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A Research on a Revised Application of Unit Hydrograph Variant
According to Rainfall Intensity in a Rainstorm
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Abstract

This study is a research based on an existing analysis that peak values of unit hydrograph are variant
according to rainfall intensity in a watershed. Differently from the fundamental assumption that an unit
hydrograph is time-invariant in a watershed a variant unit hydrograph to rainfall intensity by storms is
defined and applied into rainfall events, which produces out runoff hydrograph for an examination. Peak
flow and time to peak of unit hydrograph used for an application are obtained from the relation equation
with rainfall intensity developed by a previous study reviewed, and its shape is made by Nash unit
hydrograph which is determined by the peak values. For the purpose of a comparison an invariant unit
hydrograph is defined as Nash model obtained from averaged peak values of unit hydrograph which is
derived by 26 rainfall storms. Peak flow and time to peak of flood hydrograph developed respectively by
variant unit hydrograph with rainfall intensity and an averaged unit hydrograph are compared to those of
the observed hydrograph. With comparing both hydrographs calculated by averaged unit hydrograph and
revised unit hydrograph to observed hydrograph it is shown the peak flow and time to peak of hydrograph
calculated by time-invariant unit hydrograph revised in this study are closer to those of observed
hydrograph than those calculated by averaged unit hydrograph.

Keywords : unit hydrograph, rainfall intensity, peak flow, time to peak, flood discharge
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Table 1. Rainfall Storms Events Used in This Study

Storm | Tnitial Date/Time Ante.cedent Direct Rgnoff Total Rainfall Rainfall Rainfall Excess
No | (yr.month.day hr) Rainfall Base Time | pyration | Depth Loss | puration | Depth
(mm/10 day) (hr) (hr) (mm) | (mm) (hr) (mm)
1 1997. 5. 7 8:00 10.0 130 21 49.9 0.13 17 49.79
2 1997. 5.12 17:00 58.3 170 45 104.9 14.66 36 90.24
3 1998. 3.19 7:00 2.2 353 11 22.9 12.09 9 10.82
4 1998. 5. 2 3:00 35.7 232 11 77 33.1 8 43.9
5 1998. 6.25 19:00 6.8 126 32 110.1 89.37 7 20.73
6 1998. 6.30 16:00 1105 177 66 88.7 217 26 61
7 1998. 7. 8 4:00 89.5 177 78 144.4 42.85 25 101.55
8 1998. 9.20 22:00 04 336 19 104.1 22.39 8 81.7
9 1999. 3.18 11:00 0.0 363 13 39 29.37 5 9.62
10 1999. 7. 9 23:00 6.6 134 10 72.1 65.95 3 6.15
11 1999. 7.30 19:00 245.8 310 103 948.2 1.53 95 946.67
12 1999. 9.18 11:00 2.4 313 67 239.1 124.25 20 114.85
13 2000. 7.22 4:00 31.0 366 13 61.8 30.92 3 30.89
14 2000. 8. 5 9:00 21.2 304 58 108.6 3.47 23 105.13
15 2000. 9.15 6:00 10.3 274 46 181.7 30.66 34 151.06
16 2001. 6.29 13:00 17.8 208 28 1275 41.27 13 86.03
17 2001. 7. 5 800 153.8 59 8 49.3 11.89 3 37.41
18 2001. 7.14 19:00 84.9 151 14 126.2 14.58 111.63
19 2001. 7.29 1:00 73.7 174 92 415.9 54.12 55 361.78
20 2001. 8.13 5:00 3.2 307 68 91.7 35.56 12 56.14
21 2001. 10.9 20:00 25.0 315 23 61.9 54.83 2 7.07
22 2002. 4.29 8:00 0.0 380 27 94 22.55 19 71.39
23 2002. 7. 5 13:00 33.0 181 85 143.7 100.66 9 43.04
24 2002. 7.19 11:00 36.6 128 14 70.8 30.17 7 40.62
25 2002. 7.23 11:00 96.8 127 31 102.8 31.9 12 70.9
26 2002. 8.31 14:00 96.1 103 21 775 24.17 15 53.33
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Peak Values of All Rainfall Storms
(Nash parameters, 1,=3.278; 1=3.073)
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Table 2. Peak Values of Unit Hydro-

graphs Derived by Storms
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Table 3. Rainfall Intensity, Peak Values, and Parameters of

Storm No Ligzls 1oty ’?ierii Storm I};?;Ei?i; Lerli< Iflion TlPr’EZktO Parlirilse}:‘.ers
Dimensionless (hr) e R(mm/hr) | Dimensionless (hr) n k

1 0.1176 14 1 2.93 0.0635 8.0 2.7%6 | 4.491
2 0.0575 12 2 251 0.0622 85 2926 | 4.428
3 0.0636 5 3 1.20 0.0584 103 | 3440 | 4.230
4 0.0534 9 4 5.49 0.0718 55 2.142 | 4.835
o 0.0673 9 5 2.96 0.0636 8.0 2775 | 4497
6 0.0357 9 6 2.35 0.0617 8.7 2983 | 4.404
! 0.0314 8 7 406 0.0670 68 | 2461 | 4653
8 0.04%6 2 8 10.21 0.0904 2.8 1527 | 5259
9 0.0256 14
m 15 5 9 1.92 0.0604 9.3 3.139 | 4.342
. 0o .y 10 2.05 0.0608 9.1 3.091 | 4.360
- 0.0638 : 11 9.96 0.0893 2.9 1549 | 5235
e 00501 5 12 5.74 0.0727 53 2092 | 4.873
u 0.0458 5 13 10.30 0.0907 2.7 1521 | 5255
15 0.0683 22 14 457 0.0687 6.3 2.338 | 4.717
16 0.1416 I 15 4.44 0.0683 6.4 2.367 | 4.705
17 0.0693 4 16 6.62 0.0759 4.7 1.940 | 4.982
18 0.1504 1 17 12.47 0.1008 2.0 1375 | 5311
19 0.1452 3 18 13.95 0.1083 16 1.303 | 5.291
20 0.0312 4 19 6.58 0.0757 4.7 1948 | 4964
21 0.0866 6 20 4683 0.0691 6.2 2.311 | 4738
22 0.0928 4 21 3.54 0.0654 73 2602 | 4.581
23 0.0720 5 22 3.76 0.0661 71 0541 | 4612
24 0.0847 5 23 478 0.0694 61 | 2288 | 4750
2 00752 0 24 5.80 0.0730 53 2.080 | 4.880
26 0.1064 7

Averas 0550 = 25 591 0.0733 52 2.062 | 4.889

Standard 26 3.56 0.0654 73 2597 | 4.583

Deviation 0.0484 5 Average| 547 0.0728 6.1 2315 | 4.764
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Table 4. Comparison of Observed Hydrograph with Calculated Hydrograph by Averaged Unit Hydrograph

Hydrograph By Averaged
o Observed Hydrograph. v Urglit I;{y drB;graph g. Comparison
Peak Flow Peak Time Peak Flow Peak Time
A (m?/s) B (hr) C (m?/s) D (hr) |A-C |/A |IB-D |/ B
1 5.8 18.0 6.7 13.0 0.14 0.28
2 6.8 21.0 10.6 14.0 0.56 0.33
3 1.3 17.0 2.0 15.0 0.53 0.12
4 45 10.0 7.3 16.0 0.61 0.60
5 2.5 11.0 35 17.0 0.43 0.55
6 1.8 17.0 4.6 18.0 1.57 0.06
7 4.7 37.0 8.4 19.0 0.77 0.49
8 7.4 12.0 155 20.0 1.10 0.67
9 0.6 16.0 1.7 21.0 2.16 0.31
10 1.6 10.0 1.1 22.0 0.32 1.20
11 103.0 32.0 64.3 23.0 0.38 0.28
12 1.3 15.0 1.7 24.0 0.29 0.60
13 2.9 6.0 6.0 25.0 1.07 3.17
14 6.1 6.0 144 26.0 1.36 3.33
15 14.0 30.0 131 27.0 0.07 0.10
16 14.0 16.0 11.3 28.0 0.19 0.75
17 5.6 4.0 7.3 29.0 0.30 6.25
18 30.6 7.0 20.9 30.0 0.32 3.29
19 3.3 9.0 8.4 31.0 1.54 2.44
20 1.0 23.0 2.4 32.0 1.39 0.39
21 0.9 7.0 14 33.0 0.46 3.71
22 8.4 20.0 10.1 34.0 0.20 0.70
23 5.6 23.0 59 35.0 0.06 0.52
24 5.7 9.0 75 36.0 0.33 3.00
25 10.9 26.0 8.0 37.0 0.27 0.42
26 7.4 18.0 9.0 38.0 1.53 111
Average 9.9 16.2 9.7 255 0.69 1.33
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Table 5. Comparison of Observed Hydrograph with Calculated Hydrograph by Revised Unit Hydrograph

Observed Hydrograph Hy%c;lir aﬁ; dlr)ggili)‘gsed Comparison
Storm No Peak Flow Peak Time Peak Flow Peak Time
A (m?/s) B (hr) C (m’/s) D (hr) |A-C |/A IB-D|/ B
1 58 18.0 58 16.0 0.01 0.11
2 6.8 21.0 9.0 20.0 0.32 0.05
3 1.3 17.0 14 18.0 0.12 0.06
4 45 10.0 6.5 9.0 0.43 0.10
5 2.5 11.0 2.8 11.0 0.15 0.00
6 1.8 17.0 3.6 17.0 1.02 0.00
7 4.7 37.0 7.4 37.0 0.55 0.00
8 74 12.0 165 11.0 1.23 0.08
9 0.6 16.0 1.3 13.0 1.39 0.19
10 1.6 10.0 0.8 31.0 0.48 2.10
11 103.0 32.0 63.8 14.0 0.38 0.56
12 1.3 15.0 15 5.0 0.14 0.67
13 2.9 6.0 6.5 6.0 1.25 0.00
14 6.1 6.0 12.1 10.0 0.98 0.67
15 14.0 30.0 124 33.0 0.12 0.10
16 14.0 16.0 10.9 17.0 0.22 0.06
17 5.6 4.0 8.8 4.0 0.57 0.00
18 30.6 7.0 25.7 8.0 0.16 0.14
19 3.3 9.0 7.7 10.0 1.32 0.11
20 1.0 23.0 2.2 23.0 1.21 0.00
21 0.9 7.0 1.1 8.0 0.15 0.14
22 84 20.0 8.8 22.0 0.05 0.10
23 5.6 23.0 54 23.0 0.04 0.00
24 5.7 9.0 6.6 10.0 0.18 0.11
25 10.9 26.0 74 26.0 0.32 0.00
26 74 18.0 7.4 20.0 0.00 0.11
Average 9.9 16.2 9.4 16.2 0.49 0.21

Table 6. Classifying Observed Hydrographs

Group Sample No. Storm No. of Observed Hydrographs
1 22 1, 2, 3,5 8 9 10, 13, 15, 16, 17, 18, 21, 22, 24, 26
2 23 2, 14, 23, 25
3 6 6, 12, 20
4 11 7, 11, 19
4. 8 E % HFRYAI ] ThEA e EAE 7)E AT
dE AESt] A HtA A= weh
SR YRS AR (Time Tnvarian)ol2hs A4 51 594 B9FSES ANSIIT 193 5.es
sfol frelol F4 AEo] Agso] Gk TPk B A KPS F9S RS B BNRFEE F2A
TolME FAPEE GER BREE] BERF 2670 H8ste] AEF FEIA] BEFFY 0
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