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Motivation

Methods

Net ecosystem exchange (NEE) measured with the eddy 
covariance (EC) technique is widely used to estimate CO2 
budgets in a number of ecosystems. EC method has also 
been used in urban areas where NEE consists of many 
different sources and biogenic sink. Unfortunately, 
anthropogenic (Fa) and biogenic (ecosystem respiration, 
R; gross primary production, GPP) signals  within NEE 
cannot be distinguished with CO2 measurements alone, 
but the help of footprint analysis or other methods have 
been used. 

Potential of COS as a tracer for photosynthesis has been 
studied in environments with high vegetation fractions, 
but urban measurements have been disrupted by 
anthropogenic emissions. Our aim is to estimate urban 
GPP using COS measurements.

EC measurements of CO, CO2 and COS were conducted at 
ICOS FI-Kmp ecosystem station (aka SMEAR III) in Helsinki, 
Finland. Quantum cascade gas analyzer (QCL; Aerodyne 
Research Inc., Billerica, MA, USA) was used to measure 
molar fractions  Measurements were conducted in Winter 
2020–2021 and Summer 2022.

Results

In equation (1), a simple carbon budget for urban areas is 
constructed. Terms are net ecosystem exchange (NEE), 
ecosystem respiration (Reco), gross primary production (GPP), 
and anthropogenic sources (Fa).

GPP cannot be measured or estimated with CO2 EC 
measurements alone, but COS is used as an assisting tracer, as 
shown in equation (2).

Ideally, leaf-relative uptake of COS and CO2 (LRU) would be 
estimated with chamber measurements. In the absence of 
them, equation (3) – acknowledging a number of 
environmental variables – is used for estimation.

Suitability of COS measurements to Helsinki was assessed 
from Winter measurements; Without biogenic uptake of COS, 
flux is negligibly small. This, with a weak correlation between 
COS and CO fluxes, indicates insignificant COS sources.

During  Summer positive correlation between COS and CO2 
indicate daytime biogenic uptake. Therefore, COS has 
potential as a GPP tracer in urban environment.

Conclusions and outlook

Due to instrumentation, only few days of precise XCOS data exist. 
During those, estimated LRUCAP values follow a diurnal cycle 
similar to measurements in a boreal forest, but with slightly 
lower values. Changes here are likely, due to parameterisation 
and possible nocturnal storage fluxes.

  

Estimated GPP is the same order of magnitude as in a boreal 
forest, and larger than modelled for the area (13.5 µmol m-2s-1; 
Järvi et al., 2019). When Fa is solved as a residual of other 
equation (1) components, a peak from morning traffic can be 
seen, but afternoon values are lower than expected.

COS can be used as a GPP tracer in urban areas, but availability 
and precision of COS molar fraction measurements should be 
ensured, and literature parameters checked.

New measurement campaign in Helsinki in Summer 2023, with 
more careful instrumentation. 
 
More heterogeneous source area was measured in Zürich over 
Winter 2022–2023. 
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Figure 2. Land coverage in the vicinity of the measurement station. Footprint 
area is roughly separated into vegetation, urban, and street sectors.

Figure 1. Measurement location at Helsinki, Finland. Cross and surrounding 
circle mark the EC mast and a 500 m radius
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Simple urban 
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variables and COS
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anthropogenic 
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Figure 3. Scatter plots of COS, CO, and CO reveal low winterly COS fluxes, and their 
independence from CO fluxes. On summer days COS and CO2 fluxes are positively 

correlated, which supports using COS as tracer for GPP.

Winter: 16.10.2020 – 5.2.2021

Summer: 26.6.2022 – 1.8.2022

No 
anthropogenic 

COS fluxes
NB: scale

Biogenic uptake 
of CO2 on 

summer days

Short period of 
reliable data 

show LRUCAP to be 
most accurate 

method.
GPP values have 

same order of 
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First round of 
urban COS 

measurements  
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than expected 

carbon sink and a 
varying Fa. 
However, 

parameterisation 
needs to be 

revisited.

More to come!
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Figure 5. Diurnal cycles of measured carbon budget components from equation (1). 
Data points show the median values, and the coloured areas the interquartile range.
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Figure 4. Comparison of urban measurements in Helsinki and boreal forest 
measurements in Hyytiälä (Vesala et al. 2022). Left panel shows COS fluxes and NEE 
diurnal cycles, right panel shows estimated LRUs and GPPs (Kohonen et al., 2022).
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