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Regional influences on Northern Hemisphere atmospheric CO2 seasonal amplification
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The Northern Hemisphere atmospheric
CO2 seasonal cycle amplitude (SCA) has
been increasing since observations
began in the late 1950s
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Observations at different latitudes and different altitudes have
shown differential increases, which can be used for flux inference
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ALT (82.45°N, 62.51°W, 195m)

BRW (71.32°N, 156.58°W, 28m)

Atmospheric inversions provide optimal
estimates of surface net ecosystem
exchange, consistent with spatiotemporal
variations in observed CO:
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Approach: Simulate regional contributions to atmospheric CO2
distribution using optimized fluxes from inverse models
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Approach: Simulate regional contributions to atmospheric CO2
distribution using optimized fluxes from inverse models

CAMS GEOS-Chem Atmospheric Transport Model
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Approach: Simulate regional contributions to atmospheric CO2
distribution using optimized fluxes from inverse models
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CO: species from individual
regions sum to provide an
estimate comparable to

observations
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Approach: Simulate regional contributions to atmospheric CO2
distribution using optimized fluxes from inverse models

CAMS GEOS-Chem Atmospheric Transport Model
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Approach: Simulate regional contributions to atmospheric CO2
distribution using optimized fluxes from inverse models

CAMS GEOS-Chem Atmospheric Transport Model
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Simulated CO: is carefully evaluated against surface
observations for both mean values and trends.
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CO2 observed from aircraft provides independent evaluation of inversion results and
ensures that results are not due to bias in vertical transport within atmospheric model.
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b

Simulated CO, SCA (ppm)

Simulations capture seasonal dynamics and trend,
albeit some bias in vertical mixing in GEOS-Chem
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Simulated CO, SCA (ppm)

Particular focus on Siberian sites reveals modest mean bias in
CAMS despite lack of assimilated observations there
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Simulated CO, SCA (ppm)

Simulations capture seasonal dynamics and trend,
albeit some bias in vertical mixing in GEOS-Chem
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Simulations capture seasonal dynamics and trend,
albeit some bias in vertical mixing in GEOS-Chem

Simulated CO, SCA (ppm)
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CO, seasonal cycle (ppm)
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CO, seasonal cycle (ppm)
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Contribution to CO, SCA (ppm)

Contribution to SCA¢q. (ppm)
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much as Siberia to high
latitude amplification
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Northern Hemisphere surface shows regionally
heterogeneous trends in seasonal amplitude

Lin et al., 2020




At high latitudes, the imprint from North America is localized,
whereas the influence of Siberia is wide-spread




Top-down constraints from atmospheric CO2 corroborate
bottom-up ecosystem observations and satellite trends

Greening vs browning

50 A
North America Eurasia
40 A
30 A

20 A

% Pixels

10 A

90°W
Trend in PAP Mean NDVI With Respect to 1982 (%/Decade)
h |

—10 4

<20 0.1 00 01 02 03 04 05 06 07 >08

Bi et al., 2013




CAMS NEE shows strong increases in Siberia, western boreal North America, and
temperate croplands
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Simulated CO2 at 500 mb is much more strongly influenced by mid-latitude fluxes

'i

$3%:
4

i

Lin et al., 2020




Altitude (km)

Neither modeled nor observed trends are robust throughout
free troposphere, likely due to large interannual variability
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Altitude (km)

Neither modeled nor observed trends are robust throughout
free troposphere, likely due to large interannual variability
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Change = CO; amplitude [%)

Improvements in modeling both amplitude and trend are seen in

CMIP6 ensemble
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Change = CO; amplitude [%)

Improvements in modeling both amplitude and trend are seen in

CMIP6 ensemble
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CO; amptude {ppm)

CESM2 better captures amplitude and trend over a range of

Mauna Lod

4 6 $ 10 1
Mostn

oM

(f

1960

—p g
1980 2000 2020
Yeur

latitudes and altitudes

Barrow
{d) |
54

10

CO; [pom|
o

CO, ampirtude (ppm)

— CESML
[« el e e A——
1960 1580 2000 2020
Yew

Lombardozzi et al., in review




Nitrogen fertilization in managed croplands drives most of the change in amplitude
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Nitrogen fertilization in managed croplands drives most of the change in amplitude
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Model development focused on phenology and PFT-level behavior at high latitudes
has improved CLMS5 performance
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Model development focused on phenology and PFT-level behavior at high latitudes
has improved CLMS5 performance
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... but NEE amplitude remains weaker than inferred from FLUXCOM and doesn’t
capture amplification
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Flux amplitude trend [kg C km-2 mon-1 y-1]
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Conclusions
Boreal and Arctic ecosystems in Siberia cause about half of high-latitude seasonal
cycle amplification

North American Arctic-boreal ecosystems indicate, at regional scale, a smaller net
amplification

This continental asymmetry is consistent with satellite metrics for ecosystem
greening/browning

Temperate ecosystems play a large role in shaping the annual cycle amplitude at high
latitudes

CESM2 shows that the bulk of the NEE amplitude change is due to agricultural
nitrogen fertilization
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