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Abstract

Industrial water supplied by water resource project is essential input materials along with labor, capital and land for com-
panies. It is very important to stably secure these input materials in order for the industry to generate additional values. If the
supply of industrial water is stopped, it is known damage for the industry is greater than domestic water or agriculture water
based on same amount of supply. Like this, the actual value of industrial water has been highly acknowledged from the intu-
itive perspective, but study on the value and benefits of industrial water has been rarely conducted. Therefore, this study ver-
ified the value of industrial water supplied from water resource project, and used marginal production value as a measure to
estimate the benefits of industrial water in the analysis of economic efficiency. As a result of empirical analysis using Cobb-
Douglas production function and Translog production function, industries' average marginal production value was 5,427KRW/
m? and 5,583KRW/m? respectively. The marginal production value for eleven industries were estimated by using same method.
The marginal production value by industries presented by this study will be used as important data to calculate benefits of
industrial water in the future. Moreover, the result of this study will provide reasonable criteria for decision making on the allo-
cation of water in emergency situation, and problem of resource supply from water resource project.

Keywords : industrial water, economic analysis, production function, marginal productivity value, benefit
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Table 1. Industry Classification

a: food, beverages & tobacco

g: electrical apparatus, nec

b: textile apparel & leather

h: electronic & communication equipment

c¢: wood, paper & publishing

i: professional goods

d: petroleum refining

j: transport equipment

e: non metallic mineral & primary indusrty

k: furniture & other manufacturing

f: general machinery

Table 2. Variables for Empirical Analysis

Variable Attribute Unit Mean Standard Deviation
Q Total value-added Billion won 2,113 48,255
L Average number of workers employed Number 24 177
w Total mount of industrial water consumed Ton 18,350 346,399
M Total intermediate input Billion won 3,469 70,625
K Value of fixed assets at the end of the year Billion won 2,345 53,870
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Table 3. Marginal Productivity value of Industrial water

Cobb-Douglas Function Translog Function
Coefficients Estimates T-Value Coefficients Estimates T-Value
In4 2.0178 250.181*** 1.9904 88.765%**
InL 0.7324 237.152%*%* 0.8821 70.185%%%*
InK 0.0483 34.167*** -0.0338 -5.354%%*
InM 0.2734 190.706%*** 0.1413 24 582%**
InW 0.0471 36.105%** 0.1121 22.116%**
InLInL 0.0281 9.378***
InKInK 0.0097 13.147%%*
InMInM 0.0508 72.968%**
InWInW 0.0022 5.343%**
InLInK 0.0078 3.528***
InMInL -0.0908 -42.035%**
InLInWw 0.0138 7.029%**
InKlnM -0.0038 -3.805%**
InKInWw -0.0007 -0.791%**
InMInW -0.0216 -22.554%*x*
F-Statistics 98,670.88*** 31,793.42%**
Adj. R? 0.82 0.84
Durbin-Watson 1.37 1.50
Number of obs. 85,822 85,822
Output elasticity of water 0.0471 0.0172
Marginal productivity value (won/m?) 5,427 5,583

Note: ***significant at 0.01 significance, **significant at 0.05 significance, *significant at 0.10 significance
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Table 4. Coefficients Estimates & Significance Level by Industrial Classification

A InL InK | InM | InW |InLInL |InKInK | InMInM [InWInW | InLInK | InMInL | InLInW | InKInM | InKInW | InMInW
09174 | 05679 | 0.0954 | 04274 | 00454
(20.7)%%% | (37.6)*** [(13.1)*#*|(56.4%%+)| (6.9)+**
a
[ |L0:8698 | 0.6721 | -0.12 | 05070 | 0.0953 |0.0155] 0.0272 | 0.0186 | 00039 | 0.0198 | -0.0368 | 0.0117 | -0.0140 | -0.0051 | -0.0184
(6.4)+* | (9.1)*#* |(3.5yk % |(14.1)***| (3.3%%%) | (L1.0) [(7.1)***|(4.4)%** | (1.8)** | (1.6) |(33)%**| (1.2) |(2.50%*| (-1.1) | (3.9)%*+
Cpl 23136 | 07060 | 0.0276 | 0.2348 | 00594
) (146.2)%+*|(107.6)%+*| (9.7)%** |(98.0)+**|(21.1y+*
g [ 20958 | 0.8092 | 00078 | 00701 | 0.1443 | 0.0320 | 0.0079 | 0.0548 | 00025 | 0.0042 | -0.0628 | -0.0028 | -0.0120 | 00014 | -0.0218
(A7.5)%%% | (28.8)*** | (0.7) | (7.1)*** [(15.1)%%%(4.7y%%|(5.6)***|(50.4)%*% (2.7yk** | (1.0) |(16.1)*%*| (:0.7) [(-7.2)%**| (0.8) |(-12.8)**
| 8867 | 07877 | 0.0373 | 02724 | 0.0593
(65.5)%%% | (72.9)*** | (8.7)*** |(49.0)***|(12.9)*++
C
7 [16127 | 0.7015 | 0.1198 | 0.1549 | 0.1628 | 0.0073 | 0.0064 | 0.0601 | 00065 | 0.0301 | -0.0507 | 00184 | -0.0336 | -0.0036 | -0.0360
(18.7)%#% | (14.2)%* | (5.7)%%* | (6.1)*** | (0.0)%*% | (0.7) [(2.8)***|(19.2)%%#| (4.3y%#* | (4.0)%%% | (:5.4yk%+ | (2.5y%* [(:8.7y%%*| (-1.1) | (:9.0)%*+
Cpl 14910 | 06575 | 0.0687 | 0.3580 | 00528
. (54.8)%¥% | (60.5)*** |(13.6)***|(59.5)*+#|(12.6)++
g | 15286 | 0:9382 | -01413 | 02579 | 0.1581 | 0.0248 | 0.0090 | 0.0474 | 00054 | 0.0051 | -0.1034 | 0.0301 | 0.0184 | 00013 | -0.0420
(19.7)##% | (20.5)%#* (-6, 1y%%+ [(10.8)***| (9.3)%*% | (2.0 [(3.3)***|(14.8)%*% (4.1y¥** | (:0.6) |(-10.8)¥%*| (A.1yk*% [ (4.3)x+* | (0.4) |(-10.4)*k*+
Cpl 19093 | 07101 | 0.0627 | 02725 | 0.0655
(93.5)%%% | (87.0)%## |(18 2)*##{(72.9)%#%|(22 2+
(5]
[ |[22898 | L1178 | -00589 | 00470 | 0.0594 | 0.0418 | 0.0124 | 0.0546 | 00055 | 0.0030 | -0.1045 | -0.0054 | -0.0034| 00044 | -00148
(37.9)%%% | (32.6)**% | (-3.5)%#| (2.9)k 5 | (4.7)k%% [(5.2)%%%| (7.1)*#%((20.9y**# (5.9)*** | (-0.5) |-17.5)%**| (-1.1) | (-2.00%* | 2.00** | (-6.3)
(| 20689 | 06537 | 0.0548 | 0.3144 | 00354
. (O1.7)%% | (79.4y* %5 |(16.2)%+#{(72.5)%#%|(11,6)+**
g [L18702 | 0.709 | -00391 | 02592 | 0.1573 | 0.0215 | 0.0042 | 0.0423 | 0.0020 | 0.0257 | -0.0884 | 00232 | 0.0020 | -0.0022 | -0.0311
(24.0)%%% | (18.5)%%% | (-2.0)%* [(13.0)%#%| (9.7)*** | (2.4y** | (2.1)** [(19.7y*¥ (1.9)% |(@.1y***|(-14.1)***| @ 1)#*x| (0.7) | (:09) |(-10.5)%**
Cpl 8312 | 06398 | 0.0582 | 0.3246 | 00444
(55.9)%%% | (S1.8)**%|(10.6)***|(51.1)++| (8.7)k*+
£ 7 |16305 | 0.7680 | -0.0456 | 02592 | 0.1406 | 0.0454 | 0.0099 | 0.0420 | 0.0018 | 0.0066 | -0.0957 | 00143 | 0.0026 | -0.0031 | -0.0230
(15905 (14.3y%%%| (L7 [(9.7)%%% | (6.4)%** [(3.3y***|(3.2***[(13.8y**4 (1.0) | (0.7) |(-102)%**| (1.7y* | (0.6) | (-0.8) |(-5.5)%**
Cpl 20764 | 07007 | 0.0701 | 02707 | 00378
. (55.2)%%% [ (53.0)**|(10.0)***|(41.5)+%| (6.3
[ [ 20406 | 0:6911 | 00427 | 02266 | 0.0528 | 0.0639 | 0.0040 | 0.0438 | 00073 | 0.0048 | -0.1022 | 00153 | 0.0028 | -0.0051 | -0.0208
QLOYS**[(13.4y%%%| (1.4) [ (9A)*** | (24)%* [(53y**| (1.1) [(15.1)**¥ (3.8)***| (0.5) |(-12.2)%**| (1.9 | (0.6) | (-12) |(-5.6)%**
(| 20489 | 07118 | 0.0530 | 02925 | 00344
, (39.6)%%% | (36.0)***| (6.4)F** |(32.6)++| (4.5)k+
1
g | 22839 | 08407 | 00239 | 0.0695 | 0.0856 |-0.0328 | -0.0047 | 0.0462 | 00016 | 0.0305 | -0.0660 | 00289 | 0.0075 | -0.0057 | -0.01%
(134)%5%] (9.0y** | (0.6) | (1.6)* | (2.5)%* | (-1.3) | (-1.0) |(9.9/***| (0.5) | (2.2)** |(-4.0*** | @20 | (1.1) | (-1.0) |(-3.2)%**
cp 22489 | 08507 | 0.0434 | 0.1740 | 0.0635
, (58.7)%%% | (74.6)***| (6.3)%* |(24.4)#%|(10.8)k**
! g | 22563 | 08864 | 0099 | 0.1791 | 0.0914 | 0.0691 | 0.0113 | 0.0339 | 00052 | 0.0384 | -0.0854 | 00178 | 0.0199 | 00032 | -0.0280
(20.0)5% | (19.4y%%5 | (-3.2)%#5 | (6.1)%5% | (4, 1)%#% [(7.3)%%%|(32)%+*[(11.0)* 4| (3.0)%** |(-5.0/4**|(-11.0Y***| (2.4y%* |(4.0)%** | (0.7) | (-6.2)%**
cp L6651 | 07010 | 0.0316 | 03174 | 0.0657
. (41.9)%%% | (41.2)%%* | (4.9)*** |(42.3)%**|(10.4)**+
g [12971 | 10181 | 00000 | 0.1812 | 0.1522 | 0.0250|-0.0039 | 0.0579 | 0.0057 | 0.0553 | -0.1154 | 00232 | 0.0010 | -0.0069 | -0.0311
9.9)%% |(13.1)%%%| (0.0) [(5.7)***|(5.5)***| (-1.1) | (-1.1) [(14.8)**¥ (2.6)*** | (4.1)***| (-8.0y*** | 2.0)%* | (-02) | (-1.5) | (-5.7)%**

Note: () is t-value, ***significant at 0.01 significance, **significant at 0.05 significance, *significant at
production function, TL: Translog production function
a~k: Industrial classification, See Table 1
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Table 5. Test Statistic & Marginal Value by Industrial Classification

Number of . 2 . Output Elasticity | Marginal Productivity
Obs. T-Value Adj. R Durbin-Watson of Water Value (won/m’)

CD 5,563.92%** 0.82 1.46 0.0454 3,197
a 4,997

TL 1,637.39%** 0.82 1.46 0.0256 3,584

CD 19,157.59%*** 0.81 1.56 0.0594 3,243
b 17,555

TL 6,704.27%*** 0.84 1.68 0.0411 4,188

CD 7,969.35%%* 0.79 1.64 0.0593 7,741
c 8,676

TL 2,418.13%*** 0.80 1.67 0.0477 9,010
d CD 876 12,436.40%*** 0.86 1.54 0.0528 3,835

TL ’ 3,850.91 *** 0.87 1.57 0.0117 4,066

CD 16,197.37*%%* 0.81 1.40 0.0655 6,337
e 14,993

TL 5,324.04%** 0.83 1.46 0.0660 6,082

CD 14,488.08*** 0.82 1.58 0.0354 9,398
f 12,707

TL 4,402.00%** 0.83 1.61 0.0023 9,948

CD 183 6,532.35%** 0.84 1.75 0.0444 9,809
& TL ’ 2,007.90%** 0.85 1.79 0.0143 9,425

CD 5,511.32%%*%* 0.85 1.85 0.0378 5,721
h 4,038

TL 1,748.20%** 0.86 1.86 0.0355 6,995
) CD 5300 2,342 .95%** 0.80 1.88 0.0344 7,776
l b

TL 718.72%** 0.81 1.91 0.0207 8,614
. CD 3373 6,278.28%** 0.88 1.55 0.0635 23,116
! TL ’ 2,183.32%** 0.90 1.63 0.0341 21,712

CD 3,595.74%** 0.78 1.71 0.0657 13,681
k 4,066

TL 1,123.79%** 0.79 1.75 0.0449 15,122

Note: ***significant at 0.01 significance, **significant at 0.05 significance, *significant at 0.10 significance

25,000
B by Cobb-Douglas Function

O by Translog Function

Marginal Productivity Value(won/ton)

|

k ave.

a b ¢ d e f g h i ]
Industrial Classification

Fig. 1 Marginal Productivity Value of Industrial Water
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Table 6. Industry water use by source of water supply

Supplying of industrial water (unit: m*/day)

City | Industrial complex Ind-ustrigl 2016yr
classification 2011yr 2012yr 2013yr 2014yr 201591 | (oroet vear)
Yongiu Yongiu Industrial | Textile apparel 951 3 995 1,016 1,036 1,056
complex & leather
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Table 7. Cash Flow Analysis

(Unit: million won)

year 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Benefits 1,454 | 1,488 | 1,520 | 1,553 | 1,584 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615
Cash Flow | 1,112 | 1,079 | 1,045 | 1,012 | 978 | 945 | 896 | 849 | 805 | 763 | 723 | 686 | 650
year 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036
Benefits 1,615 | 1,615 | 1,615 | 1,615 | 1615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615
Cash Flow 616 | 584 | 553 525 | 497 | 471 447 | 423 | 401 380 | 361 342 | 324
year 2037 | 2038 | 2039 | 2040 | 2041 | 2042 | 2043 | 2044 | 2045 | 2046 | 2047 | 2048 | 2049
Benefits 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615
Cash Flow 307 | 291 | 276 | 262 | 250 | 239 | 229 | 219 | 210 | 201 192 184 176
year 2050 | 2051 | 2052 | 2053 | 2054 | 2055 | 2056 | 2057 | 2058 | 2059 | 2060 | total benefit
Benefits 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 | 1,615 22,004
Cash Flow 168 161 154 148 141 135 129 124 118 113 108

Note: Social rate: 5.5%(~30yr), 4.5%(31~50yr), Life time: S0yr
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