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Abstract

The aim of this study is to apply the Water-Energy-Food-Land Nexus approach which can analyze the trade-offs among resources, and assess the
holistic impacts of food security. First, we applied rice as a study crop and analyzed the trend of consumption of rice and the area of paddy fields.
Second, the portfolios of water, energy, and land for rice production were constructed using data of footprints and productivity. Finally, the
self-sufficiency ratio (SSR) of rice in target year was set as food security scenario and assessed the impacts of food security on water, energy, and
land availability. In 2030, the SSR of rice decreased to 87 %, and water use for producing rice decreased from 4,728 to 3,350 million m’, and the
water availability index increased from 0.33 to 0.53. However, food security is essential issue and we set the 50 % and 100 % SSR of rice as high
and low food security scenarios. For 100% SSR in 2030, about 3,508 million m' water was required and water availability index reached to 0.5. In
other words, there is the trade-off between food security and water-energy-lands availability. Therefore, it is difficult to make a decision whether a high
level of SSR is better or worse. However, this study showed the both positive and negative impacts by change of food security and it can be useful
for setting the policy decision considering both food security and sustainable resource management at the same time.
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Fig. 1 Relationship among variables relating to food security
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Table 1 Water and energy footprint, and land productivity of rice

Variables Value Reference
Blue water footprint of 8922 Yoo et al,,
paddy rice (m?/ton) (milled rice: 1114,9) 2014

Electricity use in

116.0 jati
paddy field (kWh/ha) . Assgmatlon of
. Agriculture,
Euels use in paddy 9.3 1996
field (GJ/ha)
Electricit f
| §c rl.c1y use for 12000
irrigation (kWh/ha)
Eloctricit . Yoshida, 2011
ec.: ricity use for 8247
drainage (kWh/ha)
Productivity of padd Average
field (ton/hya) = >0 during 2003 -
2015

/ton®]] 0|2 Z 0 & eyttt (Table 1). 18Ut Bl
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Table 2 Direct energy consumption for rice production in the western—Kanto area in Japan (Association of Agriculture, 1996)

Blend oil 2.4 kL/ha (83 MJ/ha)

Seedling Electricity 26 kWh/ha Additional fertilizing )
Gasoline 1.4kL/ha (48 MJ/ha)
Diesel 2.0 L/ha Blend oil 0.7 L/ha
o (75 MJ/ha) (24 MJ/nha)
Fertilizing Pest control
Gasoline 0.3L/ha Gasoline 2.8 L/ha
(10 MJ/ha) (97 MJ/ha)
Diesel 41,0 L/ha Blend oil 40.0 L/ha
Water management
—_ (1545 MJ/ha) (1384 MJ/ha)
illing
Gasoline 0.1 L/ha ) Gasoline 2.2 L/ha
Levee Weeding
(3 MJ/ha) (76 MJ/ha)
Diesel 8.9 L/ha ) Diesel 20.5 L/ha
Harvesting
(336 MJ/ha) (773 MJ/ha)
Puddling

Gasoline 0.1 L/ha

Gasoline 4.0 L/ha

Transportation

(3 MJ/ha) (138 MJ/ha)
T ati f dli Gasoline 1.6 L/ha Kerosene 120.0kL/ha
ransportation of seedling (55 MJ/ha) (4404 MJ/ha)

Gasoline 4.9 L/ha

Rice—transplantation
= (170 MJ/ha)

Rice—drying

Electricity 90 kWh/ha
(324 MJ/ha)

Blend oil 0.7 L/ha (24 MJ/ha)

Herbicid licati
erbicide appfication Gasoline 2.8 L/ha (97 MJ/ha)
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Table 3 CO, emission for generating electricity in Korea

CO, emission b\{ electricity Proportion of electricity CO, emission f.or. generating
Sources sources sources® (%) electricity
(ton of CO, /10%6 kWh) 0 (ton of CO, /10%6 kWh)

Coal 921.0 39% 360.1
Petroleum 731.0 30% 216.4
Natural gas 506.0 1% 3.5
Nuclear 30.0 27% 8.1
Renewable 63.5 2% 1.3
Hydro—electricity 27.0 2% 0.4
Total 100% 589.8

1

Emissions, Greenhouse Gas
Korea Electric Power Corporation
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RAI= ()Y ©]-8715A)4> (resource availability index)
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Table 4 Assumption of maximum (or target) capacity of resources

Variables Maximum (or target) capacity
Water 7084 Annual water use in
(million m®) ’ agriculture
Electricit Annual electricity use in
(10% k\/\yh) 9,270 agriculture, forestry and

fishery
Land (1000 ha) 1,679 Agricultural area in 2015
CO, emission 21738 Annual CO, emission
(1000 ton) ’ in agriculture
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Fig, 2 Trends of variables about rice production and consumption from 2003 to 2015
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Table 5 Simulation of variables in 2015 and target year (2030)

Year 2015 2030
Population (million) 51 54
c )
on.sumpnon pgr 83 58
capita (kg/capita/yr)
Consumption
4199 3147
Product (1000 ton)
Production (1000 ton) 4241 3005
Requirement of import
394 909
(1000 ton)
F lf—suffici
09d self—sufficiency 101% 87%
ratio (%)
Water use (million m®) 4728 3350
Electricity use
1708 1161
(1076 kWh)
Resources Fuel use (1000 GJ) 7421 5042
Land use (1000 ha) 798 542
Indirect CO, emission
1008 684
(1000 ton)
Direct CO, emission
564 383
(1000 ton)
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Table 6 Simulation of resources by scenarios about food self—sufficiency of rice in 2015 and target year (2030)

Scenarios BAU Scenario #1 Scenario #2 Scenario #3
Target year 2015 2030 2030 2030
Self—sufficiency ratio (%) 101 (simulated value) 87* (simulated value) 100** (Target value) 50** (Target value)
Water use (million m®) 4728 3350 3508 1754
Electricity use (106 kWh) 1708 1161 1334 667
Fuel use (1000 GJ) 7421 5042 5794 2897
Land use (1000 ha) 798 542 623 312
Indirect CO, emission (1000 ton) 1008 684 787 393
Direct CO, emission (1000 ton) 564 383 440 220

*The Self—sufficiency ratio calculated by projected production and consumption

**The target self—sufficiency for food security by user
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Fig. 3 Resource availability indices (RAI) by rice self—sufficiency scenarios
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