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Abstract

Storm Sewer

In this study, statistical analysis under both stationary and non-stationary climate was conducted for rainfall data measured in Seoul,
Generalised Extreme Value (GEV) distribution and Gumbel distribution were used for the analysis, Rainfall changes under the non-stationary
climate were estimated by applying time variable (t) to location parameter (¢). Rainfall depths calculated in non-stationary climate increased
by 1.1 to 62mm and 1.0 to 46mm for the GEV distribution and gumbel distribution respectively from those stationary forms, Changes in

annual maximum rainfall were estimated with rate of change in the location parameter (§1 -

1), and temporal changes of retumn period were

predicted, This was also available for re-evaluating the current sewer design return period, Design criteria of sewer system was newly
suggested considering life expectance of the system as well as temporal changes in the return period,
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Table 1, Parameters of GEV and Gumbel distribution using
method of maximum likelihood in stationary climate

GEV distribution Gumbel distribution

Duration
(Min) | ocation| Scale Shape [Location| Scale | Shape
10 15,593 | 4,762 | 0,149 | 15.216 | 4.664 | 0.00

60 43,5609 15,745 | 0.071 [|42.903| 15,517 | 0.00

120 1 59.403|22.606| 0.095 | 58.256|22.078| 0.00

180 71.532 | 28.571 | —0.013] 71,733 | 28.684 | 0.00

Table 2, Parameters of GEV and Gumbel distribution using
method of maximum likelihood in non-stationary
climate

GEV distribution Gumbel distribution

Durati
on |Location Location
(min) Scale | Shape Scale | Shape
& | & & | &
10 |14.264/00489 4.608 | —-0.109213485|0,0687| 4.491 0.00
60 |38447|01879| 15.182 | -0,0332(137.777|0.2031| 15.029 0.00
120 [55684/0,1499| 22,521 | —0.1014 [|54.574/01459| 21,935 0.00
180 [66.879/0.1915| 28,529 | 0,0044 (66900 01933| 28.572 0.00
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Fig. 1. Regression analysis for standardized variables
of GEV distribution in non-stationary climate,
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Table 3, Comparison of probable rainfall depths of Gumbel distribution in non-stationary climate and stationary climate

probable rainfall depths of Gumbel distribution(mm)

Duration|
(min) 10 60 120 180
Return Stationary Non- .| Stationary Non- ... |Stationary Non- .. [Stationary] Non- -
FegiOd climate stcaltilnggtaery Variation climate Stfltilrgg?ery Variation climate Stcaltiﬁgfery Variation climate Stcaltilntw)ggy Variation
vr
5 22.2 23.7 +1.5 66.2 70.1 +3.9 91.4 94.8 +3.4 114.8 119.4 +4.6
10 257 27.0 +1.3 77.8 81.4 +3.6 107.9 11.2 +3.3 136.3 140.9 +4.6
30 31 321 +1.1 95.4 98.4 +3.0 133 136.1 +3.1 168.8 173.3 +4.5
50 33.4 344 +1.0 103.4 106.2 +2.8 144 4 1475 +3.1 183.7 188.1 +4.4
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Table 4, Mean, standard deviation, and reliability of the
non-stationary state parameter &;

GEV distribution Gumbel distribution

Duration

(min) | Mean | $tandard| rejiability| Mean | $i20dard | reliapility

10 10.0489| 0.0512 65.8% || 0.0687 | 0.04491 86.9%

60 0.1879| 0.1603 75.8% [ 0.2031| 0.1492 82.6%

120 | 0.1499| 0.2290 | 48.4% | 0.1459 | 0.2133 50.3%

180 | 0.1915| 0.2747 51% 0.1933 | 0.2722 52.2%
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Fig. 2. The temporal change of the return period (Continuous
curves duration 10min; dashed curves duration 60min).
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Table 5, Decrease of retum period and Intensity according
to expected lifetime on GEV distribution

o Return period(Intensity, mm/hr)
Lifetime
(year) 20 30 40 50
(78.86mm/hr) | (86.41mm/hr) | (92mm/hr) | (96.44mm/hr)
10 18 27 36 45
(77.03mm/hr) | (84.4mm/hr) | (89.92mm/hr) | (94.31mm/hr)
20 16 24 32 40
(74.93mm/hr) | (82.22mm/hr) | (87.67mm/hr) |  (92mm/hr)
30 14 22 29 36
(72,52mm/hr) | (80.65mm/hr) | (85.76mm/hr) | (89.92mm/hr)
40 13 20 26 32
(71.22mm/hr) | (78.86mm/hr) | (78.86mm/hr) | (87.67mm/hr)
50 12 17 23 29
(69.84mm/hr) | (75.96mm/hr) | (81.45mm/hr) | (85.76mm/hr)

Table 6, Decrease of return period and Intensity according
to expected lifetime on Gumbel distribution

Return period(Intensity, mm/hr)
Lifetime
(year) 20 30 40 50
(75.96mm/hr) | (81.52mm/hr) | (85.42mm/hr) | (88.79mm/hr)
10 18 26 35 44
(74.55mm/hr) | (79.53mm/hr) | (83.56mm/hr) | (86.66mm/hr)
20 15 23 31 38
(72.08mm/hr) | (77.91mm/hr) | (81.96mm/hr) | (84.74mm/hr)
30 14 20 27 34
(71.01mm/hr) | (75.96mm/hr) | (80.04mm/hr) | (83.17mm/hr)
40 12 18 24 29
(68.95mm/hr) | (74.55mm/hr) | (78.48mm/hr) | (81.08mm/hr)
50 10 16 21 26
(66.40mm/hr) | (72.90mm/hr) | (76.61mm/hr) | (79.53mm/hr)
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