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ABSTRACT

The goal of this research is to explore on peak discharge transition in mountain river area under
global climate change environment. The peak flow discharges of the Talowan river, a tributary of the
Jhuoshuei river, are chosen as an example to show that the effect on peak flow discharges under
global climate change environment. A software, Hydrological and Hydraulic Analysis System for
Integrated Basin Management of Major Rivers in Taiwan, is used to do analysis of peak flow
discharges in this study. That sofeware is developed and used by Water Resources Planning Institute,
WRA. The rainfall data is measured from 3 rainfall gauge stations, Yunhai, Lushan, and Auwanda,
respectively. The Thiessen’s method is adopted to estimate mean maximum 1-day and 2-day rainfalls
on the river basin. Pearson Type Ill, log-Pearson Type IlI, 2-parameter log-normal, 3-parameter log-
normal, and Gumbel’s extreme Type | distributions are used for rainfall frequency analysis. By means
of K-S (Kolmogorov-Smirnov) test and Chi-squared test and using minimum of standard error and
minimum sum of squared error as criteria, the results of rainfall frequency analysis show that Pearson
Type 111 distribution is the best goodness of fit for maximum 24-hour and 48-hour rainfall data of the
Tarowan river basin. With given design rainfall hyetograph, triangular unit hydrograph,
dimensionless unit hydrograph, and kinematic wave based geomorphic instantaneous unit hydrograph
method, respectively, are used to estimate peak flow discharges for specified return periods. The
results show that 100-year peak flow discharges are about 19 to 50%, and 36 to 50% greater than that
of government announcement for maximum 24-hour and maximum 48-hour rainfall, respectively.
Therefore, some non-engineering actions should be considered, such as establishing flood warning
systems, emergency evacuation plans, education, etc.

(Keywords: Climate change, Peak discharge, the Talowan river, Frequency analysis, Probability
distribution, Unit hydrograph)
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At byl REE1%
BE 41H230 10.40
=9y 41H260 59.97
B C01010 29.63
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Table 2 Maximum 1-day and 2-day rainfalls of the Talowan river

~ I

R

T ) FEFE | FepE (mm) S ]
1951 174.1 1951/5/17 290.1 1951/5/16-1951/5/17
1952 187.7 1952/7/18 263.9 1952/7/28-1952/7/29
1953 232.1 1953/8/16 264.7 1953/8/15-1953/8/16
1954 163.8 1954/8/28 190.5 1954/8/27-1954/8/28
1955 106.6 1955/9/3 171.8 1955/7/21-1955/7/22
1956 180.8 1956/9/19 354.6 1956/9/18-1956/9/19
1957 220.1 1957/6/5 351.8 1957/6/5-1957/6/6
1958 416.9 1958/7/15 558.4 1958/7/15-1958/7/16
1959 175.6 1959/9/3 257.4 1959/9/3-1959/9/4
1960 623.5 1960/6/10 663.7 1960/6/10-1960/6/11
1961 323.3 1961/9/28 383.1 1961/9/27-1961/9/28
1962 350.3 1962/8/30 527.6 1962/8/30-1962/8/31
1963 323.7 1963/7/16 355.7 1963/7/15-1963/7/16
1964 122.9 1964/1/23 212.4 1964/8/7-1964/8/8
1965 1955 1965/8/18 340.1 1965/7/25-1965/7/26
1966 360.1 1966/6/8 508.4 1966/6/7-1966/6/8
1967 243.5 1967/5/22 357.9 1967/11/17-1967/11/18
1968 401.7 1968/9/29 510.4 1968/9/28-1968/9/29
1969 307.2 1969/9/27 461.1 1969/9/13-1969/9/14
1970 450 1970/9/6 541.7 1970/9/6-1970/9/7
1971 344.1 1971/7/25 396.5 1971/7/25-1971/7/26
1972 354 1972/8/17 483 1972/8/17-1972/8/18
1973 275.9 1973/8/20 476.8 1973/8/19-1973/8/20
1974 194.4 1974/8/22 347.4 1974/8/22-1974/8/23
1975 347.1 1975/9/22 476.8 1975/9/22-1975/9/23
1976 329.9 1976/8/9 498.1 1976/7/3-1976/7/4
1977 271.8 1977/7/31 354.6 1977/6/5-1977/6/6
1978 157.7 1978/5/22 302.4 1978/7/31-1978/8/1
1979 316.5 1979/8/1 425.3 1979/8/1-1979/8/2
1980 86.4 1980/1/29 155.4 1980/9/17-1980/9/18
1981 453.7 1981/9/20 580.5 1981/9/20-1981/9/21
1982 449.4 1982/7/28 613.1 1982/7/28-1982/7/29
1983 75.2 1983/8/19 994 1983/8/18-1983/8/19
1984 178.7 1984/5/18 234.3 1984/5/27-1984/5/28
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1985 372.7 1985/9/16 413.1 1985/9/16-1985/9/17
1986 232.8 1986/9/19 303.3 1986/6/5-1986/6/6
1987 462.9 1987/10/24 592 1987/10/24-1987/10/25
1988 175.8 1988/5/23 283.3 1988/5/22-1988/5/23
1989 249.4 1989/9/11 480.1 1989/9/11-1989/9/12
1990 403.8 1990/6/23 542 1990/6/22-1990/6/23
1991 307.8 1991/7/18 360.4 1991/7/18-1991/7/19
1992 223.9 1992/9/22 284.6 1992/9/22-1992/9/23
1993 160.7 1993/6/2 211.7 1993/6/2-1993/6/3
1994 342.6 1994/8/8 561.6 1994/8/7-1994/8/8
1995 1235 1995/5/23 200.4 1995/5/22-1995/5/23
1996 247.2 1996/7/26 406.5 1996/7/31-1996/8/1
1997 170.6 1997/5/19 255.8 1997/3/21-1997/3/22
1998 275.3 1998/10/15 407.5 1998/10/15-1998/10/16
1999 176.6 1999/6/6 207.3 1999/5/27-1999/5/28
2000 279.1 2000/10/31 390.5 2000/10/31-2000/11/1
2001 379.8 2001/7/30 416.7 2001/7/29-2001/7/30
2002 129.9 2002/7/10 1454 2002/7/9-2002/7/10
2003 166.2 2003/9/2 239.9 2003/9/1-2003/9/2
2004 433.1 2004/7/3 691 2004/7/3-2004/7/4
2005 411 2005/8/5 570.9 2005/7/18-2005/7/19
2006 442 2006/6/9 699.7 2006/6/8-2006/6/9
2007 316 2007/10/6 412.2 2007/10/6-2007/10/7
2008 455.3 2008/9/14 878.2 2008/9/14-2008/9/15
2009 388.8 2009/8/9 661.8 2009/8/8-2009/8/9
2010 261 2010/9/19 309.7 2010/9/19-2010/9/20
2011 131 2011/11/10 200.2 2011/8/28-2011/8/29
2012 378.3 2012/6/12 722.8 2012/6/11-2012/6/12
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Table 3 The chi-square test for maximum 1-day rainfalls
. . P . - L .
(VES o 53 A Tk ;‘KE]\,T E %IFZF%%} UGy | (Chi-square) | PJig
s |7 ~XUi |- < i . . R
73 ) XLi~XUi o F (X>XU|) Pi E; S :ﬁﬁf‘%[@ e
1 <4.673 3 0.971 0.029 1.811| 0.781
2|4.673 - 5.025 4 0.871 0.1 6.215| 0.79
o 3/5.025 - 5.378 14 0.643 0.228 14.134| 0.001
EV“T
ﬁ\l 4| 5.378-5.73 14 0.345 0.297 18.436| 1.067| 7.815| H#
FJ"JJ
rﬁj 5/ 5.73-6.083 20 0.123 0.223 13.8| 2.786
6 > 6.083 7 0 0.123 7.604| 0.048
F”,? 62 1 62| 5.473
1 <6.821 7 0.879 0.121 7.487| 0.032
2/6.821 - 6.904 16 0.662 0.217 13.459| 0.48
= 3/6.904 - 6.988 12 0.369 0.293 18.175| 2.098
i)
%yﬁj 416.988 - 7.071 17 0.138 0.231 14.295| 0.512| 5.991| #
52
r'ﬁj 5/7.071 - 7.155 9 0.033 0.106 6.546| 0.92
6 >7.155 1 0 0.033 2.038| 0.529
Fﬁ't‘f 62 1.001 62| 4.571
I 1] <166.576 11 0.839 0.161 9.973| 0.106| 5.991|
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. 11 L
EN Py 73 A Bk ] %gé %@%ﬁj@% @ﬁ:@%} HHGI V87 | (Chi-square)
53 1] XLi~XUi o < P(X>XUi) Pi E A EE[FEF%@
= 166.576 -
") 2 257 065 17 0.557 0.282 17.495| 0.014
i 257.965 -
| 3 340,353 15 0.268 0.289 17.903| 0.471
349.353 -
4 240742 12 0.095 0.174 10.768| 0.141
440.742 -
5 £32 131 6 0.025 0.069 4.295| 0.677
6| >532.131 1 0.002 0.025 1.566| 0.204
f,g% 62 1 62| 1.613
1 <4.673 3 0.992 0.008 0.499| 12.542
2|4.673 - 5.025 4 0.884 0.108 6.717| 1.099
S 3|5.025 - 5.378 14 0.607 0.276 17.126| 0.571
By
ey 4| 5.378-5.73 14 0.313 0.295 18.276/ 1.001| 5.991
By
| 5/ 5.73 - 6.083 20 0.126 0.187 11.586| 6.111
6 > 6.083 7 0 0.126 7.796| 0.081
F”,; 62 1 62| 21.405
1| <166.576 11 0.863 0.137 8.494| 0.739
166.576 -
2 267 065 17 0.519 0.344 21.345| 0.885
257.965 -
WF’ 3 340,353 15 0.236 0.283 17.535| 0.367
fifi— 349.353 -
7153 4 140742 12 0.094 0.142 8.783| 1.179| 7.815
fi 440.742 -
| 5 539 131 6 0.036 0.058 3.626| 1.554
6| >532.131 1 0 0.036 2.217| 0.668
Fﬁ,mf 62 1 62| 5.392
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Table 4 The chi-square test for maximum 2-day rainfalls
e R e s T
& ke . i \,"}E' g = ljb. G e ﬁ}: 5 X N Fr|'
S P o |y | T | e Gty (S
S Oi Pl e ]
1 <4911 1 0.986 0.014 0.844| 0.029
2|4.911 - 5.222 3 0.935 0.051 3.178 0.01
3|5.222 - 5.533 8 0.794 0.141 8.722 0.06
B
QT_T 4|5.533 - 5.844 11 0.551 0.243 15.079| 1.103
ﬁ | 9.488|
582 5/5.844 - 6.155 17 0.286 0.265 16.43 0.02
lJrTJ
6/6.155 - 6.467 16 0.104 0.182 11.282| 1.973
7 > 6.467 6 0 0.104 6.465| 0.033
F",? 62 1 62| 3.228
1 <6.679 4 0.927 0.073 4.543| 0.065
2|16.679-6.784| 12 0.788 0.139 8.628| 1.317
3/6.784 - 6.889 14 0.557 0.23 14.276| 0.005
o
[reay 416.889 - 6.994 10 0.305 0.252 15.635| 2.031
%vfﬁ 7.815
(58] 5 6.994-7.1 15 0.122 0.183 11.335| 1.185
|
6| 7.1-7.205 6 0.035 0.088 5.439| 0.058
7 >7.205 1 0 0.035 2.144 0.61
fim 62 1 62| 5.271
1 <210.67 8 0.886 0.114 7.047| 0.129
Ry -
o — 2 210.67 14 0.657 0.23 14.238| 0.004
5= 321.923 .
)53 321.923 - 7815
:r .
ﬁﬁ 3 433177 17 0.387 0.269 16.706| 0.005
433.177 -
4 544.431 11 0.185 0.202 12.549| 0.191
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T

2 S B B e N IS RS | SRS | L )
%j; | A BRI Er %EF”%@%} %FF”%‘} AL (Chi-square) ﬂl}ﬁ}ﬁ%
73 1) XLi~XUi X (X>XUi) Pi Ei =i = T
Oi Si P | s
544.431 - "
5 6o 685 6 0.074 0.111 6.889| 0.115
655.685 -
6 65,939 5 0.025 0.048 3| 1.334
7| >766.939 1 0 0.025 1.57| 0.207
Fiat 62 0.999|  61.999| 1.985
1 <4.911 1 0.998 0.002 0.094| 8.731
2|4.911 - 5.222 3 0.958 0.04 2.49 0.104
" 3/5.222 - 5,533 8 0.788 0.17|  10571] 0.625
S
LEp 45533-5844| 11 0.512 0.276|  17.109| 2.181
5 7.815[ 155 ¢
53 5/5.844 - 6.155| 17 0.263 0.249|  15.435 0.159
r“r?J
6/6.155 - 6.467| 16 0.11 0.153 9.457| 4.527
7 > 6.467 6 0 0.11 6.844| 0.104
fi7 62 1 62| 16.431
1 <210.67 8 0.914 0.086 5.36| 1.301
210.67 -
2 1003 14 0.645 0.269|  16.666| 0.426
321.923 -
3 PEogE Y 0.354 0.29]  18.005| 0.056
@’F’ 4| 483177 11 0.169 0.186/ 11501 0.022
ffi— 544.431 -
53 544.431 - 9.488) 1
:f .
“ 5 6oF 685 6 0.075 0.094 5.806| 0.006
655.685 -
6 65,939 5 0.033 0.043 2.647| 2.092
7| >766.939 1 0 0.033 2.016| 0.512
ﬁ.? 62 1.001 62.001| 4.415
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Table 5 The rainfall frequency analysis of maximum 1-day rainfalls HiAb  cms
. SETIG =y = i
Y/ - - T
= Chi- Weibull|Weibull| Hazen [Hazen
73 1) 2 5/ 10f 25| 50| 100 200 square K-S SE i | Ut | SE | U
= = %
%Tﬂ?ffj’ 260.5|364.5|434.5/523.9(591.3/659.2| 728.2| #~ | L 26.8 0.8| 289 0.8
5284 7
= % %
%E?ﬁ’ 275.6(378.1|435.6/500.1|543.6/584.0|622.0| #~ | L 19.0 0.6/ 19.1f 0.6
fE55 ) 7
Hr B R
11 B[57|274.5|377.8436.3|502.2546.8|588.2627.3| #~ | & 18.9 05| 189 0.6
f‘;rJ >
S g 1
273 111/269.1]380.5|444.5/515.5/561.9|603.7|641.5 7}%5 B 18.6 0.5 194 0.6
LRI SV
) jﬁ fif "
| :f'J 7 |263.6|376.4|451.2|545.6(615.6/685.2| 754.5| 2 | T 24.3 0.7/ 269 0.8
fﬁJ >
o6 T T Sis ) £ R
Table 6 The rainfall frequency analysis of maximum 2-day rainfalls HiAb  ems
p i- | eibu eibull |[Hazen| Hazen
731 2 5| 10| 25| 50/ 100f 200 square K-S SE i | U |SEff| U
= &g 5
£} gt 370.5| 517.6| 616.4| 742.6| 837.6| 933.4| 1030.6| £ | % 25.1 06| 27.2 0.7
| AT
[EE2AL ~
= = -
?TE\T@'J 387.7/534.2|619.1| 716.5| 783.5/846.7| 906.9| £~ | L 16.7 0.4 14.7 0.4
f500 ) ¥
Hr 8
I ]| 385.2|533.6| 620.6| 720.9| 790.0 855.1| 917.2| ¥ | T 16.0 0.4/ 139 0.3
73 fﬁj ¥
S -
g% 111) 382.4|537.1|626.7| 726.6| 792.7| 852.4| 907.0| ' | % 14.8 0.4| 12.7 0.3
B33 i ”
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Table 7 Peak discharge of maximum 24-hour rainfall Hifk :cms
. : IR )
S W1 EI
il ST 25 50 100 [ 200
Sl 40~96 = (1“;2'?‘?%}[5 z f 1) 1050 1160 1250 1330
EN AL (L= S 40~101 = (47F%) 1589 | 1738 | 1877 | 2008
= *"J’Tﬁ&k’?}%\'?’ﬁ{ '35 Pt | +51.33% | +49.83% | +50.16% | +50.98%
=J [ 40~96 ﬁ‘(%:?’ﬁ‘ g F[ 1210 1340 1450 1560
SEEPL -5 i
i *g fﬁ}]gf S 40~101 F (£ F7K) 1657 1844 | 2020 | 2186
! 7]
IE_'EI*J @@ﬁw‘/%’?’ﬁi ’35 Pk | +36.94% | +37.61% | +39.31% | +40.13%
S 40~96 ?"(Q:ﬂ%?f g F[ 890 980 1050 1130
%fl[“j’?ﬂ b ’E&"&L Sl 40~101 = (YI:EIZID) 1056 1158 1252 1341
SRR USRS F P | +18.65% | +18.16% | +19.24% | +18.67%
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Table 8 Peak discharge for maximum 48-hour rainfall Hirb : ems
EIERIEH(E)
SRR Sy
25 50 100 200
S 40~96 £ (P 1) 840 910 960 1010
=R R S 40~101 # (477%) 1196 | 1319 | 1436 | 1547
= E RS R HH%I +42.38% | +44.95% | +49.58% | +53.17%
’ S 40~96 £ (P 1) 930 1010 | 1060 | 1120
ﬁiéw@;fﬁig?ﬁﬁﬁﬂ S 40~101 # (£70%) 1246 | 1374 | 1494 | 1609
) SEFIPLRESES IR P | +33.98% | +36.04% | +40.94% | +43.66%
S 40~96 F (IS 1) 750 800 850 900
22 PRI B TR SN[ 40~101 (4 74) 962 1063 | 1158 | 1249

R h’ﬁﬁ&ﬁ"/%\‘??{ F[Fﬁi +28.27% | +32.88% |+36.24% | +38.78%

LW i hit(cms)

2 5 10 20 25 50 100 200
EHIHAEE(SF)

n =AM EE REW09E(EETAS) 0 =FEEUREER REM0V101F(FHFH)

[ 4 SESINE S #%T6 RE 24 ML BB B L
Fig. 4 The triangular unit hydrograph method of 24-hour peak discharge transition comparison sheet
in the Talowan river
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F

LA it (cms)

2 5 10 20 25 50 100 200
B HAEE(4F)

l - W =REBAER REC-CHEETLAE) w =ARBIRE RE40-101F(FH5) j

A1 S SAFIRE = P10 R 48 | [ B S L
Fig. 5 The triangular unit hydrograph method of 48-hour peak discharge transition comparison sheet

in the Talowan River

F B
:
i=
£
X

2 5 10 20 25 50 100 200
EH R
w B RS E A S REU0~96E (AL |
l w BB 4O IR E A R4S REM0M0LE(EHZ) l

6 SA SISWRSLET - SRR T st 24 1 4 i LA 1

Fig. 6 Kinematic-wave based geomorphic instantaneous unit hydrograph method of 24-hour peak
discharge transition comparison sheet in the Talowan River
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Fig. 7 Kinematic-wave based geomorphic instantaneous unit hydrograph method of 48-hour peak
discharge transition comparison sheet in the Talowan River

K itk (ems)

P 3

2 5 10 20 25 50 100 200

_ EEEE)
n ERCEAEG REM0-06E(TESAS)  w ERCEA S RE40-1014E(AHE)

i 8 32 REAPIISE [R5 T A0 RSB 24 | [ 1 U L
Fig. 8 The dimensionless unit hydrograph method of 24-hour peak discharge transition comparison
sheet in the Talowan River
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Fig. 9 The dimensionless unit hydrograph method of 48-hour peak discharge transition comparison
sheet in the Talowan River
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