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Abstract; Digital elevation model (DEM) is used to realize the digital simulation of terrain surface (i.e. the
digital representation of terrain surface shape) through the limited terrain elevation data. As a new tool to describe
the terrain, it provides a new field of vision for people to study the evolution process of the earth’ s surface. The
application status of DEM in many fields are summerized in this paper, including basic topographic factors,
watershed geomorphological features, reconstruction of paleogeomorphology, tectonic geomorphological development
model, tectonic activity classification, geomorphological classification and environmental assessment,
geomorphological parameter algorithms and computing platform development. Our research generally focuses on
land, with river geomorphology and mountain geomorphology as the main objects. The research process changes
from the early qualitative description of geomorphology to the semi-quantitative and quantitative analysis of a variety
of geomorphological parameters. The research scale extends from a small watershed to the whole orogenic belt in
space and from a few hours to millions of years in time. However, many factors can influence the accuracy of
quantitative analysis results of tectonic geomorphology, such as the uncertainty of the time series of tectonic
geomorphology evolution, the complexity of the acquisition of geomorphological parameters, the diversification of
terrain model algorithms and the error factors in the process of DEM generation. Therefore, while summarizing the
previous research results, some thoughts are given on the application of DEM in tectonic geomorphology.
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Relationship diagram showing the interaction between structure, climate and erosion (modified after Liu et al. , 2018)
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(a) Tectonic model of the orogenic belt collision; (b) Interaction between structure, climate and erosion

X1 £2¥K¥FST]E (DEM) FREEFESYH
Table 1  Global digital elevation products and the main parameters
DEM 7= i BATEEE/AE S HEE/m 6 7 TR e T B I LIRS Rk
ETOPO1 2008 30 90°S~90°N WGS84 MSL Bl mh A URLI
GTOPO30 1996 1000 90°S~90°N WGS84 MSL Bl ml & URL2
vl: 2003 30 v1/
SRTM v2: 2006 90 56°S~60°N WGS84 EGM96 InSAR v2: URL3
v3: 2013 1000 v3: URL4
225
GMTED2010 2010 450 90°S~84°N WGS84 EGM96 B Rl A URL2
90
vl: 2009
. : womn o g V2: URLS
ASTER GDEM v2: 2011 30 83°S~83°N WGS84 EGM96 2 ST AR 5 5 I 3 URLS
V3. 2019 v
vl: 2016
v2: 2017 e . . [EP—_—
AW3D30 3 2018 30/12.5 82°S~82°N CRS80 EGM96 2 37 R B D o URL7
v3:
v4. 2019
TanDEM-X DEM 2016 90 90°S~90°N WGS84-G1150 LE90 In SAR URLS8

. MSL— -39 -1/ . EMG96—1996 HiEK 5| I A | LE90—90% 2k HE R % 22

https: //search. earthdata. nasa. gov/search? q=C1000000240-LPDAAC_ECS ¥ https: //Ipdaac. usgs. gov/products/srtmgl1v003/

URL1: http: //maps. ngdc. noaa. gov/viewers/wes-client/

URL2: http: //earthexplorer. usgs. gov/

URL3: http; //dds. cr. usgs. gov/srtm/E http: //www2. jpl. nasa. gov/srtm/

URL4.

URLS5: http: //reverb. echo. nasa. gov/reverb/#utf8 = % E2%9C %93 &spatial_map = satellite&spatial _type = rectangle
URL6: https: //search. earthdata. nasa. gov/search/granules? p=C1575726572-LPDAAC_ECS&fi=ASTER

URL7:

https: //www. eorc. jaxa. jp/ALOS/en/aw3d30/data/index. htm, URL8: hitps: //download. geoservice. dlr. de/TDM90/files/
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Table 2 Common terrain factors and their algorithms
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Note: the formula involves the same parameters will not be repeated, x and y are in the xyz coordinate system.

WRAE 1 7 19 52 BT ¥, mTH H 4y i Y
B PR R0 52 8 4 O [+ (Wilson J P, 2018)
Gy B I8 R 1 B B M 32 B0 B T AR 10 0 e R A
B, FESEN SR RSEE AN, Al e R
A B AR G Rp R 28 S, T A O [ Y — B B B
HIE ¥ (Florinsky, 2009) , Ln b TS R M
W ) 35 (Slope of Slope, SOS) . 3 [n] B9 3% &
(Aspect of Slope, SOA) . HiFE iR L 2R
i JC MR O RE R Hh B 18 R 4R %K
( Topographic Wetness Index, TWI) %5 (% H %,
2017a; Scown et al. , 2015; Li et al. , 2020) , X%
T Wi IR 2 1 ) LA MR R S 0 B, i g x
AR IE R RE . 5, BWEE (INERMES
SR, 2008) 5 X U B AR AE 04 A BUOR IR 8 BSORT I B

AXFFRES (Yang et al. |, 2011) ; DA K& XA 45
TIE (R 78) 45 %% 3 | 160 T 20 4 3 38 0 9 Sk o % B 5
(Zhu et al. , 2018) . 4k, HuIE 7 %A [6] 25 150 Ay
DEM 7 /S [7] Hly X (9 i 7 5C RS2 AN R (e Ak i 5%
2019), AFFE AR AT 28 B bn, 45
THRT DEM WWHIIE N F 4 KK R (7 EH %,
2014) , WERTE T X HOE R AE 0 R 2F B SN
A, AEAH YRR AR T A% G M A 2 B 5T OE 1)

WE#E DEM KBS 8E M, et 545 A
AN — RO R e, K HIE N k=
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T8 2H & DL R B AT 22 8] Y AH B G 2ROk B 5 i
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2.2 FEHEREN
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FEMVEM (Dibiase et al. , 2010) . I 3 X 4 3 |
AU AE PR R A A AR R ORI A 3 T i
LLEHT B0 3 B B A 4 15 A8 fb ( Lague et al. , 2005) .
AR, AR A R B T R AR i
KRGz 5 A AT ZE KRS, A
T & K# 8 (Kitby and Whipple, 2012; Yang et
al. , 2015) ., FEHNFEWIH TAELIKSFE (2006) XF
T 980 5L 2R Gt DX b A5 T A i F Y A O A
FEHE T IR YT 7K A 2R P4 000 S O s Y T AR L T O
KR 70355 0 2 5, 45 2R 3R WA 3 7 o 7
1R 22 S 16 3l F45 i) 26 DI VT K 28 7R 04 o 000 464K A ) 10
Hi SRS SR 2R Bl B9 B 5K AE AR 3% L X (Wang et
al., 2017) , BRIEVLIML (FRBHAE, 2017) | PRI
B (SaE, 2017) FEEIAIE, RIANERE &R
WO 43 M 1 A [ b 550 2 06T ) 3 b 500 1) 8 78 B
WFFE R AL A 32 2 AR T 1 i P00 b 30 I 25 1 22 5%
By AEATE AR AT S ARl R R T R ) Y
KAEAKEAR,

T v 22 BT 2R I T DA R A L X bR R
KA Sy, 0L 2 G0 A0 B T 3 L b 5 3 A Y Bk
AMESL (Whipple, 2004) . T4Fk, “#3 A1 i $2
YRR 1L PN P R AT U ) T, O AR IBOAS [ e ) R
JEE AR 3 15 L R ik 152 A 3 R AR 25 DR 3R T AL 4R
MR E R AER (Wang et al. , 2017) , HZRH)
T BOR ORI AR ik S TR AR R
BT EE (Zhang et al. , 2017), M1 3 20 35 10
R TE AR B0 23 Bl A& I ) R o RS T AR R AR E
(Wang et al. , 2019) X P i -1 38 3o 07 37 22 A5 9 1)
PIER S, BLAAC 5 1M 3 i ) A2 Ak i 15
B (Castillo et al. , 2017) . 4Fi, WK J1{= A
R G A | 4 3 Bl S R AR o B AR
HH 7 U H 3 2 K B Wi DX B0M 3 Y E SRR R

(Zaidi et al. , 2018) . TE4A Thom ZLA L DX, AT Y
A5l 3 AR X B T S — A Y N g, ARl R
558 B R B 2 PEAH ¢ (Whipple et al. , 2017)
ERESTER 7l S R 1 N el |11 151 O | P 2 G
(Harel et al. , 2016) , Jn[ &6 B 3% K01 18 & 4%
SRR IR R, R E STERE S| B
B A Z e —Fh A A
E = KA"S" (1)
AR K N AR (L&A, At U
FRY3E fE ] T TL AR B 25 55 0 4R Dl R A 2 )
m N TRRTEE, n R0 E R REFE A RO MG 5]k
B SR HR N U, WIE b A S R 2 B[]
t 784k, w T TE IR B RS (BRI HE K 1B 53 K
W ) 75 1w ), O T A AT e AR A R

0z daz\ "
—=U—KA'"(f) (2)
Jat dx

. . N a9 .
4 4 550 36 A B R RS Eﬂa—j=0, ) 2 7%

(2) At .

£=K=A7 (3)
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k= (Y)" 5
(%) )

K, Hl6 43 ) B FR Sk T GE BE U AR 20 ( channel
steepness) MY E (concavity ), J& & W i B F+
A RN B AR ARG B0 00 8 B 28, TR Y
PP AR Pl ik R vp Gy oK W TR O YA R 28 3 kAR B 3
T, XFASE A chi (X) {H (Willett et al. ,
2014) SkamEil, FikLh,

A,
* lAu)

A (6) A, NS FE R, T IEE
B, >4 DCHRF 209 19 B2 48 09t o o o 2 7% I B 4R
oo, PIERARRENS T DX L A VA — Fl BE i
fBECK,, XA (3) MBI ERX (6)
ey

Cdx (6)

W(x) =z + (K /A"™)X (7)

Rz, ARG S &SR, AKX (7)) &
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U S T AR E — L BE I F8 B K, 52— e BE
K, FESHIFER U MR R K M, W
77X AR A4 A5 Akt 5 B 5 X3 3 3 T 38 56 42 Tl sk
X (K2),

x/m

6 L5 A B0 B 6 PR 2, AT O, 53k 0 0 X i g
2% 5 TS BRSSO BE WAECK L, R — 0
P8I0 X /1, bR M B 9 K, B — O X 6 X
LESN

M2 THFERE chi (X) EHEERXE (U Whipple
et al. , 2017 &)

Fig.2 Linear relationship between the channel height and chi
(X) value (modified after Whipple et al. , 2017)

Under the same initial elevation z, of different watershed, the
difference of X values on both sides of watershed is mainly
affected by channel steepness. The side with higher standard
channel steepness index K corresponds to a smaller X value,
while the side with lower standard channel steepness index K,

corresponds to a larger X value

) FH 2 B R0 T 2 F) i b 550 v Ak B BF Y, R 2
TR 3 Hb S50 4005 1 A T A, B NS 2R s
BRI I (Fox et al. | 2015) | 4 &5 J5
ARG MK M % (Hetzel, 2013) , % U8 3k 1L 4F
(E— A4, 2020), SB/R ZWidb & (MR,
2021) . BEARFIMT & (Quye-Sawyer et al. , 2020)
SFHL TG SR 1 XOT R T A R WFSE . ik, Wu
et al. (2020) #&if 7 —FEETIEE Mg DEM 1Y
WM () ik, IFH LR & E AL X s
b DEM NI, & PEPEN B Bk MRS, SLaR 4h
W, B A R A Y M R T AT A IS A
MIRCR .

2.3 HitHmEEER

TSR A ZRMER, RN E
JEZ M 2E R BRI g PN, o MY | g
(0 T B RT DL AR R TR X X O i AR T A
b FRIRET A BT T LA R R A Y T A
¥ (Zhang et al. , 2012) ,

V1 2 AR U B 43 AR T2 1 ST 3H R 3

I (Lietal,2017), EfEUEZEHH)Z, HE
RAEPETI A RN, R s XIEEF, K
L AR B2 1 b T 3R T 2 A A b SR B N Y Ak Y O B
IEYE (Hetzel et al. , 2013) o 38 1o %of A5 A1) i
JEH X B A AR LR i b 55 8 Ak B A Y 45 s AR
JH (Zuffetti and Bersezio, 2020) . L1 #1333 1 & 1
SRR 52 AE 5T 1 TR, WP S b A e Y L L B O
7]

DEM {23 1 3¢V 1H 19 € S ALWFST (Steer et al. |
2012)  JE ARk TV 1Y ok 2 R E A A e 2
LY K H ], AR R A A G A R
FIHT DEM 25 [a) 73 A H R, RE A8 fie K2 i K 52 1=
MR UIAT A T AR A (K 3) o LUK 597 B
o2 2% 0, 90 H 5 84 1P R 2 (H iz 5
e 2SI 5T X A ol i Y E B AR OT . — R i
H W3 (Li et al., 2012; Lease and Ehlers,
2013) | FFEHLEGAL B AR (X554, 1999) Fi
RS E0E  (Calvet et al. , 2015) X 33 T #4745
W, Rk T R AR RE 48 bR A S F T ) BF O
Fa bR B0 € AFAE — € R BE R EWAE . A E
Wt YA S (Li et al., 2017; Ma et al.,
2020) Bl 1A 2R P08 A 2k A R AR A,
SE AR bR, R BN 1R 25 0E B E W HR AR, X
Tk —E B F RO 1R AR A B EWE

KT RN

HELMRRR L ARMZ AT MG (REHIB ), 54 I
025 0 32 B 7T 4542 Tl i Ay R/

M3 NARERETEE (BEkavrs, 2006 B

Fig. 3 Schematic diagram showing the resteration of the
sedimentary surface ( modified after Zhang et al. , 2006)

The dashed line represents the topographic surface before erosion
(restoring the topographic surface), and the amount of erosion
can be obtained by difference calculation with the current

topographic surface

SOV 1 A BN IR AR AR I S, D4R 4
AR B — UL, AR 2 #fE By b B o B0 A R, R )
T HEZRMAERE AR (Rood et al. , 2011) ©
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