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Abstract

The aim of this study was to obtain basic information related to WEF (water-energy-food) Nexus for water
shortage crisis management by analyzing the influence of energy and food supply on domestic water demand.
This study set up a panel model reflecting regional heterogeneity, using the data from 16 metropolitan cities
in Korea during the past 17 years (1998 to 2014). The model included multiple variables such as water
nexus factors (energy consumption and food crop production), climate factors (precipitation and temperature),
and economic factors (GRDP and water rate). The FGLS (feasible generalized least squares) model was
selected as the optimal option as a result of the model fitness test. The model results indicate that energy
consumption, food crop production, GRDP and water rate all showed significant influence on water demand,
but precipitation and temperature were not effective. The elasticity of water consumption was 0.084 for energy
consumption, 0.412 for food crops, 0.318 for GDRP, and -0.199 for water rate.
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Figure 1. Spatial and temporal trends in energy and food resources
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Table 1. Preliminary implication of explanatory variables

Factors Variables | Effect Meaning of Direction

Climate PREC + Precipitation increment increases the amount of water available and facilitates water supply

Factors TEMP + The rise in temperature leads to an increase of water usage in all sectors

WEF Nexus ENERGY + The trade—off relationship between water and energy resources

Factors FOOD + The trade—off relationship between water and food resources
Socio—economic | GRDP + Increase in industrial water and service water due to economic growth

Factors RATE - The law of demand
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3 2 WATER ¥4t 3§ ol 2§ B9 23O

HA 7158309 A, FrE 7 HAd & 2A AE, 39, w98 AR AENeH, =

B FEAM L, B BFS U FOBA  AARIFAARALY ARe|A FE3
= £8E 7M1 Aol o AEH(Kim & Jeong,  PRECS} TEMP ¥ SAR(EAR: 71473) 1A Al
2011), 71& A5 w8, 55 &, ¥4, w8 SHE e e ARRA 167 A=) dE
SO ZUAF 5O F71E UFOR BE §4Y 5 3w 7129 BFA(A57/12)0]0h, ENERGY ¥
8 S71H8 opI8 Zlol2tal debEth(Ryy, 2015). Wt e AR 1A AU A] AHFOR XY ofuA|EAA
A el g B AN HFeR AE (YA AATYD) ArE ARSI, FOOD |
Gtk E3, F0 A AN AUA A% T 89 Sk BAROIA AT AmE AR Ak 1
o A, oAdA v S7re AFAE dE 57 B8 AESHT GRDP Hre AR sHE
o & = ANF TV AT  deBR, BE AF9E St Atz oW, RATE ¥ee 2
A e Ashtt(Kim, 2016; Lee &  FUFFEEA)NA AlFste 8w A=olt

Choi, 2015), npxjEto.2 AR 29l 3 GRDP(X U

FADE AANE S22 B A . 3 23 MY
o] GA] & o] LTS ZIIA 7| 905} 9JFF olxjo|m 2 A4e S 97E Aolet 7 Hao] el HE-
2 A QAT AdE, fE2we] Fr =
VAo AFAL vtsta QlohH 49 W o wat H Table 2. Units and sources of variables
(59 AL APEooF 8 Aojth(Kim & Han, Variables Unit Sources
9007; Park & Choi, 2006; Park, et, al, 2014), t}2 WATER | 1,000m® | ater Resources Management
’ Information System
(Table 1)> AP0 A3} o] 24 Foof ojgt g PREC mm National Statistical Office
9] = UFF’]'LH i 011:} TEMP ¢! (Korea Meteorological Administration)
= AT
Yearbook of regional energy Statistics
ENERGY | 1,000t0e (Korea Energy Economics Institute)
2. EMXIm2 &% Agricultural Production Statistics
o _ Foop % | (National Statistical Office)
B4 429 £7E 93 AEoR FAol A —
= %7]‘ xy /\]'O]E—(%ﬂ"/;\‘xl'%%a]%@'xé E/\]i%”, GRDP Ccfigtlgnt National Statistical Office
FA% ) A2 ol g3t 1998455 2014117} Prices)
S - - _ Statistics of Waterworks
° = = A5 oo alyl
A9 BE AR AHAF EAA G FF A4 mam | owen | LIRS




46 Crisisonomy Vol.14 No.4

In(WATER;;) = By; + 1;In (PREC;)

+ By, In(TEMP,) + By, In (ENERGY,)
+ B, In(FOOD;;) + B5,In (GRDP;;)

+ B In (RATE;) + &

o714, it 167) FIAE, ji AEolm, WATER
L B o §3, PRECY: 7%, TEMPL: 7|2, ENERGY
&= o|ui{4u]%, FOODE AlsFAHEAIALE, GRDPE:

A GUFAYAE, RATEE SRS 9wl

4, =

B ATE 249 ol 3} WA R HAE 7
3t7] $1sf s d o] ¥ 2 g (panel data model)S 41§
St Zlojth, dfd dlojg EF2 AIAE dlol¥
(time—series data)®} ﬁo‘%ﬂﬂ 4| 0] €| (cross—sectional

data) &4 S AT = glow, AALE A=

A A E s FHLaket A9 %Oﬂﬁ AetE 3
AoAE FAE 5 7 'IH—roﬂ AR 48 T MY
L ARE A& 4 9Jth(Egger & Winner, 2006). #d
2] dubAQl o]& APy vt 22 4 (9=
FHHY 71, ae R, = A, ie AY, te
NA, e LA (6 = i+ N, +Uzt) oJu| st

Y, =a+pX,+te¢, 9

ojgfgl 7|2 By @Ak 71 ol whet 9¢]
83 %3 (Random Effect Model)¥} 1A F 1R
(Fixed Effect Model) 2.2 FEE o] FAE 4~ Qith

THAHEYE A 74| U S A et Aol

AF aE e, 1 anng s 3
Al Ahe Y3t Chow test, EANRY T} TR
7te] a8A AAE Y%t LM(Lagrangian Multiplier)
test, 22)1 TAANER} GEAREY o] 44
dE wdst7] 9]8l Hausman test7} A|3§E|ofof gict,
oj¢} tEo] sfd =P A7t 1A A THtimefixed
effect)Q} o]&-AHA (heteroskedasticity) W A}7] A%
A(auto—correlation) ATAIES 1#Hs}e] H A 13

= Adg Zojtt, & 2 A3 aglo] 7t 3 AR

ASHL chaRt U2e] o) WALk 4

4o
i~
@
o W
A O

=)
e,
it
oX,
o
Ehs
1%
o,
i,

7= the (Table 3yo]l A9} 2+
(overall) 7] ZEA G = H=29]
1 {Hbetween) A %]
219 W(within) 57
é%i A5 ouigitt, F8&
Bo|g% 25 oy AHgE A

y o

)
>
)
r_>i

A

SR o [ AR R )
o B
TS
5
N o
.-
ﬁmlm
— 1o
=
od St
B
_>f

oo
o N
ﬂJ;Z N

L e

=

o,

re

b

r\l

ot it
12
oZ,
120
ot
()
=
-}
v}
10
ol
o
N
12

ZH(between) 2}0]
8 2 thepd vl
A ey
)

N
>
2
<
3
i

3
>
)
)

o
s
ol
i)
4
H1
o
lo oy
1o
o,
do ¢
N
12
o
.
rE

toh
ox
H1
N
N
re
12
o
il
e}
ue e
=

o
ox,
o
»
o e
=
olft
i
ox.
=
=
Hir
kY
i
o
=
-
|

llo

ofl
)
oo

ofr
e



Effects of Energy and Food Supply on Domestic Water Demand 47

Table 3. Foundation statistics

Table 4. Detecting multicollinearity using variance inflation factors

Variables .
(unit) Category | Mean | S,D, Min, Max,
overall 18,73 | 14.51 2.70 48 32
WATER
(Billion m?/y) between 14.89 2.89 43.20
within 1.30 13.05 24.18
overall 14.06 3.43 6.74 25.26
PREC
(100 mm) between 1.42 11.42 16.35
within 3.14 6.33| 2367
overall 13.60 1.26 11,00 17.00
T(EE,(I;/I)P between 1.21 11.41 16,18
within 0.48 12.49 15,07
overall 14,51 13.08 0.78 56.31
ENERGY
(Million toe) between 12.87 1.22 49 .86
within 3.93| -3.44 34.31
overall 33.41| 385.83 0.13| 129,54
FOOD
(1,000 ton) between 36.61 0.24| 106.18
within 4,71 7.12| 56,77
overall 67.72| 69.76 6.60 | 314.60
. QRDP between 68,86 9.79| 259.22
(trillion won)
within 20,11 | -39.52 | 166,98
overall |587.89|130.76| 287,00 | 917.00
RATEB between 75.82 | 460.47| 699.59
(won/m?)
within 108,11 | 209,42 | 828 42

*Notes: 1) No, of Obs,: overall=272, between=16, within=17
2) GRDP unit: 2010 constant prices
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Variables VIF 1/VIF
ENERGY 3.39 0.30
GRDP 2.94 0.34
FOOD 1.76 0.57
TEMP 1,24 0.80
RATE 1.16 0.86
PREC 1,05 0.95
Mean VIF 1,93
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Table 5. Model estimation and comparison

(1) Pooled OLS (2) FE (3) BE (4) RE (5) FGLS
Coef, Coef, Coef, Coef, Coef,
PREC 0.158" 0,011 -0.293 0,022 -0.009
TEMP 0,863 0,074 0,753 0,046 -0.045
ENERGY -0.050 0,045 -0.224 0,051 0,084
FOOD 0,274 0.406™" 0.335"" 0,412
GRDP 0,012 0,843" 0.105" 0,318
RATE 0.025 1,448 -0.030 -0,199™
CON 9.830"" -12.556"" 7.770"" 4.305™
F 9.74™ 12.34"
N 11,677 907,20
R, 0.189 0.007 0.182
R, 0.691 0,892 0.759
R2 0.858 0.686 0.709 0.752
o, 0.563 0.393
o, 0,086 0,086
P 0,977 0,955
No. of Obs, 272 272 272 272 272

Time—fixed Effect Test: F(16, 234)=1.08, p=0.3764
Chow Test: F(15, 250)=263.16, p=0.000

LM Test: x*(1)=1698.11 p=0.000

Hausman Test: X2(6) p=0.011

*Notes: indicate significance at 1%, 5%, 10% level
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Table 6. Testing homoscedasticity and non-autocorrelation
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s
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33,432, p{0.01), E3t, 9449
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