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“Scene in the Arctic”, William Bradford, 1880



7/10/2020 vGMAC 2020

2

1137-1850 PgC
In Arctic soils

Possible 21st Century 
Emissions :

0.9 +/- 0.5 PgC/yr
~ 30 TgCH4/yr

(assuming constant annual 
emissions)

(Schurr et al., 2015,2013)

Fig.-S Masias



Estimating the Carbon Fluxes
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Bottom-Up
(BU)

Top-Down
(TD)
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TD: Atmospheric Observations Give Spatial and Temporal 
Information About Emissions 
(but you need to account for atmospheric transport)

vGMAC 2020

Growth Rate Anomalies
(ppb/yr)

(E. Dlugokencky)
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TD: Atmospheric Inversions – Synthesizing Models and 
Observations

Remotely- Sensed Column Data

In Situ Surface 
Network Data

Carbon Flux Models

Earth System Model
With Data Assimilation
Now: TM5
Future: NGGPS

Carbon Analyses

Estimated Fluxes

www.esrl.noaa.gov/gmd/ccgg/carbontracker/
www.esrl.noaa.gov/gmd/ccgg/carbontracker-ch4/
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FLUXNET Sites (2015)
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Chu et al., 2017

Need ~20 yrs to detect trends
(Baldocchi et al, 2018)



Do TD and BU CO2 Flux Estimates Agree ?
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FLUXCOM, NDVI-Based Approaches, SiB4 –
Arctic is Neutral or a Small Sink

(Natali et al., 2019 – Arctic is a Source)

Inversions – Arctic is a Sink
(M. Leonard)



Do TD and BU CH4 Flux Estimates Agree ?
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Thornton et al., 2016, also AMAP, 2015

~ 2.5x !



The Arctic Network: We Need Long Data Records to 
Detect Trends

AMAP,2015

Arctic Monitoring Sites

7/10/2020

9

vGMAC 2020



Regional Gradient Analyses Reveal Changing CO2 Fluxes
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Sweeney et al., 2016

Commane et al., 2017

Utqiavik (Barrow), AK
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Evidence for Increasing Respiration 

Scant Evidence for Increasing CH4 Emissions 
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https://earth.nullschool.net

The Atmosphere is Noisy and Non-Zonal

11/9/20



The Inter-Polar Difference (IPD)

Reasonable Agreement Between 
Analysis CH4 and Observations
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Variability and Trends are Dominated by Transport

Lots of variability in the pole-to-
pole gradient between sites.

Not much difference between 
constant and varying emissions

How many sites are needed to 
get a representative average?

Trend is present in both 
simulations implying lower 
latitudes changes are driving it.

7/10/2020

13

vGMAC 2020



What Do Atmospheric Inversions Say?

Considerable disagreement between 
inversions.

Black line is annual flux averaged over 
inversion ensemble.

Slight, statistically significant trend 
towards increased uptake of CO2. 
(-0.01 PgC/yr)

Slight, statistically significant trend 
toward higher CH4 emissions.
(0.20 Tg/yr)

Are these trends likely to be robust? 
Probably not!
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CO2

CH4
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New Joint CH4 - 13CH4  Inversions

No Trend in Microbial Emissions

About Equal Contributions from 
Fossil and Microbial Sources

Using 13CH4 Gives Higher 
Microbial Emissions

Wetland Map Has Relatively 
Low Areas Compared to 
Previous Maps
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• CO2 emissions are likely changing in response to changes in Arctic 
Climate, but there is not yet strong evidence of changes in CH4
emissions, although small changes cannot be ruled out.

• The Arctic observing network needs to be expanded.

• Globally distributed observations are essential.

• We need a strong international commitment to sustaining long-term 
data records, insuring their quality, and sharing data.

vGMAC 2020
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