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Abstract

The imbalance among water supply and demand becomes a more and more serious
problem in Taiwan owing to rapid growth of population and socio-economic activities.
Rainwater harvest is an alternative water supply source to relieve this water shortage
pressure in urban area. Since the effectiveness of Rainwater Harvesting System (RHS)
design is heavily dependent on rainfall characteristics, both optimization and simulation
were used to approach this problem of storage design for RHS. In the past, most of the
studies present the average successful rate under a specific storage capacity.

This paper presents a probabilistic analysis approach to construct the supply deficit
probability distribution under a designed storage as well as the exceedence probability
curve of deficit rate under different storage capacities. The fitted probability density
function was transformed into exceedance probability (EP) curve for reliability
evaluation on RHS designs. A more effective RHS design may be achieved and relieve
regional water supply pressure. This information provides a holistic view of the RHS
performance characteristic for more effective RHS design.

In this research, cities of Taipei and Tainan were used as study areas for the
demonstration of this methodology. Subsequently the probabilistic distribution curves
for relationships between storage capacities and deficit rates as well as the relationships
between storage capacities and system evaluation index were presented. The results
show that deficit rate and comprehensive evaluation index is lower in Taipei with 0.2

(m’/m*) than in Tainan with 0.6 (m’/m?®). It indicates that the system requires larger
storage capacity when ratio of high rainfall to low rainfall is higher.
Keywords: Rainwater harvesting, Probabilistic analysis, Water resources, System

evaluation index.
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Jinno et al. (1995)% ja t it en= f b "G 431 > 1AM Ao Vi 2 ok

b "% :}F] 1% (drought risk index, DRI) » = :
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Locat—i:)f Township  Elevation (m) Arg? ha Bui(lflgngs Buildirgglgz § gzea (ha)
ol % 43 929 6,000 6.46
N 81.9 1,121 10,190 9.09
AT 46.3 1,136 14,229 12.52
¢ 423 1,368 10,908 7.97
5 AL 8.2 761 2,15 15.93
o < B 34 568 7,386 13.00
g5 E=% 4.4 885 9,966 11.26
’r" 2 L F 144 .4 313} 10,183 3.23
= 135.6 2,184 4,784 2.19
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AT 4441 5,682 16,160 2.84
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- R 6.64 24727 4,799 1.76
. M E 8.39 1,043 6,186 5.93
* By 1.65 10,720 12.457 1.16
L % T 0.43 1,107 2,097 1.89
VA 5.51 626 4,551 7.27
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242 B RB L BEHLTIHAT
Erpl | rlk Eogpo ik

EERuA ] % LA

. . 1 2 2)/(1
Location  Township Bui&dgngs Pegsg)ns Perso(ns)//lgu)ilding
ol F 6,000 208,893 34.82
[ 10,190 230,986 22.67
< &% 14,229 314,112 22.08
ol 10,908 218,277 20.01
e PR 12,115 158,607 13.09
N < % 7,386 127,007 17.20
‘ qEF 9,966 194,313 19.50
ki ~ bR 10,183 260,350 25.57
kW 4,784 112,715 23.56
M 8,365 263,560 31.51
2w 18,743 287,985 15.36
AR 16,160 248,952 15.41
0w ¥.119 193,764 27.22
- R 4,799 127,7%0) 26.62
4 *E 6,186 128,314 20.74
X3 W 12,457 174,309 13.99
i % L% 2,097 59 248 28.27
v 4,551 81,246 17.85

PR SR DA FCRH2005) v 5% B FCRH2005)8 R AT Y KT

RGP R RS L R sk R E(F £ 08 2003)4
FL AR SHE A E P r R 250 A 0 P ke B 20%
LSO AD cNFL R EREHE P AR FRARGEEF R f L T

jiAipﬁ@%*ﬁi%ﬁ,#$:

SR E E © (2134 % 50) /1000 = 1.07 (m*/day) -
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Read Day t, I(t), D(t)

R@®) =D(t) « Yes

W No st () = S(t-1) + 1) - R() }+—No

Yes

v
SP(t) = S(t) - Smax

]

R® = S(t-1) + IV

S(t) = Smax Def(t).=D(®) - R(t)
Def(t) =0 If t =365
Yes
END
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% % 2 5 ¥ f(DR)

3 % & 3 f(DR) # 3 % AR > f(DR)

# % % & 3k f(DR)

S = 1 m®; Normal(0.647755, 0.044297)
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251 SAE R ERTRFRE TR KT 2 $R B MG
Pk s £ M S Goodness-of-Fit test

m’ Mean()  Std. Dev. (o) P-value

1 0.65 0.04 0.43

5 0.50 0.06 0.97

10 0.42 0.08 0.87

20 0.34 0.09 0.66

50 0.26 0.10 0.87

60 0.24 0.11 0.37

100 0.22 0.11 0.31

150 0.22 0.11 0.31

25187 NEBAFER? FRPIFKERE T 22 kF L FiEEE
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252 bafme R bk EE TR RS2 R R BT
Pk s £ M S Goodness-of-Fit test

m’ Mean(y)  Std. Dev. (o) P-value
0.76 0.04 0.97
5 0.63 0.06 0.98
10 0.55 0.07 0.81
20 0.48 0.08 0.37
50 0.38 0.08 0.97
60 0.35 0.08 0.97
100 0.28 0.08 0.06
150 0.28 0.08 0.10
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5 % A& 3k f(Rel)
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E53 LG HERRERAT AL BB LM G
Rk E R v RAE Goodness-of-Fit test

m’ Mean()  Std. Dev. (o) P-value

1 0.24 0.04 0.73

5 0.43 0.06 0.90

10 0.52 0.09 0.62

20 0.61 0.10 0.99

50 0.70 0.12 0.07

60 0.72 0.12 0.50

100 0.75 0.12 0.31

150 0.75 0.12 0.31

(=) w1k & (Resiliency, Res)

ARTR R B EN o el 5-5 & & 54 i o
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¥ % %A 30 f(Res) ¥ % A& e f(Res)
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5 % A& Sk f(Res)

3 =
Normal(0.130144, 0.023425) S=5m Normal(0.121977, 0.024979)
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254 SAWERLIRFESPRAEZ R LB M G
I3

S ¥ 1R R Goodness-of-Fit test
m’ Mean()  Std. Dev. (o) P-value
1 0.130 0.023 0.69
5 0.122 0.025 0.37
10 0.118 0.025 0.69
20 0.117 0.027 0.16
50 0.120 0.033 0.95
60 0.122 0.036 0.62
100 0.122 0.035 0.73
150 0.122 0.035 0.66

(=) % 4 & (Vulnerability, Vul)

oAtk gt KR A T (BRT) BEE HERERR 2K -

B A0 6 R B AT B ¥ Read o 4ol 56 27 £ 525 44 o
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B & & 3 2 fVul) 1% % & 5 f(Val)

5 %A Sk f(Val)

5% B Sk f(Val)
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Values in Thousandths
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W5 ® A S f(Vul)

wn
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S

B R 3 i f(Vul)

f

4

5 % A S f(Vul)

3
=Jm
§=5 Normal(0.002379337, 6.5169E-05)
X <=0.0022721 X <=0.0024865
N 5.0% 95.0%
6
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E
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255 SAMERETRFEE LA RA MM G

PR E AR Goodness-of-Fit test
m’ Mean()  Std. Dev. (o) P-value
1 2.3E-03 6.4E-05 0.90
5 2.4E-03 6.5E-05 0.93
10 2.4E-03 7.0E-05 0.97
20 2.4E-03 7.3E-05 0.06
50 2.4E-03 9.8E-05 0.50
60 2.4E-03 9.6E-05 0.22
100 2.4E-03 9.3E-05 0.12
150 2.4E-03 9.4E-05 0.12

(z) FE=ik :Fﬁ 1 (Comprehensive Evaluation Index, CEI)
& lp#pfﬂl‘ﬂ“}’“ 2-JT 7 F =g g R 6 PR AR A A2 Jf i

KR RRFRE A2 AR G FEReN2-11 P atbtc=1" AT EZK a=b

—c=(1/3) 1AM % 5 i » 40§ 5-7 H 4 56 4777 o
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% B & Sk f(CED)

# % % A 30#c f(CEl)
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Normal(0.544773, 0.019420)

Normal(0.484134, 0.028133)

X <=0.4379 X <=0.5304
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256 cAREE IR RAFE TR RAELM G
Pk s £ FEFRpE Goodness-of-Fit test
m’ Mean()  Std. Dev. (o) P-value
1 0.54 0.02 0.93
5 0.48 0.03 0.50
10 0.45 0.03 0.77

20

0.43

0.04

0.62

50

0.39

0.04

0.97

60

0.39

0.05

0.90

100

0.38

0.05

0.26

150

0.38

0.05

0.26
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CERE R

RS = SRS O O 8 R

¥ 3 (Reliability, Rel)

Bl 5-8 #7572 % B hr i 5-7 0
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5 % R Sk f(Rel)

_ 3 _ 3
S=50m Normal(0.603890, 0.084184) S=60m Normal(0.634575, 0.085661)

X <=0.4654 X <=0.7424 X <=10.4937 X <=0.7755
7 0 95.0! 7 5.0% 95.0%
~ ~
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¢ M
= [ o Il
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o a |
ey & N\
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S =100 m Normal(0.710795, 0.081858) S=150m Normal(0.711726, 0.082401)
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Fn
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BIS5-8 cmibf RARPRLEE2ZTRRPBIAEH (F)

% 5-7 wr%F"ﬁ?vé?*k?i%i??i)ii%ﬁﬁxi?&?fﬁ&
TR E v ANR Goodness-of-Fit test
m’ Mean(p)  Std. Dev. (o) P-value

1 0.20 0.04 0.99
5 0.33 0.06 0.50
10 0.42 0.07 0.43
20 0.50 0.08 0.66
50 0.60 0.08 0.93
60 0.63 0.09 0.95
100 0.71 0.08 0.12
150 0.71 0.08 0.16

(= ) w4k & (Resiliency, Res)

B 5 é‘ﬁ"ﬁ?\z gRw iR R 2 BS it o do@) 5-9 2 & 5-8 AT o
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¥ % %A 30 f(Res) ¥ % A& e f(Res)
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W

S ¥ 1R R Goodness-of-Fit test
m’ Mean()  Std. Dev. (o) P-value
1 0.080 0.016 0.29
5 0.066 0.017 0.77
10 0.059 0.017 0.43
20 0.051 0.017 0.66
50 0.056 0.021 0.40
60 0.059 0.022 0.18
100 0.061 0.033 0.08
150 0.060 0.034 0.07

(=) % 4 & (Vulnerability, Vul)
o PR dpth g it KK A R BRERR A Z it o MY o 3R

£ B AFHEL WA % it o 4e@] 5410 2 59 s
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1 % % B Sl f(Vul) 50w R S f(Vul) 2w A & f(Val)

5% R S f(Val)

S=1m Normal(0.002593418, 3.3869E-05)
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* 59 é@?“g?véﬁ*’l\gi PR R BTG
N3 AR Goodness-of-Fit test
m’ Mean(p)  Std. Dev. (o) P-value
2.59E-03 3.55E-05 0.66
5 2.58E-03 3.65E-05 0.47
10 2.60E-03 3.67E-05 0.66
20 2.62E-03 4.15E-05 0.54

50

2.62E-03

4.65E-05

0.22

60

2.62E-03

4.86E-05

0.58

100

2.61E-03

6.82E-05

0.77

150

2.61E-03

6.34E-05

0.90

(z) FE=ik :}F] #%(Comprehensive Evaluation Index, CEI)
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1 % % A S f(CEI)

5% % A 54 f(CED)

0.45

Normal(0.410304, 0.034213)
X <=0.3540
0

5 & 3% % 3n 1R(CED

X <= 0.4666
95.0%

0.45

0.5

57 & 3% s 4p 1% (CEI)

B5-11 ca g™ FRREE

O W% 3((0))

7
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L oy
S B F
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Normal(0.436500, 0.033317)

S=50m’ Normal(0.447740, 0.033036) S=60m’
X <:.3;3934 X <9:5%"5n02l : 14
25|
] &
\ #
ull\““ @
s
k wr

0.45

Normal(0.410196, 0.034785)

s S sl NE §

Mean(p)

Std. Dev. (o)

Goodness-of-Fit test

P-value

0.574

0.018

0.87

5 0.534 0.024 0.98
10 0.509 0.027 0.47
20 0.484 0.030 0.93
50 0.458 0.033 0.90
60 0.437 0.033 0.81
100 0.410 0.034 0.05
150 0.410 0.035 0.05
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