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Water consumption forecasting and pattern classification

according to demographic factors and automated meter reading
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ABSTRACT

The water consumption data of individual consumers must be analyzed and forecast to establish an effective water
demand management plan. A k-mean cluster model that can monitor water use characteristics based on hourly water
consumption data measured using automated meter reading devices and demographic factors is developed in this study.
In addition, the quantification model that can estimate the daily water consumption is developed. K-mean cluster analysis
based on the four clusters shows that the average silhouette coefficient is 0.63, also the silhouette coefficients of each
cluster exceed 0.60, thereby verifying the high reliability of the cluster analysis. Furthermore, the clusters are clearly
classified based on water usage and water usage patterns. The correlation coefficients of four quantification models
for estimating water consumption exceed 0.74, confirming that the models can accurately simulate the investigated
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demographic data. The statistical significance of the models is considered reasonable, hence, they are applicable to the
actual field. Because the use of automated smart water meters has become increasingly popular in recent year, water
consumption has been metered remotely in many areas. The proposed methodology and the results obtained in this
study are expected to facilitate improvements in the usability of smart water meters in the future.
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(Koo et al., 2021).
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a2 ma ALY YA =
(Cominola et al., 2015). A WA= & A& A=
£&H0l3 A oR 35k Wi BaaE
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2018; Osman et al., 2018). &= HAE= 3= & A&
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§HEA, 2 B A BHS solste dpolth B
g E4E sobs] S8 ATES FR B S
Aol ofm SAE Zm ofgA BRE 4 e
(Gurung et al., 2016), = AH&-F ALS]}eh4], A et
A, $744 89l Aololiz ofH TAZF YEAE B4
3ttt (Kofinas et al., 2014). A WA= gtolE & ALg
% ARE PR 29 W XLl T}
= Aem A & AEFE ASsHAY (Blokker et
al., 2010; Pesantez et al., 2020), & A& 2 & o]&
& Abmabaro] xobybe] El 2 ybe] HbHS A
orsA L (Creaco et al.,, 2017; Di Nardo et al., 2018),
WY W = YAE "R 59 datEol ol
EHEP?'SPQ- (Luciani et al., 2019). 4] HAl= & =9
g Mg aHste AR, & ARAEA dAeE
frEshs W 5ol ol siggttt (Cardell-Oliver et
al., 2016; Sonderlund et al., 2014).
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Table 1. Specification of smart water meter and terminal device in target area

Classification Specification
Type Double deck of vane and dry type
Smart Size 165(L) x 103(H) x 84(W) mm (for 15 mm diameter)
water meter Quantity Mimimum: 25 L/h, Maximum: 2,500 L/h
Permissible operating pressure 16 bar
Measurement method UART (Universally asynchronous receiver/transmitter)
Device size 165(H) X 108(W) X 44(D) mm
Terminal . Wireless communication based on LoRa
device Networking method (In case of network failure: function to save meter reading value)
Networking distance 1.5 km
Power / Consumption 3.6 V lithium battery, 50 mA (In action)
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Table 2. Situation of smart water meter in target area

Region Total number of installed smart Data missing rate | Number of sm.art water meter match
water meter (%) with survey

A myeon 280 12.47 27

B myeon 158 12.29 33

C myeon 272 16.80 24

D myeon 411 9.58 32

Total 1,121 12.44 116
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Table 3. Sociological survey for customers

Category Description
Survey period 5 days in Dec/2018 (2018.12.17. ~ 2018.12.21.)

Survey method Face to face interview

Number of survey |130 people

« Surveyor information (gender, age, work type, level of education)

* Surveyor’s family information (number of household, number of members (aged, preschoolers,
housewives, unemployed)

Survey content » Average monthly income (7 grade)

* Drinking form (tap water directly, tap water boiled, purifier, bottle water, others)

» Water use for cooking (tap water directly, purifier, bottle water)

» Willingness to additional water rate pay (never, negative, neutral, positive, strong)
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i): Silhouette coefficient
i): Average intra-cluster distance (Average distance
between each point within a cluster)

: Average inter-cluster distance (Average distance
between all clusters)
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Table 4. Water consumption characteristics in target area
Category Result
Number of household 116
Daily average water consumption per household 607.97 L/d
Average number of people in household 2.59
Ipcd (liter per capita day) 278.46 L/d/person
Average time coefficient at 1st peak load 3.18
Average time coefficient at 2nd peak load 2.05
Average time interval between 1st peak and 2nd peak 7.80
Average time coefficient at valley 0.76



, 2 o
H67) 7be] Ad/pEe 99d AXASE B2 otk Ago] ey, ojelat g 94 =
3 A AP B ARSTol Be Azt AZHASE @, AR 53 2ol B A TR 4 Qi HEo)
W 3082, 3 WA ASEAo] vhRYE F, F ol B Algeke 23, AW 53} 2ol AH fEw
A ASZANA 7Hg B ARGl B A AZF Algdts B AMgR 27 ujRoleta wekH.

Ast Wit 2052 Uebgeh § A 34 Aboli S02 Fig 4 A53 2 A Aol ¥,
B 780 AZhe] A7 0] EASHE A0R BAE @A) ARelL Ui FEQTN 2R SEl

AT e U A= AYA | digt SRl & AR AR
3f

ole] TAE Lehi). Fig 4b)S F8) o 4= o],
32 QITEAEIN SMT SAIST Al A B4 9 @ 450] 84S BASFS Foj=E 4
ATEATH 291 MRS Bo| zAglen, o) W Swi Ad wE S5S HEd
G224 A3t & 483 s BAS 24T 3 87te] B = wdo] 7PgoRA, HiKes 7t
© Fg 3 Fig 4 Fig S9 20, 0, H 3o a8 W &4 22 AT 8 A8 s e Aoz
gel= ) SHH, 27149 $xE QT A& 3} ©
SRR 0 B B Aolel A, T T8 E e T, Frpa L el Hi o
AYHos 714 U B o] ke =n o u PP ATTE A AREShL Q= 2o ¢2 A2
o —— o =0 = ST T T 1_,
Aoz Uehdth ol @AY B gl BosE

Hstobg o] 420 B ARG Alolo] A Yehdtt - Sl o] 2 Eow Z7E
lpcd% T Ayl 2t e iﬂl epet o AEEojof Bl fEafo] 2 Zog =781y o

== - 3T

0}l el = ALAl AZEla 9l o]9lo] 27} wol, & ARl B2 AF 7 s AE
_ ] r,HoH H2Zz o] olzrRLS. 71 7 O F2 T‘D}-QE}-
27]_-(-;]_/\;%/\]__9_1—_-/}: o A] 27]'627/14\131"]:‘ 0] 2] 31} 94 A w= A puiiu i)
. Fig. S HAA 28 deoh 94 mela] Agshs

ek Aol vehAs 5
ot E ety EO) WIS E ABR Aole] BAE etk B

o/rET

g2, £ W Aol
ororeh esld A A%l

60 600
50
40 :-5: 400
= 4
2 30 o
[}
© 2
20 200
10
0 0
One Two Three Four Five Six One Two Three Four Five Six
Number of household member Number of household member
(a) Number of household member (b) lpcd with household member
60 400
50
300
40 —_
€ )
3 30 < 200
o 0
20 &
100
10
0 | 0
One Two Three Four One Two Three Four
Number of resident member in household Number of resident member in household
(c) Number of resident member (d) lpcd with resident member

Fig. 3. Investigated results and Ipcd related to household member.
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Number of Average silhouette Average silhouette coefficient of each cluster
cluster coefficient Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
2 0.35 0.32 0.49
3 0.36 0.29 0.61 0.38
4 0.63 0.62 0.61 0.67 0.60
5 0.63 0.67 0.48 0.67 0.62 0.64
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Fig. 6. Silhouette coefficient profile by number of cluster.
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Table 6. Characteristics of each cluster

. Cluster
Variable
1 2 3 4
Number of sample 6 19 42 49
Ipcd Average (L/d) 758.18 515.02 311.55 99.62
(liter per capita day) Standard deviation 253.25 310.33 155.79 69.44
Daily average water consumption Average (L/d) 2,011.81 1,141.93 634.24 206.50
per household Standard deviation 205.22 168.75 130.44 103.86
Average maximum time Average 1.95 2.69 2.65 3.98
coefficient at 1st peak load Standard deviation 0.56 0.98 0.65 1.63
Average time coefficient at 2nd Average 1.63 2.08 1.86 2.26
peak load Standard deviation 0.62 0.59 0.42 0.71
Average time interval between 1st Average (h) 6.67 6.95 8.24 7.90
peak and 2nd peak Standard deviation 2.16 1.69 0.82 0.89
. . Average 0.72 1.13 0.77 0.62
Average time coefficient at valley —
Standard deviation 0.42 0.43 0.39 0.54
Average 3.00 2.89 2.50 2.09
Number of household member —
Standard deviation 1.26 1.45 1.13 1.14
. Average 2.17 1.16 1.21 1.14
Number of resident member —
Standard deviation 0.75 1.21 0.68 0.84
. Average 0.21 0.50 0.30 0.40
Ratio of employed member —
Standard deviation 0.19 0.35 0.33 0.37
. Average 4.67 5.47 4.40 4.55
Monthly income .
Standard deviation 1.21 0.92 2.40 2.15
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Fig. 7. Water consumption pattern by classified cluster.
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Table 7. Variables of Ipcd estimation model

Variable Category Range
HM 1 1~ 2
Number of household member HM 2 3 ~14
HM 3 Over 4
Number of resident member RM 1 1~z
) RM 2 Over 3
emographic YR Bolow 033
Ratio of employed member EM 2 0.33 ~ 0.50
EM 3 Over 0.50
M 1 Below 3,000
Monthly income (Thousand KRW) Ml 2 3,000 ~ 5,000
MI 3 Over 5,000
Table 8. Variable of estimation model by stepwise method
Model | Correlation coefficient | Standard error | Included variable Variable details
RM2 Resident member over 3
1 0.98 80.12 EM1 Ratio of employed member below 0.33
Mi2 Monthly income 3,000 ~ 5,000
HM1 Household member 1 ~ 2
2 0.75 225.46 HM2 Household member 3 ~ 4
RM1 Resident member 1 ~ 2
HM2 Household member 3 ~ 4
3 0.76 123.72 RM1 Resident member 1 ~ 2
EM2 Ratio of employed member 0.33 ~ 0.50
MI1 Monthly income below 3,000
HM1 Household member 1 ~ 2
4 0.74 61.79 RM2 Resident member over 3
Mi2 Monthly income 3,000 ~ 5,000
MI3 Monthly income over 5,000
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Table 9. Statistical significance test by ANOVA

Model Sum of square | Degree of freedom | Mean square F value Significance
Regression 307,834.99 3 102,611.66 15.987 0.050
1 Residual 12,837.21 2 6,418.60
Total 320,672.20 5
Regression 907,955.03 3 323,651.68 6.367 0.005
2 Residual 762,476.78 15 50,831.79
Total 1,733,431.81 18
Regression 428,702.44 4 107,175.61 7.002 0.000
3 Residual 566,351.76 37 15,306.80
Total 995,054.20 41
Regression 71,066.46 6 11,844.41 3.102 0.013
4 Residual 160,361.57 42 3,818.13
Total 231,428.03 48

Remark) If the significance of F value is less than 0.05, the model is significant at the 95 % confidence level.

Table 10. Statistical significance of regression coefficient test

Model Independent variable | Unstandardized coefficient | Standardized Coefficient t-value Sig.
(Constant) 885.44 13.54 0.005

RM2 -517.89 -1.056 -6.46 0.023

! EM1 89.16 1.082 6.89 0.020
MiI2 -28.12 -0.601 -4.63 0.042

(Constant) 194.11 3.49 0.004

HM1 563.96 0.922 3.54 0.003

2 HM2 165.32 0.741 2.23 0.042
RM1 -103.64 -0.971 -3.98 0.001

(Constant) 328.51 6.37 0.000

HM2 -84.71 -0.659 -3.49 0.006

3 RM1 -52.06 -0.438 -2.81 0.010
EM2 -50.01 -0.416 -2.76 0.011

MI1 151.16 0.977 4.69 0.002

(Constant) 103.15 3.41 0.001

HM1 50.06 0.536 2.15 0.037

4 RM2 -54.29 -0.574 -2.28 0.022
Mi2 49.02 0.520 2.04 0.040

MI3 -51.01 -0.547 -2.19 0.033

Remark) If the significance of t value is less than 0.05, the coefficient is significant at the 95 % confidence level.
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Y, =328.51 — 84.71 HM, — 52.06 R M, —
50.01 EM, + 151.16 M,

(10)
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(1D)

¥, = Ipcd of cluster 1 (L/d/person)
Y, = Ipcd of cluster 2 (L/d/person)
Y, = Ipcd of cluster 3 (L/d/person)
Y, = Ipcd of cluster 4 (L/d/person)
HM,; = Number of household member 1 ~ 2
(if so HM, = 1, otherwise HM, = 0)
HM, = Number of household member 3 ~ 4
(if so HM, = 1, otherwise HM, = 0)
R M, = Number of resident member 1 ~ 2
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RM, = Number of resident member over 3
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