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Abstract: Flow prediction in ungauged basins (PUB) is as important as it is difficult. PUB is a major unsolved challenge in scien-
tific and engineering hydrology. So far, empirical and stochastic methods have mainly been used for this purpose. Many small catch-
ments in humid mountainous areas of China are with little or no hydrological data. The principal method of flood forecasting in this
area is the parameter estimation of the hydrological model. Xin’anjiang Model was used to predict flow in this study, and
Xin’anjiang Model parameters were estimated based on the physical meaning of them and regionalization. Regression and physical
similarity approach were included in regionalization methods in this study. The 29 small basins in mountainous areas in southern
Anhui Province were selected for gauged catchments, and three small basins in mountainous regions in western Hubei Province
were treated as ungauged catchments. The main goal of this approach was to research whether regionalization and other methods
could effectively estimate model parameters when the spatial location of the gauged catchments and the ungauged catchments were
far away, but the physical conditions were similar. It is shown that: (1) Xin’anjiang Model has high accuracy in flow prediction of
study areas. (2) Even if the space distance of gauged catchments and ungauged catchments is far, regionalization and physical-
based estimation method can also reduce the efficiency loss caused by parameter estimation to some extent. (3) With the increase
in the number of donor catchments, the efficiency of the physical similarity approach is reduced. (4) The optimal parameter esti-
mation scheme in the study area is the ingenious combination of physical similarity approach (only one donor catchment) , regres-
sion approach and physical-based estimation method. A feasible parameter estimation scheme of the Xin’anjiang Model is proposed
in this study, which provides guidance for flow forecasting in small ungauged catchments in humid mountainous areas among the

middle and lower reaches of the Yangtze River.

« 2019-10-10 Uik ; 2020-06-23 Ui,
IR HARBHAIE AT H (51679061 ) Fl[E 5% 5 i & 1140750 H (2018 YFC1508103 ) I A ¥ B
w MAFEVEH ; E-mail ; gongjunfu321@ hhu.edu.cn.



582 J. Lake Sci. (#a#3),2021,33(2)

Keywords: The middle and lower reaches of the Yangtze River; small and medium catchments in the mountainous area; un-

gauged ; Xin’anjiang Model; parameter estimation; regionalization

T B P K TR By Ut e S o A TR A R 2 L B A K R B B — R B LR E K SR BRSY
T Sz T AR FH e B Tk SCROREFE L A DX, T35 0L L 5 b A P 1 S o e [ 2 A Bl A T M K TR
Bk 3024 (TAHS) B 7E 20 HHE20HI4R T /K SCYERHE 2 3 i 2k 514 ( PUBs ) 10 4R350, 107 il 37 31
TRIEEBFFRAR . OB Z Fk BB K RTS8 — R S LA R W3R 43 (1) ELHEAT X A2 3 A2 0
FEPRHEAT XA 5 (2) B AR SORER S T IX A 79 02 T I Uy sl e A 0 3 de o i
PR B R R A A B [ U S A A B, U0 Mazvimavi 5T FEAR N 52 AR S, T
RS BR-5 WIJ  F) 22 T e T SR, L) 0300 3o A ST A AR T T R 30 9 o0 4% 5 R - 4 2 S 0
SR A TE R R AR TP A R TR T 2k A SRR T SR R B, Maréchal %5 S
TR - IR Sl (HOST) f) - S8, (81 A7 A 177 8P 090 15171 753 o0 1 00 17 A% 00 3 3 1)
PRI BCE AR AR AR. WA F AN IRSE T 0 S A (0 AR, B Laaha 45" 48 75 T AR X S04 1 1
SR J50 T7 AR J2 e P i SR A 50 £ de e | ORI 5 3 P 36 402 2 4 £ 0 D] D A 50 3t 7 8 e e 3 101X
SRS [RIREHD , MBS 27 07 Bt g ) T4l TR 2 SRk SCs i, H i Skeien 25777 S T 4R M
SE LAk T LU TR K 3 3 K M S5 1) 28 16 8 #0207 k3 e T i AR08 945 2 2 T R i
WL R4S AN T At T H IS R B R i . S — 7 T, RS A TR AR B, s
TA) b PR S — R SR SRS S AR B 2o B LA A S R S A I 3 T 0 7
PR RCR S B U0 Merz 251 DR D 58 G 5 R A A4S B, 8 T %07 1 i T
Dornes 45" Ay HUBLRIE IR 22 16 £ 7K SCARMBIE , K SO 9 280060 5T IG5 T Tk P24 1, %ok
[ 2 X B K SCTRARAIAS TR M5 (BT R R e Aok

T A B AT 45 B E 5 /NI LW AV T 3000 km® ) 45 5186 4617, 4R, 32 A A8 Ak S, rh
Ja 38 K 3 4 PN 3 5 e P A B A, B A R B T R R R R et B
2 R LR 5 9 451 249 o A PRI R e AR R 1) T0% ~ 80% , X A R THE AR B A= i IV 77 22 4 W IR T
TR A P T RN R I 2, MK LA T IR b R A R A 02 K SRR B, £ 5%
R TR 0 A Lo 322 4 X Py KA A 5 B T . Xy i ke ) R S 2 — , L AT
X TE B T /NG DX S AL IS A, ik 5l X A D5 9 (233 I I 30 9 R 132 ) oK APT A8 250 5
TETAEARI R I 1L X % B g 11 DX 29 b/ N, 153 T 4 8 TG 182 (ELJR: 16 BUAT B X S AL T 52
o AR S BRI R £ 25 (W) 43 A 1450 L2 AL HE B RT3 2 s X, 35 2 ] B 85 1 I 4 A i (1A
IR s ) TR (2 LT WORL A T 22 il . (RIS, 35 K SO P s 1 X Ak 7 1 (AR
R BT ) LR U9 b P e T M . 7 1 AR 2% 0 5 o PR 22 (g B R % o7 1 30 [ VR
LT HA /N 0 7 SIS A R, T R S R — JEL AR D S Ay 0 3 S A . R 5 T L 5 At
VOB A (LA 5037 1 X Ay e R S B S A T 2 R T o T A IR B, ARG 6 T B AR
5 0 S SR 2 IV 7 ST P DX I v A T LA AR TSR e, I R R R 2 ] S
25 1] 2 57 S B0 WA AT VTG 3 6 P, A B 3 B [ 1y e 73 D, 6 B0 T ok it — 25 ORI SRS N
fg T L X5 0 G L) X3 S g 8 O B % SR R IX., o P2 YT A HE AT S A A 4L, 30 T0F I 3£ 7 v ()
AR B 8 U3 ) ZE RIS IX B8 FIPE. TE 00 Prieto 45 BT 35, S0 F1 2 800 IX S A A 38 20 Wy, AR TR 9 2
TR TR SR B0 T S A3 0 25, TR A 5 M0 X s 7 v (B AL B [ DA 3% ) A3
I AR A SR 7 S B, , 3 e BT T IX P9 05 386 B0 8 05 22, S K0 b T i ek = Bl
X N K R S

1 ARXER BB R SRIE

IFFE X IO VT A B XA 32 A~ L XA /NG, JHErp 7 e 1 L DX 29 A G 3CR A7 LI s g
A, TP LU XA 3 AT ORI Z A H AR T, BT X L P 1 A5 R e B R S 1000 km?,



BERE IR ETHRZ ORI P T LR PO RR R KRR R A 583

¥ SR e, 32K TR ST RE A B /DN , -F 214K 22 £ 400 ~ 1000 m, Hvh 25 P8 AT i o~ 32 14
e, oA 1109 m. A AR B K i 2 7E 1200 ~ 1500 mm, 4R35 26 % it 478 600 ~ 800 mm , 4FF- 34 i
14~16°C. BT IR L B BEIS , T 90 2 46 , 7249 3 K 22 A 10~ 30°, 1] I 45 )3 K ZAE 0.6~ 1.2 km/km”.
WFFEIX PN R Y LUK+ AN 00 3, A B R BORZAE 3~ 12 mm/h. - HUAH] (LUCC) Db
&, BT TSR R (5 E 70% L1 B EER AT 100% . HF5T X AR B LIAARKE Y b B, RE A F
ZRAET AR H ki bR S HER

110°E 115°E 120°E 114°E 117°E 120°E
N LA N
35°N A T T
L33°N
L30°N
0 150 km
1 | I—
K1 A e e
HET N
31°N
RV T X
25°N =R eeE
B R
25
0 200 km (BB L30°N
[ — KT 0  40km
110°E 115°E 120°E 110°E 111°E 112°E

B 1 WF5E X A

Fig.1 Locations of the research catchments
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Tab.1 Estimated parameters of ungauged basins
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)7 iR9% (MSE) Ktk 20 (RSQ) 7 Ve iR 22 P 5 4R , Horh RSQ BUEAE 0~ 1 Z[H], /i [ 28 5% P A28
BB T 1 FOR R R

MSE
RSQ =1 var(y)

(11)

A, var(y) Sy RS BESEBRABAY 5 22

2 4 GETh TR IR A LA U MR S 1 A T e AR Il A A ) DX B N 5%
A [N RS AT ST 37 B BELARAR [l LAY i) 2 A e 2. BELAR AR B Th CS ) MAD \MSE 52k 1% 0] 1
ZERIANK AR BENLAR A AL T L ) MAD MSE WY SR ARTLME IR, 55 —TJ7 i, BENLAR MBI CS K L
1) MAD MSE £/ T2 . SiBEARTFE X, BEHLARMIZ AL RE T ILF5 , ) B 1E FH A T35, BLREALARAK
LB RSQ 73512 0.46 F10.58 , 2455 T-Xf B A LM (19 77 12 A& AL 11 VA 7 %, 2R B Boruta J7 32k B 1 F) U 38
g CS Jo L CFR B, N7 1 Il R A Sy m]

4 IR AR 22 e B

Tab.4 The generalization error of regression model

ZH [ 45575 MAD MSE RSQ
CS 2l 0.04 0.003 0.30
b AR 0.07 0.011 0.35

R AL AR 0.05 0.002 0.46

L ZetEmlH 0.89 1.081 0.57
%A )19 0.74 1.598 0.37

Rl AL 0.63 0.582 0.58

4 FRFTEER
Bt 7 10 MORRIY J7 54T BRI SRl T (1) B USRS B0 29 A0 Jsk i - 44 {E - (2)
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Lo KI (KG) fif Iy BRAG 05 R A 28008 I 22 Ty BB L (2 A SR a) £ 31 (10) LRI 15 07
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FHAEATAC Y B MES IRAL 7 5 2~ 4 UM 1 W B BLIE s 07 58 5~ 7 255 T W0 BRARRLR A [l 513k 5 O 56
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Tab.5 The results of various parameter estimation schemes

R P

HiRiR Mg SRR % S % NSE BORCRAR
F ] VES 89.4 68.6 -1.26 3.28
VE Y 25.5 21.0 0.58 0.32
HE3 40.7 32.3 0.17 1.00
EX ! 64.5 38.7 -0.34 1.81
k3 25.7 23.4 0.64 0.29
%6 42.0 33.8 0.30 0.90
VE 73.3 51.3 -0.51 2.20
VE X 25.5 19.3 0.63 0.26
NE X 59.7 34.4 -0.28 1.66
FE10 44.2 34.4 -1.20 2.42
R 13.0 16.1 0.73 —
B2l E ! 40.3 50.6 -0.15 1.49
VE Y 23.0 28.1 0.48 0.46
HE3 27.3 38.6 0.32 0.78
EX 39.1 58.7 -0.30 1.71
ik 23.0 30.4 0.47 0.50
E XS 27.8 34.2 0.37 0.68
VE 37.3 50.1 -0.04 1.35
ViE X 18.0 17.7 0.51 0.28
T%E9 22.8 22.5 0.46 0.42
FE10 35.9 38.5 0.05 1.13
R 11.4 11.5 0.66 —
A E ! 49.1 12.2 -0.72 1.40
VE Y 34.7 19.0 -0.03 0.65
HE3 35.2 20.3 -0.02 0.66
EX ! 34.8 24.1 0.11 0.55
E 35.7 10.9 0.10 0.44
VE XY 34.8 10.7 0.10 0.43
VE 34.8 11.5 0.10 0.43
E X 35.1 11.8 0.53 0.01
TE9 34.5 11.5 0.10 0.44
HE 10 34.6 11.6 0.14 0.40
RE 33.4 12.1 0.53 —

S HRKRE

BRI 2 AR R TP R i DX 32 ALl DXrp /N SR, BIFSE B0 BE = R S Al O vk A
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