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Urban greenery provides multiple 
environmental and social benefits.

Cities are disturbed ecosystems.
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• Enhance urban aesthetics.

• Provide open-spaces for recreation

• Reduce water runoff

• Increase water infiltration

• Mitigate soil erosion
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• Cool local climate

• Remove airborne pollutants

• Offset greenhouse gas emissions



Does urban greenery act 
as sink or emission source 

of atmospheric CO2?
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Total CO2 removed from the atmosphere
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Soil production
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Telok Kurau, Singapore

Sep 2014 – Jul 2017

Soil respiration 
& CO2 storage
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Soil respiration: flux gradient system

Solid-state CO2 sensors
(Vaisala CARBOCAP 

GMM222) 

Soil Temp. & water 
content (DECAGON 5TM) 

2 
cm

16 
cm

8 
cm

Transmitters

Datalogger
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Soil CO2 flux chamber

CO2

Temperature

Moisture
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Soil characterization

•Total Organic Carbon
(TOC)

•pH

•Bulk density

• Soil texture
% Silt

% Clay

% Sand

11



Soil characterization
Flux chamber measurements
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Soil respiration monthly variations

Monthly 
variations
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Turfgrass biomass productivity

Clipping harvesting
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Turfgrass carbon content

Clippings

Verdure

Roots

Carbon analyzer

42.6%

41.2%

43.2%
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Grass biomass productivity
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 = moisture tension 
 = 1.60 × -2.56

 = soil volumetric water content
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Mowing emissions
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Annual CO2 emissions 
(ton km2 yr-1)
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The cleanest 
machinery

The most  
common



Soil respiration                         + 3370

Mowing emissions           +  27

Soil storage                        - 652

Biomass productivity       - 1671

Total flux - 2296

Soil CO2 production                 - 4022

+ 1671

+ 1046

Harvested 
clippings 
are burnt

Annual CO2 flux (ton km-2 yr -1)
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It is all about waste 
disposal management
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During COVID-19 Circuit Breaker

After COVID-19 Circuit Breaker
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CO2 flux per km2 of turfgrass

Cartoons taken from The Straits Times’ Punchlines

15% of urban surface  
is covered by 

turfgrass
Gaw et al., Data, 2019.

Carbon 
footprint

22 ton CO2 yr-1

Global Carbon Project, 2018.
https://doi.org/10.18160/gcp-2018

Offset emissions 
of 16 people

Ideal waste disposal 
management

Sink

(344 ton yr-1)

Add emissions 
of 7 people

Grass clippings 
are burnt

Source

(157 ton yr-1)

Turfgrass impact
per capita
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Turfgrass impact
at city scale

• Energy consumption

• Industrial activity

• Waste incineration

48,560 Gg CO2 yr-1

National Environmental Agency, 2018. 
Singapore’s Fourth National Communication and 
Third Biennial Update Report Under the United 

Nations Framework Convention on Climate Change 

-257 Gg CO2 yr-1

Ideal waste disposal 
management

-0.53%

+117 Gg CO2 yr-1

Grass clippings 
are burnt

+0.24%

112 km2 covered by 
turfgrass

Gaw et al., Data, 2019
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D = 25.6 cm

H = 9.50 m

32 kg CO2 yr-1

Considering 15% of urban surface  
covered by turfgrass 

Turfgrass & trees

=

… 10,760 trees 
Ideal waste 

disposal 
management

Sink

=
… 4,900 trees 

Grass clippings 
are burnt

Emission source

Velasco, E. & Chen, K.W. 
Urban For. Urban Green., 44, 126387, 2019. 
https://doi.org/10.1016/j.ufug.2019.126387 24
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Turfgrass impact
at neighborhood scale

Velasco et al. Atmos. Chem. Phys., 2013.

Velasco & Chen, Urban For. Urban Green., 2019.

ton CO2 km-2 yr-1

3,500 woody trees per km2

-136

1,900 palm trees per km2

-27

15% turfed landscape

+157-344 or
Ideal waste 

disposal 
management

-507 8%
anthropogenic 

emissions

Grass clippings 
are burnt

-6 0%
anthropogenic 

emissions

Telok Kurau, Singapore
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112 km2 of vegetation with 
structure dominated by 
human management 
(without Tree Canopy)*

*Gaw et al., Data, 2019.

One-million trees 
(D = 25.6 cm, H = 9.5 m)

- 257 Gg CO2 yr-1  

- 32 Gg CO2 yr-1  

- 289 Gg CO2 yr-1  

0.60% emissions at 
city scale

Offset emissions of 
13,140 people
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Urban greenery 
can act as a sink 

for CO2 with
an adequate 

waste disposal 
management.

Take-home message
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However, it 
won’t offset 

our emissions.
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