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Background 
Urbanization and Climate Change                                                                       

Change in world urban and rural population (%) from 1950 to 2030 (projected)  
(Modified from Grimm et al., 2008)  

Rapid population growth &  
historic shift in urbanization  
 
Global urban population: 60% 
by 2030  
 
Urban areas: hot spots of air 
pollutions & sources of 
GHGs 
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Background  

Greenhouse Gases 

GHGs 
Water vapor (H2O) 
Carbon dioxide (CO2) 
Methane (CH4) 
Nitrous oxide (N2O) 
Ozone 
�

http://www.co2crc.com.au/aboutccs/greenhouse_effect.html 3	  

CO2: a major driver for local 
environmental change, and 
more than 70% of the global 
CO2 emission is from urban 
areas. 



Background  

Urban Heat Island (UHI) Effect 

From Heat Island Group 4	  

UHI: higher air and surface temperature 
in urban centers than the surroundings  



Background  

Urban Ecosystems  

5	  

air pollution 

radiation 

noise  
biodiversity 

water 

energy 

carbon 
temperature 

environmental 
benefits 



 
Background  

C Pools in Urban Vegetation 
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Urban	  forests	   Urban	  grasslands	  

Urban	  agriculture	  Green	  facades	   Greenroofs	  



SOC 

Atm C 

C from fossil fuel burning 

×4 times 

× 300 times 

CO2 
CH4 ＞ 

Soil enzymes 

anthropogenic  
CO2 emissions 

Dick, 1994  
Schulze and Freibauer, 2005 
Lehmann et al., 2008  
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Background  

Soil C Pools 



Challenges 
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?
C sink 

C source 
maintenance & 

management: irrigation, 
fertilization, mowing 



To assess the impact of 
maintenance practices on C 
footprint  

To quantify C sequestration 
of soil and grasses & 
monitor CO2 flux  

9	  

Study Objectives & Significance 

Improvement on the 
management of urban 
ecosystems  

Better urban greenery design 
with lower C footprint 



Study Methodology 
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Questionnaire survey on turf maintenance C 
emissions 

Field samplings for C stock in soil and grasses, 
monitoring of turf respiration rates  



Study Sites 
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A: A. compressus 

C: A. compressus 

D: A. compressus E: Z. japonica  

B: Z. matrella  



Questionnaire survey on turf maintenance C emissions 
(MEC) 

 

12	  

Questionnaire Survey 

 
Fuel use 
(mowing)   
Electricity  
Irrigation  
Pesticides & 
Fertilizer 
 

	

Ce 
coefficients 

Energy direct 
emissions (EDE) 

Energy indirect 
emissions (EDE) 

Other emissions 

MCE 
 



Field Samplings & Measurements 

Ê  Field studies 

Ê  14 urban turfs in Hong 
Kong  

Ê  15 Aug - 27 Sep in 2012 

Ê   9-15 points for grass & 
soil sampling from 0-5 cm, 
5-10 cm to 10-15 cm  

Ê  Turf system CO2 flux with 
an EGM-4 gas monitor 
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Grass biomass analysis 
Plots: 0.25 x 0.25 m2  

C content: TOC  analyzer 
Carbon stock: C content × 
dry biomass 

For HKCC: 
5 sites × 3 points 
for each site 
total 15 points 
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Results 
Turf Maintenance C Emissions (MEC) 

Published data (Kong et al. 2014) 



Results  

C stock in turfgrasses 
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Fig. 2.  Aboveground biomass (AGB) and C density of grasses in studied turfs 
unpublished data 



Results  

Vertical variation in soil C  
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Fig.3. SOC density for 0-5 cm, 5-10 cm and 10-15 cm in the studied turfs	  
unpublished data 
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Figure 2.1 SOC 
concentrations in surface 
5 cm soils in urban turfs 
with different ages (3 
replicates for each sample) 
(A, B, C, D and E in 
Figure 2.1a represent Turf 
A, B, C, D and E 
respectively) 

Results  

Soil C Concentration 

increased with time in 
the young turfs (30y) 

decreased with time in 
the old turfs (40-55y)  

Published data (Kong et al. 2014) 
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CO2 flux rates:  
-35 and 25 μmol m-2 s-1 
 

PAR levels range: 
0 to 2500 μmol m-2 s-1 

 
Logarithmic regression 
R2: 0.68 and 0.89   

Table 5.7 Regression analysis results of NEE of CO2 and PAR 
for five grasses in the wet season of 2012 and dry season of 2013 

NEE of CO2  for five grasses  
Results  



Seasonal Variation in NEE of CO2 
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A. compressus 

Z. matrella  

Figure NEE of CO2 under different PAR (μmol m-2 
s-1) of A. compressus and Z. matrella  
in the wet season of 2012 and dry season of 2013 

Plots of NEE against PAR:   
logarithmic function 	  

Results  



Turfgrass ecosystem respiration rates 
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Results  

unpublished data 



Results  

Turf System Respiration 
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Figure 2.3 Turf system respiration rates (g CO2 m-2 h-1) and its correlation 
with soil carbon density in turfs in wet season 2012 and dry season 2013 

Turf system respiration 
rates decreased with the 
increase in soil C density 

Published data (Kong et al. 2014) 
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Results  

Net Ecosystem C Budget 

Table 2.7 Carbon stock in soil and above-ground biomass (AGB) of turfgrass 
and maintenance CO2 emissions (MCE) 

Carbon stored in turfs could be offset by maintenance carbon 
emissions in 5–24 years 

Published data (Kong et al. 2014) 



Conclusions 

Ê  Our studies suggest that urban turfs serves as carbon sink,  
while its maintenance practices as a major source of carbon 
emissions.  

Ê  It takes 5–24 years for turfs shift to carbon source from carbon 
sink under current management. 

Ê  We propose that a rational design of maintenance schedule 
should be implemented for each turf based on its C stock and 
functional purposes to achieve a net C budget beneficial to the 
environment.  
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thank you for listening 

 any questions? 


