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ABSTRACT : Korean agriculture experienced rapid changes in its production structure to respond fluctuations on external conditions,
and these changes have increased the dependence between agricultural resources and negative environmental externalities from
agricultural production. As a tool for managing agricultural resources and reducing negative environmental effects from agricultural
production, this study employs water-energy-food nexus for integrated resource management. To show the necessity of an integrated
approach, this study evaluated three policy scenarios including changes in capital interest, water capacity, and energy cost. The results
show that three scenarios have unintended consequences for farmers’ incomes and their use of resources. Also the unintended
consequences of government policies also affected farms’ wulnerability to environmental changes. In particular, the expansion of
financing for the establishment of non-circulating water curtain facilities did not have a significant effect on the crop switching of
farms. In addition, increasing the amount of available water through the aquifer recharge project leads to the installation of
non-circulating water curtain facilities in zucchini farm. It raises dependence on groundwater in agricultural production, thereby
increasing farmers’ vulnerability to groundwater shortages. These results imply that the agricultural sector needs to consider the

interrelationship between agricultural resources when designing or evaluating policies.
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Figure 1. The water, energy and food security nexus
Nexus in Bonn 2011 conference (Hoff, 2011)
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Figure 2. The FAO approach to the
Water-Energy-Food Nexus (FAO, 2014a)

Figure 3. The Nexus tree of SIMANEXUS for an
initial change in Water component
(Laspidou et al., 2017)
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Table 1. Water use, Energy use, and CO, emission for each commodity
Product Water use (ton/10a) ‘ Energy use (Diesel, ton/10a) ‘ CO, emission (ton COzeq)
Without water curtain
Strawberry 1.62 617.6 1.60
Zucchini 2.14 70.9 0.18
Tomato 3.98 1035.4 2.68
Pepper 1.71 2070.6 5.36
With water curtain
Strawberry 73.31 0.0 0.0
Zucchini 59.53 0.0 0.0
Tomato 22.17 0.0 0.0
Pepper 74.67 0.0 0.0

Source: Data for Energy use are from 2016 Agricultural and Livestock Production Cost Survey, Data for water use are from Basic
Investigation and Detailed Design for Groundwater Reclamation Project in Jinju Danmok District. CO, emission is based on
emission factors in 2017 National Greenhouse Gas Inventory Report of Korea.

Table 2. Resource use, operating cost, price, and yield for each commodity

Cultivated areas Water use Operating cost Energy cost Agricultural Profit
(Unit: 10a) (Unit: ton) (Unit:1,000won/10a) (Unit:1,000won/10a) (Unit:1,000won/10a)
Without water curtain
Strawberry 19.247 31.190 9,047.331 963.13 6,097
Zucchini 321.581 679.924 3,442.858 267.47 1,125
Tomato 9.620 38312 14,123.519 3,331.03 2,016
Pepper 261.499 448.162 9,702.380 3,830.36 4218
With water curtain

Strawberry 118.680 8699.896 9,047.331 48.16 6,097
Zucchini 264.854 15767.206 3,442.858 13.37 1,125
Tomato 3.220 71.380 14,123.519 166.55 2,016
Pepper 12.400 920.920 9,702.380 191.52 4218
Total 1011.101 26,656.990 - - -

Source: Data regarding farm operation are from 2016 Agricultural and Livestock Production Cost Survey, 2016 Agricultural Science
and Technology Economic Analysis Criteria, Data for cultivated areas and water use are from Basic Investigation and Detailed
Design for Groundwater Reclamation Project in Jinju Danmok District.
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Table 3. Shadow values of resources and land use change

Shadow values Estimates
Shadow land (won/10a) 4,260,726
price(4) water (won/ton) 860
Strawberry 8,072,926
Without Zucchini 0
water curtain | Tomato 20,466,103
Shadow cost Pepper 12,026,320
(A, won/l0a) Strawberry 8,721,536
With water Zucchini 0
curtain Tomato 23,410,201
Pepper 15,398,053
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Table 4. Results of analysis based on three scenarios

Commodity Observed Scenario 1: Finapce installation | Scenario 2: In.crease ground | Scenario 3: Increase
cost at zero interest rate water capacity by 30% energy cost by 50%
Without water curtain
Strawberry 19.247 19.247 19.247 18.834
Zucchini 321.581 321.565 89.448 341.749
Tomato 9.620 9.620 9.620 9.259
Pepper 261.499 261.501 261.499 242.141
Land use - .
(Unit: 10a) With water curtain
Strawberry 118.680 118.631 118.680 118.354
Zucchini 264.854 264.918 496.987 265.192
Tomato 3.220 3221 3.220 3.220
Pepper 12.400 12.397 12.400 12.351
Total 1011.101 1011.101 1011.101 1011.101
Without water curtain
Strawberry 31.190 31.190 31.190 30.520
Zucchini 679.924 679.891 189.120 722.566
Tomato 38312 38311 38.312 36.874
Pepper 448.162 448.166 448.162 414.986
\[)\J/at.ir tu > With water curtain
(Unit: ton) Strawberry 8699.896 8696.336 8699.896 8676.021
Zucchini 15767.206 15770.994 29586.505 15787.352
Tomato 71.380 71.410 71.380 71.389
Pepper 920.920 920.692 920.920 917.281
Total 26656.990 26656.990 39985.485 26656.990
Without water curtain
Strawberry 237,413 237,416 237,413 223,245
Zucchini 1,370,753 1,370,686 381,274 1,411,016
Tomato 237,905 237,899 237,905 213,557
Agricultural Pepper 4259431 4,259,468 4259431 3,480,373
(UnIilr:Ofli,tO 00 With water curtain
won) Strawberry 1,548,212 1,551,108 1,548,212 1,541,114
Zucchini 1,142,022 1,150,178 2,142,957 1,141,708
Tomato 89,162 89,295 89,162 88,905
Pepper 244,560 244,869 244,560 242,411
Total 9,129,459 9,140,919 9,140,914 8,342,329
Without water curtain
Strawberry 30.78 30.78 30.78 30.12
Zucchini 59.05 59.04 16.42 62.75
Tomato 25.80 25.79 25.80 24.83
co, Pepper 1402.24 1402.26 1402.24 1298.44
(L?rrlTi]tl:silcj)rrllne With water curtain
co, eq)l) Strawberry - - - -
Zucchini - - - -
Tomato - - - -
Pepper - - - -
Total 1,517.87 1,517.88 1,475.25 1,416.14

Note: 1) We assume that energy cost of farm equals to 0 when the farm adopts water curtain. Also, we assume that farms only use
diesel for heating. Lastly, we apply the method and emission factors in 2017 National Greenhouse Gas Inventory Report of
Korea.
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