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Determination of Optimal Unit Hydrographs and Infiltration Rate Functions
from Single Rainfall-Runoif Event
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This paper 15 to present the determination ol the optimal loss rate parameters and umt
hydrographs from the chserved single rainfall-runoff event using optimization models coupled with
a stochastic lechnique for the global solution. Two kinds of the linear program models are
formulated to derive the optimal unit hydrographs and loss rafe parameters for gaged basins; one
mimmizes the summation of the absolule residual between prechcted and chserved nmoff ordinates
and the other, the maximum absoluie residual. Multistart algorithm which is one ol stochastic
technigies for the global optimum is adopted to perturb the pararmeters of the loss rate equations.
Multistart efficiently searches the feasible region 1o identify the global optimmun for loss rate
parammeters, which vields the optimal loss rate parameters and unit hydrograph for Kostiakov's,
Philip's, and Horton's equation. The unique unit hydrograph ordinates for a given rainfall-runoff
evertt 15 exclusively cbtained with @ index, but unit hydrograph ordinates depend upon the
parameters for each loss rate eguations. The parameters of Green—-Ampt’s are delermined through
a trial and error method. In this paper the single rainfall-runoff event observed from a watershed
is considered to test the proposed method. The optimal unit hydrograph herein found has smaller
deviations than the ones reported previously by other researchers.

Revwords © loss rate parameters, optimal unit hydrograph, global optimum, inear program model,
multistart algonthm
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Table 1. UHO and loss by M1 for Wills Creek, Cumberland, Maryland, April 4-5, 1941

et o | o | g S [ PR T Gt | e
Time | Total |po | Loss, | UIOs, | Loss, UHOs, | Loss, | UHOs,| Loss, | UHOs,| Loss.| UHOs,
Rainfall, N . i . .
o cfs in. cfs jlsK cfs in cls 1, cfs in. cfs
1000 0.61 0] €205 0.0 04872 0.0 | 04603 00| 0.3570 0.0 | 04340 0.0
1300 0.50 150 0.205 3704 0.14B5 9781 | 01924 6732 01760 6727 | 02155 504.7
1600 033 800| 0.205 | 17055 | 01040 36921 | 01483 | 37019 01360 26102 | 01358 3487.%
1900 022 2300 0205 | 13224 0.0845| 62770 | 00207 | 69389 0.1227| 59364 | 0036d| 6873.4
2200 4000 6183.0 63956 TO72.0 &8747.9 7242.6
100 4950 6317.7 5663.6 518415 60899 D195 8
400 5000 5674.0 53117 4925.7 51129 4848.4
700 4600 5046.1 4436.0 4359 0 49570 5010.2
1000 4000 42158 J75T1 37731 36290 3868.6
1300 3450 3680.2 3211.0 2739.9 3633.6 277889
1600 2050 3115.3 28723 28719 23996 2784 8
1900 2050 2735.2 2376.1 27235 2805 7 2890.4
2200 2150 22186 17976 1566.2 15784 1564.0
100 1800 1858.9 1935.6 16770 2125.1 1599.1
400 1550 1673.8 1111.3 13813 12265 14755
700 1200 1080.4 1025.8 1057.0 1061.8 1037.1
1000 1000 1094 5 1005.2 5390 G474 705.1
1300 800 824 4545 5456 458.5 450.3
1600 600 10375 596 0 7526 831.0 816.8
1900 450
2200 300
160 150
Objective function, F26.3 200.1 209 1 2408 2001
Zw (cfs)

RMSE, cfs 62,4 274 227 259 225
Optimal Loss Rate «=0.377, s=0284, |*° 077}) B0 g0, 10212
Parameters A=0.322 K=0.001 a-4.143, K=0.006 k=0 336

Note: 1 in; 1 efs = 00283 m%/s: DRO=direct runofl ordinate, UHO=unit hydrograph ordinate

Philip &2 S4eA¥TE Table 421 2o
Kostiakov #43} nlgrl=l2 2% Z,)7}F 209.1
cfs2® AAlsiglobal optimum}s] HY7 wWoch
Z K7l 00019 w S=0.242-0264, K7} 0.002¢]
A $=0239-0.267, Z2j1 Kb 00039 w= S-
0.236-0.262o1d¢] w77 AAlslE 7|okelont
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Table 2. UHO and loss by M2 for Wills Creek, Cumberland, Maryland, April 4-5, 1941

| ecorded pata | o, | FEEENT TR | otion | ot
Time'| Total | pooc | i | UHOs, | Loss | HOs,| Loss. | UHOs.| Loss, | UHOs,| Toss, |UHOS,
Rw]}fi“’ cis 7|~ in. |, c‘fsw | in. cfs in. cfs in. cfs in. cofs
moe | Q8L 0 0.205 001 Q4792 001 04368 00} 0.3870 00| 04499 G0
1300 0.50 150 0.205 716.1| 0.1483| B8215| 01852 685.3( 01760, 4370 01946| 7642
1500 0.33 800 | 0205 | 12800 0.1072| 3581.9| 0.1450| 3196.8| 0.1360| 27169| 0.1204; 34831
1500 0.22 2300 | (.205 ) 417965 0.0870| 6228.3| 00537| 6575 0.1227| 57507 00569 | 6536.1
2200 4000 67565 65724 70725 G792.1 6995,1
100 4550 5617.4 %857 34621 63434 5443.0
400 5000 9667.9 53270 4869.0 4596.1 4354 8
700 4600 5551.6 4305.0 49115 5232.3 HO42.0
1000 4000 3500.3 3916.46 J897.4 38046 36335
1300 3450 3687.2 34207 27526 36215 2894.8
600 2950 3656.7 2530.2 29827 31335 28347
1900 2560 2M81 2857.7 28174 J281.7 2843
2200 2150 2018.7 20075 1108.6 16684 14553
100 1800 19058 1517.7 17861 1624.1 15920
400 1550 11174 12705 1683.7 14721 1605.3
700 1200 1798.7 13656 7979 13372 997 3
1000 1000 1089.5 58146 (5334 78978 6168
1300 800 230.2 582 4 8216 401.5 703.8
1600 600 1250.3 807G 7137 10741 a0
1500 450
2200 300 |
100 150
Ohiective function, 140.1 126 313 520 27.7
Zoz (els)
RMSE. cfs 1308 404 289.1 503 251
a=h (77,
Optunal Logs Rare a=0.380, S=0.247, K=0.005 £=003, £~0.220
Parameters A=0.313 K=0.003 a=5,077, =4.12
K=0005
Nolet 1 i, 1 ofs = 00283 m'/s: DRO=direct runcff ordinate: UHO=umit hydrograph ordinale B

Unver$} Mays(1984)= vld3dA g es Hortond
Held HEAFE & 008in/hE s YriR
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Table 3. Loss rale parameters of Kostiakov's equation for Wills Creek

Il A Za, cls RMSE. cfs Fp. In”
Prasad, el al. (1999), LP 0415 0.283 204.9 279 08217
Unver and Mays (1984), NLP (hhd 0207 2627 87 0.8200
Present study (20000, LP © M2 0.377 0.322 209.1 274 08217
“ “ LP . M2 0389 0313 A2.6{Z03) 404 0.8217
Note- 1 in=254 cm; 1 cfs=0.0283 m’/s
Tahle 4. Loss rate parameters of Philip's equation for Wills Creek
3 K 7o, cfs RMSE, cfs Fp, m
Prasad, el al. (1999), LP 0.230 0.002 2285 208 0 B207
Unver and Mays {1584}, NLP 0.227 0003 228.1 309 08223
Present study (2000), LP M1 0.264 (.001 209.1 227 08217
i ’ LI’ : M2 0.247 0.003 31.3(Z2) 251 08217
Note: 1 in =2.54em; 1 efs=0.0283m"s
Table 5. Loss rale parameters of Horlon equation for Wiils Creek
fo k. | Za cfs RMSE, ofs Ty, in.
Unver and Mays (1984), NLP 0.189 0.333 2356 285 0.8222
Present study t2000), LP : M1 0.212 0.336 209.1 226 0.8217
" “ LP ' M2 {.239 0.412 277 25.1 0.8217
Note' 1 m =254 cm; 1 cfs=00283 m'/s
Table 6. Loss rate parameters of Green—-Ampt’'s equation for Wills Creek
. a K Zal, cls RMSE, cfs Fp, .
Prasad, et al (18999), LP 3.938 0.006 236.8 {50 9% 085
o A N 5077 0005 .
Present study (20000, LP * ML 1143 0,006 2498 28.9 0.8217
) . , 5.077 0.005 Y _
LP . M2 1143 0.006 52.6(7 ) 303 0.8217
Note 1 in=251 cm, lcfs=0.0283 m'/s
(50 9)* can not be directly compared with the result of the present study.
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Table 7. Computed DRO in cfs for Wills Creek, Cumberland, Maryland, April 4-5, 1941

' I ' computed’ direcl muneff ordinate m cfs .

Time 122;;? E(fig F-index h()ll‘-»tlldk(.'lv [ :;_ Phl]_lg_ s i:ﬁg;s Hortor'l's-li'

_ Fquarion Equation Equation Lquation
1000 { 0.0 0.0 0.0 0.0 0.0
1300 150 150.0 1208 1008 1500 88.8
1600 80O 800.0 800.0 7614 800.0 7575
1500 2300 2300.0 23000 23000 2300.0 23000
2200 4000 4000.0 40000 40000 4000.0 40000
160 4950 4950.0 4950.0 4950.0 4950.0 4950.0
400 5000 p000.0 5000 0 5000.0 5000.0 5000.0
700 1600 46000 4600 0 4600.0 45000 46000
1000 4000 4000 0O 4000.0 4000.0 40000 4000.0
1300 3150 3450.0 3450 0 34500 3450.0 34500
1600 2950 2850.0 29500 2050 0 2950.0 2950.0
1900 2550 2550.0 26550,0 2650.0 2650.0 2550.0
2200 2150 21500 2150.0 2160.0 21600 21500
100 1800 18000 1800.0 1800.0 1300.0 1800.0
400 1550 1530.0 1550.0 13500 1550.0 1530.0
700 1200 1200.0 12000 12000 1200.0 1200.0
1000 10G0 1000.0 1000.0 1000.0 1000.0 10006
1300 800 300.0 794.1 7333 731 753.3
1600 600 8010 6C0.0 600.0 6203 600.0
1900 450 420.3 450.0 4500 4500 450.0
2200 300 141.4 186.0 2155 205.6 241.3
100 150 15.6 80 8 150.0 80.9 150.0

rmse, cls 624 274 227 289 225
Note: | ofs = 0.0293 m%s, DRO=direcl runoff ordinale. THO=unit hvdrograph based on M1
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