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Option*

Emission ($EH)

Sequestration (WX - B E1k)

M)

Operation and maintenance of a golf course
= Energy consumption (237.4kl-crude oil equivalent/course') x Unit calorific value
(38.2 Gk litter'®) x Carbon emission factor ( 0.0187 t-C/GJ'®)
Transportation by golfers
= Number of players per course (40,000 players/course'®) + Number of players per
vehicle (1.5 players/vehicle) x Round-trip distance (100 km/vehicle) x Gasoline mi-
leage (15 km/litter) x Unit calorific value (34.6 GI/k litter') x Carbon emission
factor (0.0183 t-C/GI'¥)

Carbon sequestration
= Forest area (50 ha/course) x Tempe-
rate forest net primary production
(NPP) (6.5 t-C/ha-year'”)

(2)

Construction of a park
= Developed land area (50 ha) x Unit development expense (200,000 Japanese Yen
(JPY) ha) x Carbon emission factor (3.786 kg-CO,/1,000 JPY'®) x Conversion to
carbon (12/44) + Period 2010-2035 (25 years)
Operation of a park
= Floor area of administrative office (2,500 m®) x CO, emission factor (46.8 kg-
C/m*) + Park maintenance expense (50 ha x 30.3 JPY/m? Wy 2 times/year) x
CO, emission factor (3.786” kg-CO4/1,000 JPY'® x Conversion to carbon (12/44)
Transportation by visitors
= Number of visitors by automobile (10,000/park-year) + Number of visitors per ve-
hicle (2 players/vehicle) x Round-trip distance (20 km/vehicle) x Gasoline mileage
(15 km/litter) x Unit calorific value (34.6 GI/k litter ') x Carbon emission factor
(0.0183 t-C/GJ '¥)

Carbon sequestration
= Forest area (50 ha/course) x Tempe-
rate forest NPP (6.5 t-C/ha-year'”)

(®)

Construction of a cemetery
= Number of plots (8,000 plots/course 2y x Unit development expense (20,000
JPY/plot *?) x Carbon emission factor (3.786 kg-CO,/1,000 JPY '®) x Conversion
to carbon (12/44) + Period 2010-2035 (25 years)
Operation of a cemetery
= Floor area of administrative office (2,500 m®) x CO; emission factor (46.8 kg-C/m*
19 + Green space maintenance expense (20 ha x 30.3 JPY/m* > x 2 times/year) x
CO; emission factor (3.786 kg-C0O2/1,000 JPY 18) x Conversion to carbon (12/44)
Transportation by visitors
= Number of visitors by automobile (20,000/cemetery-year) + Number of visitors per
vehicle (2 players/vehicle) x Round-trip distance (20 km/vehicle) x Gasoline mi-
leage (15 km/litter) x Unit calorific value (34.6 GI/k litter ') x Carbon emission
factor (0.0183 t-C/GJ ')

Carbon sequestration
= Forest area (50 ha/course) x Tempe-
rate forest NPP (6.5 t-C/ha-year' ")

©

Net GHGs reduction by bioethanol utilization
= [Forest biomass yield (6.5 t-C/ha-year' "x 50 ha) + Grass land biomass yield (3.2 t-
C/ha'year'” x 50 ha)] x Ethanol production yield (0.342 /kg™) x Calorific value
of Bioethanol (21.1 MJ/litter) x Net GHG reduction by bioethanol production and
utilization (12.2 g-COo/MJI*®) x Conversion to carbon (12/44)

Carbon sequestration
= Forest area (50 ha/course) x Tempe-
rate forest NPP (6.5 t-C/ha-year'”)

(d

Transportation of forest workers and volunteers
= Number of workers and volunteers (1,000 people) + Number of visitors per vehicle
(2 players/vehicle) x Round-trip distance (40 km/vehicle) x Gasoline mileage (15
knvlitter) x Unit calorific value (34.6 GI/K litter'™) x Carbon emission factor
(0.0183 1-C/GJ*)
Forest management
= Operating hours of weed cutter (500 hours/year) x Gasoline consumption (0.3 lit-
ter/hour) x Unit calorific value (34.6 GJK litter') x Carbon emission factor
(0.0183 t-C/GJ*?)

Carbon sequestration
= Forest area (90 ha/course) x Tempe-
rate forest NPP (6.5 t-C/ha-year' ")

@)

Construction of a ranch
= Developed land area (50 ha) x Unit development expense (20,000 JPY/plot™?) x
Carbon emission factor (3.786 kg-C0/1,000 JPY'®) x Conversion to carbon
(12/44) + Period 20102035 (25 years)
Operation of a ranch
= Floor area of the administrative office (2,500 m*) x CO; emission factor (46.8 kg-
C/m®1%)
Methane emission from livestock (enteric fermentation)
= Ranch area (grass land area) (60 ha) x Number of dairy cattle per unit area (2
cows/ha) x Methane emission factor (0.1 t-CHy/cow '¥) x Global warming poten-
tial of methane (21) x Conversion to carbon (12/44)

Carbon sequestration
= Forest area (40 ha/course) x Tempe-
rate forest NPP (6.5 t-C/ha-year'”)

®

Monitoring and patrolling
= Frequency of patrolling (12 times/year) x Round-trip distance (20 km/vehicle) x
Gasoline mileage (15 km/litter) x Unit calorific value (34.6 G/ litter') x Carbon
emission factor (0.0183 t-C/GJ')

Carbon sequestration
= Forest area (70ha/course) x Tempe-
rate forest NPP (6.5 t-C/ha-year )

*7FHT v a rM~DOIXER-2LR L.
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Option* Cost (B F) Benefit ({E2)
M) Annual operating cost of a golf course Annual sales of a golf course
= Average annual operating cost of 2,026 courses (459 million JPY ') = Average annual sales of 2,026 courses
(482 million JPY '9)
(a) Construction cost of a park Admission
= Unit development expense (200,000 JPY/ha) x Developed land area (50 ha) + Period = Unit price of admission (200
2010-2035 (25 years) JPY/visitor) x Number of visitors
Operating cost of a park (10,000 visitors)
= Labor cost of the operating staff (2.5 million JPY/year) + equipment and commodi-
ties (500,000 JPY /year) + Mowing [Unit price of mowing per m* (30.3 JPY /m**%) x
grass land area (50 ha) x Frequency (2 times)]
(b) Construction cost of a cemetery Perpetual usage fee
= Number of plots (8,000 plots/course) x Unit development expense (20,000 = Perpetual usage fee per unit (690,000
JPY/plot*?) + Period 2010-2035 (25 years) JPY?Y/100 years) x Number of plots
Operating cost of a cemetery (8,000 plots)
= Annual maintenance cost (5,200 JPY/plot, labor cost for pruning trees, cleaning, Maintenance fee
waste collection etc.”¥) x Number of plots (8,000 plots/course) = Maintenance fee per unit (6,000
JPY?Y/50 years) x Number of plots
(8,000 plots)
(©) Construction cost of bioethanol plant (Annual production capacity of 150 k litters, 400  Bioethanol sales amount
million JPY?®) + Period 2010-2035 (25 years) = Annual production volume (150 k lit-
Feedstock collection and transportation cost ters/year) x Unit price of ethanol
= Volume of biomass feedstock (485 dry-tones/year) x Unit price for biomass collec- (100 JPY /litter)
tion and transportation (15,000 JPY/dry-tones *”)
Conversion cost and taxes
= Unit production cost of bioethanol [Chemicals (5 JPY /litter **) + Fermentation aux-
iliary material (2 JPY/litter*®) + Steam and electricity cost (2.2 JPY/litter*®) + La-
bor cost (4.5 JPY/litter®™) + Road tax (5.2 JPY/litter) + Gasoline tax (48.6
JPY/litter)] x Annual production volume (150 kl/year)
(d Reforestation cost Amortization of forest tax
= {Soil coordination (540,000 JPY/ha) + Seedlings (240,000/ha) + Fencing from ani- = Amortization of forest tax (1,000
mal feeding (904,700 JPY/ha®)} x Reforestation area (40 ha) + Period 2010-2035 JPY/ha) x Forest area (90 ha/course)
(25 years)
Forest management
= Management cost of Japanese cypress [Weed and shrub cutting (860,000 JPY /ha) +
Monitoring (200,000 JPY /ha) + Improvement cutting (360,000 JPY/ha) + Thinning
(360,000JPY/ha*?)] x Correction factor by employing volunteer workers (1/5) x
Reforestation area (40 ha)
(e) Construction of a ranch Sales from livestock
= Developed land area (60 ha) x Unit development expense (20,000 IPY/plot™) + = Annual sales per delivered cow
Period 2010-2035 (25 years) (700,000 JPY/ cow*®) x Number of cat-
Purchase of dairy cattle tle (2 cattle/ha x 60 ha) x Proportion of
= Price of dairy cow (150,000 JPY/cow) x Number of cattle (2 cattle/ha x 60 ha) delivered cattle (80%)
Labor cost
= Annual labor cost (4 million JPY /worker) x Number of workers (2 workers)
Pasture forage and other materials
= {Purchased pasture forage (300,000 JPY/cow*®) + Fuel (12,000 JPY/cow*®) + Re-
pair cost (20,000 JPY/cow*®) + Consumable materials (20,000 JPY/cow*”)]}x
Number of cattle (2 cattle/ha x 60 ha)
[¢3) Monitoring and patrolling n.q. (not quantified)

= Labor cost (10,000 JPY/person) x Number of patroller (2 persons) x Frequency of
patrolling (12 times/year)

*FHT v a rM~BIXER-2ER L.
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ENVIRONMENTAL AND ECONOMIC SCENARIO ANALYSIS OF THE
REDUNDANT GOLF COURSES IN JAPAN

Osamu SAITO

Commercial infrastructures intended for use as leisure retreats such as golf and ski resorts have been
extensively developed in many rural areas of Japan. However, following the burst of the economic bubble
in the 1990s, several existing resorts faced tough management decisions and some were forced to close
their business. In this study, six alternative management options for restructuring the existing golf courses
(park, cemetery, biofuel production, reforestation, pasturing and abandonment) are examined and their
environmental and economic impacts are quantitatively assessed. In addition, restructuring scenarios of
these options and an ex-ante assessment model are developed. The scenario analysis by Monte Carlo si-
mulation shows a clear trade-off between GHG savings and benefit/cost (B/C) ratios, of which “Restoring
Nature™ scenario absorbs the most CO, among the four scenarios considered, but its B/C ratio is the low-
est. This study can be used to select or examine options and scenarios of golf course management and ru-

ral environmental management policies.
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