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Table 1 Key parameters of the applied UAYV in this study
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Fig.1  Location of the study area in China and river systems in
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Table 3 UAY flight control parameters of the researched
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Table 4 Hydraulic gradient of researched river reaches
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Fig.4 Cross—sections of the researched river reaches
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Fig.5 Hoof prints in the river bottom and beach
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U 2 DX PR T it A% Tk Ak B LA — o B N (B . 1%

WEFE o T o AHL B AR T304 1 T2 50
(ARG B B K T 9 R P Ok i T S, O R
Z 5B A AR A T . AHIESE T A O 0 e
O RAE T RNNAEEE R T b . =k
JE R, TR B2 98 AT I B i R A BT S
HERROTR, WU T 3T I AN B i 12
WA TR AME . Zhao % (2017) 1EAEST
K B 5 R T8 N HLESCHE B8 1 T bR s e 3T
KW A 3k, S S0i Hoe Bodls X e, T EA
BILEICHE AR B A 0T 38 T 1T 35 07 12 2%/ T 0.25 em,
TZMIFFE R AR SCHE AT 3t T T A K B ik AR DL —
EMSH, AHARETEENRRAME . A
FEZAIE 5 AR BT T8 W 1 9 3 Atk b 223 T AR I 1 Ak
B, YTRE T JC ML I B 0 N 2SR A
PR Ah B WA AR ST KA L IR KO R R A
FHFIK ¢ e W I 904 25y T AR A 20

52 MIRAZEMNHZ=HERE

A G T B 7 (A B s A SR M R R T
BRI R AR ARG S I AT LU S U

ECAHRT, REZEHERIET 5T DAY
BARBUT FNR T AT, UEW] T 5 T A R
AR AL B 1 LA A BRI TRl B M (Bjerklie
45 2015; Ling%%, 2012), {HJ2 T EHIEZH T
HBARERES . XA EUTRBE R,
2R A o RRE XS b N I A AR
TANE, SRR EEZH T RN R
(Watson 2§, 2018; Huangg‘-@f, 2018).

M T IC AMLA a6 B8 R BRAE 10 km N, L&
YRR A2 B 8 5 2 3 IR A 98T B BT, sk 2 B A
T AT LW 2 40 R N o ARASHIE SR AL
RTINS R R Y 3 T TR, RR T
FaE MRS, FEUbIat b anfer i 4 8 T
BEE 56 A ) 50 A% R M T R —
AR E A, PIZ T IR EAE T BRI R
ATRETE . o ANHLT I E s 1 R EAZ R EF AR,
fEas ) BB RE . R, mok R B
FEAE AT ARG 4 010 S 43 B v L /INBYR) 3t 1) TR 3
FAHRAE, FR%N T TR EE AR 5 TR AN I o

53 FEFMERKEBRMESHT

SO A BT SERT B PN 2R 2R [ R S 1w 5
AR BORIAG S d 7
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AR X S A (AR, B S
J6 N ML I 5 H A B i R AR SR R A 5T
T 2 T AP I AR 5 b 5t i A R B K £ AR F
el s 94 512 56 S D9 i TR 45 ) 0t 1) — R AR AR A LG, 18
WE T2 RN T AMUAE RG] CAT N I7KF 3R 22
H+0.51 cm, FEFEIRZE N+4.39 cm, SMAREIERS S
FEROR G, 78 3R] 8 W7 T R A 43 35 b 1T 4
A ERA DL (Ralik 4, 2018). F2mE AR
KB EZE R R AE TR AR g %1, Bl
WHERNKFARAIFMT, BT ITRs A
NS R B Az B, T A G R0 S
R0 10% A4 o [ AEAR Al 3 e, Jol v A
XP7K U R BELARAE T . TR VPR RLAR 4041 . KT
BRI TC MU 52 A5 M LAt R ) [

FER S TN AR B A2 AL B R R R R 3R
FAURSH . O BER T, BIA ks R e
B —@ FUWM, fEKIE R KIER it A
BIZAET R 2R A BUE X T 45 SR A0 5 m 2 =220
(Einstein, 1944; £%7° %, 1959).

54 ZNEEK L EMERKTHENE R
ik

AR FT 04 S0 R A L SR M T T A K T
e S5k, — i, X fE BRI R4
W T Y S PR A, DAV A I ARORS B
Jy—Jr i, BT HETIE AN F KT M
AR, AR A S 09 A E AT (Kerr A0
Purkis, 2018), S A4 40K FH > 1158 5k Ui 1 FR
HKI1ERE,

L2 S0 b T B IR 2 AR AR - 52 i A fF
FERATH . HEA 2805k RS K T I
B, 3K 8y VA LA K T [ AT DA
WA SR IR, TS5 B4R A 5
(XIE B 45, 2007; Z=HPR 45, 2018). [HHIFEH
EE R 7 TR A SN M TR =S 1 T B e R ©
TR, FEZ R Z R T BT A Hb Y
TR AT IE S, o AT ke SR 5K 0 S 14 (7] T
6 4 it

R T gkt D R b DX A I ARk X IR )
ML, YRR R ESER A N R T AR R
BT, ARWF5T 2307 To A ML 25 385 B Hie
() S FE T WAL Gl T8 R R A T AR, R

B — P A AR AL A . IR RIRE
T T BRI ) b B L A9 B0 AN AT
MSE, HRANBIE S 58 0MmE. N
VU IZ D7 WEAG S i i AT S, AR S0 Y R
W, MR M XK B (RA) L 7 AR R 2
(RMSE) . V¥ E4rHiRZE (MPE) 1ERiRZEM
Jiide, At SR A AR AN BB S OZ T R SRS T
SEVERSC AT, AR, FEARNIRE BE A PE b o
T, AR EEYIRZE R 10.74%, HR/ANRERN
1.43%, % Ki% 2%} 28.48%, RMSE Jy 4.82 m'/s,
MPE 24 0.065, EBA T 3% 7 A Fr i Wt il L i ml 47
P o ARWFGENS T KT AHLLE 3t a0 | 9 f 44
U B 2, RN T 3 SRR /N
TR A BRI A L, D L T R R R
D GEORE b X TAT I AR kAR B I — AR Y O ik [
A2 5 18 R 25 R o 485 e o) 2 il DX S 24 £k
(R K GRS B L K O W B TR T AR B gy
ML H, A BT &R Z L XK R . d ik
A A AEH S

BB ORI R 6 R ANUELIE 3R BT
EXRATREAINVWEHRITAIZT J, MEN
R B )G B H A AL 32 A% A B PixdD 2 8] 69 % 5, R
FoR S oy Bt
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River flow estimation method based on UAYV aerial photogrammetry
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Abstract: River discharge is the basis for water resources and ecological protection, and it is an essential part of the hydrological cycle.
However, some large areas in the world lack hydrological data. How to obtain river hydrological data conveniently and accurately remains a
hot topic in the prediction of ungauged basins, especially in small and medium rivers. Solving the problem of data acquisition in areas
lacking traditional hydrological data is beneficial for the management of water resources and rapid prediction of water disasters. Remote
sensing technology, which is a non-contact data acquisition method, has been applied in many fields. This technology breaks the limits of
space in acquiring river discharge, especially in areas where obtaining basic data is difficult, and has become a preferred method of data
acquisition.

Therefore, this study tries to take advantage of low-altitude remote sensing in obtaining terrain data. The study combines high-density
terrain data with classical Manning-Strickler formula to estimate the river discharge. This study is based on representative rivers in the
Junggar Basin, which is the second largest inland basin in China. The Kazanying section, Bortonggu section, Anji Sea section, Daheiyanzi
section, and Rocha River section are selected as study sections. Combined with the Manning-Strickler formula, Digital Orthophoto Map
(DOM) and Digital Surface Model (DSM) image data obtained by an Unmanned Aerial Vehicle (UAV) are used to calculate the theoretical
river discharge. The Manning-Strickler formula needs four parameters to calculate discharge: cross-section area, hydraulic radius, hydraulic
gradient, and roughness. Cross-section area and hydraulic radius are extracted in cross-section, which is combined with DSM and measured
data; hydraulic radius reflects the slope of the river, which is calculated with DSM and DOM in Arc GIS; roughness, an empirical value that
measures the level of obstruction of water flow in the river bed and embankment, is obtained by using DOM. On the basis of the values of
these parameters, we calculated the discharge in Kazanying section, Bortonggu section, Anji Sea section, Daheiyanzi section, and Rocha
River section. Their calculated values are 28.73 m’/s, 46.29 m?/s, 104.84 m’/s, 19.77 m%/s, and 6.83 m?/s, respectively. To verify the
effectiveness and accuracy of the low-altitude remote sensing method in river flow calculation, we used traditional measurements to record
the measured values of river discharge. This study selected 20% of the allowable error as the standard of Relative Accuracy (RA) and used
the measured value to evaluate the calculated value. Root Mean Squared Error (RMSE) and Mean Percentage Error (MPE) are important
methods of evaluating accuracy, which are used as criteria for evaluating overall reliability.

According to the established evaluation method, the results in the five sections show that the average error is 10.74%, the maximum
value is 28.48%, the minimum value is 1.43%, the RMSE is 4.82 m%/s, and the MPE is 0.065. The reason why the maximum relative error
occurs in the Bortonggu section is because the value of roughness is too small. The results of the accuracy analysis indicate that the method
used in this study is reasonable and has a well applicability in the study area. Moreover, the results prove that the classic Manning-Strickler
formula can be combined with low-altitude remote sensing data.

To resolve the problem of river discharge monitoring in ungauged areas, this study developed a new method that integrates classic river
discharge algorithms with low-altitude remote sensing. The advantages of UAV are fully exploited in this study, and the use of UAV
complements the research gap in the acquisition of small and medium-sized river discharge through remote sensing data. Research results
have significant values for the application of flow simulation methods in ungauged regions and also provide a new solution for rapid and
convenient collection of hydrological information. This study has unique advantages for water resources management and water disaster
monitoring in key areas.

Key words: UAV, Manning-Strickler formula, low-altitude remote sensing, river discharge calculation, accuracy analysis, ungauged basins
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