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(domestic and business) purpose wells by using a regression tree method. Journal of the Geological Society
of Korea. v. 55, no. 6, p. 683-691

ABSTRACT: Accurate estimation of groundwater sustainable yield and usage amount is required to make
reasonable groundwater management policies. In this study, a regression tree classification technique is used to
estimate the accurate values on the amount of groundwater use of administrative (Eup and Myeon) districts for
domestic and business wells. The number of samples used in this model is 502 for domestic wells and 771 for business
wells. The number of input factors for tree models were 7 and 4, respectively, and the measured daily usage was
used as output value. The amount of daily use by the regression tree model of the domestic wells is estimated to
be very similar to the actual usage, and the amount by the model of the business wells is more similar to the actual
value than the estimated value by the MOCT’s equation. In the future, it is expected that the reliability of the usage
statistics of administrative districts will be greatly improved if additional data is secured and this classification
method is applied and modified.
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et al., 2004; Kim et al., 2013). X3} o| &FL 73
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Table 1. Statistics for original samples of living purpose wells; domestic and business.

Before removing the outliers

Data used for a model construction

Sub-use Number dAVle rage Star}dgrd Number (?Vle rage Stapdgrd
of wells al 33/ use ev1§1t10n of wells al 33/ use ev1§1t10n
(m?”/d) (m”/d) (m”/d) (m”/d)
Domestic use 524 1.3 2.4 502 0.9 0.9
Business use 822 17.2 36.0 771 8.7 13.1

A5k o] G A= Rl F4a) 2] 2 (MOCT,
2015)0) 4 FATL Qe FEE D ARg=Ez
FESHe] ufg F GRpe] AR Eate] 43,
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£ TAHL k401 m’/ Y= vehgth o9} e o
olgere AA ArggHTt 2 Aoz sjotEliy),
Ag-g T o) o] gaFo] A Uehd AL A,
3 5 FREOT FTFELE o8 A Ho] 23E
ZA9-o| AU, FA|} ] o] geko] Thr} AatE
A 7HA A Ao ojgk A o] wo] Ehe|o] 917]
5ot} wlebd, B AFo|As A9}l vl wat
of ok 2~4 W = Fhot A E A7HAIe A A 9]
A ARE BAE AR A A 2t=E stk

3.

=]

a0

2 F=

& AFolMe B8-S Asks B diFES A
Aohs 7183 dRkE A8k ol 8 4 ¥ile
WEstas} st on, 35 34 mdo] 2842 ¢
Sto] A7 HAILR (XAA 9] A8k g =] o
& AlE"E) el 7] #5501 3= DB @5& AN
stoqof = 273t A ST AollA AF7t
e} o] S H X5l o] A= Foll= AlF
g0l W2 gholu 2o HshA] oF2 ghsol &
AL = AL B2 7Y 23] A2 de Alatstr] |

aho] TEo) A H4-L Tt o] skt

AR, o4 24 mdo] 7M5etES YRS
$43] 2He3 Y ARE BROZ ALESYTh &,
AR ZAARE Fol= AR, Fp5E, gz oy 5
A Aol retE A$vt gong sMes nE
A Qb7 S Ee] Qi BHES RO Z AF
stttk webd, G4l BETA, BHAE, BEE
W77, BE vk, P 5o RS BT 2k
Q= TS R o2 ALgatch

7, SloflA 53 uel 2o AzHA|e} A=
248 Aat Foh A EHE Ao glonz A9
ahsict.

AR, A ERE AMgEte] o o] gk =A%
3 A7 o +150 (3704 ok EEBEHE
ol ARE olgto g B 1 A A3 chKim
et al,, 2013). 734 o] 4] L 09m’/ Y,
9hg o] g2 8.7 m’/ Yol o] Akgte] Wl 7}
49 A9 k50 m’/ Y, Yukg2l H$E 70.0
m’/ 2 o]o 2 A BAol| A A SHHTHIE 1). o4
o) B Fale] HEHoz muo] AMSE JRE
7444 5027, Qukg 77179 gtk

4. 3|FL}F EMH(Regression tree)

Kim et al. (2013) T A 3|74 2%t X
Sk o] 87 FAAE AN v gl 32
OJ7t 087 F7g o) AUAA TshEof 3lof FH
T 99 T F2 Aol Uit o] & FAE =&3)
e S 22 ok IAYF B4 Ao U
T2z FAEo Qlof o7t i o2 7o ¥
F7t Agste] BE Wl ofgA YFE F=A
mjofo] Zolgt AFxdo] Qlrk. of& 2, A% SHAT
2] dlo|e| o] A3, B E T4 59 71
< T8 A gonz Agof AgHo] At} 1



686

o
=1
nE

N
Ho

=

ror
0

Table 2. Input and output variables of regression tree models for two purposes of wells: domestic and business.

Content

Input variables

Output variable

Domestic use

7 variables (Eup-Myeon-Dong code”, Person, Well depth, Well
diameter, HP of pump, Pipe diameter, Pumping capacity)

Daily groundwater use

Business use

4 variables (Eup-Myeon-Dong code, Well depth, HP of pump,
Pumping capacity)

Daily groundwater use

Remark: 1) Dong code: 1, Eup code: 2, Myeon code: 3

2, ST 2ol AR H|EEd 9 78
S7F EABHA =, o|eF 22 &2l o FARANA
= A5 L5759 7FsAdo] AR frofsfjofF gtk

JAA R Decision tree) 54 HPE-& L 7]
Hhe] £ BES e Ao2A 59 W e
7IHEe 2 &5 e g dISsHA Y Aol A E A
o= ZR3P7| st ARgE= Rt glolgE
$A510] |5 Apolo] EAIHE HEE ol 7t
5] 2o L) H 1 mafe] el
AR sfo] SRR YR o, eA1E S
UFol= E5uUF(Classification tree) 2} 3] F U
(Regression tree) 2 -&-0| Ht}.

2 AFoME AT H8=E fiste] CHAID
(Chi-squared automatic interaction detection) &
T2 gk CHAIDE 7ol R|1E 744
+= F-33& o] &3t x| &2 (Multiway split)<
el= darE]E o =24 19634 J.A. Morgan} J.N.
Sonquist7} ¥r&38F AID (Automatic interaction de-
tection) A|2Hlo| A A =t A MeS3He
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EE 7= th(Thearling, 1995; IBM, 2012).
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Node 0
% : 100.000

Predicted: 0.931

Person

Adj. p value: 0.000, F: 24,933

|
<= 3.000
|

Node 1
%:79.023
Predicted: 0.799

Pump capacity

|
> 3.000
|
Node 2
%:20.977
Predicted: 1.430

I
<=10.000

T
10.000 :19.439

|
Node 3 Node 4
% :7.759 % :7.759

Predicted: 0.752

Predicted: 0.232

Person

Adj. p value: 0.000, F: 23.776

T 1
19.439: 25.601

»29.601
|
Node 5 Node 6
%:23.276 % :40.230

Predicted: 0.635
\
HP
Adj. p value: 0.042, F: 7.296

Predicted: 1.012

<= 2.000 > 2.000 <= 0,300 > 0.300
| | | |
Node 7 Node 8 Node 9 Node 10
%:6.322 %:1.437 %:12.356 % :10.920

Predicted: 0.156

Predicted: 0.566

Predicted: 0.442 Predicted: 0.853

Well depth
Adj. p value: 0.032, F: 9.744

<= 19.000 >19.000
| |

Node 11 Node 12

%:2.011 %:4.310

Predicted: 0.059

Predicted: 0.202

1.2

1.1

1.0

0.9

0.8

Groundwater use per a well (m3/d)

0.6

Fig. 1. Regression tree model for domestic groundwater use estimation.
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Fig. 2. Representative elementary counts distribution for groundwater use estimation of domestic purpose wells.
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Fig. 3. Regression tree model for business groundwater use estimation.
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Table 3. Estimation equation of groundwater use for domestic and business purpose wells proposed by the MOCT

(2013).

Purposes Urban area

Urban-rural complex area

Rural area

Domestic use 0.173+(Personx0.210)

0.173+(Personx0.210)

0.265+(Personx0.181)

Business use 2.199+(PCx0.021)

3.154+(PCx0.023)

3.521+(PCx0.011)

Remark) PC : Pumping capacity (m3/d)

e e
o L8] -y (=)}

Groundwater use per a well (m3/d)
[e-]

0 50 100 150 200

250 300 350 400 450 500

Number of well

Fig. 4. Representative elementary counts distribution for groundwater use estimation of business purpose wells.
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Table 4. Comparison of daily and yearly groundwater use estimations and actual measurements for two purposes:

domestic and business (unit: m’/d).

Urban-rural

Purposes Methods Contents Urban complex Rural Total
No. of well 22 255 225 502
Person (average) 2.50 3.29 2.40 2.86
Average daily use 0.70 0.86 0.70 078
MOCT per single well ’ ) ) )
(2013) Average daily use 028 0.6 0.29 027
per person ’ ’ ’ ’
Domestic use Average daily use 0.83 0.98 0.86 0.92
. per single well ’ ) ) ’
Regression tree -
Average daily use 033 030 036 032
per person ’ ’ ’ ’
Average daily use 0.62 0.94 085 0.8
per single well ) ) ) ’
Actual use :
Average daily use 025 0.29 035 031
per person ’ ’ ’ ’
No. of well 34 547 190 771
MOCT Average daily use
(2013) per single well 4.47 5.12 441 491
Business use i
USINESS USE p caression tree  AYeragedailyuse ) 5 8.98 8.44 8.95
per single well
Actualuse ~ Average daily use 8.99 9.05 7.59 8.69

per single well
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