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Climate change in the high Arctic 
is affecting the tundra[3]

Current annual balance ∼ zero[1]

[1] Schuur et Al., 2015; [2] Kessler et Al., 2015; [3] IPCC, 2019

WHAT WILL HAPPEN IN THE FUTURE?

Higher temperature à higher CO2 release 
by respiration

Higher temperature à higher CO2 uptake by 
photosynthesis

[2]

The Arctic tundra carbon balance

Changes in 
the balance

between CO2
uptake and 

release



ERGPP NEE

?Identification of the 
Arctic carbon flux drivers

• Reduce current uncertainties in carbon balance

• Support prediction of climate change effects

Biological carbon balance in the Arctic tundra

[1] Magnani et Al., 2022

1. Large uncertainties

2. High interannual variability may mask

the true long-term behaviour



Bayelva Basin Ny Ålesund, Svalbard

• West of Ny Ålesund, in the Brøgger
peninsula, Spitsbergen, Norway

• Snow-free seasonàJune-September

• Active layer depth ∼ 0.5 to 1.5 m

• Southern border àAustre and Vestre
Brøggerbreen glaciers. 



Measured and derived variables for each sample point

• Soil Temperature
• Soil Water Content
• Air Temperature
• Atm. Pressure
• Solar Irradiance
• Air Relative Humidity
• Vegetation cover category
• Green Fractional Cover[2] à RGB pictures

GPP=Gross Primary Production = NEE - ER

Portable transparent/shaded accumulation chamber 
+ IRGA

NEE
Net Ecosystem Exchange

ER
Ecosystem Respiration

Field sensors

[1] Magnani et Al., 2022; [2] Liu & Pattey, 2010 

July 2019 (Magnani et al. 2022)



[1] Magnani et Al., 2022; [2] Ruimy et Al., 1995; [3] Lloyd & Tylor, 1994 

Temporal variability à point-scale measurements[1]

24h samplings

𝐸𝑅 = a exp 𝑏!𝑇" + 𝜀[3]𝐺𝑃𝑃 = #!"#$rs
#!"#%$rs+ 𝜀

[2]



Spatial-temporal variability à site-scale measurements[1]

𝐺𝑃𝑃 = !!"#"rs
!!"##"rs (𝐴$ + 𝐴%𝐺𝐹𝐶 + 𝐴&𝑉𝑊𝐶) + 𝜀

[1] 𝐸𝑅 = 𝑎$ + 𝑎%𝐺𝐹𝐶 + 𝑎&𝑉𝑊𝐶 exp 𝑏$𝑇' + 𝜀[1]

Random samplings at site scale

[1] Magnani et Al., 2022. Microscale drivers of summer CO2 fluxes in the Svalbard High Arctic tundra. Sci Rep



The role of the green fractional cover

𝐺𝑃𝑃 = !!"#"rs
!!"##"rs (𝐴$ + 𝐴%𝐺𝐹𝐶 + 𝐴&𝑉𝑊𝐶) + 𝜀

[1]

𝐸𝑅 = 𝑎$ + 𝑎%𝐺𝐹𝐶 + 𝑎&𝑉𝑊𝐶 exp 𝑏$𝑇' + 𝜀[1]

[1] Magnani et Al., 2022. Microscale drivers of summer CO2 fluxes in the Svalbard High Arctic tundra. Sci Rep



AIRPORT

CCT

CZ

• NEE
• ER
• Soil Temperature 
• Soil Water Content
• Air Temperature
• Atm. Pressure
• Air relative humidity
• Solar Irradiance
• Vegetation cover category
• Green Fractional Cover

Study Area
• West of Ny Ålesund, in the Brøgger

peninsula, Spitsbergen, Norway
• 3 plots (AIRPORT,CCT,CZ)

2021 & 2022
Field campaigns



2022

ER GPP

The analysis is ongoing – for now, a few hints on the behavior of the non-vascular component



Gross Primary Production

Vascular Non-Vascular
𝐺𝑃𝑃 =

𝐹(')𝛼rs
𝐹(') + 𝛼rs (1 + 𝐴%𝐺𝐹𝐶 + 𝐴&𝑉𝑊𝐶) + 𝜀
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Gross Primary Production
Non-Vascular

𝐺𝑃𝑃 =
𝐹(')𝛼rs
𝐹(') + 𝛼rs (1 + 𝐴%𝐺𝐹𝐶) + 𝜀 𝐺𝑃𝑃 =

𝐹(')𝛼rs
𝐹(') + 𝛼rs (1 + 𝐴%𝐺𝐹𝐶 + 𝐴&𝐴𝑖𝑟𝑅𝐻) + 𝜀
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Study inter-annual variability

Understand the drivers of the non-vascular component

Suggestions welcome!

Future steps

2019

NON-VASC VASC MIX

2021

NON-VASC VASC MIX

2022

NON-VASC VASC MIX

Total

NON-VASC VASC MIX

320 320 322

962



Thank you for your attention
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