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Highlights

Reducing the application of maintenance materials such as pesticides, fossil energy, and irrigation water will efficiently
reduce the GHG (Greenhouse gases) emissions in the maintenance cemetery green space.

Establishing meadows to replace grasslands in dense cemetery facility areas can efficiently reduce the maintenance
GWP (Global warming potential) impact of cemetery green spaces.

In urban areas, the GWP influence of cemetery green space maintenance is relatively higher than that of the average of
an urban public green space.

Natural cemeteries have a lower GWP impact and contribute more ecological benefits than traditional cemeteries in
considering the green space maintenance.

Abstract. Cemetery landscapes are austere and generally require maintenance. The materials and equipment used for mainte-
nance emit greenhouse gases (GHGs). This research aimed to quantify the annual GHG emissions and global warming poten-
tial (GWP) indices of traditional and natural cemeteries for more environmentally friendly green and grey facility planning of
cemetery areas. Based on life cycle assessment (LCA), in Yorkshire, UK, as an example, traditional cemeteries were found to be
mostly established with landscaped cemetery facilities, and natural cemeteries were found to include mostly underground buri-
als covered with wild plants. The average GHG emissions per hm? in traditional cemetery maintenance (1,552.88 kg/CO,-€)
were 1.8 times those in natural cemeteries (870.88 kg/CO,-e). In the cemetery plant community, the mean GHG emissions for
grassland maintenance (1,867.65 kg/CO,-e) were 6.7, 2.8 and 2.3 times higher than the woodland, meadow and shrub mainte-
nance values of 280.77, 673.03 and 821.00 kg/CO,-e, respectively. The mean GWP indexes for traditional and natural cemetery
green space maintenance were 0.027 and 0.015, respectively, which were generally higher than those for urban green space
maintenance (0.010). This research recommends replacing grasslands with wild meadows, reducing the size of ground cemetery
facilities and limiting the application of maintenance materials (i.e., irrigation water and pesticides) to reduce the environmental
impact of green space in cemeteries.

Keywords: cemetery green space, global warming potential, greenhouse gas emissions, life cycle assessment, management
and maintenance, plant community.

Introduction

As the world’s population continues to grow, the area of
cemeteries has continued to expand. In recent decades,
some major countries with high population densities —
such as China, the United States and Japan — have all
advocated for cremation to efficiently use cemeteries and

reduce the rate of cemetery expansion (Kato, 2001; Sloane,
2002). However, in most European countries, traditional
ground burial remains the common funeral method (Co-
lombo, 2016; Oestigaard, 1999; Rotar, 2011). Cemetery
green space is a common type of green space in urban
and rural residential areas in Europe. It is a comprehensive
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place that integrates functions such as memorial services,
rest areas and biological habitats (Rugg, 2013b). To main-
tain the landscape effect of cemetery green space, long-
term management and maintenance are required, includ-
ing pruning/mowing, plant waste removal, irrigation, and
pest control (Clayden et al., 2017; Hitchmough, 2008).

Rapid population growth after the industrial revolution
led to increasing burial pressure in the United Kingdom
before it was felt in the rest of the world (Philo, 2012).
Cemeteries operated by private companies appeared in
England for the first time in the 1820s, mainly in large cit-
ies. For example, the Chorlton Row Cemetery opened in
Manchester in 1821, and the Low Hill Cemetery was built
in Liverpool in 1825 (Darlington Historical Society, 2022).
Since 1850, following the promulgation of the British Met-
ropolitan Burial Act and other series of funeral laws, town
councils have been granted autonomy over cemetery land
establishment (Historic England, 2022). In the subsequent
half century, public cemeteries arose in large numbers in
urban and rural areas, and they are now widely called “tra-
ditional cemeteries” (Commission for Architecture and
the Built Environment, 2007). The experience of British
cemeteries in landscape patterns and funeral legislation
provides a reference for the massive construction of pub-
lic cemeteries worldwide since the 20th century (Beebee-
jaun et al.,, 2021; Clayden et al., 2014). Internal facilities
in traditional cemeteries are regularly arranged, roads are
staggered, and plants are neatly trimmed (Rugg, 2013a;
Rugg et al., 2014). Natural cemeteries were established af-
ter 1990 and are divided into four categories: woodland,
grassland, meadow and mixed burial grounds. The plant
community of natural cemeteries exhibits high biodiver-
sity, and the boundary of their burial facilities can be in-
tegrated with the external environment within 5-10 years
(Clayden et al., 2014; Ministry of Justice, 2009). Recently,
more than 20,000 public cemeteries with an overall burial
land area of 2,400 hm? have been opened for service in
England and Wales, which occupy a size of approximately
25% (Ministry of Justice, 2007; Secretary of State, 2001).

The maintenance of green space can directly cause en-
ergy consumption and greenhouse gas (GHG) emissions
and lead to global warming potential (GWP) impacts.
Green space maintenance relies on repeated plant trim-
ming, mowing and waste removal, which requires fossil
energy and releases GHG emissions, mainly as carbon
dioxide (CO,) (Tidéker et al., 2017). Additional plant
maintenance practices, such as irrigation and pesticides,
all have associated environmental impacts, such as N,O
leaching and CH, volatilisation (Gu et al., 2015; Li et al,,
2013). Emissions of CO,, N,0O and CH, are particularly
worrisome since they are potent GHGs with high GWP
impacts. The GWP of a certain gas is a measure of how
much heat is trapped in the atmosphere relative to the
amount of heat trapped by CO, over a specific time in-
terval (The Intergovernmental Panel on Climate Change,
2007). GWP is used for a variety of different GHG indica-
tors to obtain the total GWP for an entire system.

Energy consumption and GHG emissions are not only
associated with the maintenance tasks performed on green
spaces but are also indirect environmental burdens related
to the production of purchased inputs, such as mineral
fertilizers, fuel, machinery and transportation. A life cy-
cle assessment (LCA) is a comprehensive methodology for
studying the impact of human behaviour on the environ-
ment. Through the establishment of a life cycle inventory
(LCI), an LCA analyses the environmental influence of a
product or behaviour from production or occurrence to
its retirement or end (Wang et al., 2016; Yang & Wang,
1998). Carbon foot-printing, a subset of a full LCA in-
cluding only the GHG emissions caused by a product
or a service during its life cycle and summarised as CO,
equivalents, is attracting increasing interest in the context
of GWP impact (R606s, 2013).

LCAs are widely used to evaluate the environmental
impact of a product or production system and is consid-
ered an effective approach for defining and quantifying
energy consumption and GHG emissions. Ingram (2012)
used an LCA to study the carbon footprint components
of red maple forests in the US. The system boundary
included carbon sequestration and GHG emissions in
the management of each plant across the 60-year life
cycle (kg/CO,-eq). The results showed that the GHG
emissions from management were 113.47 kg, which ac-
counted for approximately 13% of the plant carbon se-
questration of 901 kg. Cao et al. (2014) mentioned that
the annual GHG emissions for the rice production system
were 11,810 kg/CO,-e/hm? (1,232 kg/CO,-¢/t™!) in agri-
cultural fields in Shanghai (China). Fertilisation emitted
204 kg/CO,-e for each ton of rice produced, contributing
16.5% of the total maintenance GHG and acting as the
major carbon contributor in rice production. Haas et al.
(2001), in an LCA study of the carbon emissions of 18
pasture management practices in Allgau (Germany), con-
cluded that GHG emissions from fertilisation accounted
for 57% of the total GHG released. GHG emissions pro-
duced through green space maintenance negatively impact
the environment and are one of the main factors aggra-
vating the GWP (Li, 2010). The territorially estimated
GHG emissions from the maintenance of green space in
the UK in 2019 were 5.9x10° t/CO,-e, which accounted
for 57% and 13% of industrial (10.4x10° t/CO,-€) and
agricultural production (46.3x10° t/CO,-e), respectively
(Waite, 2021). As a specific type of green space, cemetery
green space has a high expansion rate and a high main-
tenance demand, and the estimated UK national annual
GHG emissions in traditional and natural cemeteries are
1,560 and 900 kg/CO,-e/hm?, respectively, which are 5.2
and 2.9 times, respectively, that of the green space mainte-
nance of 302 kg/CO,-e/hm? (Brown et al., 2016). To better
understand the environmental impact intensity of cem-
etery green space maintenance, this paper applies the LCA
method to comparatively analyse the GHG emissions and
GWP effects of the maintenance of traditional and natural
cemetery green spaces in Yorkshire, England.
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1. Materials and methods

1.1. Study sites

The study area of Yorkshire, UK has a temperate maritime
climate with an average annual temperature of 13.2 °C and
an average annual rainfall of 670 mm (Met Office, 2018).
The first public cemetery and the largest natural burial
ground in British history are located here. In this paper,
the three largest traditional and natural cemetery green
spaces in this area were selected as sample plots (Figure 1).
Sample plots T1-T3 are traditional cemetery green spac-
es, all located in or around Sheftield: the City Road (T1),
Burngreave (T2), and Shiregreen cemeteries (T3). Sample
plots N1-N3 are natural cemetery green spaces, namely,
the South Yorkshire woodland burial ground (N1), located
on a farm in Ullry village between Sheffield and Rother-
ham (Peace Funerals, 2018); Brocklands natural burial
ground (N2), located in Rathmell village, North Yorkshire,
approximately 5 km south of Settle; and Golden Valley
natural burial ground (N3), located in the Golden Valley,
northwest of Nottingham, belonging to the Golden Valley
National Park (Figure 2; Peace Funerals, 2018).

g

Area data of the plant community structure in the var-
ious plots were calculated using the facility layering tool
in Digimap (Figure 3). The results are listed in Table 1.

1.2. LCI of maintenance supplies

Maintenance tasks in green spaces have the characteristics
of annual repetition (Lindholst, 2008). The maintenance
life cycle is defined as an annual process. The maintenance
system includes the upstream, maintenance and recycling
phases (Figure 4). The upstream phase consists of main-
tenance material production and transportation. In the
maintenance phase, according to the difference in the
maintenance tasks, the structure of the plant community
can be divided into four layers: woodland, shrub, ground
cover, and grassland. The recycling phase starts with plant
waste being loaded into a site vehicle and then transferred
out of the cemetery and combined onto a waste truck/van.
Subsequently, the recycling phase ends when the plant
waste is transferred to the recycling station (an average
distance of 4 km). Simultaneously, the entire cemetery
green space maintenance system is completed. The life

TI. City Road cemetery

T2. Burngreave cemetery

T3. Shiregreen cemetery

N1. South Yorkshire woodland burial
N2. Brocklands natural burial

N3. Golden Valley natural burial
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Figure 1. Study site locations (adapted from Mapbox, 2018)
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Figure 2. Aerial view of the study sites (adapted from Google Map, 2018)
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Figure 3. Plant layer distribution at the study sites (EDINA, 2018)
Table 1. Basic information of each plant layer in the plots
2
Sample » | Woodland Shrub | Meadow Grassland (m?) Green C.e.n.l ety | Ratio of
lot Area (m?) (m?) (m?) (m?) - space area | facilities area GS/CF
p Open area | Memorial area (GS m?) (CF m?)
T1 256,000 49,000 0 0 176,300 23,900 249,200 55,800 4.47
T2 148,400 78,700 0 0 800 76,500 156,000 71,100 2.19
T3 98,100 14,100 1,800 0 44,100 33,400 93,400 20,600 4.53
Total T 502,500 141,800 1,800 0 221,200 133,800 498,600 147,500 3.38
N1 11,600 9,400 0 8,400 2,600 0 20,400 9,000 2.27
N2 11,100 3,200 0 6,100 1,400 0 10,700 9,700 1.10
N3 3,600 2,600 0 3,500 0 0 6,100 3,600 1.69
Total N 26,300 15,200 0 18,000 4,000 0 37,200 22,300 1.67

Note: The grassland area includes the grass in the open and memorial areas; the green space area represents the total area of woodland

shrub meadows and grasslands in one sample plot. GS = green space; CF = cemetery facilities.
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cycle inventory (LCI) of the maintenance system allows
the GHG emissions produced by the maintenance tasks
in the cemetery green space to be quantified. Therefore,
the system is recognised as a carbon source, as the CO,
absorption function of plants and soil in the green space is
not included in the LCI. In addition, because waste treat-
ment belongs to the scope of municipal engineering rather
than green space maintenance tasks, the LCI ends after the
plant waste arrives at the recycling station. The goal and
scope include the GHG environmental emissions and the
GWP index of each plant layer in the maintenance system.
The major energy inputs in green space maintenance
are fossil energy, electricity, municipal water and pesti-
cides. Among these inputs, water and pesticides are di-
rect energy (DE) inputs, while fossil fuels and electricity
are indirect energy (IDE) inputs, which are consumed by
maintenance equipment. IDE consumption can be calcu-
lated from the following equation:
n M
IDEazzi:?i’xBi, (1)
where IDE, is the input amount of IDE material a, M is
the workload of management device i within the system
boundary, E; is the working efficiency of device 7, and f; is
the IDE consumption amount per unit time. Table 2 lists
the onsite measurements of the main GHG emissions
from the maintenance devices, which comply with BS ISO
8178-2:2008 (The British Standards Institution, 2008).

System boundary

71
Table 2. Work efficiency and GHG emission inventories
of the maintenance equipment
Work Ener GHG emissions
. Ener- effi- 8y kg/unit
Equip- o con-
gy |Unit| cien-
ment tvoe cv/ sump-
P Y| tion/unit CO, | CHy | N,O
unit
Power 100 9.28x | 5.46x
chainsaw Petrol | h m?2 0.80 kg | 1.55 103 | 10-4
Hedge 300 8.96x | 3.20x
trimmer Petrol | h m2 0.60 kg | 1.69 103 | 10-4
. 300 4.53x | 3.90x
Strimmer | Petrol | h m? 0.80 kg | 1.74 103 | 104
Push 300 9.10x | 9.02x
mower Petrol | h m2 1.50 kg | 1.80 102 | 10-4
Trail 2,000 3.74x | 5.40%
mower Petrol | h 2 2.30kg | 2.68 103 | 10-4
Pesticide 2,500 4.78% | 4.08x
sprayer Petrol | h 2 1.50 kg | 1.86 103 | 10-4
Water | Elect-| 15 sl o00kw| - | - | -
pump ricity
3-m?
loading | Diesel| h |20 km| 1.00 kg | 3.43 81(1)5 51?)%;
van
S 1.81x | 9.39x
loading |Diesel| h |20 km| 2.60kg | 6.20 | 7 3| 74
truck 10 10

Upstream phase

Cemetery green space maintenance

| Woodland H Shrub || Meadow || Grassland ‘

Recycle phase

A 4

| Waste loading and site transportation |

A4

| Waste transfer to the recycling station |

Figure 4. Life cycle flow chart of cemetery green space maintenance (source: Lindholst, 2008; Liu & Yang, 2019)
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Table 3. Inventory of the material input for site maintenance

Direct energy Indirect energy

Sample site Plant layer Water Pesticides Petrol Diesel Electricity
(m3/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (kW/hm?)

1 Woodland 0 0 2.40x10! 1.10x10? 0
Grassland 5.20x10? 4.50x10! 1.93x102 8.00x10! 9.53x10!

- Woodland 0 0 4.00x10? 1.49x102 0
Grassland 3.00x10? 6.00x10! 5.00x10? 1.00x10? 5.50x10!

Woodland 0 0 1.20x10! 4.41x10! 0

T3 Shrubs 0 6.50x10! 2.40x10! 2.00x10! 0
Grassland 6.00x10? 4.20x10! 4.08x10? 1.50x10? 1.10x102

Woodland 0 0 2.00x10? 9.00x10? 0
N1 Meadow 4.50x102 3.00x10! 3 1.33x10! 8.25x10!
Grassland 5.00x10? 5.00x10! 5.00x10? 5.33x10! 9.17x10!

Woodland 0 0 8 2.49x10! 0
N2 Meadow 3.20x102 2.60x10! 2.40 1.20x10! 5.87x10!
Grassland 3.90x102 3.20x10! 1.04x102 5.33x10! 7.15x10!

N3 Woodland 0 0 2.24x10! 8.32x10! 0
Meadow 4.80x10? 4.30x10! 3.60 1.43x10! 3.30x10!

Green space maintenance work has the characteristics n
of annual repetition (Hitchmough, 2008). Therefore, the EL, = Zyi xEG;, (2) (West & Marland, 2002)
1

maintenance life cycle defined in this study is a complete
year. Table 3 summarises the inventory of the maintenance
energy input of the sample plots (2017.06-2018.07). The
data are derived from the work records of the respective
maintenance units. The IDE was calculated by Equation (1).

1.3. GHG emissions and the GWP index

The quantitative equations for the environmental impact
factor in waste emissions within the boundaries of the
LCA system are shown below. Because the green space
maintenance life cycle is defined annually, the quantifi-
cation of maintenance GHG emissions and GWP impact
factors refers to the annual value.

Table 4. GHG factors of the upstream energy inputs (National
Standardization Administration, 2021; Integrated Knowledge
for our Environment, 2021)

GHG factor y (kg/CO,/Unit™!)
Type Item Unit
Domestic Nondomestic
Direct | Water m? 5.10x107! 5.70x10!
energy | Pesticides | kg 6.73 7.49
. Petrol kg 8.30x107! 1.73
Indirect 5, el kg | 9.90x10°! 1.88
energy
Electricity | Kw/h | 5.60x107! 7.30x107!

Note: Domestic and nondomestic GHG factors were referenced
from the ELCD in the region of Great Britain. According to the
average domestic and imported ratios of raw materials used in
domestic industrial production in the ELCD, 70%/30% was se-
lected as the domestic/overseas ratio of upstream GHG emis-
sions from energy inputs.

where EL, is the calculated value of the GHG emissions,
y; is the equivalent coefficient of the i-th GHG factor,
and EC, is the usage amount of the i-th GHG factor. The
GHG quantitative data in this paper were calculated by
eBalance software. Coeflicient y of the upstream process
is provided by the built-in ELCD (European Reference
Life Cycle Database) of eBalance (Table 4), and the site
maintenance input materials and equipment are listed in
Table 5.

Table 5. GHG factors of the site maintenance input materials
and equipment

. GHG factor y
Type Item | Unit (kg/CO,/Unit-1) Reference

Input Pesti- 1 (Solomon,
materials | cides kg 3.5x10 2007)

CO, | kg 1 (Boret, 2010)
Equip-
ment CH, | kg 21 (Boret, 2010)

N,O | kg 310 (Boret, 2010)

After the weighted calculations of the GHG emissions
are performed, the GWP index can be obtained as follows:

WE, =W, x(EL, / Sy09 )» 3)

where WE, is the GWP index within the system bound-
ary of the LCA; W, is the climate warming weight coeffi-
cient of the GHG emissions, with a value of 1.2x107%; and
§;2000 is the standard worldwide GWP (year 2000) per
capita reference value, which is 6.87x10% kg CO,-e/person
(Sleeswijk et al., 2008).
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2. Results

2.1. GHG emissions from cemetery green space
maintenance

Figures 5 and 6 show the GHG emissions from traditional
and natural cemetery green space maintenance, respec-
tively.

The main GHG emissions from cemetery green space
maintenance are generated in the upstream stage, and the
average GHG emissions of traditional and natural cem-
etery green space maintenance are 52% and 67%, respec-
tively, of their total emissions. The upstream GHG emis-
sions are predominantly due to water and pesticide (DE)
consumption, while the GHGs generated at the site and in
the recovery stage are dominated by the consumption of
gasoline and diesel (IDE).

The GHG emissions from traditional cemetery green
space maintenance are higher than those from natural
cemetery green space maintenance. The average GHG
emissions (per hm?) from sample plots T1-T3 in the
upstream, onsite and recovery stages were 38.2%, 198%,
and 114%, respectively, higher than those from samples
N1-N3. The largest GHG emission difference between the
two different types of cemetery green space maintenance
occurred at the field stage, indicating that different plant
communities cause large differences in GHG emissions
from maintenance activities.

1200.00 i
I
1000.00 :
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S 600.00 1
S I
~ 400.00 :
1
200.00 ‘ ‘ | l
0.00 = 1 -
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%. » %
N 4 % N
K o

mm \Water GHG kg
Diesel GHG kg

s Pesticide GHG kg
N Electricity GHG kg

2.2. GHG emissions of the various plant layers in
the cemetery green space

Table 6 indicates that the average GHG emissions from
traditional cemetery green space maintenance were
1,552.88 kg/CO,-e, which was 58% higher than the aver-
age GHG emissions from natural cemetery green space
maintenance (978.05 kg/CO,-e). The reason is that the
formally arranged burial facilities in the traditional ceme-
tery green space fragment the grassland area, and multiple
types of equipment are required to perform the mowing
work (Figure 7). Approximately 30-50% more time is re-
quired to mow grass blocks than for the same continuous
area of grassland, and the GHG emissions from mowing
increase correspondingly. The average GHG emissions per
unit area (100 m?) from pruning trees in the tradition-
al cemetery green space was 3.39 kg/CO,-e, which was
higher than that from tree pruning in the natural cem-
etery green space (2.11 kg/CO,-e). Most of the trees in
traditional cemeteries are located along the roadside as
sidewalk trees, and the pruning frequency is significantly
higher.

Figure 8 shows the relationship between the mainte-
nance GHG emissions in each cemetery plot, the GS/CF
value and the proportion of woodland, shrubs, meadows,
and grassland in the green area. (GS/CF refers to the area
ratio of green space to cemetery facilities in the cemetery

G Ry % %
) % & > %

2) RS i RPN

% T 7% v

mm Petrol GHG kg

—a— Total GHG kg

Figure 5. Life cycle of GHG emissions in traditional cemetery green space maintenance
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Figure 6. Life cycle of GHG emissions in natural cemetery green space maintenance
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Table 6. GHG emissions of the various plant layers at the sample sites
Woodland Shrubs Meadow Grassland
S | Green Total
AMPI€ | space area | Pro- GHG Pro- GHG Pro- GHG Pro- GHG 0
site (hm?) | portion | emissions | portion | emissions | portion | emissions | portion | emissions (kg/CO,-¢)
%) | (kg/COye) | (%) |(kg/COye) | (%) |(kg/CO-e)| (%) | (kg/CO,-e)

Tl 1 19 68.34 0 - 0 - 78 1,178.01 1,246.36
T2 1 53 268.69 0 - 0 - 52 1,289.67 1,558.36
T3 1 14 21.12 2 16.42 0 - 79 1,816.40 1,853.93
N1 1 81 238.56 0 - 72 486.93 22 451.20 1,176.70
N2 1 29 2573 0 - 55 296.49 13 129.70 451.92
N3 1 72 204.41 0 - 97 779.63 0 - 984.03

a) b)

<)

Figure 7. Common memorial facility layouts in a traditional cemetery:
a) Underground facilities with surface monument decorations, b) underground facilities with surface stone covers
and monuments, ¢) sacred underground facilities with surface monuments

site). In general, the GS/CF ratio and GHG emissions per
square metre of green space are negatively (positively) cor-
related in traditional (natural) cemeteries. Among the tra-
ditional cemetery plots, T2 had the lowest GS/CF (2.19),
which was 49% and 48% of T1 (4.47) and T3 (4.53),
respectively, and its GHG emission per square metre of
green space reached 0.23 kg/CO,-e, which was 1.5 times
that of T1 (0.15 kg/CO,-e). In contrast, although the
GS/CF values of T1 and T3 were the same, the GHG emis-
sions per square metre of green space in T3 were the same
as those in T2, which was 1.5 times that in T1. These char-
acteristics can be observed in the memorial area grassland

ratio of T1 and T3: T3 (0.36) was 3.6 times that of T1
(0.10). The maintenance GHG emissions of traditional
cemetery green space increased rapidly as the proportion
of memorial area grassland increased. In natural cemetery
green space, although the GHG emissions of green space
maintenance increased with increasing GS/CF value, the
increase was not obvious. For example, the GS/CF value
of N1 (2.27) was 1.3 and 2.1 times that of N3 (1.69) and
N2 (1.1), respectively, but the GHG emission value per
square metre of green space of N1 (0.17 kg/CO,-e) was
only 1.1 and 1.9 times that of N3 (0.16 kg/CO,-e) and N2
(0.09 kg/CO,-e), respectively.
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o
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£ 250 015 &
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o
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Figure 8. Relations of GHG emissions and GS/CF
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Meadow |
Grassland I
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GHG emissions (kg/CO,-¢/100 m?)

Figure 9. Average GHG emissions of the various plant layers in
the cemetery green space maintenance

The woodland, shrub, meadow and grassland ratios
represent the ratios of their areas to the total area of green
space in one sample cemetery.

Figure 9 shows that the GHG emissions from grassland
maintenance in the cemetery green space were the high-
est (18.68 kg/CO,-e), which were 6.6, 2.3, and 2.8 times
those from the maintenance of trees, shrubs, and ground
cover, respectively. In sample plots T1-T3, the grassland
layer occupied up to 70% of the area of the ground plant
community, but it accounted for only 12% in sample plots
N1-N3. This is the major reason why the unit area green
space maintenance GHG emissions of the traditional cem-
eteries were higher than those of the natural cemeteries.

GHG emissions: This variable includes the annual
GHG emissions generated by the plant maintenance tasks
within the boundaries of the green space maintenance
system, that is, pruning, irrigation, fertilization, pesticide
application, and waste removal. The maintenance tasks of
green space are a carbon source system, and carbon sinks,
such as plant biomass and soil carbon sequestration, are
not included in the system.

2.3. GHG emissions from the various maintenance
tasks in the cemetery green space

Table 7 reveals that plant-trimming work (pruning/mow-
ing) was the main source of the GHG emissions in tra-
ditional cemetery green space maintenance. The average
value of the trimming work GHG emissions per hm? was
596.97 kg/CO,-e, which was 2.5, 1.7, and 1.6 times the
average value of the irrigation, pest control and waste re-
moval GHG emissions per hm?, respectively. This result
was mainly due to the large number of high-intensity
grasslands in traditional cemeteries.

Table 7. GHG emissions from the various maintenance tasks in
the traditional cemetery green space

Green GHG emissions (kg/CO,-e)
Sag:ple space area | pppj. Pest Waste
e (hm?) gation | control Trimming removal
T1 1 279.45 | 366.29 | 324.82 275.81
T2 1 107.48 | 325.59 | 735.46 389.83
T3 1 326.57 | 359.82 730.64 436.90
Average 1 237.83 | 350.56 596.97 367.51

Table 8 indicates that pesticide application was the
main source of the GHG emissions in natural cemetery
green space maintenance (322.7 kg/CO,-e per hm? on av-
erage), which was 1.3, 2.7, and 1.7 times the average value
of irrigation, trimming, and waste removal, respectively.

Table 8. GHG emissions from the various maintenance tasks in
the natural cemetery green space

Green GHG emissions (kg/CO,-e)
Sample | space
site area .. Pest . . Waste
(hm?) Irrigation control Trimming removal
N1 1 299.01 340.20 271.54 265.94
N2 1 156.19 192.64 36.32 66.77
N3 1 288.17 435.26 5491 205.68
Average 1 247.79 322.70 120.93 179.46

2.4. GWP index of the cemetery green space
maintenance

Table 9 shows the GWP indexes of the cemetery and other
green areas during the maintenance lifetime of 100 years.
The woodland replacement phase includes site prepara-
tion and transplanting, and the GHG emission bench val-
ues are 125.17 kg/CO,-e and 1436.62 kg/CO,-e per hm?,
respectively (Ingram, 2012). The replaced wood treatment
phase includes wood removal and transportation (distance
of 100 km), and the GHG emission bench values are
871.22 kg/CO,-e and 1,690.91 kg/CO,-e per hm?, respec-
tively (Yuan-Yuan et al., 2020). The GHG emission bench
value of the deadwood disposal phase is 22,109 kg/CO,-e
per hm? (Yoshioka et al., 2015). Comparison with the
LCAs of various other types of plant maintenance over the
maintenance lifetime (Figure 10) show that the GWP in-
dexes of the traditional and natural cemetery green space
maintenance were at medium-high and medium-low lev-
els, respectively.

(a) In the cemetery green space (T1-N3), assuming that
the density of burial facilities doubled during the mainte-
nance lifetime, the replacement area of the woodlands is
equal to the existing wood area. The deadwood rate in the
woodland area is 30%, of which 30% is removed from the
site, 70% is subjected to site disposal, and 10% is inciner-
ated. (b) In the urban green space (M1), assume that the
replacement rate of the woodlands is 40%. Seventy percent
of the replaced wood is removed from the site, and 30% is
disposed of at the site. Ten percent of the disposed wood is
incinerated. (c) In the economic forest (M2) and orchard
(M3), woodland replacement was assumed to be 3 and 5
times, respectively. All of the replaced wood was removed
from the site.

The average GWP index of traditional cemetery green
space maintenance was 2.732, which was 63% of that of
farmland maintenance (4.300), approximately 2.7-3 times
that of urban green space maintenance and slightly high-
er than that of orchard maintenance (2.675). The average
GWP index of natural cemetery green space maintenance
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Table 9. GWP indexes of cemetery green space and various types of plant site maintenance
Woodland replacement Replaced wood treatment
Site Grgen space Degdwood Total
maintenance Land. Transplanting | Wood removal Wood trans- disposal
preparation portation
T1 2.2000 4.0000x107* | 4.8000x1073 | 2.9000x1073 | 1.9000x107> | 5.1000x10"3 22151
T2 2.7000 1.2000x1073 1.3300x107% | 8.1000x1073 | 5.2000x1073 1.4300%x1072 2.8030
T3 3.2000 3.0000x10™* | 3.5000x1073 | 2.1000x1073 1.4000x10~3 | 3.8000x1073 3.2111
Tavg. 2.7000 6.0000x107* | 7.2000x1073 | 4.4000x10~3 | 2.8000x107> | 7.7000x10-3 2.7227
N1 2.1000 1.8000x1073 | 2.0300x102 | 1.2300x1072 | 7.9000x1073 | 2.1900x102 2.1642
N2 8.0000x107! 6.0000x107% | 7.3000x1073 | 4.4000x1073 | 2.8000x1073 | 7.8000x1073 | 8.2290x107!
N3 1.7000 1.6000x10-3 1.8100x1072 1.1000x1072 | 7.0000x1073 1.9500x1072 1.7572
Navg. 1.5330 1.3000x1073 | 1.5200x1072 | 9.2000x1073 | 5.9000x1073 | 1.6400x1072 1.5810
Ml 1.0000 9.0000x10~* | 1.0000x1072 | 6.1000x10~3 | 9.1000x1073 | 4.0000x10~* 1.0265
M2 9.0000x10°! | 6.6000x1073 | 7.5300x1072 | 4.5700x1072 | 9.7500x102 0.0000 1.1251
M3 2.3000 1.0900x107%2 | 1.2550x10°! | 7.6100x1072 | 1.6250x107! 0.0000 2.6750
M4 4.3000 0.0000 0.0000 0.0000 0.0000 0.0000 4.3000

Notes: T1 = City Road cemetery, T2 = Burngreave cemetery, T3 = Shiregreen cemetery, Tavg. = Traditional cemetery green space
average, N1 = South Yorkshire burial ground, N2 = Brocklands burial ground, N3 = Golden Valley burial ground, Navg. = Natural
cemetery green space average, M1 = urban green space (Zheng Zhou, China), M2 = economic forest (Iran, Quran Province), M3 =

orchard (California, USA), and M4 = farmland (Gerard, France).
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Figure 10. Comparison of the GWP indexes of cemetery green space and the various types of plant site maintenance

was relatively low (1.581), only 35% of that of farmland
maintenance and approximately 1.5 times that of urban
green space maintenance.

3. Discussion

3.1. Reducing GHG emissions in the cemetery green
space maintenance system

This article shows that the upstream phase of the main-
tenance system in cemetery green space contributed the
maximum (more than 50%) GHG emissions. All of the
maintenance materials produce GHG emissions during
the upstream (production and transportation) phases,
including irrigation water/pesticide/petrol and diesel
energy/electricity power. However, water and electricity
application during the site maintenance and waste recy-
cling phase achieves a net GHG release. In contrast, the
application of petrol and diesel energy produces GHG

emissions in the total green space maintenance system
(Bartlett & James, 2011). The standard coal combustion
equivalent coefficients were 0.12 and 1.46 for electricity
(per kW/h) and diesel (per kg) (National Standardiza-
tion Administration, 2021), respectively. Thus, if diesel
vehicles were replaced with electric vehicles in the waste-
recycling phase of cemetery green space maintenance,
the GHG emissions from traditional cemeteries could be
reduced from 48,721 kg/CO,-e to 16,162 kg/CO,-e, and
those from natural cemeteries could be reduced from
24,742 kg/CO,-e to 9,175 kg/CO,-e. GHG emissions
from both cemetery types could thus be reduced by more
than 60% during the 100-year maintenance lifetime per
hm?. Therefore, transforming the maintenance equip-
ment from fossil- to electricity-powered can efficiently
decrease the maintenance GHG emissions from the up-
stream and recycling phases. To reduce GHGs from the
upstream phase, reducing the application of pesticides
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and saving irrigation water should be considered (Gu
et al., 2015).

Changing the irrigation resources from city water to
greywater and more intensively upgrading the irrigation
system can reduce upstream GHG emissions in green
space maintenance. The application of greywater to re-
place city water irrigation is a feasible way of reducing
the GWP of green space maintenance (Dominguez et al.,
2018; Jeong et al., 2018). Greywater is domestic wastewa-
ter originating in washing machines, kitchen sinks, baths,
and hand basins (Fountoulakis et al., 2016; Gabarro et al,,
2013). Hence, it is adequate for toilet flushing, irrigation,
laundry, fire extinguishing, groundwater discharge or car
and window washing (Abu-Ghunmi et al., 2011). The
production of 1 m? reclaimed greywater releases approxi-
mately 0.60-0.80 kg CO,-eq GHG emissions and can re-
duce GHG emissions by approximately 40-60% compared
with the same amount of city tap water (1.30-1.50 kg
CO,-eq) (Hsien et al., 2019; Tidaker et al., 2017). Intensive
irrigation systems have an approximately 10-20% water
conservation opportunity compared with manual irriga-
tion and can reduce upstream GHGs (Mukherjee et al.,
2020). Modification of the water supply position from
overhead spraying to root dripping can avoid unbalanced
irrigation, soil surface leaching and partial water flooding
(Davis & Dukes, 2014; McCready et al., 2009). Upgrading
the supply method from manual to computing control can
be used to collect environmental data, i.e., the surround-
ing temperature and soil and air moisture of maintenance
green space, to automatically control the irrigation tim-
ing and frequency (McCready & Dukes, 2011). The cost
of intensive irrigation systems is relatively high, and the
alteration phase will involve GHG emissions (Wang et al.,
2018). Therefore, general green areas can use greywater ir-
rigation. Water shortage areas can consider both intensive
irrigation and greywater supply systems.

The GHG emissions of maintenance tasks negatively
impact the carbon sequestration of cemetery green space.
According to Table 10, considering the carbon sink capac-
ity of plants, woodlands can be recognized as carbon sink
plants in the 100-year maintenance lifetime, and the stor-
age capacity is 40,800 kg/CO,-e per hm?. Shrubs, mead-
ows and grassland are all carbon source plants, with GHG
emissions (CO,-e) of 40,800 kg, 38,000 kg and 172,100 kg
per hm?, respectively. Grasslands have the highest GHG
emissions among carbon source plants: more than 4 times

those of shrubs and meadows. The increase in woodland
areas can improve the carbon storage capacity of cemetery
green spaces.

3.2. Limited application of grassland to reduce
GHG maintenance in cemetery green spaces

Although the memorial facilities of different cemeteries
may differ due to the different social features and customs
in different countries and regions, the planting forms of
cemetery green spaces are basically similar. Natural cem-
eteries dominated by naturally growing trees or meadows
are considered a better way for humans to return to nature
(Boret, 2010; Kaufman, 1999). The GWP indexes of two
types of cemetery green space maintenance in Yorkshire
reveal that natural cemetery green spaces have lower GHG
emissions and exert a lower negative environmental pres-
sure than do traditional cemetery green spaces.

The lower GWP impact of natural cemetery green
space maintenance is due to the plant maintenance re-
quirements being lower than those in traditional cem-
etery green space maintenance. The ecological advantages
of trees in green spaces have been generally recognized,
and their conservation requirements are low, while their
ecological benefits are high (Li et al., 2016). Woodlands in
green spaces have a direct effect on reducing air pollution,
regulating microclimates, and increasing carbon storage
(Nowak et al., 2018). According to Nowak et al. (2014),
urban woodlands across the United States can save ap-
proximately $6.8 billion in health expenditures each year
for community residents; in contrast, grasslands not only
have high maintenance needs and consume large amounts
of materials but also have higher GHG emissions (Jo &
McPherson, 1995). The results of this study can further
verify the ecological advantages of trees from the per-
spective of the negative environmental impact of plant
maintenance, namely, the GHG emissions per unit area
of woodland maintenance are only 1/6 of those per unit
area of grassland maintenance.

The high plant-trimming requirements of traditional
cemetery green spaces not only generate high GHG emis-
sions but also increase the amount of plant waste removed
and transported. This phenomenon results in increased
GHG emissions during waste removal and transporta-
tion. Fragmented cemetery grasslands lead to mowing
work that is almost entirely dependent on small equip-
ment, and the unit workload of exhaust gas emissions is

Table 10. Carbon balancing between the GHG emissions and carbon sequestration of the plants
over the 100-year maintenance lifetime of the cemetery green space

Carbon type Woodland , Shrubs , Meadow , Grassland , Reference
(kg/CO,-e/hm?) | (kg/CO,-e/hm?) | (kg/CO,-e/hm?) | (kg/CO,-e/hm?)
GHG emissions 28,100 82,100 67,300 186,800 -
Carbon sequestration 68,900 41,300 29,300 14,700 (National Statistics, 2019)
Carbon balancing 40,800 -40,800 -38,000 -172,100 -

Note: Carbon balancing is the value of carbon sequestration minus the value of GHG emissions. In the carbon balancing row, positive

values represent carbon sinks, and negative values represent carbon sources.
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much higher than that of large maintenance equipment.
The GHG emissions per kW/h of work of hedge trim-
mers, chainsaws, and push lawn mowers are 17.5, 8.4 and
1.3 times those of light trucks, respectively (McKenzie,
2018). In contrast to the low maintenance needs of mead-
ows in natural cemetery green spaces, the average GHG
emissions per unit area from lawn mowing and waste
removal for the ground cover plants in the traditional
cemeteries were 4.9 and 2 times, respectively, those for
the plants in the natural cemeteries. In densely populated
areas, the use of meadows to replace grasslands between
commemorative facilities in cemetery green spaces can ef-
fectively reduce maintenance GHG emissions. During the
100-year maintenance lifetime, the GHG emissions per
hectare of the meadows were 67,300 kg/CO,-e, which was
only 32% of those of the grasslands (209,600 kg/CO,-e).
The GHG emissions of meadow on-site maintenance were
16,800 kg/CO,-e, which was only 18% of those of grass-
land maintenance at 91,100 kg/CO,-e. The domestic and
overseas GHG emissions (CO,-e) from maintenance mate-
rial production in meadows were 33,800 kg and 16,700 kg,
which were 47% and 36% those of grasslands (72,300 kg
domestically and 46,300 abroad), respectively. The differ-
ence between the GHG emissions of the two types of cem-
etery green spaces in terms of pesticide application and
irrigation was less than 10%. To reduce GHG emissions
from pesticide application and irrigation, it is necessary to
start with the application of more intensive pesticides and
irrigation equipment (Yuanyuan & Wei, 2016).

3.3. Applying meadows and improving the integrity
of green spaces to reduce the maintenance GWP
impacts

A large number of memorial facilities in cemeteries dis-
rupt the integrity of their green spaces, especially that
of ground cover plant spaces, and increases the manual
intervention of maintenance tasks (Clayden et al., 2014;
Dunnett & Hitchmough, 2014). Figure 8 shows that in tra-
ditional cemeteries, GHGs from green space maintenance
significantly increase when high-density cemetery facili-
ties frequently disrupt the integrity of grasslands. The GS/
CF ratio of T2 was only 49% that of T1, i.e., the grassland
of T2 that needed to be maintained in the same area of the
cemetery was only approximately half that of T1. However,
almost all the grassland in T2 is located in the memorial
area (298%), so the grassland is fragmented by the ceme-
tery facilities. This fragmentation increases the energy and
time consumption of maintenance tasks, resulting in the
GHG emissions per square metre of green space in T2 be-
ing 1.5 times that in T1. Meanwhile, the GS/CF values of
T3 and T1 were the same, although the proportion of T3
grassland distributed in the memorial area was 3.6 times
that of T1. The GHG emission per square metre of green
space maintenance of T3 was 1.5 times that of T1, which
was the same as that of T2. Therefore, reducing grassland
usage in fragmented green areas and applying low-main-
tenance plants, such as meadows, as ground cover plants

can effectively reduce GHG emissions from green space
maintenance, thereby reducing the GWP impact.

This article references urban green areas in that the
integrity and continuity of ground cover areas are es-
sential factors that save maintenance resources and de-
crease the GWP impact. The working efficiency of a trail
mower (2000 m?/h) is approximately 6.5 times that of a
push mower (300 m?/h). Using a push mower to mow
turf in curved and fragmented areas (0.53 kg/100 m?)
consumes approximately 4.6 times more petrol than
does using a trail mower to mow large and open grass
areas (0.12 kg/100 m?). The GHG emissions gener-
ated by push mowers (1.33 kg CO,-¢/100 m?) are ap-
proximately 9.1 times those generated by trail mowers
(0.15 kg CO,-€¢/100 m?) for the same area. Furthermore,
annual cut-backs of large meadows via trail tractors can
save energy consumption and GHG emissions in compari-
son with strimmer cuts for continuous meadow areas of
the same size (Hitchmough, 2008). Therefore, during the
planting design phase for urban green spaces, adjusting
plant community combinations to improve the integrity
of ground cover plant layers can reserve space for the use
of highly efficient maintenance devices to reduce future
maintenance GHG emissions and GWP impacts (Liu
et al., 2018).

Conclusions

Natural cemeteries have a lower GWP impact and con-
tribute larger ecological benefits than do traditional cem-
eteries in terms of green space maintenance. The average
GHG emissions from the maintenance of green spaces for
traditional cemeteries were more than 50% higher than
were those for natural cemeteries for the same unit area,
mainly due to the high plant-trimming (pruning/mowing)
and waste-removal requirements.

The GHG emissions from the maintenance of cem-
etery green spaces were mainly generated in the upstream
stages of the production, transportation, and sales of
maintenance materials, accounting for more than 50% of
those of the entire maintenance system. Therefore, reduc-
ing the application of maintenance materials such as pes-
ticides, fossil energy, and irrigation water will efficiently
reduce GHG emissions in the maintenance of cemetery
green spaces.

The majority of GHG emissions (250%) from the
maintenance of cemetery plants were from grasslands, and
the majority of these are from the fragmented grass of the
cemetery facility area. Therefore, establishing meadows to
replace grasslands in dense cemetery facility areas can ef-
ficiently reduce the maintenance GWP impact of cemetery
green spaces.

In urban areas, the GWP influence of cemetery green
space maintenance is relatively higher than that of the av-
erage of an urban public green space. Because it is an ex-
panding type of urban green space, research on the main-
tenance of cemetery green spaces with low energy con-
sumptions and low environmental impacts is beneficial
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to the ecological benefits and sustainable development of
urban areas.

In terms of green space maintenance, natural cemeter-
ies have a lower GWP impact and contribute more eco-
logical benefits than do traditional cemeteries, mainly be-
cause more meadows than grasslands are used as ground
cover and obvious ground cemetery facilities are limited.
Regarding cemetery green space planning, replacing grass-
lands with wild meadows, reducing the size of ground
cemetery facilities and limiting the application of mainte-
nance materials (i.e., irrigation water and pesticides) can
efficiently reduce the maintenance environmental impact.

Acknowledgements

The data processing and analysis of this work were sup-
ported by the Henan Landscape Architecture Internation-
al Joint Laboratory.

Implications and limitations

This article discusses the plant types and planting structure
adjustment strategies in cemetery green spaces intended
to reduce maintenance GHG emissions and GWP im-
pacts. The differences between green space combinations
space in cemeteries can reflect the differences in people’s
funeral concepts and sociocultural backgrounds. How-
ever, an in-depth discussion is required on the influence
of the sociocultural factors on cemetery patterns. Carbon
sources and sinks based on the physiological functions of
plants and the soil also need to be considered as service
functions of the cemetery ecosystem. Future research will
consider how to quantify the impact of these factors on
cemetery management to more comprehensively analyse
how to increase the environmental benefits of cemetery
green spaces.

Funding

This work was supported by the <Education Depart-
ment of Henan> under Grant [21A220002], the <Henan
Science and Technology Department> under Grant
[212102310581], the <Henan Science and Technology
Department> under Grant [222102520031], the <Henan
Province University Discipline Innovation Base> under
Grants [CX]JD2021004 and GXJDO006], the <National
Natural Science Foundation of China> under Grant
[31600579], and the <Henan Science and Technology
Department> under Grant [16210231009].

References

Abu-Ghunmi, L., Zeeman, G., Fayyad, M., & van Lier, J. B.
(2011). Grey water treatment systems: A review. Critical Re-
views in Environmental Science and Technology, 41(7), 657-
698. https://doi.org/10.1080/10643380903048443

Bartlett, M. D., & James, I. T. (2011). Are golf courses a source or
sink of atmospheric carbon dioxide? A modelling approach.
Proceedings of the Institution of Mechanical Engineers, Part P:

Journal of Sports Engineering and Technology, 225(2), 75-83.
https://doi.org/10.1177/1754337110396014

Beebeejaun, Y., McClymont, K., Maddrell, A., Mathijssen, B., &
McNally, D. (2021). Death in the peripheries: Planning for
minority ethnic groups beyond “the city”. Journal of Planning
Education and Research.
https://doi.org/10.1177/0739456X211043275

Boret, S. (2010). From social to ecological immortality: Kinship,
identity and death in Japanese tree-burial. Oxford Brookes
University.

Brown, P, Broomfield, M., Buys, G., Cardenas, L., Kilroy, E.,
MacCarthy, J., Murrells, T., Pang, Y., Passant, N., Ram-
irez, G. J., Thistlethwaite, G., & Webb, N. (2016). UK Annual
National Inventory report: 1990-2014. Department for Busi-
ness, Energy & Industrial Strategy.

Cao, L., Li, M., Wang, X., Zhao, Z., & Pan, X. (2014). Life cycle
assessment of carbon footprint for rice production in Shang-
hai. Acta Ecologica Sinica, 34(2), 491-499.
https://doi.org/10.5846/stxb201304240794

Clayden, A., Green, T., Hockey, J., & Powell, M. (2014). Natural
burial: Landscape, practice and experience. Routledge.
https://doi.org/10.4324/9781315771694

Clayden, A., Green, T., Hockey, J., & Powell, M. (2017). Cutting
the lawn - natural burial and its contribution to the delivery
of ecosystem services in urban cemeteries. Urban Forestry &
Urban Greening, 33, 99-106.
https://doi.org/10.1016/j.ufug.2017.08.012

Colombo, A. D. (2016). Why Europe has never been united (not
even in the afterworld): The fall and rise of cremation in cities
(1876-1939). Death Studies, 41(1), 22-33.
https://doi.org/10.1080/07481187.2016.1257881

Commission for Architecture and the Built Environment. (2007).
Cemeteries, churchyards and burial grounds. Commission for
Architecture and the Built Environment.

Darlington Historical Society. (2022, January 05). The historic
development of cemeteries in England. https://darlingtonhis-
toricalsociety.wordpress.com/general-information/the-histor-
ic-development-of-cemeteries-in-england/

Davis, S. L., & Dukes, M. D. (2014). Irrigation of residential
landscapes using the toro intelli-sense controller in south-
west Florida. Journal of Irrigation and Drainage Engineering,
140(3), 04013020.
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000694

Dominguez, S., Laso, J., Margallo, M., Aldaco, R., Rivero, M. J.,
Irabien, A., & Ortiz, I. (2018). LCA of greywater manage-
ment within a water circular economy restorative thinking
framework. Science of the Total Environment, 621, 1047-1056.
https://doi.org/10.1016/j.scitotenv.2017.10.122

Dunnett, N., & Hitchmough, J. (2014). The dynamic landscape:
Design, ecology and management of naturalistic urban plant-
ing. Routledge.

EDINA. (2018, April 30). Digimap, England. http://digimap.
edina.ac.uk/roam/os

Fountoulakis, M. S., Markakis, N., Petousi, I., & Manios, T.
(2016). Single house on-site grey water treatment using a
submerged membrane bioreactor for toilet flushing. Science
of the Total Environment, 551-552, 706-711.
https://doi.org/10.1016/j.scitotenv.2016.02.057

Gabarrd, J., Batchelli, L., Balaguer, M. D., Puig, S., & Colprim, J.
(2013). Grey water treatment at a sports centre for reuse in
irrigation: A case study. Environmental Technology, 34(11),
1385-1392. https://doi.org/10.1080/09593330.2012.750382

Google Map. (2018, May 12). Yorkshire, England. https://www.
google.co.uk/maps/place/Yorkshire,+ UK/@53.928258,-
2.3285799,214708m


https://doi.org/10.1080/10643380903048443
https://doi.org/10.1177/1754337110396014
https://doi.org/10.1177/0739456X211043275
https://doi.org/10.5846/stxb201304240794
https://doi.org/10.4324/9781315771694
https://doi.org/10.1016/j.ufug.2017.08.012
https://doi.org/10.1080/07481187.2016.1257881
https://darlingtonhistoricalsociety.wordpress.com/general-information/the-historic-development-of-cemeteries-in-england/
https://darlingtonhistoricalsociety.wordpress.com/general-information/the-historic-development-of-cemeteries-in-england/
https://darlingtonhistoricalsociety.wordpress.com/general-information/the-historic-development-of-cemeteries-in-england/
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000694
https://doi.org/10.1016/j.scitotenv.2017.10.122
http://digimap.edina.ac.uk/roam/os
http://digimap.edina.ac.uk/roam/os
https://doi.org/10.1016/j.scitotenv.2016.02.057
https://doi.org/10.1080/09593330.2012.750382
https://www.google.co.uk/maps/place/Yorkshire,+UK/@53.928258,-2.3285799,214708m
https://www.google.co.uk/maps/place/Yorkshire,+UK/@53.928258,-2.3285799,214708m
https://www.google.co.uk/maps/place/Yorkshire,+UK/@53.928258,-2.3285799,214708m

80 Y. Liu et al. Quantitative study on GHG emissions and the GWP influence of cemetery green space maintenance...

Gu, C,, Crane II, J., Hornberger, G., & Carrico, A. (2015). The
effects of household management practices on the global
warming potential of urban lawns. Journal of Environmental
Management, 151, 233-242.
https://doi.org/10.1016/j.jenvman.2015.01.008

Haas, G., Wetterich, F, & Kopke, U. (2001). Comparing inten-
sive, extensified and organic grassland farming in southern
Germany by process life cycle assessment. Agriculture, Eco-
systems & Environment, 83(1-2), 43-53.
https://doi.org/10.1016/50167-8809(00)00160-2

Historic England. (2022, January 03). Landscapes of remem-
brance: Register of parks and gardens selection guide. https://
historicengland.org.uk/images-books/publications/drpgsg-
landscapes-remembrance/heag091-landscapes-of-remem-
brance-rpgsg/

Hitchmough, J. (2008). Plant user handbook: A guide to effective
specifying. Wiley.

Hsien, C., Low, J. S. C., Fuchen, S. C., & Han, T. W. (2019). Life
cycle assessment of water supply in Singapore — A water-
scarce urban city with multiple water sources. Resources, Con-
servation and Recycling, 151, 104476.
https://doi.org/10.1016/j.resconrec.2019.104476

Ingram, D. L. (2012). Life cycle assessment of a field-grown red
maple tree to estimate its carbon footprint components. In-
ternational Journal of Life Cycle Assessment, 17(4), 453-462.
https://doi.org/10.1007/s11367-012-0398-7

Integrated Knowledge for our Environment. (2021, August 3).
IKE eBalance 4.7.14120.518, Cheng Du, China.
http://www.ike-global.com/#/

Jeong, H., Broesicke, O. A., Drew, B., & Crittenden, J. C. (2018).
Life cycle assessment of small-scale greywater reclamation sys-
tems combined with conventional centralized water systems
for the city of Atlanta, Georgia. Journal of Cleaner Production,
174, 333-342. https://doi.org/10.1016/j.jclepro.2017.10.193

Jo, H. K., & McPherson, G. E. (1995). Carbon storage and flux in
urban residential greenspace. Journal of Environmental Man-
agement, 45(2), 109-133.
https://doi.org/10.1006/jema.1995.0062

Kato, M. (2001). Cremation and the change of the double funeral
system in the Amami and Okinawa societies of Japan. Bulletin
of the Folklore Society of Japan, 228(1-34), 182.

Kaufman, M. (1999). Recycling yourself (ecological burial).
Earth Island Journal, 14(2), 37-38.

Li, S. H. (2010). Symbiosis and circulation— the basic thought of
urban green space construction under low-carbon economic
society. Chinese Landscape Architecture, 26(6), 19-22.
https://doi.org/10.3969/].issn.1000-6664.2010.06.010

Li, X., Hu, E, Bowman, D., & Shi, W. (2013). Nitrous oxide pro-
duction in turfgrass systems: Effects of soil properties and
grass clipping recycling. Applied Soil Ecology, 67, 61-69.
https://doi.org/10.1016/j.aps0il.2013.03.002

Li, X,, Yang, Y., Xu, X,, Xu, C., & Hong, J. (2016). Air pollution
from polycyclic aromatic hydrocarbons generated by human
activities and their health effects in China. Journal of Cleaner
Production, 112, 1360-1367.
https://doi.org/10.1016/j.jclepro.2015.05.077

Lindholst, A. C. (2008). Improving contract design and man-
agement for urban green-space maintenance through action
research. Urban Forestry & Urban Greening, 7(2), 77-91.
https://doi.org/10.1016/j.ufug.2008.02.001

Liu, Y., & Yang, Q. (2019). The quantitative research of the
maintenance environmental impacts in the urban greens-
pace based on LCA. Chinese Landscape Architecture, 35(10),
124-129. https://doi.org/10.19775/j.cla.2019.10.0124

Liu, Y., Yang, Q., & Duan, L. (2018). Adjusting the structure
combinations of plant communities in Urban greenspace re-
duced the maintenance energy consumption and GHG emis-
sions. Journal of Environmental Engineering and Landscape
Management, 26(4), 261-274.
https://doi.org/10.3846/jeelm.2018.6126

Mapbox. (2018, April 26). Outdoors studio. https://www.mapbox.
com/studio/styles/kkelivnliu/cjh2tggxylpw92smmgqxxyycan/
edit/?layerlds

McCready, M. S., & Dukes, M. D. (2011). Landscape irrigation
scheduling efficiency and adequacy by various control tech-
nologies. Agricultural Water Management, 98(4), 697-704.
https://doi.org/10.1016/j.agwat.2010.11.007

McCready, M. S., Dukes, M. D., & Miller, G. L. (2009). Water
conservation potential of smart irrigation controllers on St.
Augustinegrass. Agricultural Water Management, 96(11),
1623-1632. https://doi.org/10.1016/j.agwat.2009.06.007

McKenzie, J. (2018, December 21). Greenhouse gas footprint of
maintained landscape. https://thefield.asla.org/2010/06/08/
greenhouse-gas-footprint-of-maintained-landscapes/

Met Office. (2018, April 25). UK Climate. https://www.metoffice.
gov.uk/public/weather/climate/gcqzwtdw?

Ministry of Justice. (2007). Burial Grounds: The results of a survey
of burial grounds in England and Wales. Ministry of Justice.

Ministry of Justice. (2009). Natural burial grounds guidance for
operators. Ministry of Justice.

Mukherjee, P, Das, M., Mukherjee, B., & Das, S. (2020). Op-
timization of irrigation design technique for pumping units
through software simulation analysis for varied landscapes.
IOP Conference Series: Earth and Environmental Science, 505,
012025. https://doi.org/10.1088/1755-1315/505/1/012025

National Standardization Administration. (2021). General rules
for calculation of the comprehensive energy consumption
(GB/T 2589-2020). Beijing.

National Statistics. (2019, June 24). UK local authority and re-
gional carbon dioxide emissions national statistics: 2005-2019.
Department for Business, Energy & Industrial Strategy.
https://www.gov.uk/government/collections/uk-local-author-
ity-and-regional-carbon-dioxide-emissions-national-statistics

Nowak, D. J., Hirabayashi, S., Bodine, A., & Greenfield, E. (2014).
Tree and forest effects on air quality and human health in the
United States. Environmental Pollution, 193, 119-129.
https://doi.org/10.1016/j.envpol.2014.05.028

Nowak, D. J., Hirabayashi, S., Doyle, M., McGovern, M., & Pash-
er, J. (2018). Air pollution removal by urban forests in Canada
and its effect on air quality and human health. Urban Forestry
& Urban Greening, 29, 40-48.
https://doi.org/10.1016/j.ufug.2017.10.019

Oestigaard, T. (1999). Cremations as transformations: When the
dual cultural hypothesis was cremaed and carried away in
urns. European Journal of Archaeology, 2(3), 345-364.
https://doi.org/10.1177/146195719900200304

Peace Funerals. (2018, April 21). Golden Valley Woodland bur-
ial ground. https://www.peacenaturalburials.co.uk/locations/
golden-valley

Philo, C. (2012). Troubled proximities: Asylums cemeteries in
nineteenth-century England. History of Psychiatry, 23(1),
91-103. https://doi.org/10.1177/0957154X11428931

R60s, E. (2013). Analysing the carbon footprint of food. Insight
for consumer communication [Doctoral thesis No. 2013:56].
Swedish University of Agricultural Sciences.

Rotar, M. (2011). European echoes upon Romanian cremation-
ist movement. Annales Universitatis Apulensis Series Historica,
15(Special), 279-288.


https://doi.org/10.1016/j.jenvman.2015.01.008
https://doi.org/10.1016/S0167-8809(00)00160-2
https://historicengland.org.uk/images-books/publications/drpgsg-landscapes-remembrance/heag091-landscapes-of-remembrance-rpgsg/
https://historicengland.org.uk/images-books/publications/drpgsg-landscapes-remembrance/heag091-landscapes-of-remembrance-rpgsg/
https://historicengland.org.uk/images-books/publications/drpgsg-landscapes-remembrance/heag091-landscapes-of-remembrance-rpgsg/
https://historicengland.org.uk/images-books/publications/drpgsg-landscapes-remembrance/heag091-landscapes-of-remembrance-rpgsg/
https://doi.org/10.1016/j.resconrec.2019.104476
https://doi.org/10.1007/s11367-012-0398-7
http://www.ike-global.com/#/
https://doi.org/10.1016/j.jclepro.2017.10.193
https://doi.org/10.1006/jema.1995.0062
https://doi.org/10.3969/j.issn.1000-6664.2010.06.010
https://doi.org/10.1016/j.apsoil.2013.03.002
https://doi.org/10.1016/j.jclepro.2015.05.077
https://doi.org/10.1016/j.ufug.2008.02.001
https://doi.org/10.19775/j.cla.2019.10.0124
https://doi.org/10.3846/jeelm.2018.6126
https://www.mapbox.com/studio/styles/kkelivnliu/cjh2tggxy1pw92smmqxxyycan/edit/?layerIds
https://www.mapbox.com/studio/styles/kkelivnliu/cjh2tggxy1pw92smmqxxyycan/edit/?layerIds
https://www.mapbox.com/studio/styles/kkelivnliu/cjh2tggxy1pw92smmqxxyycan/edit/?layerIds
https://doi.org/10.1016/j.agwat.2010.11.007
https://doi.org/10.1016/j.agwat.2009.06.007
https://thefield.asla.org/2010/06/08/greenhouse-gas-footprint-of-maintained-landscapes/
https://thefield.asla.org/2010/06/08/greenhouse-gas-footprint-of-maintained-landscapes/
https://www.metoffice.gov.uk/public/weather/climate/gcqzwtdw7
https://www.metoffice.gov.uk/public/weather/climate/gcqzwtdw7
https://doi.org/10.1088/1755-1315/505/1/012025
https://www.gov.uk/government/collections/uk-local-authority-and-regional-carbon-dioxide-emissions-national-statistics
https://www.gov.uk/government/collections/uk-local-authority-and-regional-carbon-dioxide-emissions-national-statistics
https://doi.org/10.1016/j.envpol.2014.05.028
https://doi.org/10.1016/j.ufug.2017.10.019
https://doi.org/10.1177/146195719900200304
https://www.peacenaturalburials.co.uk/locations/golden-valley
https://www.peacenaturalburials.co.uk/locations/golden-valley
https://doi.org/10.1177/0957154X11428931

Journal of Environmental Engineering and Landscape Management, 2023, 31(1): 67-81 81

Rugg, J. (2013a). Choice and constraint in the burial landscape:
Re-evaluating twentieth-century commemoration in the Eng-
lish churchyard. Mortality, 18(3), 215-234.
https://doi.org/10.1080/13576275.2013.819322

Rugg, J. (2013b). Constructing the grave: Competing burial
ideals in nineteenth-century England. Social History, 38(3),
328-345. https://doi.org/10.1080/03071022.2013.816167

Rugg, J., Stirling, E.,, & Clayden, A. (2014). Churchyard and cem-
etery in an English industrial city: Sheffield, 1740-1900. Ur-
ban History, 41(4), 627-646.
https://doi.org/10.1017/50963926814000285

Secretary of State. (2001). The government reply to the eighth
report from the environment, transport and regional affairs
committee session 2000-2001 HC91 cemeteries. The Station-
ery Office.

Sleeswijk, A. W, van Oers, L. E. C. M., Guinée, . B, Struijs, J., &
Huijbregts, M. A. J. (2008). Normalisation in product life cy-
cle assessment: An LCA of the global and European economic
systems in the year 2000. Science of the Total Environment,
390(1), 227-240.
https://doi.org/10.1016/j.scitotenv.2007.09.040

Sloane, D. C. (2002). Purified by fire: A history of cremation
in America. Journal of American History, 88(4), 1545-1546.
https://doi.org/10.2307/2700673

Solomon, S. (2007). (IPCC 2007): Climate change the physical
science basis. American Geophysical Union, 9(1), 123-124.

The British Standards Institution. (2008). Reciprocating internal
combustion engines. Exthaust emission measurement. Meas-
urement of gaseous and particulate exhaust emissions under
field conditions (BS ISO 8178-2:2008). London.

The Intergovernmental Panel on Climate Change. (2007). Climate
change 2007: The physical science basis. Contribution of working
group I to the fourth assessment report of the intergovernmental
panel on climate change. Cambridge University Press.

Tidaker, P, Wesstrom, T., & Katterer, T. (2017). Energy use and
greenhouse gas emissions from turf management of two
Swedish golf courses. Urban Forestry & Urban Greening, 21,
80-87. https://doi.org/10.1016/j.ufug.2016.11.009

Waite, C. (2021, February 2). 2019 UK greenhouse gas emissions,
final figures. Department for Business, Energy & Industrial
Strategy. https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/957887/2019_
Final_greenhouse_gas_emissions_statistical_release.pdf

Wang, Y. T., Wang, E. C., Hong, J. L., & Sun, M. X. (2016). The
development of life cycle assessment theory research in China
and analysis of countermeasures. Acta Ecologica Sinica, 36(22),
7179-7184. https://doi.org/10.1016/j.jclepro.2015.08.065

Wang, Y., Zhao, G., Peng, P, Liang, L., & Li, C. (2018). Evalua-
tion of agrosystem eco-efficiency using a coupling model of
emergy analysis and life cycle assessment: A case study in the
suburbs of Beijing City, China. Journal of Agro-Environment
Science, 37(6), 1311-1320.

West, T. O., & Marland, G. (2002). A synthesis of carbon seques-
tration, carbon emissions, and net carbon flux in agriculture:
Comparing tillage practices in the United States. Agriculture,
Ecosystems & Environment, 91(1-3), 217-232.
https://doi.org/10.1016/50167-8809(01)00233-X

Yang, J., & Wang, S. (1998). Retrospect and prospect of life cycle
assessment. Advances in Environmental Science, 6(2), 21-28.

Yoshioka, T., Inoue, K., & Hartsough, B. (2015). Cost and green-
house gas (GHG) emission analysis of a growing, harvesting,
and utilizing system for willow trees aimed at short rotation
forestry (SRF) in Japan. Journal of the Japan Institute of En-
ergy, 94(6), 576-581. https://doi.org/10.3775/jie.94.576

Yuanyuan, J., & Wei, R. (2016). Research on the carbon emission
from the daily use and maintenance on the basis of life cycle
of landscape architecture. Landscape Architecture, 9, 121-126.
https://doi.org/10.14085/j./y1.2016.09.0121.06

Yuan-Yuan, J. L, Genovese, P. V., Wang, T., & Liang, X. (2020).
Research on carbon source and carbon sink of landscape life
cycle based on low carbon concept — a case study of shilinyu-
an residential area in Tianjin. Chinese Landscape Architecture,
296(36), 69-73. https://doi.org/10.19775/j.cla.2020.08.0068


https://doi.org/10.1080/13576275.2013.819322
https://doi.org/10.1080/03071022.2013.816167
https://doi.org/10.1017/S0963926814000285
https://doi.org/10.1016/j.scitotenv.2007.09.040
https://doi.org/10.2307/2700673
https://doi.org/10.1016/j.ufug.2016.11.009
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957887/2019_Final_greenhouse_gas_emissions_statistical_release.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957887/2019_Final_greenhouse_gas_emissions_statistical_release.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957887/2019_Final_greenhouse_gas_emissions_statistical_release.pdf
https://doi.org/10.1016/j.jclepro.2015.08.065
https://doi.org/10.1016/S0167-8809(01)00233-X
https://doi.org/10.3775/jie.94.576
https://doi.org/10.14085/j.fjyl.2016.09.0121.06
https://doi.org/10.19775/j.cla.2020.08.0068

