
Monitoring Dynamics of Agricultural 

Methane Emissions in the Contiguous 

US from Sentinel-5P TROPOMI Data 

Zhe Li and Rick Mueller

National Agricultural Statistics Service (NASS)

United States Department of Agriculture (USDA)

Sentinel-5P Mission: 5 Years Anniversary, October 10 – 14, 2022, Taormina, Italy





• Methane (CH4) is the second most abundant anthropogenic GHG after carbon dioxide (CO2) but 
is 25 times more potent than CO2 at trapping heat in the atmosphere.

About methane

• Crop (e.g., rice cultivation) and 
livestock production (e.g., 
intrinsic fermentation and animal 
waste), is responsible for up to a 
third of total anthropogenic GHG 
emissions (Carlson, et al., 2017).

https://www.eia.gov/environment/emissions/ghg_r
eport/ghg_methane.php

https://www.epa.gov/ghgemissions/overview-
greenhouse-gases#methane

• CH4 is emitted from both natural (e.g., natural wetlands) and anthropogenic (~75%) sources. 

• By 2017, agriculture became the largest anthropogenic source 
of methane emitting to atmosphere (Smith et al., 2021). 

• A UNEP Global Methane Assessment Report in 2021 shows that methane emissions from 
livestock (including cattle) are the largest sources of agricultural emissions worldwide and 
cattle are the top source of methane emissions in the US (Jones et al., 2021)



Objectives

• Better understanding of the mechanisms and dynamics of CH4 emissions from 
agriculture is essential to informed mitigation actions by policy makers, 
farmers, and ranchers.

• In the U.S., livestock production, in particular Concentrated Animal Feeding 
Operations (CAFOs), and rice cultivation are key sources of CH4 emissions 
from agriculture.

• To examine spatial-temporal patterns of CH4 emissions and their relationship 
with agricultural activities, we analyzed data from a variety of sources to 
account for agricultural contributions to GHG.

• ESA Sentinel-5P TROPOMI offline L3 CH4 data ingested on Google Cloud Platform
• MODIS Terra Normalized Difference Vegetation Index (NDVI) 
• USDA NASS Cattle on Feed (COF) Reports 
• US EPA Concentrated Animal Feeding Operations (CAFOs) distribution data
• USDA NASS Cropland Data Layer (CDL)

Datasets used for analysis



TROPOspheric Monitoring Instrument (TROPOMI) 

• Sentinel-5 Precursor, launched in October 2017, is an Earth 
observation satellite developed by European Space Agency (ESA) as 
part of the Copernicus Program dedicated to monitoring the 
atmosphere. 

• TROPOspheric Monitoring Instrument (TROPOMI) is a satellite 
instrument on board this satellite.  

• TROPOMI uses absorption information from the Oxygen-A Band 
(760nm) and the SWIR spectral range to measure CH4 column 
concentration  with sufficient accuracy for CH4 abundance 
monitoring at global, continental, or national scales. 



ppbV (parts per billion by volume)

Annual methane concentrations derived from Sentinel-5P OFFL CH4 dataset

2019 2020

2021

• We processed Sentinel-5P OFFL CH4 dataset 
ingested by Google Earth Engine and 
generated annual methane concentrations 
for 2019, 2020 and 2021. 

• TROPOMI measured CH4 concentrations 
increased across most parts of the 
contiguous US from 2019 through 2021.
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Monthly methane concentrations from Jan 2019 to Apr 2022 derived from Sentinel-5P OFFL CH4 dataset

ppbV

We generated 40 monthly images (from Jan 2019 to Apr 2022) for CONUS using Google Earth Engine.



Trends of monthly methane concentrations Feb 2019 – Mar 2022

Mann-Kendall’s Tau coefficients 

ranging from -1 to 1 show trends of 

monthly methane’s concentrations 

between Feb 2019 and Mar 2022 (38 

months). Positive numbers indicate 

increasing trends, and negative 

numbers decreasing trends. The map 

shows CH4 emissions increased in most 

areas of the US in the specified period. 
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Monthly methane emissions in 2021
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Fourier Transform for time series analysis - seasonal decomposition

• The Fourier Transform transforms a signal 
from the time domain to the frequency 
domain. 

• A time series can be considered as 

a combination of level, trend, seasonality, 

and noise components.

• Decomposition of a time series gives us a 
better understanding of the frequencies 
inside a signal. 
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Seasonality patterns of monthly cattle on feed and CH4 concentrations 

Cattle on feed CH4 concentrations

Fourier Transform derived seasonality from cattle on feed and methane concentrations

y = 0.02x - 0.1142

R² = 0.7455
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Relationship between seasonalities of monthly 
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p < 0.0001

• Fourier Transform-derived seasonality of 

monthly cattle on feed and that of methane 

concentrations were highly consistent during 

the time period from Dec 2018 through Feb 

2022.

• A significant positive correlation (R2 = 0.75) 

existed between the two seasonality 

components.



Fourier Transform derived seasonality from NDVI and methane concentrations
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Seasonality patterns of monthly NDVI and CH4 concentrations 

NDVI CH4 concentrations

y = -0.0037x - 0.2859
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p < 0.0001

• Fourier Transform-derived seasonality of NDVI 

and that of methane concentrations showed 

opposite patterns during the time period from Dec 

2018 through Feb 2022.

• A significant negative correlation (R2 = 0.39) 

existed between the two seasonality components.

• The results explained lower CH4 concentrations 

detected during summertime than wintertime as 

shown in TROPOMI images.  
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Trends of monthly NDVI and CH4 concentrations 
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p < 0.0001

p = 0.764

• Results show that methane 

concentrations significantly increased 

in the atmosphere over the counties 

having CAFOs during the time period 

from Jun 2019 to Aug 2021.

• The trend of cattle on feed had a 

significant positive correlation with the 

trend of methane concentrations for 

the time period, and the former 

accounted for 62% of methane’s 

increasing trend.

• The monthly NDVI did not show a 

significantly increasing or decreasing 

trend for the same time period.

• There was no correlation between the 

trend of NDVI and that of methane 

concentrations. 

1835

1840

1845

1850

1855

1860

1865

1870

1875

1880

1885

11400

11450

11500

11550

11600

11650

11700

11750

11800

C
H

4
c

o
lu

m
n

 c
o

n
c

o
n

tr
a

ti
o

n
s 

(p
p

b
V

)

N
u

m
b

e
r 

o
f 

c
a

tt
le

 o
n

 f
e

e
d

 in
v
e

n
to

ry
 o

n
 

1
,0

0
0

+
 c

a
p

a
c

it
y
 f

e
e

d
lo

ts
 (

1
0

0
0

 h
e

a
d

)

Trends of monthly cattle on feed and CH4

concentrations 

Cattle

CH4

Fourier Transform derived trends from cattle on feed, NDVI and methane concentrations



Summary and Conclusions

• TROPOMI measured CH4 concentrations increased across most parts of the contiguous US 
during the study period. 

• Higher CH4 concentrations were detected from rice paddy fields than from CAFOs areas.
• Spatially, the distribution pattern of CH4 concentrations from agricultural activities is highly 

consistent with those of CAFOs and rice cultivation.
• Temporally, both the FT derived seasonality and trend of monthly cattle on feed on 1000+ 

capacity feedlots were highly correlated with those of CH4 concentrations for the study period. 
• NDVI seasonality was negatively correlated with CH4 seasonality, and no correlation existed 

between the trends of the two during the same period. 

• Future work will be extended to estimate the number of livestock on feed at any given time 
using Sentinel-5P TROPOMI data through building RNN (e.g., LSTM) deep learning models.   

• This suggests seasonal fluctuation of CH4 was associated with both the 
number of cattle on feed (COF) and NDVI. 

• However, increasing trends of CH4 were partially associated with COF (62%) 
but not NDVI.
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