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Research and application of the high-resolution rainfall
runoff hydrological model in flood forecasting

LI Zhijia', YAO Cheng', ZHANG Ke', ZHU Yuelong’, LIU Zhiyu’ ,
LI Qiaoling' , TONG Bingxing' , HUANG Xiaoxiang' , HUANG Pengnian'
(1. Collage of Hydrology and Water Resource, Hohai University, Narnjing 210098 , China;
2. College of Computer and Information, Hohai University, Nanjing 210098, China;
3. Bureau of Hydrology, Ministry of Water Resources of China, Beijing 100053, China)

Abstract; Improving the spatial resolution and forecasting accuracy of rainfall-runoff model is one of the hotspots
and difficulties in flood forecasting and hydrological research. To address this problem, a high-resolution rainfall-
runoff model, Grid-XAJ-SATIN, considering the spatial combination of infiltration-excess and saturation-excess
runoff is proposed in this paper, which is based on the existing study of the grid-based rainfall-runoff models.
Several aspects of this model are discussed including its principle and structure, processing of the geographical
information, spatial distribution of parameters, model forcing data and assimilation of basin states. The model is
then applied to both humid and semi-humid catchments for flood simulation. The simulation results show that the
accuracy of the flood forecasting is well realized in both conditions. Moreover, this model is demonstrated to be able

to forecast not only the hydrograph at the catchment outlet but also the streamflow at any interior grid cells.

Key words: rainfall-runoff hydrological model ; high-resolution simulation; spatial combination of infiltration-excess
and saturation-excess runoff; spatial distribution of parameters; analysis of model forcing data; assimilation of basin

states ; flood forecasting
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Table 1 Results of flood simulation in Changhua watershed

wom e e JSNTTNii v ‘ 33 KRS ‘ﬂ'%ﬁ ‘Ji‘ftilj‘ﬁﬁ SRR TR R {”“&‘«ﬁii ﬂl%?i}&ﬁ*f L1 Eﬁ

mm  FR/mm RE/mm RE% (mPesT) (m®-s7h) HHXT R 22/ % w#E/h RE

1 1998040700 77.39 64. 85 72. 94 12. 47 557 568 1.92 -3 0.62

2 1998051300 78.29 77.94 82. 47 5.81 705 767 8.90 -2 0. 84

3 1998072221 67.46 21.78 27.71 27.23 413 435 5.35 -1 0. 80

4 1999062404  461.24  570.63 459. 80 -19.42 2100 1702 -18.91 -3 0. 86

5 1999082923 52.02 71.61 57.52 -19. 68 950 834 -12.85 -2 0.92

6 2000053008 66. 68 60. 30 53.13 -11.89 760 643 -15.37 2 0.85

kS 7 2000060312 43.16 43. 44 40. 50 -6.77 548 490 -10. 46 -1 0.85
E 8 2000062108  105. 12 76. 45 72. 94 -4.59 700 611 -12.65 2 0. 82
9 2000082407 112.21 86. 67 84.91 -2.03 642 532 -17.22 0.55

10 2001060923 59. 37 55.78 48. 89 -12.35 715 764 7. 80 0. 89

11 2002061923  128.96 122.30 106. 19 -13.17 1282 1268 -1.11 1 0.91

12 2002062703 84.87 95. 28 78.51 -17. 60 1340 1285 -4.08 -2 0.92

13 2002081600 50.29 52.15 43. 56 -16.47 369 324 -12.16 1 0. 81

14 2003051207 65.48 71.04 62.29 -12.32 445 563 26. 66 -1 0. 86

15 2004051205 88.41 85. 85 81.46 =5.11 368 411 11.58 3 0.74

16 2005020622  115.83 122. 41 116. 14 -5.12 342 285 -16.47 -4 0. 69

17 2006050814 76. 02 67. 15 71.41 6.34 368 431 16.97 0 0. 82

18 2007061308 59.33 33.86 31.39 -7.29 273 198 -27.22 -1 0. 84

o8 19 2008060911  188. 44 132.21 148.92 12. 64 1820 1953 7.31 -1 0. 88
ik 20 2008061303 40. 96 45. 66 35. 61 -22.01 507 437 -13.77 0 0.78
21 2008062612 50. 83 45.30 41.99 -7.31 615 574 —-6. 64 -2 0. 86

22 2009072610  156. 10 132. 10 133.59 1.13 606 550 -9.14 -2 0. 84

23 2010022508 237.63  215.79 221.62 2.70 742 782 5.82 -1 0. 89

24 2010041400 31.29 25.31 29. 54 16.71 239 280 16. 96 2 0.77

F2 BFAREBUCGEEBITES R
Table 2 Results of flood simulation in Chenhei watershed
o e e SR/ ‘ r;‘é KRS ‘it;érﬁé “J\L‘ifﬁﬁ SRR TR i il%“f%iﬁi lﬂ%iﬂﬁﬂ“ [a] 1 ﬁ?‘f%

mm  AR/mm WHE/mm RE/% (mesTh) (m*-s7h) HRXT R 2/ % ®#%/h B i

1 2003082622 140. 10 89. 36 88. 81 -0. 61 628 560 -10. 83 2 0. 84

2 2003090319 61. 10 67.28 68. 14 1.28 740 705 -4.67 -1 0.98

3 2003091711 100. 60 76. 30 68. 32 -10. 46 694 625 -10. 00 3 0.97

4 2004090214 40. 04 31. 47 33.42 6.20 153 183 19. 61 -1 0. 80

5 2005070106 89. 00 38.05 38. 80 1.95 373 430 15.18 -2 0. 86

6 2005092520  232.40 175.15 206. 42 17. 85 1740 1618 -7.04 1 0.76

kS 7 2006090308 24. 84 18.77 21. 64 15.28 328 311 -5.16 1 0.77
A 8 2006092507 77.20 42.57 48. 47 13. 88 293 341 16.37 -2 0.78
9 2007070404 81.33 40. 08 40. 55 1. 18 341 304 -10.90 1 0. 80

10 2008071909 97.50 27.45 34.73 26.53 618 485 -21.50 2 0. 86

11 2009081814 51. 10 36. 62 43.10 17.71 267 316 18.20 3 0.87

12 2010071508 40. 30 15.05 11.45 -23.93 198 144 -27.37 1 0.51

13 2010072101 85. 60 53.48 42. 83 -19.91 623 543 -12.82 0 0.70

14 2010081820 71. 60 29. 41 30. 42 3.44 647 755 16. 64 -1 0. 84

15 2010082218 55.90 52.44 60. 03 14. 47 585 634 8.32 -1 0.75

16 2011080301 43.90 34.62 38.50 11.22 390 408 4.57 -2 0.74

'3 17 2011091008 68. 16 57. 60 59.37 3.07 865 969 12. 08 2 0.93
ik 18 2011091520 123.30 110.05 93.12 -15.39 1200 1129 -5.95 -1 0. 86
19 2012070720 72.50 31.03 22.57 -27.26 386 271 -29.78 2 0.50

20 2012083013 133. 80 84.51 97.95 15.91 1710 1371 -19. 80 2 0.90

AR, Grid-XAJ-SATIN ALRYZ DL Ag—A A% A TH 3 o on e AT I 08, JF 58 T SR AR e i o0 A
SR T 2500 28 (8] 534, DR AR R0 AT SNt it 1) o) 25 AR AR R A AUl 1A 2 SRR B AL Tt
55,2002062703 5 itk ik 2 5 BRI 2003090319 5t K o FR Pk s 21 04 3k e 25 (B A3 A, Btk el LA,
Grid-XAJ-SATIN A5 R FE 5y t0 st 0 1 DT T 38 ot oo 5 1 () st e ] DA 0 9 3 A 32 XU RS B ) 3 ot o 7
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Fig.1 Comparison between simulated and measured results of flood in different catchments
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Fig.2 Spatial distribution of discharge at flood peak time
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