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Hydraulic geometry at watershed outlets plays an important role in determining parameters for
hydrologic models, flood process evolution and disaster warning. Taking Qiaozi-West and Qiaozi-East
watersheds in the hilly and gully loess region as study areas, we first simulated observed hydraulic data
from 1987 to 2006 at the Qiaozi-West Watershed outlet using the power function, natural logarithmic
function and second logarithmic function models, and then evaluated the performance of the three models

using the determination coefficient (R*) and residual sum of squares ( RSS), in order to determine the
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superior models for simulating hydraulic geometry relationships between discharge rate and mean flow
velocity, flow width and mean flow depth. All the observed data from the Qiaozi-West Watershed were
randomly separated into two groups, one group with 594 data pairs from 1987 to 2002 was used for model
calibration, and the other group with 362 data pairs from 2003 to 2006 was used for model validation.
The root mean square error (RMSE ), model efficiency coefficient ( E) and graph fitting were used to
measure model validity. The model calibration and validation results indicated that the relationship
between discharge rate and mean flow velocity and that between discharge rate and mean flow depth were
best expressed by the natural logarithmic function model (RMSE values were 19. 89% and 30. 70% and
E values were 0. 59 and 0. 84, respectively), while the discharge rate-flow width relationship was best
simulated by the second order logarithmic function model ( RMSE = 3.84% , and E = 0.87).
Furthermore, observed data during year 1987-2006 with totally 1006 data pairs from the Qiaozi-East
Watershed outlet were used to examine the universality of the determined hydraulic geometry models in
similar watersheds. The results showed that the model of discharge rate-mean flow depth displayed a
better performance compared with that in Qiaozi-West Watershed, while the other two models were less

satisfactory. This study could provide a basic tool for flood monitoring and forecasting in small watersheds

937 %

on the Loess Plateau.

Key words hydraulic geometry; the Loess Plateau; small watershed; model
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Fig. 1 Location of study watersheds
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Tab.1 Land use of Qiaozi-West and Qiaozi-East watersheds in 2004 %
AR Farmland M Forest land KA A H Unused land
LB i — e ERE L -
Watershed i T H ST N THE Grass  Residential Fese MR -
) Slope Economic . . - Road Barren Unusable Total
name Terrace Plantation land area
farmland forest slope land
*ﬁ?@{/@ 36.42 0. 69 38.26 11.01 0.00 2.39 1.56 3.49 6.19 100. 00
Qiaozi-West Watershed
fﬁ??ﬁ/zy 4.45 1. 06 28.93 58.82 2.91 0.29 1.84 1.70 0.00 100. 00
Qiaozi-East Watershed
LR BHERIE TS CHk[16] . Note: Data in table 1 is cited from reference [ 16].
2 ¥ * AR H R A
V=d,(In(q+d,) —Ind,) (4)
2.1 WRHEDR W=e (In(qg+e,) —Ine,) (5)
V=a,q" (1) D=f(In(q+f,) -Inf,) (6)
W=bq" (2)  NHud d, e e fy LEINERTIZHL
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Tab.2 R’ values for the three function models to simulate relationships between mean flow velocity (V) , flow width (W),

mean flow depth (D) and discharge rate (g) in the Qiaozi-West Watershed

geitdEhn q-V q-W q-D
Statistical indexes Pow Ln Qua-In Pow Ln Qua-In Pow Ln Qua-In
AEPE Year 12 12 12 12 10 12 12 12 12
Max 0. 88 0.93 0.94 0. 89 0.85 0.99 0.98 0.99 0.98
Min 0. 20 0.20 0.21 0. 70 0.54 0.82 0.83 0.72 0.83
Med 0.72 0.72 0.74 0.81 0.75 0.94 0.94 0.91 0.95
Ave 0. 60 0. 65 0. 64 0. 80 0.73 0.93 0.92 0.91 0.93

T : Max , Min \Med , Ave S B ZR e RAK /M P ARS8 ; Pow  Ln A Qua-ln 43 5 7R T B EK B 8 %8 43008 HOR = i o o B3R

TIAl, Notes: Max, Min, Med and Ave indicate maximum, minimum, mean and arithmetic mean values; Pow, Ln and Qua-In indicate the power

function, natural logarithmic function and second logarithmic function models, respectively. The same below.

F3 HFEARE 3 MERENFERRE (V) JKEE (W) FKR (D) 5RE(q) REM RSS &
Tab. 3

RSS values for the three function models to simulate relationships between mean flow velocity (V) ,

flow width (W), mean flow depth (D) and discharge rate (¢) in Qiaozi-West Watershed

SEilate qg-V g-W q-D
Statistical indexes Pow Ln Qua-In Pow Ln Qua-In Pow Ln Qua-In
AEJE Year 12 12 12 12 10 12 12 12 12
Max 98. 64 42.38 90. 57 7.45 19.92 0. 46 14.45 0.13 14.35
Min 0. 61 1.65 0.57 0. 02 0.09 0.01 0.50 0.00 0.48
Med 2.45 3.73 1.65 0.19 0. 64 0.03 2.66 0.02 2.43
Ave 17. 60 11.76 13.72 0. 94 3.15 0.13 3.80 0. 04 3. 64

F2 MR, PR - M E R HAX R RS THAL 2 SR RPME, U BRI S, T

BRI B X B RO B R B3 L, 5 o A
B RMELMS ARG ; /K T 98 45 U B G & p R AR 2/
MU i X 5 ek RS Y o SR SRR AR
PRI s S K TR G &R TP, R R BRI — i
BOREURAL R (IR, H A EOR BB R (E A1

IR = Uit i O ZRBRUASCR e A1, LV Shy /K T i — i o
KR - KR,

3 i BLDE R I - DG R, [ SR XL
P RSS (B 55 HoAth 2 AR ik, A5 Hifth 2 B
RSS RS, X 50 pR A5 78 RSS A AH X i =, {HL X
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I X 50 bR A TEUASE DL I RSS (B AR, T 1 9K % 4k o
BB AT B K TR = T 06 RO AL

it —2 00T 3 FBLARLEY R (E AT RSS A2 75
FETEGETT B0 B 35 22 5, W SPSS 16. 0 Geit 4k 4

Xt 3 MREEIAYG R® A RSS fE#EAT IR — 2R T7 220 M
(One way ANOVA analysis ) , Jf:>K FH Befferoni ( # %
BOATR)) A1 Turkey (B2 BOAHR)) Tk ity 2 H L
B s R IR 4,

x4 HFEDRE 3 MELENER PN RSS WE—ERFESNER
Tab.4 Results of One-way ANOVA analysis for R* and RSS of simulations by the three

function models at the Qiaozi-West Watershed

A5tk g R RSS
Variables Models Pow Ln Qua-In Pow In Qua-In
Pow X X X X X X
q-V Ln X X X X X X
Qua-In X X X X X X
Pow X X Vv X X X
q-W Ln X X % X X X
Qua —In vV vV X X X X
Pow X X X X VvV X
q-D Ln X X X vV X VvV
Qua-In X X X X VvV X

e x BRERALE ,Vi‘%ﬁ?%ﬁfu%( P <0.05), Notes: X indicates the difference is insignificant, while V indicates the difference is significant

at P <0.05 level.

XT3 2 ~4 TR, A SRR R B AL ek
ol P35 7K R i e o AR 0 L, T /K T 5
T 6 FR UEE BUOR T B X R B AL Rk, it —2
A2 0T DR~ 75 9 3 00 00 55 0 B AL 43 2 4L
1987—2002 4 31 ] H 594 X B 48 ] T 46 80 % 5

2003—2006 4= [a] 3£ 362 *f K5 T 45 AU 56 30F
225 Rl 54 | K vE T4 K R 7K
JLARpAR 7Y 3R 5 248 B MR 3 s AR ik Y K 1 LA
LAY

x5 HTFEARBTFHRE KEERFHKRKNARBMRESER

Tab.5  Hydraulic geometry model optimization results of mean flow velocity, flow width and
mean flow depth at the Qiaozi-West Watershed
A Ry BRI IR RSS 2 B
Variables Models Model expressions Significant level
qg-V pow V=2.85pow(q, 0.30) 205.24 0.43 P <0.05
q-V In V=10.54In(q +0.004 5) +2.93 138.39 0.75 P <0. 05
-V Qua-In InV = —0.014pow (Ing,2.00) +0.25Ing + 1. 04 203.78 0.43 P <0.05
q-w pow W=1.56pow(q, 0.11) 7.16 0.75 P <0.01
q-Ww In W=0.17In(¢ +0.000078) +1. 64 34.95 0.59 P <0.01
q-w Qua-In InW = —0.027pow(Ing, 2.00) +0.22Ing +0. 46 1.61 0.94 P <0.01
4-D pow D =0.22pow(q, 0.61) 31.80 0.95 P <0.05
q-D In D =0.21In(q +0.42) +0.18 0. 60 0.94 P <0.05
q-D Qua-In InD = —0.01pow(Ing, 2.00) +0.56Ing - 1. 51 30. 69 0.95 P <0.05
3.2 HERIERIFH s LR 2
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Tab.6  Valuation of simulation results by the determined

hydraulic geometry models for the
Qiaozi-West Watershed

PR
q-V =W q-D
Evaluation criteria
RMSE /% 19. 89 3.84 30.70
E 0.59 0. 87 0.84

3.2.2 T HRARBEIERIE

i 1987—2006 4F-#r 25 4 Yt 3kt 151 0 3
T3 1006 ZH 7K SOOI AR 5 %55 Pt 6 7Ky JUART AR 18
ATHUE , PPN R S AR, AR A R A 45 S 1 5A

Comparison between observed and simulated values at the hydrologic station from the Qiaozi-West Watershed outlet

RMSE Fl E {8, &5 W3 7, XFELEE 6,343 - i
TR RMSE A TR IBE IR A K E
A T REAR 5 7K THT 5 - 37 8 5% R AL RMSE {E T 55
HE RO E A B FEARABIE BEAS K P Y 7K R
TR B T R RMSE (B F&A%, T B E 5T .
K7 REANIUAEBERF RIS RIS RITM
Tab.7 Valuation of simulation results by the determined

hydraulic geometry models for the Qiaozi-East Watershed

PR IE

q-V q-W q-D

Evaluation criteria
RMSE/ % 19. 46 41. 06 24.08
E 0.28 0.73 0.92

Wik g %k

Wit

B2 R A& K 1 U B A7 AR
KAESE ., Rhodes' ") BIF 53 £ H SF- 14 3 1 48 £ 28 1L IX
[8]24 0. 03 ~0. 99, /KT GE 46 EE AL IX [ 24 0 ~ 0. 84,
S KRR B L IX 18] 24 0. 01 ~0. 84,3 S8 %Y

4

4.1
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