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Abstract Currently, numerous disputes between landowners and management agencies have arisen in
determining river zones in Korea. Moreover, the number of such disputes is gradually increasing with
the increase in land use. Hence, this study proposed to solve this problem by implementing the following
steps. First, this study analyzed the problems in river zone determination under the River Act.
Subsequently, this step suggested that a plan based on a Digital Elevation Model (DEM) is needed while
determining a river zone in the levee-free section. Second, three rivers were selected to compare the
elevation of the design flood level and river zone line of the levee-free section. Third, the elevation
deviation from low-resolution DEM data and high-resolution DEM by drone surveying were compared to
evaluate the applicability of DEM by drone surveying. As a result, statistically significant results were
obtained between the two groups. These results proved that it is more effective to determine the river

zone by conducting a drone survey on areas where civil complaints were filed.
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Table 1. Target River and Analysis Location
River Analysis Location Design Section
Frequency
Geunmjeong-gu, Left Bank
Daecheon Busan-si 80 yr No.107 ~ 109
Yesan-gun, Left Bank
Hyogyo Chungcheongnam-do 80 yr No.47 ~ 50
. Yesan-gun, Right Bank
Sinyang Chungcheongnam-do 100 yr No.5 ~ 10
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Design Food Lovel Table 2. Specification of Drone and Camera

. TlyrFlood Level Bank
Classification Spec.
i — Maker / Name DJI/Phantom 4 RTK
St o Ve S s L it o o Swelghtc l 1,391g
STttt T ax Service Ceiling
@ [ Above Sea Level 6,000 EL.m
p— Design Flood Lvel S Flight Time 30 min
Tt . vrFlood Lovel Drone 6 m/s (Automatic)
Max Speed
: ax opee 5 m/s (Manual)
PRSI el e Vertical : +0.5m
Amended (GNSS Positioning)

Hover Accuracy Range

Horizontal : +1.5m

— Planned Width . o (GNSS Positioning)
Design Flood Level —— | Sensor 1"CMOS, 20 M
. 1yrFlood Level FOV 84 °
oot s Electronic Shutter Speed| 8 sec ~ 1/8000 sec
Fiood Control Avess | Camera Image Size 5472 px X 3648 px
© Obstacle Sensory Range 0.7 ~ 30m

(at an altitude of 182 m) Sem/pixel

=T o - Design Flood Level FOCa_l Length 8.8mm
\\ N yvFinodliavel ﬁ N Mapping Accuracy
N /
s

@

1yr Flood Level

Where there are traces of flood every year

Exisiting

Amended

Fig. 2. Criteria for Determining River Zone Line

(Article 10 of the River Act)

(a) Where there exists a complete levee in the basic
river plan (b) Where there exists a planned levee in
the basic river plan (c) A district on which no levee
is planned (d) In cases of a place in which a linear
structure, including a railroad and road, serves as a
bank (e) In cases of a river whose basic river plan is
not been established

+ Drone flight permit
Field Work [——] + Drone shooting plan
= select way point
l - Overlap, FOV, Altitude
h « Drone shooting
Drone Surveying (Equipped with RTK sensor)
- Select GCPand RTK!
l (GPS-Leveling)
3D Modeling « Create point Cloud
l + 3D Modeling
Error Elimination and * Remove objects that cause
A [—— elevation error
Normalization (Trees and obstacles)
l + Image attribute classification

High-Resolution DEM

Fig. 3. Procedures for Creating High-
Resolution Topographic Map using

Drones Fig. 4. High-Resolution Topographic Map of the

Target River(Levee-Free Section)
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Intersection Line of Design
Flood Level and Cross

Section Separation Distance

Fig. 6. Elevation Deviation of Design Flood Level
and River Zone Line

Collect DEM Data

Section Line
Cadastral Map

Adjust the Coordinate
System by Layers

|

Overlap Layers

|

Extract Elevation

Fig. 7. Procedure for Extracting
Elevation
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e River Zone
A line where the topography and river zone
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~

Cross Line

= River Zone

A line where the
topography and river
zone overlap

Fig. 8. Overlapping
(a) Overlapping of Daechen-River (b) Overlapping of
Hyogyo-River (c) Overlapping of Sinyang-River
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Table 3. Daecheon-River’s Elevation

6
—Design Flood Level

—Design Flood Level

16
—River Zone Level
(DEM : 5 m)

(a)

1 16 21
—River Zone Level
(DEM : 5 m)

b)

3
River Zone Level
(DEM : 0,05 m)

yh

River Zone Level
(DEM : 0.05 m)

\ \’ /
N
2 Al /
\/’/’\\\/’\/\/
2
20
18
1 1 21 31 a1 51
~—Design Flood Level ~—River Zone Level River Zone Level
(EL. m) (DEM : 5 m) (DEM : 0.05 m)
(©
Fig. 9. Elevation Deviation

(a) Daechen-River (b) Hyogyo-River (c) Sinyang-River

X Elevation . L i Elevation X .
Station Design Deviation from Elevation Deviation Station Design Deviation from Elevation Deviation
Flood Level from DEM(m) Flood Level from DEM(m)
Number (EL.m) DEM(m) (GSD 0.05 m) Number (EL.m) DEM(m) (GSD 0.05 m)
) (GSD 5 m) ) i (GSD 5 m) :

106 306.47 -1.37 -0.68 107-6 308.24 -4.32 -5.01
106-1 306.56 -1.39 -1.98 107-7 308.39 -2.79 -3.89
106-2 3006.65 -1.56 -2.37 107-8 308.54 -3.05 -5.02
106-3 306.74 -2.47 -2.74 107-9 308.68 -2.37 -1.77
106-4 306.83 -3.63 -4.06 108 308.83 -4.99 -7.04
106-5 306.92 -3.34 -5.64 108-1 309.06 -3.72 -4.19
106-6 307.00 -3.22 -3.89 108-2 309.30 -5.55 -5.72
106-7 307.09 -3.16 -3.39 108-3 309.53 -4.62 -6.03
106-8 307.18 -3.29 -4.98 108-4 309.77 -5.65 -5.21
106-9 307.27 -3.38 -3.98 108-5 310.00 -5.03 -5.56

107 307.36 -3.63 -4.20 108-6 310.23 -3.84 -3.78
107-1 307.51 -2.98 -4.36 108-7 310.47 -5.51 -3.78
107-2 307.65 -2.60 -4.94 108-8 310.70 -4.08 -5.53
107-3 307.80 -2.73 -3.22 108-9 310.94 -4.21 -6.31
107-4 307.95 -1.20 -6.30 109 311.17 -4.66 -4.30
107-5 308.10 -2.88 -4.45
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Table 4. Hyogyo-River's Elevation

R Elevation X L X Elevation R L
Station Design Deviation from Elevation Deviation Station Design Deviation from Elevation Deviation
Number Flood Level DEM(m) from DEI\_/[(m) Number Flood Level DEM(m) from DEI\_/[(m)
(BL.m) (GSD 5 m) (GSD 0.05 m) (EL.m) (GSD 5 m) (GSD 0.05 m)
47 53 1.69 1.98 49-5 56 -0.77 -2.23
48 56 -0.03 0.84 49-6 56 -0.23 0.1
48-1 55.7 1.58 -1.04 49-7 56 1.13 0.02
48-2 55.4 -0.07 2.02 49-8 56 1.58 2.88
48-3 55.1 1.77 3.76 49-9 56 1.71 0.7
48-4 54.8 0.24 0.88 50 60 1.19 1.35
48-5 54.5 1.66 3.46 50-1 59.6 2.4 2.97
48-6 54.2 0.23 0.43 50-2 59.2 6.08 8.99
48-7 53.9 1.64 0.82 50-3 58.8 0.91 4.31
48-8 53.6 1.34 1.15 50-4 58.4 0.51 1.83
48-9 53.3 1.99 2.28 50-5 58 0.75 2.15
49 56 -0.97 -4.26 50-6 57.6 -0.89 0.37
49-1 56 -2.23 -6.53 50-7 57.2 -0.34 0.79
49-2 56 -2.15 -5.23 50-8 56.8 -0.84 1.57
49-3 56 -1.78 -0.25 50-9 56.4 0.46 -1.81
49-4 56 -0.12 -5.03
Table 5. Sinyang-River’s Elevation
. Elevation X L. . Elevation X .
Station Design Deviation from Elevation Deviation Station Design Deviation from Elevation Deviation
Number Flood Level DEM(m) from DEI\_/[(m) Number Flood Level DEM(m) from DEM(m)
(EL.m) (GSD 5 m) (GSD 0.05 m) (EL.m) (GSD 5 m) (GSD 0.05 m)
5 24.39 -0.24 -0.36 7-6 24.66 1.15 2.51
5-1 24.40 -0.31 -0.47 7-7 24.69 1.10 0.04
5-2 24.41 -0.36 -0.58 7-8 24.72 0.99 2.70
5-3 24.41 -0.41 -0.95 7-9 24.75 1.00 1.01
5-4 24.42 -0.46 -0.55 8 24.76 1.08 2.75
5-5 24.43 -0.56 -0.56 8-1 24.77 1.21 1.19
5-6 24.44 0.12 0.99 8-2 24.78 1.60 0.83
5-7 24.45 -0.72 -0.72 8-3 24.79 2.01 2.74
5-8 24.45 -1.10 -1.20 8-4 24.80 2.15 3.15
5-9 24.46 -0.99 -1.38 8-5 24.81 1.85 1.89
6 24.47 0.21 -0.51 8-6 24.82 1.07 1.11
6-1 24.47 -2.28 -2.50 8-7 24.83 1.49 2.68
6-2 24.47 -1.37 -1.17 8-8 24.84 1.21 1.86
6-3 24.47 -0.47 -0.50 8-9 24.85 1.67 1.67
6-4 24.47 -1.26 -1.84 9 24.87 0.11 3.09
6-5 24.47 -0.12 -1.17 9-1 24.87 -1.46 -2.64
6-6 24.47 -0.76 -2.00 9-2 24.88 -0.74 -1.24
6-7 24.47 -1.08 -1.67 9-3 24.88 -3.93 -4.57
6-8 24.47 -1.38 -1.51 9-4 24.88 -1.10 -1.46
6-9 24.47 -1.99 -2.76 9-5 24.89 -2.34 -3.17
7 24.48 -2.06 -1.97 9-6 24.89 -2.92 -3.29
7-1 24.51 -2.05 -2.27 9-7 24.89 -2.02 -3.23
7-2 24.54 0.24 1.40 9-8 24.89 -2.62 -3.43
7-3 24.57 -0.01 -0.41 9-9 24.90 -2.66 -2.55
7-4 24.60 1.55 2.15 10 24.90 -3.79 -3.74
7-5 24.63 1.22 1.18
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HIVHAE AZZLQoA sk B1E XSt Table 7. Separation Distance(Hyogyo-River)
} 1ol Ao ko] A o
%’\'Q'E 001:9] %’\E 73—" ]-;‘(j;ri—'ﬁol jq-"" X];g]% 7/—13 Station Separation Station Separation Station Separation
olu|git}, 29 A AL sPHFLIAe E1Ut AEE Nucmber Distance NL;mber Distance Number Distance
(m) (m) : (m)
20 7 A Aoz sATAX0] HAAH
FHES =7 A Ao shipel A d 50 1.98 49 45 48 136
3ol /\ ] ] T
A0E FAY 5 glok. I B ghe ARt 50-1 289 | 49-1 | 720 | 481 2.56
Hog Z9| grog Uetor, 7|29 EAREA 50-2 7.56 492 | -632 | 482 2.36
ST EL s 9 SEAV | EAESLE 229 A 50-3 5.14 49-3 -2.30 48-3 2.15
AR F7h3s g dosHA 24=%eS & 5 Utk 50-4 333 49-4 -3.86 48-4 1.12
BN AP B FAust ANE NESEe g 00 | 1 P o5 | b L 98 | 26
= s = 0-6 -1.2 49-6 -0.8 48-6 1.25
QolE ThRE ALBLeI9 SFATAMY] Hilofe F 1Y ’ >
o o]} 9l Flo Lehpon o] ol 7o 9 50-7 -1.52 49-7 1.85 48-7 3.10
= A M= M= = E}E_ v 50-8 -1.51 49-8 1.45 48-8 3.20
o= detErh A, FAF 72t W feragol o 509 | -385 | 499 | 195 | 489 | 3.8

£ QU A8Bo] 2ol AARY Weko R S
T AHNRE A, BA, N2 7 S A

AN

Table 8. Separation Distance(Sinyang-River)

317 opot ke ALFoel Ao AAE & 4 9 : : S
- = . eparation . eparation . eparation
ong *47;";(]'7]' Z1 OHN'E—’] ‘I‘X] ]E—’] Eﬂ‘%}o]'ﬂ] H* I\SIE;IE; Distance I\SITIES; Distance \SIEEE; Distance
2 ol AZEFATRS 0]83) A1AL AR (m) (m) A (m)
1o Q= FEFALS olsto] shlvaS 245 5 ~0.21 67 “1.23 84 156
7] WjEos wohdEh 5-1 -0.26 6-8 -1.68 85 1.14
5-2 -0.45 6-9 -2.37 8-6 0.56
o P 5-3 -0.62 7 -2.35 8-7 0.98
3.2 SIM7AM U A=s+o YHEA Bl 54 | -032 | 7-1 098 | 88 0.75
= o - . = 5-5 -0.82 7-2 0.63 8-9 0.98
ZT]— ":v‘ﬁ = ”395017—3-743]5 /‘K_]_—Zé?_}_— ﬁaﬂ"‘:‘ Table 6~8 5-6 0.85 7-3 -0.23 9 2.56
3} 7} 57 | -1.23 | 74 1.69 9-1 112
_ . 5-8 -1.62 7-5 1.78 9-2 0.63
Hd oA digt HHAlEZ 3= Table 93 59 | -1.20 | 76 1.56 93 123
2t 6 236 | 77 1.89 9-4 156
6-1 -0.85 7-8 1.26 9-5 1.14
6-2 -1.24 7-9 1.56 9-6 0.56
Table 6. Separation Distance(Daecheon-River) 63 -0.10 8 2.56 9-7 0.98
6-4 -0.98 8-1 1.12 9-8 0.75
Station Slejp')atlration Station S]e;.)a;ation Station Slejl?atrlation 6-5 -0.02 8-2 0.63 9-9 0.98
Number istance | e | Distance | oo | Distance 6-6 -0.52 8-3 1.23
(m) (m) (m)
106 -1.50 107-1 -3.25 108-2 -4.60
106-1 -1.32 107-2 -3.25 108-3 -3.15 Table 9. RMSE of Elevation Deviation and
1062 | -321 | 107-3 | -412 | 108-4 | -3.25 Separation Deviation
106-3 -3.89 107-4 -2.15 108-5 -5.17 .
Elevation Deviation Separation
106-4 -4.26 107-5 -2.65 108-6 -4.56 River RMSE Deviation
1065 | -3.12 | 1076 | -278 | 108-7 | -4.21 RMSE
106-6 | -3.45 | 107-7 | -245 | 108-8 | -5.26 Daecheon 3.56 3.48
1067 | -3.45 | 107-8 | -451 | 108-9 | -2.56 Hyogyo 1.69 0.84
106-8 | -321 | 107-9 | -050 109 -3.56 Sinyang L8 L78
106-9 -2.14 108 -2.56 -3.45
w | 256 | s | e Table 9% 2ol 7 spy ExwAe] B Au

2*KRoot Mean Square Error, RMSE) AF32%} 1. 58
~ 3.56 m, FHo|AAZ ] F¢ 1.78 ~ 3.48 mZE UEt
Sk ol spEFEg Aol s 2 SV EA Y 41
A79] Aol FeokA] o= 37 He7F BEAdel v
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Table 10. Statistical Analysis Result of Elevation
Deviation by DEM Resolution(t-TEST)
Elevation Elevation
Deviation(m) | Deviation(m)
River /5m / 0.05 m t p
DEM DEM
M £+ SD M + SD
Daecheon
(N=31) 3.45 + 1.22 433 + 1.41 -2.57 0.01
Hyogyo . 4 -
(N=30) 1.12 + 1.15 2.22 + 2.06 2.30 0.02
Sinyang _
(N=51) 1.39 + 0.97 1.79 + 1.05 2.09 0.03

% p: Significance Probability, t: Statistics to test mean difference.
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Fig. 10. Conceptual Diagram of the Existing
River Zone Determination
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level
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through surveying
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4. Areas requiring special management
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Fig. 11. River Zone Determination Plan
(Longitudinal Section)
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Fig. 12. River zone determination plan(cross section)
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* The water level between the
stations is determined by linear
interpolation

* Building 3D water surface
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Fig. 13. Procedures for Determination of River
Zones using Drones
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