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Abstract: [ Objective] Slope gradient data was accurately obtained to address the limitation of slope gradient
underestimation using the freely downloaded 30 m resolution digital elevation model (DEM) for farmland in
Northeast China, in order to provide important data support for quantitatively evaluating soil erosion in the

rolling hilly regions. [ Methods] A 5 cm resolution DEM was generated from drone survey images and
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resampled to obtain 1, 5, and 12.5 m DEM resolutions. Combined with the 30 m DEM resolution, the
optimal DEM resolution for slope gradient extraction in the study area was identified. Additionally, the
histogram matching method was used to establish a slope gradient conversion model between the 30 m
DEM resolution and the optimal DEM resolution for each slope gradient category. [ Results] @ The slope
gradient distributions derived from the five DEM resolutions indicated that the 1 m and 5 m DEM resolutions
exhibited a strong similarity to the slope gradient distribution of the 5 cm DEM. Given that the 5 m
DEM resolution corresponds to a 1 ¢ 10,000 scale topographic map, the 5 m DEM resolution was optimal
for constructing the slope gradient conversion model. @ Using the histogram matching method, a univariate
linear model and a univariate quadratic non-linear model were developed for slope gradient conversion
between the 30 m and 5 m DEM resolutions across different slope gradient segments. The linear conversion
model was suitable for slopes less than 7°, while the non-linear model was more appropriate for slopes
greater than 7°. @ After applying both linear and non-linear conversion models, the frequency distribution
of slope gradients extracted from the 30 m DEM resolution closely matched that of the 5 m DEM resolution,
significantly improving covariance and correlation coefficients. This reflected that the slope gradients
after conversion from the 30 m DEM resolution can accurately represent ground undulation; additionally,
the optimization results from the non-linear conversion model were superior to those from the linear
conversion model. [ Conclusion] The 5 m DEM resolution is the optimal resolution for extracting slope
data in the study area. The developed conversion model for low-to-high resolution slope gradients showed
that the non-linear slope conversion model has a better optimization effect than the linear slope conversion
model.

Keywords: rolling hilly region in Northeast China; different DEM-resolutions; histogram matching method;

slope gradient conversion model
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Fig.1 Distribution of slope gradient at study area
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Fig.2 Flow chart of pre-processing raster data

with histogram matching
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Table 1 Frequencies of slope gradient distribution and absolute error among 1, 5 m and 5 cm resolutions
—— 5 em 4h¥EE 1 m S BRI B Sy A AR/ 0% 5 m g BE AR AR Vo
WEREST AR/ D0 S A R Y xR 2% S 3 A AR o %15 2%
0,1] 6.89 17.74 10.85 17.44 10.55
(1,3] 22.98 18.85 —4.13 10.73 —12.25
(3,5] 21.20 30.47 9.27 34.17 12.97
(5,8] 20.93 16.75 —4.18 28.66 7.73
(8.12] 12.94 7.13 —5.81 4.65 —8.29
(12,15] 3.98 2.25 —1.73 1.06 —2.92
(15,90] 11.09 6.81 —4.28 3.30 —17.79
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Table 2 Frequencies of slope gradient distribution and absolute error among 12.5, 30 m and 5 cm resolutions

— 5 cm Y BER 12.5 m 43 J¥ 235 B 40 A i %/ % 30 m 4 B R YBE R %

LRE 5y A AR/ o R i e 24 X 15 % B I 47 4R % o x5 2
0,1] 6.89 8.47 1.58 7.38 0.49
(1,3] 22.98 4.18 —18.8 19.46 —3.52
(3,5] 21.20 23.32 2.12 32.21 11.01
(5,8] 20.93 33.55 12.62 39.6 18.67
(8,12] 12.94 25.74 12.8 1.34 —11.60
(12,15] 3.98 4.73 0.75 0.00 —3.98
(15,90 11.09 0.00 —11.09 0.00 —11.09
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Table 3 Statistics of slope gradient attributes at
different resolution DEMs
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5 cm 0 89.44 7.75 10.64
1 m 0 75.02 5.66 8.40
5m 0 39.05 4.81 4.76
12.5 m 0 10.30 3.88 2.25
30 m 0.34 8.30 4.26 2.06
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Fig.3 Histogram of slope gradient cumulative frequency

between 5 m and 30 m resolutions
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Fig.4 Fitting curve of slope gradient between

30 m and 5 m resolutions

R MR RE X 30 m 43 BE % DEM $2 B 3%
JEE 3 590 368 ok 7 ol B R A 4 I A B R P A AR e
Y JEE AL 2 4 ) I — RBUBUR (B 5) . 455K
W, R BG e Jm Y B RS AR 5 5 m oy R
DEM $2 Ui 38 8 4 A1 15 B0 AH 3T, 156 B 4802 4 1 b 03¢
JEE B A R B AT B Y B AUL R,



154 K R E

5 44 B

x4 FHEAEX30mMmE S m SR B EERIEER
Table 4 Slope gradient conversion models between 30 m and 5 m
resolutions at sampling site of Dongsheng Village

30 m MR

s B 86 L ) T 2k R? SSE
)2
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<2 - )
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- y=1.092—1.04 0.98  0.08
2z y=—0.0427+1.350—1.43 0.98  0.08
- y=152z—2.11 0.98  0.25
A6 y=0.3927—2.482+6.99 0.99  0.06
o y=5.642 —27.95 0.98  0.39
oS y=1.172%—9.60x +21.75 0.98  0.32
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x>7

y=23.272"—313.18x+1 064.46 1.00 0.25
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Fig.5 Comparison of slope gradient cumulative frequency between
30 and 5 m resolutions after model conversion

b 30 m&p # &

WE/(°)
[ 0~1
/1 1~3
C3~5
[ 15~8
[ 8~12
B 12~15
B 15

c 30my#HE
2 M AR
XI5

d 30my#HF
JEZ AR
L X3

6 ZEBHBAWEIOnE S mPBRERNFEETE S AT

Fig.6 Comparison of slope gradient distribution between 30 m and 5 m resolutions before and after model conversions
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Table 5 Slope gradient features before and

after model conversion

30 m A HEE I

gitsn CRARET  py  AREE  EAEED
- )G s
R/AME/ ) 0.00 0.34 0.17 0.19
BRME/C) 71.64 7.45 56.22 63.22
FHME/C) 345 3.75 3.87 3.61
i 22 3.61 1.54 3.61 3.44

X L BB R SR FE X, 30 m 43 B DEM
PRI £ Pk E << 1°, (1°,3°], (3°,5°], (5°,8°],
(8°,12°],(12°,15° TR > 1543 A 4l R 43 5l o~ 2.81% .
31.87%,44.98%,20.34%,0%,0% F1 0% (& 6);1fi
5 m 43 HEE DEM $& BB 4% 938 B2 43 A5 45 232 0 43 531 ok
7.09% ,45.45%,35.25%,6.75%,2.28% ,1.08% F
2.11% A5 BE 0 30 A1 5 m 43 ¥R DEM 42 B B
JEOP AT BEAFAE R 25 5 . H 28 RV 3k e e A 7Y
Ak .30 m 43 B3R DEM $2BUH 45 9 05 B 43 A 4 R
Sk 7.46%,45.77%,15.28%,25.47%,3.16% ,
0.73 % F 2.13 %0 » 4 AF 2 1 Bl B % e A AL A Ak J5 T iz
1) 45 30 T8 oy AT AR 3R 0 Ry 7.46 946, 45.77 %0, 29.43 %
11.32%.2.43%,0.73 % F1 2.87 % , Ui WA 2 4 U Ak I
) 45 e 3 B A A AR 5 5 m 4y PR DEM $# B0 4%
DI Gy AT LA A, FOR T 30 m 43 BEAR DEM
TC 1 M ff 2 B b TSRS AR 1% S BR P L O 38 i T L S Y
A 35 2 R AE

NIEL 7 3B TT LA 76 (R385 BE 43 93 il N & 2
PE AR e M 3 B 7 46 5 AR AR AR I 9 2% 03 B 4 A1 A
RAGFHE—EET ., B3 M > YW LT N, Ltk
IR TR 2 MR RO A S5 1 ke B A 3R B AR — B
RAE (3%, 57 3 B R N, 3F 2 M B 5 e e i U A Ak Je

F16 73473 430 5 ] A R T M 39 2 e A R 0 A I 19 25
R AE (57, 87 T3 B2 Y Bl N 4 M 0 J38 e 5 5 L 0 A
Ji 1 43 A 0 3R W R Al e R A 4 A L A AL S
AER o R b AR 2 3k 38 e A R A Al 1y &5 2R
T ANk e A R AL IR A 45

50 1 B #Ri30 m% ¥ R 4
T o~ 5 mA PR
40t O 2R P A R e 460 530 mAy kR 4
| 0 AR 2 M R 5 360 530 my AR A5

X 30f
R 2}

10 +

<1 (1,31 3,51 (58] (8,121 (12,151 >15

W)
B7 EFERBHBRTEN 30 m S m PR ETEL

Fig.7 Comparison of slope gradient frequency between 30 m and
5 m resolution before and after the model conversions
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