |ul(Vgc) & - V(u - Vgc) (MFIEE-BC)
dt @4q ®4h X3

Atmospheric Transport: pressure induced and gradient induced

L1, 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
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Shortening the Path From
Remote Sensing Observations
to Real-World Emissions
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