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A method for design flood calculation in small watershed considering
geomorphological features and land use change
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Abstract: Traditional reasoning formula methods and instantaneous unit hydrograph methods are difficult to reflect geomorphological
features and land use changes in design flood calculation. To address this issue, a new design flood flow concentration calculation
method, namely the runoff curve number ( SCS) geomorphologic general unit hydrograph method, was proposed by considering the
influence of geomorphological features and land use changes on the time of flow concentration. This method was coupled with the SCS
model to establish a complete flow generation and concentration model, and the Shangbu River Watershed in Hangzhou City was taken
as an example to verify the method. The verification results show that compared to traditional reasoning formula method and
instantaneous unit hydrograph methods, the SCS geomorphologic general unit hydrograph method is more reasonable for calculating
design floods in small watersheds within urbanized areas, as it better reflects the watershed’ s geomorphological features and adapts to
land use changes. Scenario analysis further reveals that the changes in underlying surface conditions caused by urbanization will lead to
an increase in design flood volume and flood peak.

Key words: design flood; SCS flow generation model; general unit hydrograph method; urbanization; land use change; the Shangbu
River Watershed
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Table 1 Areal design rainfall in the Shangbu River watershed Table 2 Results of storm attenuation
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Fig.2 24-h design storm process for different return periods in the Shangbu River Watershed
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Table 3 Land use composition in the Shangbu Table 4 C, values for the Shangbu River
River Watershed in different years (unit: %) Watershed in different years
AEy boimi) b:) PN AR K R4 Cys Cy» Cys
1985 20.7 78.3 0.1 0.9 1985 41.96 63.25 79.83
1990 17.0 81.9 0.1 1.0 1990 41.46 62.77 79.50
1995 16. 7 81.8 0.1 1.4 1995 41.56 62.87 79.57
2000 15.4 82.5 0.1 2.1 2000 41.60 62.91 79. 60
2005 15.0 78.5 0.1 6.3 2005 43.07 64. 30 20,55
2010 13.1 71.5 0.2 g 2010 43.84 65. 02 81.04
2015 18.2 70.2 0.2 1.4 2015 45.39 66.43 81.99
2020 17.3 68.2 2.0 12.6 2020 46.48 67.40 82.62

T Cyy \Cyy Cz BRG] 318 4 A T 5 B R JRIERTE Cy o
S0 4F— i fY 24 h EEHEEFTIRE, PSRN R SCS TR LRI 40 SR R 2ok WF VLA IR o i
Shik SCS I XHAIZkTE MO SR AIZ A SCS MR SO ek ik Sy vk | BUr B 2 vk o R
IR R AR = A AL 72k L) 1985 4F1 2020 45 - Hu il Fi 4 1 by SR 58| SR AR ) Oy o ok 75
HOBEHHH A R AN 3 TR, 1P 3 AT, T UM e ) SR T A I W 0% s A
F 1985 4F 2000 4R AL BRI I , SEWERE | S WL P S Fxd bk o R B
SCSJ™™ SUEAf ik MO R —SCSHBS T A4k — WL R iy — AL wm ok

350 0 400 0
300+ |“ 150 350 I'I 150
~ 250} 1100 _ 5 3007 1100
2 ~ E £ 250 [ £
E 200} [ J1s0 £ E - : {150 £
ﬁ 150 A 200:£IH ﬁ 2001 ‘ 200 o
= I w 4= 150F &
50} 1300 sol {300
’ NS . 350 - s : 230
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Hs[E] /h s i) /h
(a) 19854F (b) 20204

3 BRI 1985 £ 5 2020 £ AR EICR A ARk RE
Fig.3 Design flood hydrographs under different flow concentration methods for the Shangbu River
Watershed in 1985 and 2020
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Table 5 Comparison of relative errors in flood peak among three general unit hydrograph methods, reasoning formula

method, and Zhejiang Provincial instantaneous unit hydrograph method
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1990 30. 4 95.3 12.8 20.3 80.2 4.1
1995 30.6 95. 4 13.0 20. 4 80.2 4.3
2000 30.9 95.5 13.3 20.6 80.2 4.4
2005 33.4 98.1 15.8 23.1 82.9 6.9
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