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Carbon Cycle of a Single Tree. Credit: Valerie Martin, TERC

Quantify biogenic CO, fluxes at the urban
scale(10m-1km) is critical and challenging


https://urbag.eu/ghg/

Motivation

Determine efficacy of mitigation strategies involving Green Infrastructures

1) How effective is urban greenery in reducing CO,
emissions in a Metropolitan Area?

* Biogenic CO, fluxes estimation at 1km in the Metropolitan
Area of Barcelona (AMB)

Vegetation Photosynthesis and Respiration Model [VPRM]

2) To what extent does the improved resolution and
parameterization enhance our ability to identify urban
biogenic CO, emissions?

* Different VPRM configurations

* Estimated biogenic fluxes are evaluated with
atmospheric CO, observations
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Meteorology validation

— OBS —— SIM

SantCugat
254
O
~ 204
)
|-
>
+—
© 5]
)
o
g
= 10 A
5_
|0|3||IIIIIIDIIIIIIlITIIIIIIZIAII
Apr
2023
Time
ObsFabra
25

r
[=]
1

Temperature (°C)

Apr
2023

Time

I0I3IIIIII1I0IIIIllll}'llllll2l4l

Solar Radiation (W/m?)

Solar Radiation (W/m?2)

O Weather stations € GHG stations

Temperature Solar radiation

RMSE MB R RMSE MB R

April 1.49 0.18 0.94 2.11 0.70 0.88

December 92.51 30.04 0.97 43.11 10.77 0.96

SantCugat

1000 4
800 -
600 -
400 A
200 4

O-J il U L J Agigiigll L J u w UL

I0I3II Illll)llllllll?l 24
Apr
2023
Time
ObsFabra
1000 H
800 1
600 + n]
il

400 +
200 1

OJLJJL R

I0I3III Illll)llllllll?l 24
Apr
2023
Time



Estimated Emission pattern
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Table. Monthly offset percentage of biospheric CO, emissions relative to
anthropogenic emissions within AMB(Metropolitan Area of Barcelona)
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Estimated anthropogenic emissions in AMB from CAMS are

generally higher than EDGAR

— AMB

The seasonal difference of vegetation activity are reflected



Observed and Simulated CO, Concentration_April

*EDGAR(2023)

Diurnal Variation of CO2 Concentration at ICTA
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*CAMS (2022)

Diurnal Variation of CO2 Concentration at ICTA

Fig . Monthly averaged diurnal cycle of CO, concentrations at ICTA(highway)and Fabra(forest) in April. Concentrations from Observation(black solid), Background and Ocean(blue solid),
Background,Ocean,and anthropogenic activities(green solid), total with biosphere fluxes from VPRMdef_modis (orange dashed), total with biosphere fluxes from VPRMdef_s2 (orange solid), total

with biosphere fluxes from VPRMmod_modis (red dashed), total with biosphere fluxes from VPRMmod_s2 (red solid).

anthropogenic activities(green solid) and total series from VPRM inputs are biogenic contributions. The height of PBL(Planetary Boundary layer ) is represented by dashed pink line.

The difference between concentrations of Background,Ocean,and

5

Contribution of biogenic concentration
to the total concentration are negative
(uptake), which are mainly constrained
by different satellite inputs.



Observed and Simulated CO, Concentration_December

*EDGAR(2023)

Diurnal Variation of CO2 Concentration at ICTA
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Fig . Monthly averaged diurnal cycle of CO, concentrations at ICTA(highway)and Fabra(forest) in December. Concentrations from Observation(black solid), Background and Ocean(blue solid),
Background,Ocean,and anthropogenic activities(green solid), total with biosphere fluxes from VPRMdef_modis (orange dashed), total with biosphere fluxes from VPRMdef_s2 (orange solid), total with
biosphere fluxes from VPRMmod_modis (red dashed), total with biosphere fluxes from VPRMmod_s2 (red solid). The difference between concentrations of Background,Ocean,and anthropogenic
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*CAMS (2022)

Diurnal Variation of CO2 Concentration at ICTA

465 -
k700
460 1
600
455 1
450 4 r 500
E
445 Laoo 5
3
I
3
440 1 g
300
4351
200
4301
k100
425
0000  03:00  06:00  09:00 1200  15:00  18:00  21:00  00:00
Time
Diurnal Variation of CO2 Concentration at Fabra
436 1
L 500
434
432 | L 400
E
4304 5
k300 £
5
o
2
428 A
200
426
424 \__’_\__\_//\\— L 100
00:00  03:00  06:00  09:00 1200 1500  18:00  21:00  00:00
Time

activities(green solid) and total series from VPRM inputs are biogenic contributions. The height of PBL(Planetary Boundary layer ) is represented by dashed pink line.
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Biogenic contributions derived by
default VPRMs are positive(release)
while modified VPRMs are
negative(uptake)



Summary

1) How effective is urban greenery in reducing CO, emissions in a Metropolitan Area?

*Urban vegetation can at most offset 23% of anthropogenic emissions in AMB. CO, offsets are much stronger in April
compared to December, reflecting the seasonal cycle of vegetation activity.

2) To what extent does the improved resolution and parameterization enhance our ability to identify urban biogenic
CO, emissions?

*The strongest emission offset occurs in ModVPRM_s2,indicating that improved VPRM with high-resolution satellite
inputs can estimate large CO, uptake.

*WRF-Chem well simulates the diurnal trend of total CO, concentration. In April, negative biospheric contributions are

sensitive with different satellite inputs. In December, the biospheric contributions should be estimated more
carefully(uptake or release?). Major difference are shown between the default VPRMs(release) and the modified
VPRMs(uptake) instead of with different satellite inputs.



Future work

*Further simulations over a year to study the annual emissions and concentrations in AMB
*Run different VPRMs with meteorological inputs from WRF at 10 m, getting the biogenic emissions at 10m
*Compare the anthropogenic emissions from datasets (CAMS, EDGAR) with local inventory(1km)

*Improve human metabolism estimation
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