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Human-related vegetation activities:
Mowing, Irrigating, Pruning, Fertilizing

How effective is urban greenery in reducing CO2 emissions in a Metropolitan Area?

1.Background

Green infrastructure: a network of (semi-)natural areas which are 
protected and enhanced to deliver ecosystem services, while also 
benefiting biodiversity and human well-being.
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Allometric equations

Soil respiration
*flux chamber

Vegetation Respiration

Photosynthesis
(GEE,GPP)
*sap flow

C stored

Roots
*Eddy Covariance 
flux tower

Measurements Modelling Approaches

*tracers
(NOx
CO
COS
C14)

1.Background_How to quantify the biogenic flux of a city?
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Light-Use-Efficiency 
Model

Process-based 
Model

VPRM

diFUME

SMUrF

SUEWS

JSBATCH

SURFEX

*satellite(regional-global)

Low input data requirements

Not account for long-term 
carbon stocks

In this work we apply the Vegetation Photosynthesis and Respiration Model [VPRM] 

Explicitly simulate physical 
processes 

Extensive parameterization 
and data requirements



2. Emission Assessment_Study Area and Model Setting

Land Cover
(local map with tree classification;10m)

Meteorological data
(Temperature, Solar 
Radiation, and Soil Moisture 
from WRF at  1km)

Vegetation indexes
(500m;10m)

Modified VPRM 
accounting for soil 
moisture effects 
and a better 
respiration 
parameterization[1]

Modis
500m

Sentinel2
(s2) 10-20m

VPRMDefault VPRMModified

AMB: Metropolitan area of Barcelona

1km x 1km 
Vegetated area: 58%
Population density:  16157 Inh/km2

Year:2023

EDGAR2023

Human Metabolism

Biogenic flux

Area

Anthropogenic inventory
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(a) (b) (c) (d)

2. Emission Assessment_Biospheric contributions among different configurations

VPRMDef_modis 2%

VPRMDef_s2 9%

VPRMMod_modis -4%

VPRMMod_s2 -8%
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Biospheric contribution(%) = Biogenic Flux / (Biogenic Flux + Anthropogenic Flux)



2. Emission Assessment_ Biospheric contributions across cities

Different calculations:  
Biogenic Flux / Anthropogenic Flux
Biogenic Flux / (Biogenic + Anthropogenic)

Different scales (neighborhood and city)

A guideline for accounting biogenic contributions should 
be established and applied to more cities

Higher green coverage, regardless of climate and 
population density, is generally associated with more 
negative (sink-
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3. Observed and Simulated Concentration_Overview

Biogenic CO2 emission

INPUT

Land Cover

Meteorological data
(WRF)

Vegetation indexes

EMISSION

Vegetation Photosynthesis and Respiration 
Model (VPRM)[1]

and respiration 

Anthropogenic CO2 emission

Atmospheric  Model

Ocean CO2 emissionOcean fluxes over Europe

The Weather and 
Research Forecasting 
model (WRF) coupled 
with chemical transport 
(WRF-Chem)[3]

CONCENTRATION MONITORING NETWORK

Weather stations       GHG stations

validate

Anthropogenic emission 
inventory datasets

High-Elective Resolution Modelling Emission 
System(HERMES)[2]

Python-based and multi-scale  modelling
tool for the processing and  computation of 
atmospheric emissions for air quality and 
greenhouse modelling

Emission factor

Population density map

Human Metabolism
* Different emissions 
are treated as different 
tracers in WRF-Chem

Weather stations  Meteocat
GHG stations:  https://urbag.eu/ghg/

ICOS cities portal
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3. Observed and Simulated Concentration_WRF-Chem setting

Simulation period: (spin-up time is 2 days)

April and December, 2023

Domain D01(9km) D02(3km) D03(1km)
horizontal grid 150 ×145 118 ×118 121 ×121
Vertical layers 45

Biogenic emission
VPRMMod_modis VPRMMod_modis VPRMMod_s2

Anthropogenic 
emission EDGAR(2023) (0.1x 0.1º)[2]

Human metabolism / / Population density * 
280kg/inh year[3]

Ocean emission ICOS[4]

Chemical boundary CAMS global inversion dataset[5]
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3.Observed and Simulated CO2 Concentration_April

The model captures the general trend of variation but generally
underestimates night-time peak concentrations compared to
observations. This can be attributed to the modelled night-time PBL.

Contribution of biogenic concentration to the total concentration are
negative (uptake) during midday time (11:00-18:00 ).
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3. Observed and Simulated CO2 Concentration_December
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The diurnal cycle of  CO2 concentration in December 
has high values in night compared with that in April 

Fabra forest station show stronger uptake effect during 
midday time

Key take aways

the modified VPRM using 
sentinel2 indices estimating the highest uptake(-8%). 

A guideline for 
accounting biogenic contributions should be established and applied to more cities

WRF-
captured, however, during the night, the high uncertainty in the anthropogenic emissions and the errors in the 
atmospheric transport model, does not allow us to discern the biogenic contribution.

12



Reference

[1]Segura-Barrero, R., and Coauthors, 2025: Heat and Drought Events Alter Biogenic Capacity to Balance CO2 Budget in South-
Western Europe. Glob. Biogeochem. Cycles, 39, e2024GB008163, https://doi.org/10.1029/2024GB008163
[2]Crippa, M., and Coauthors, 2024: GHG emissions of all world countries. JRC Publ. Repos., https://doi.org/10.2760/4002897.
[3]Moriwaki, R., and M. Kanda, 2004: Seasonal and Diurnal Fluxes of Radiation, Heat, Water Vapor, and Carbon Dioxide over a
Suburban Area. J. Appl. Meteorol. Climatol., 43, 1700 1710, https://doi.org/10.1175/JAM2153.1.
[4]ICOS RI, and Coauthors, 2024: Ecosystem final quality (L2) product in ETC-Archive format - release 2024-1,
https://doi.org/10.18160/G5KZ-ZD83.
[5]Peylin, S. Serrar, P. Bousquet, F.-M. Bréon, A. Chédin, and P. Ciais, 2005: Inferring CO2 sources and sinks from satellite
observations: Method and application to TOVS data. J. Geophys. Res. Atmospheres, 110,
https://doi.org/10.1029/2005JD006390.
[6]Havu, M., L. Kulmala, H. S. Lee, O. Saranko, J. Soininen, J. Ahongshangbam, and L. Järvi, 2024: CO2 uptake of urban
vegetation in a warming Nordic city. Urban For. Urban Green., 94, https://doi.org/10.1016/j.ufug.2024.128261.
[7]Stagakis, S., and Coauthors, 2025: Intercomparison of biogenic CO2 flux models in four urban parks in the city of Zurich.
Biogeosciences, 22, 2133 2161, https://doi.org/10.5194/bg-22-2133-2025.
[8]Vaccari, F. P., B. Gioli, P. Toscano, and C. Perrone, 2013: Carbon dioxide balance assessment of the city of Florence (Italy),
and implications for urban planning. Landsc. Urban Plan., 120, 138 146, https://doi.org/10.1016/j.landurbplan.2013.08.004.
[9]Velasco, E., M. Roth, S. H. Tan, M. Quak, S. D. A. Nabarro, and L. Norford, 2013: The role of vegetation in the CO2 flux from a
tropical urban neighbourhood. Atmospheric Chem. Phys., 13, 10185 10202, https://doi.org/10.5194/acp-13-10185-2013.
[10]Velasco, E., R. Perrusquia, E. Jiménez, F. Hernández, P. Camacho, S. Rodríguez, A. Retama, and L. T. Molina, 2014: Sources
and sinks of carbon dioxide in a neighborhood of Mexico City. Atmos. Environ., 97, 226 238,
https://doi.org/10.1016/j.atmosenv.2014.08.018.

Question?
Qing Luo           qing.luo@uab.cat
Gara Villalba    gara.villalba@uab.cat

GHG seminar 
June 4th 2025, online

14


