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Accuracy Assessment of Local Slope Concave-convex Properties based on Multi-scale
Gridded DEMs

WANG Chun"*, XU Yan", JIANG Ling'?, ZHAO Mingwei'’
1. Geographic Information and Tourism College ,Chuzhou University, Chuzhou 239000, China;
2. Anhui Engineering Laboratory of Geo-information Smart Sensing and Services, Chuzhou 239000, China

Abstract: The accuracy of DEMs is the key issue for its quality and various applications. Theoretically, terrain
morphology is the basis to derive the topographic information. Therefore, to establish the methodology of DEM's
morphologic accuracy can promote the high- quality DEM productions and their widespread applications.
Focusing on the cognition of the local slope concave-convex property, this paper analyses the influences of grid
point locations and grid cell sizes on this morphological property. As such, this paper arms to further improve
and develop the theory and method of DEM quality. At first, this paper introduces the basic concept of terrain
morphology accuracy represented by the gridded DEM, consisting of elevation sampling accuracy and elevation
relation accuracy of local points, local slope morphology accuracy, regional terrain relation accuracy and global
terrain structure accuracy. Herein, the local slope morphology accuracy can be represented by the local slope
concave-convex property, including three categories of flat slope, concave slope and convex slope. To quantify
the concave-convex property, the error metric is defined using the multi-scale DEMs and several statistic indexes
of the error metric are presented. At last, taking loess hill region as the study area and 5,10 15,25, 155 m
DEMSs generated by the TIN-based method as the experimental dataset, the comparative method is applied to
investigate the characteristics of the local slope concave-convex slope varied with the grid-point location and the
grid cell size. The main conclusions of this research are reached as follows: (1) the morphology accuracy of
DEMs must be considered in the production of high-quality DEMs. In this study, 10 m size (jumping rate is
equal or lesser than 0.3%) is optimal threshold of the grid cell size for 1:50 000 DEMs. (2) When the DEM
resolution is higher than the threshold, the DEM has almost the same concave-convex property with the real
topography, followed by the less changes in the transition area between the positive and negative terrains. When
the resolution of DEM is lower than the threshold, the local slope concave- convex property would have a

significant uncertainty changed with the grid-point location and the DEM resolution.
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Fig. 1 Schematic diagram of DEM local slope shapes
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Tab.3 Concave and convex accuracy indexes of DEM local slope shapes
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15 94.66+0.0192 2.37+0.0169 2.224+0.0165 4.58+0.0222 0.38+0.0077 0.38+0.0079 0.76+0.0090
25 90.88+0.0263 3.09+0.0211 2.84+0.0308 5.93+0.0248 1.59+0.0177 1.50+0.0185 2.98+0.0206
35 87.41+0.0367 3.41+0.0257 3.12+0.0218 6.53+0.0313 3.14+0.0173 2.92+0.0215 6.06+:0.0216
45 83.42+0.0600 3.58+0.0218 3.29+0.0255 6.87+0.0275 5.07+£0.0281 4.65+0.0392 9.72+0.0563
55 79.42+0.0986 3.59+0.0259 3.35+0.0272 6.94+0.0314 7.08+0.0401 6.56+0.0937 13.63+0.1027
65 75.43+0.1292 3.61+£0.0317 3.41+0.0298 7.02+0.0378 9.08+0.0557 8.47+0.1200 17.55+0.1151
75 71.96+0.1499 3.56+0.0235 3.42+0.0197 6.99+0.0333 10.85+£0.0976 10.20+0.0613 21.05+0.1409
85 70.14+0.1951 3.63+£0.0413 3.50+0.0383 7.12+0.0547 11.67+0.1313 11.07+0.0563 22.74+0.1696
95 68.62+0.1023 3.78+0.0464 3.62+0.0264 7.40+0.0426 12.22+0.0958 11.76+0.0690 23.98+0.1183
105 66.18+0.1775 3.86+0.0386 3.70+0.0305 7.56+0.0427 13.36+£0.1314 12.89+0.1080 26.26+0.1451
115 65.57+0.1695 4.194+0.0478 3.99+0.0495 8.18+0.0527 13.28+0.1289 12.97+0.0820 26.25+0.1567
125 64.68+0.3153 4.724+0.0789 4.484+0.0634 9.20+0.1017 13.15+£0.2207 12.98+0.1479 26.12+0.2512
135 61.91+0.3243 4.5840.0507 4.414+0.0509 8.99+0.0763 14.73+£0.2135 14.38+0.1222 29.11+£0.2769
145 61.05+0.2989 5.17+£0.0954 4.9440.1247 10.11+0.2015 14.52+0.1501 14.33+0.1521 28.85+0.2212
155 59.29+0.5449 5.44+0.1399 5.22+0.1362 10.65+0.2680 15.17+£0.2515 14.88+0.1730 30.05+£0.3604

T - RIS Kt ko 25 WEANFIS WG A 6 A DEM, HON IR R A M A BE RS AR 95880 m A Hs K g
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Fig. 6 Spatial distribution of maximum and minimum of elevation numerical error

R 0.3%, BT ] $% MR 22 A TR ) oM S0 DEMUBRIE A5G B e i AT B 288 0 A

] 23R A 10 my, BT 0.2 mm DEM.,

(2) X FASCH 4 Bz 1:5 77 DEM, 24 HA% W]
SRR T 10 m, BR3Pt
AY ,H52 R DEM 5 10 m DEM BAG I F-AH [ (14 =)
3 T TP ASCRE o, T3 T e A B A6, BRIV IE M P
A TR A U DX L, 2 e A AN TR R ) B T
M HEARAE , PER 2 55 DEM A& I 20 R A2 KR
H4m DEM $ds 04, i AS 23 1] Lo A5 £ T =) b 3 1o
I ARG B

(3) X FASCH 4 Bz 1:5 77 DEM, 24 HA% W]
O3 HERALT 10 m A, B2 2R ey Hbp i 7 [ AR 2%
ﬁﬁiﬁj@“ﬂc (R AR R AR R IE A %

SURIREAR , B 2 AH [R5 9 4 ﬁ#z DEM, J=y i
Erﬂn [T P 23 Bt 5 DEM A D) 55 S B A 1437 B AN
] 1 A 7], DEM HiuJE 18 3 45 S A 5 e e Fn e
— M, LA 1Y) DEM € A BE VR 75 20 )5 1h Hb I 19 Ry
ML AS

4.2 g
(1) /K5 B 8 5 % . DEM 4 3 2 5K

B A L
B I 53 A R0 2 R AREL ) Al S S8 R AR

ISR T 1:5 J7 8% 4 B Hi IX DEM Jej i R I 25
I UM O HA DX IR HE 1) R DEM [ Jey dth b 26
TR U RERS BE | Jmy b s F T 245 Y VT ™ T8RS
[ 5 DEM & BREUER B m e SR 0 E S H A
TERER XS OC ZR , X T 2 B B 1 2 5 R AR A
G HA XA REE S A 1F T — DA
W5

(2) A SCHFFEA% Y 6788+ B 1:5 77 DEM,
Ji5E K b T o U 250K B B, e A% I 0 B 1y
10 m, 7 1:5 7 R I b S HE 10 m st 2 405 (& T
14 0.2 mm , IELf 52 A 405 B AR IR 73 B, (]
I, AR EL L DEM (1 3R IE 485 5 [ Le ) RO R (&
X, e AR X 43 B 3 I 32 OGS Bz b A9 RO 5]
TR 0.2 mm, X —HENE A BA A B
EYIER iy

27 3k (References):

[ 1] B, S 22 S 5 i PR EORS AR | o i R
L& s [0 R DUR 52740 - 15 BP0, 2011,36
(6):713-716. [ Hu H, Wu Y L, Hu P. Discussion of DEM

standards, quality theory and conceptions[J]. Geomatics



33 & S FUNAS R DEM JR) s T Y RS RE AT 369

and Information Science of Wuhan University, 2011,36
(6):713-716. ]

1 BB X2, 17 142 55 4% 5 DEM HE B TR S I A
JEWFFE 1] DR 54 - 17 BB 7 112,2009,34(2): 146-
149. [ Wang C, Liu X J, Tang G A, et al. Morphologic fi-
delity of grid digital elevation model[J]. Geomatics and
Information Science of Wuhan University, 2009,34(2):
146-149. ]

| £, F4% 5, % DEM MU A R 1R 25 3 B A6 4
9 (] BRI K 2 5 38 - {5 BB 2% hit,2014,39(9):1074-
1079. [ Wang C, Tang G A, Dai S B, et al. Quantitative
analysis of DEM terrain representation error field[J]. Geo-
matics and Information Science of Wuhan University,
2014,39(9):1074-1079. ]

[ 41 1 22, 28 U8, X0 2 42 0 5 rm AR AL R (M. AL o
2 #E,2010. [ Tang G A, Li FY, Liu X J. Digital ele-
vation model course[M]. Beijing: Science Press, 2010. ]

[5 ] 2Rl R R B i AR M. iDL i DUR 27 Hh R,
2000. [ Li Z L, Zhu Q. Digital elevation model[M]. Wu-
han: Wuhan University Press, 2000. ]

[ 6 ] Hutchinson M F. A new procedure for girding elevation
and stream line data with automatic removal of spurious
pits[J]. Journal of Hydrology, 1989,106(3/4):211-232.

[7]Li, Z. and Openshaw S. A natural principle for the objec-
tive generalization of digital maps[J]. Cartography and
Geographic Information Systems, 1993,20(1):19-29.

[ 8] Kraus K, Otepka J. DTM modelling and visualization-
The SCOP approach[C]. Photogrammetric Week, Heidel-
berg: Wichmann Verlag, 2005,241-252.

1 R 1w BH, 52 % Jet LR 5 5 76 v DEM 4 2 v g g
[J]. 7K T 4545 D1 5¢,2010,17(5):45-50. [ Song X Y, Wu F
Q. Application of the spatial interpolation methods to the
study on micro-DEM][J]. Research of Soil and Water Con-
servation, 2010,17(5):45-50. ]

[10] Biffeid: 453 DEM PRI 22 Y e/ — 3 iC 15 1] 28
PR A4 - 15 AR 7,2013,38(1):86-89. [ Chen C F,
Cai Q G. High speed DEM construction based on local
least squares collocation[J]. Geomatics and Information
Science of Wuhan University, 2013,38(1):86-89. ]

(1] 5 BH, T e, 73 DA% ) i R BB v 47 {2 06 DEM
L2 IR [J]. 20 DUR 22241 - 5 B R iR, 2013,38(5):
608-612. [ Zhang J M, You X, Wan G. Effects of interpo-
lation parameters in multi- log radial basis function on
DEM accuracy[J]. Geomatics and Information Science of
Wuhan University, 2013,38(5):608-612. ]

[12] TKA B2 B B g 42 o5 43 H A B v AR AR T iy
J7 9 [1]. K F 22 41%,2006,37(8):1009- 1014. [ Zhang C X,

Yang Q K, Duan J J. Method for establishing high resolu-
tion digital elevation model[J]. Journal of Hydraulic Engi-
neering, 2006,37(8):1009-1014. ]

[13] £, 7L, 1, 55, DEM Hb i1 % 245 50 7 12 1 RS i 22
SERFIEDTIE[J]. 1 P 5l A B RH7,2014,30(4):18-21,
26. [ Wang C, Jiang L, Xu J, et al. Accuracy differences
among approaches of DEM surface morphology recon-
struction[J]. Geography and Geo- information Science,
2014,30(4):18-21,26. ]

[14] UL REAL FH WL 28,55 2T DEM i1 8 LI AR I,
FCHBTE R AE 53 A7 (] o Bk A5 BB 7 27 412,2018,20(12):
1710-1720. [ Xue K K, Xiong LY, Zhu S J, et al. Extrac-
tion of loess dissected saddle and its terrain analysis by
using digital elevation models[J]. Geography and Geo-in-
formation Science, 2018,20(12):1710-1720. ]

[15] 545,000 B4 i, P 1, 5. DEM AT IR 15 22 (B TR AR Y
WFFE ] M BR (S BB E 24 411,2014,16(5):699-706. [ Wang
C, Gu L W, Tang Y, et al. A new calculation model of
DEM terrain description error[J]. Journal of Geo-informa-
tion Science, 2014,16(5):699-706. ]

[16] 0 TE T, ] S 0, by O V) 250 M R AL (M. b oo 2 1
Ji 41,1993, [ Ke Z Y, He J B, Chi T H. Digital terrain
model[M]. Beijing: Science Press, 1993. ]

[17] Tang G A. A sensitivity analysis of errors in digital terrain
models[D]. Salzburg: Salzburg University, 1998.

(18] FEICEE ARACTT, 5 S0 A5 B0 e R A AL P R A 2
B BIF 5% [0]. I 22 2 41%,2004,33(2):168-173. [ Wang G X,
Zhu C Q, Shi W Z, et al. The further study on the accura-
cy of DEM terrain representation[J]. Acta Geodactica et
Cartographica Sinica, 2004,33(2):168-173. ]

[19] M b1 55 S 4 == A5 W BT m AR A — 3R ik
FrufE RN H MIAE 52 R4t 2007. [ Hu P, Yang C
Y, Wu Y L, et al. New DEM theories methods standards
and application[M]. Beijing: Surveying and Mapping
Press, 2007. ]

[20] Zhang L, Li N, Jia S, et al. A method for DEM construc-
tion considering the features in Intertidal zones[J]. Ma-
rine Geodesy, 2015,38(2):163-175.

[21] Zhou B, Xu J, Zhang X, et al. New high-fidelity terrain
modeling method constrained by terrain semanteme[J].
PLoS ONE, 2018,13(6):¢0198530.

[22] £/, 28 4,55 BT RS M DEM A5 i 2 R 5
J7 ] HER AR ERE 2 2 41,2015,17(2):160- 165.
[ Wang C, Li H, Yang J C, et al. Study on generation tech-
nique of high quality contour lines based on grid DEM
[J]. Journal of Geo-information Science, 2015,17(2):160-
165. ]



