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Inflow flood simulation of medium reservoirs under impact of ungauged small reservoirs

LI Qiaoling' , MA Yanan’, LI Zhijia' , ZHU Yuelong’ , LIU Zhiyu'*, ZHANG Caixia’
(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China;
2. Hydrology Bureau (Information Center) of the Huaihe River Commission, Bengbu 233001, China;
3. College of Computer and Information, Hohai University, Nanjing 211100, China;
4. Information Center ( Hydrology Monitor and Forecast Center) , MWR, Beijing 100053, China;
5. Huangshan Bureau of Hydrology and Water Resources, Anhui Province, Huangshan 245000, China)

Abstract: Based on the distributed Xin’ anjiang model, the model concentration structure was modified by aggregating the small
reservoirs within the sub-basin into a virtual reservoir, aiming to study the storage and discharge effect of small reservoirs on the flood
process. Taking Dongfanghong Reservoir, a key medium-sized reservoir in Anhui Province, as an example, 14 floods occurred at the
beginning, middle and end of flood season during 2014-2017 were simulated by the distributed Xin’ anjiang model, which neglected the
influence of small reservoirs. It is shown that the model can well simulate relatively large floods in the middle flood season, but not so
well for floods in the end of flood season. Taking two flood events occurred in the end of flood season, No. 2015090420 and No.
2017070101, as examples, the distributed Xin’ anjiang model considering the influence of small reservoirs was employed to simulate
the storage and discharge effects of upper small reservoirs ( Wuliyuan and Gaoe reservoirs) on the floods for Dongfanghong Reservoir.
According to the comparison, it is found that the results of the Xin’ anjiang model with the virtual reservoir in the sub-basin are better
than those of the Xin’ anjiang model, with the relative error of runoff depth decreased by 23.2% and 18.4% respectively, the relative
error of flood peak decreased by 52.2% and 53.5% respectively, and the Nash efficiency coefficient increased by 0.92 and 0. 42

respectively.

Key words:; medium-sized reservoirs; reservoir floods; virtual reservoirs; ungauged small reservoirs; Xin’ anjiang model ; sub-basins
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Fig.2 Xin’ anjiang model structure with virtual reservoir module
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Table 1 Basic information of flood events for the upper basin of Dongfanghong Reservoir

K5 e Fos Tt oy i BT I
1 2014051313 ) 20140513 T030000 20140516T110000 20140514T010000
2 2014051611 TR 20140516 T110000 20140522T200000 20140517T030000
3 2014070506 W 20140705T060000 20140709T200000 20140705T210000
4 2014071208 TR 20140712T080000 20140722T200000 20140715T120000
5 2015060708 e 20150607 T080000 20150610T170000 20150608 TO50000
6 2015090420 AR 20150904 1200000 20150907T200000 20150905T060000
7 2016040508 ) 20160405T080000 20160409T220000 20160407 T060000
8 2016042001 o 20160420T010000 20160425T140000 20160421T030000
9 2016052708 o 20160527T080000 20160530T200000 20160528 T100000
10 2016053021 T 20160530T200000 20160605T120000 20160601 T120000
11 2016061817 T 20160618T170000 20160624 T210000 20160619T190000
12 2017061106 i} 20170611T060000 20170617T220000 20170612T000000
13 2017062301 T 20170623 T010000 20170628TO80000 20170624 T070000
14 2017070101 MiFN 20170701 TO10000 20170703T220000 20170702T050000

TE T8 VI 0t BT A% 300, TRP 8 VRIS 0t o B9 et 30, TROACH VRIS 0t )= B9 et 40

R2 FHLAKEUEREBHIEBSHEESR
Table 2 Parameters of Xin’ anjiang model for the upper basin of Dongfanghong Reservoir
pom WEEERCL WEFEECR RIUKEREE RECEHEkT BEED TIEKS KT HHKE
o PRRK PR Hh k5 % KER/mm  JKFE/mm KEE/mm RRBEAM LG KEE/mm
H 3 0.603 0.284 0.15 120 20 60 0.01 10
WHR 0.603 0.284 0.15 120 20 60 0.01 38.622
fm H BRI B HFK i K bR TR FENEEVIN f—
- ihZe 5 8 AR H AR THIR R % HB R WEEERE HERK "
H AL 1.388 0.137 0.563 0.997 0.727 0.42 0.3 0
YA 1.388 0.057 0.643 0.953 0.133 0.16 0.707 0

LEAXT LRI, 2015 4E19 R, fw /N, N (EIR G, £
SIBTRIL: (a) BHT2FU8 R R R =6 3 o Y 0 R 1R
R BB 3 B T EORRE G ARSI SR 3 N AR
AT LA S R 1 I 30T i 5 P R 4 52 1 S A R
4 KWt VA AR 7 2 4 R P-4 TR i w3 ol

®3 20142017 FHRFTLAKE LR B RER
LS RAFEE
Table 3 Characteristics of daily runoff simulation
results for upper basin of Dongfanghong
Reservoir during 2014-2017

BRI T R Y OB RN MER P EUR A EEAS 4y P/om R/mm R/mm EJ/% N
SRR (b)) T 2015 4EJ8 TFHEKAE, K7 % 2014 18013 13239 1396.6 5.49 0.75
Al ik el R A s TC A 1 s 4o ,-, 2015 2210.7  2313.8  1746.6 -24.52 0.51
7I°Jr{}j'izj]mm§%xj(‘j£@{€7k,&ﬂ]{,\I%J;UEEI’JME’EEPH:".})L 2016  2388.8  2269.0 2111.4  -6.94 0.82
jt%ﬂiﬁi?l‘ﬁlﬁ]ﬂ@/ﬁ%ﬁ,*Eﬂ%’{é&/ii&‘ﬂ@ﬁé%zé}ﬂéﬁﬁ 2017 1883.2 1323.9 1481. 1 1.22 0.91

R P B BT A — W2, VP AW R R, NSRRI R, BRI R

LA E RN N WIS, H AR SR T B A% 55 4 A R AR D7 20K P DA B i 30 H RS R A8 A 7R
BB ZE ST A5 B 5, AT A B B B AR R iR
3.2 REBEMNERSSH

FRJ7 LUK LA IO B SRR e 25 R L3R 2 (RS ), 38 4 S 2R D7 20K e DA b i B b A U -4
GEAFEAE, HER 4 AT,

a. NEMER, FEMMHTIRETE£20% Z W I 5 A 8/9, 4R 88. 9% , A XT 1% 2 B {H N
-3.3% , e XHEIIE 16. 6% ; U IIFE£20% Z P FE R 4/5 G HR K 80% , MIXT IR ZEHIE N 10. 5% 4
XHESAE R 13.5%
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Table 4 Characteristics of flood simulation results with sub model for upper basin of Dongfanghong Reservoir

i 493 1353 P/mm  R,/mm Go.man” R/mm  E/% Os.mus” E /% E,/h N
(m® - s7") (m?® - s7) P !
2014051313 65.9 75.4 49.2 70. 1 -7.0 51.0 3.6 -1 0.83
2014051611 79.3 102.0 57 96.3 -5.6 59.0 3.5 1 0.83
2014070506 70.9 95.4 65 77.5  -18.8 4.9 -33.9 2 0.85
2 2014071208 201.6  218.6 63 190.2  -13.0 82.2 30.5 -1 0. 68
S 2015060708 153.6  167.0 121 136.3  -18.4 122.2 1.0 1 0.85
B 2015090420 1335 67.3 92.4 107. 4 59.6 189.7 106. 2 1 -0.67
2016040508  113.2  128.2 78 121. 1 5.5 72.8 -6.7 0 0.97
2016042001  153.2  179.4 83. 1 146.3  -18.5 63.3 -23.8 0 0.83
2016052708 89.2  104.3 132 101.4 2.7 135.0 2.3 1 0.94
2016053021 152.0 1725 229 159. 8 7.4 185.3 -19.1 0 0.95
¥ 2016061817 2225  201.6 179 216.9 7.6 176.5 -1.4 1 0.87
% 2017061106  91.8  116.0 28 126. 1 8.7 34.7 23.8 0 0. 86
W 2017062301 2162 176.5 282 211.5 19.8 282.8 0.3 0 0.81
2017070101 88.6 61.1 32.5 75.6 23.8 56.4 73.4 0 0.24

VE £, e SIS 5 g, BRI E By AR 2 B, W B ] 5822

b. M E FIEER  FEWIIE£20% Z NI At R 579, GA8 3N 55. 6% AHXTRZEIIE 9. 2% A xHE I (H
23. 5% ; BAEITE £20% Z N 5 LR 375, MR 60% AR IR Z M 15. 4% 45X HERIE 23. 6% , 3T
JR A, 25 1 2014070506 F1 2016042001 5 7K AL 06 (i AIC , 088 i BR300 A 22 0 ik 2 0 14 IR 47 (75 30 9 Ok
T AT BETE LA™ I 220 b T VA7 it , DA TS 300 L ) S 0 3k K

c. NE SEE FEWTEL3h ZHIE LR 9/9, 585K 100% , 5222 1{E 0. 4, 48 XHEIIE 0. 9 ; Bk
W R E +3 h Z NI HER 575, 8RN 100% iR 22918 0. 2, 48 RHEIME 0. 2, 2 WRD) i) e B it
(1] 5 52 AL T g o 7 ) e B s 1] — 38, RSEADL RO

d. )\ NAEFR, ZE MR 2015090420 5 F1 2014071208 5- Ut K &b, KA 478 0. 83 L |, F44 K
0.68,0. 5 LI LEAYIZHIK & L 8/9 ; BRAEIBR 2017070101 Stk AN, A7k ¥ 7 0. 81 LI, SF#4°4 0. 75,0. 5
P BRI b 475,

WEENK 7 AR TR A X R 25 54 2 85. 7% , BRI i A XTR 25 BA% 325 57. 1% ; W B[R] 5 4% 2
100% , AR R BIME 0. 7, AR PRGN LI [RIA RS G AT 303 R BUR b I 45 2% | = i R — D T
S AP AR AR L PR i A, D) — O T TROR I 32 B/ INK R B2 M 30K
3.3 INKERNMETRELIGE RT3

MR T K 4 AT LA BT TR RRAS B AL AR U 217K PR LA L i R 30 L B R i 3 itk ot
TR K BB IR A 22 |, IR I BE £ 2015090420 511 2017070101 “S-73t 7K SR FH K2 FU7K 28 9 7 A 400 L 3%
o HLUE RN B 3R K X AR T 1K A PRSI K B2, 3R 5 S N5 R/ INK PR ) RN 2% S /IN K B 2 A s 1 7R
T LK PE AN NS R . (B 4 AN T8/ INK 52 e T2 /N 7K P s i TR I 37 U L 7K G R AR ADA ]

F5 INKEESMETIE R 75 LK BN BE Sk A 2 R b 4%
Table 5 Comparison between flood simulation results for Dongfanghong Reservoir before and

after the influence of small reservoirs

i ESi] R/mm g, /(0 -s")y R/mm E/% ¢, /(05"  E/% E,/h N
A I8/ 67.3 92 107. 4 59.6 189.7 106. 2 1 -0.67
2015090420 M e
% &N K 67.3 92 91.8 36.4 141.7 54.0 1 0.25
N e/ INK 61.1 33 75.6 23.8 56. 4 73.4 0 0.24
2017070101 %F] K
X /IR 61.1 33 64. 4 5.4 39.0 19.9 13 0. 66

3 FIe 5 0 LIE ), 25 5N K PR ES 52 M T At 7K T ABE 40 i b 2 VLA AR AL i AR AR 4T
A A, 2015090420 5 3t /K 56T 5 UK ZE B9 AR 5B A B HCHT TR IR AR T 23. 2%,
2017070101 53K /K ESZI G EAKT 10% , i858 T RVFIRZTE 20% BB ASBRIE , 1055 2 7T AR HUAR 31
AEHE
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Fig.3 Comparison between flood processes before and after the influence of small reservoirs

LI 1 BT 2015090420 5 UK T REK PR BT BT H SR I 1Y B HOB 2 VLR 1 52. 2%
2017070101 53t /K 5 /N K ESE G E T 20% FVF AT IS L, T2 TR I B £ R 73, 4% , KK T
20% FYVF AR 2

USRS 8] £ BE R, 2015090420 -5 ik /K 2% B R T kg 400 7K A 95400 07 2k AR T 2 YA 4L Ay e B[] — 25
M7 2017070101 =t 7 U R A 1] i 2 50K, 32 8 SR PR A% 3 IR K Oy Z2 WG koK W 00T, S 2 — 4> 206
WA ST [F) | AU 5 — A TR0 Gl o Ay e BRI 8], AT 32 B0l 22 80K . M IV AR, 2 S TR 37 U ik K 1
HEAUK R BT VR TS ) NV 3 TR 22 TR EE R

25 1, BT Sl R PR T R ADAK R 1 B T 2 VT AR AR Ty 1 A TR (9 3 U B K B v ZE AR T
T W RN A A3 20T AU S SR O0 T8 2 VTR | 3R W BT A0 P R ADL/K P28 1) 7 vk 4% TR, /T
e R BELURE R

4 &

LG R R /K PR A 2 U R TR T R IR R A ) /N KR SR S D — A ALK R
TR b BEAT RO A T R AR AR O 5 A U A Pk =K IR 2 AR R AT I 501 5 e 5 1
BN A S 1) b R AR B A AN R] B A B Y sh AR fRad B, 7 2R D7 07K 3 1 R e T, 25 08 /I K
e R M) Bt KA DL B 22 VAT AL AR R A, %o T IROR BBt/ SO W 8, FEAR i IR, g A 4 £
R B RRAR J7 TR AR FEAT BB o P R m] D JEBERE/ N K 2R 2 T 6 o /N ik oK 4 4
PR (AR R A SO/ N KA K & oA 75 O I BRIE 20, BEA 25 JEAH EL 18] 1 5200, e S
G 5 WEANR /K B Z TR] R H RO 2R SRR K TR AR
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