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Theoretical Framework for Application and Development of Two-
dimensional Numerical Landscape Evolution Models
on a Geological Time Scale
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Abstract : Advances in computer technology enabled us to simulate the integrated effects of various geomorphic
processes on landscape evolution. This review introduces a theoretical framework for 2-dimensional numerical
landscape evolution models (NLEMs) which have recently been used for various research purposes. In particular much
attention is paid to the approaches deployed to model major geomorphic processes on a geological time scale in
previous research. NLEMs can simulate landscape evolution by numerically solving the partial differential equation
which represents the relationship among the geomorphic system components (GSCs). Simple process specifications of
the relationships among GSCs on a long-term time scale in terms of quantification and attempts to combine processes
represent the initial research on NLEMs. Later researchers have taken these simple NLEMs and elaborated on them.
Introducing the theories of NLEMs in this review is expected to help researchers trying to utilize or develop NLEMs.
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Figure 1. Change of the meaning of ‘Landscape Evolution Model’ over time. ‘A[H&&Rs 09| HM

Example of classic meaning: A) Stages in the landscape evolution model by William Morris Davis (from Strahler and

Strahler(1992)). Example of recent meaning: B) Simulation of channel network evolution by a numerical landscape evolution

model (from Willgoose et al.(1991)). C) Governing differential equation for the simulation of channel network in (B).

Modified from Willgoose et a/.(1991). D) Conceptual illustration of a numerical landscape evolution model. (d1) Ilustration

of processes incorporated in a model. (d2) Model representation of topography and drainage. Modified from Tucker and

Slingerland(1994).
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Figure 2. Hillslope profile evolution on a 1-dimensional numerical hillslope evolution model.
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proposed by Strudley et al.(2006). W is weathering rate[LT], W, is weathering rate[LT™!] on an exposed bedrock, D; is
regolith thickness[L], Dyey, Drewt, Drewz are decay scaling factors[L] in the above functions, ky, is coefficient.
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Figure 4. Schematic diagram for the relationship among hillslope transport, weathering, and regolith thickness.
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Z is surface elevation, B is bedrock elevation, D; is regolith thickness. Dotted arrow lines present geomorphic process (hillslope
transport and bedrock weathering). Modified from Minasny and McBratney(2001).
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et al(1999) of| o5l =412k H|AF A HAlolE 1y
2 t}&3} Zek(Figure 5b).
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qh:/ebZ 1_(| VZ|/SC)2 (8)

o71A Sz APHPEZFOIAL, ke 2HIAIALT

24 et 2t
2
k= g5 Py ©)

o714 Ptz ko] ofa] S EoF A wolu
o] HMLIT 0|1, g= 7S ELP T o]T},

model

b) non-linear

AEA S Zso= <l
Eofof| 7}eiA]E wEhe | F-$Z(coverland flow)2]

[e]
o] 22 Aol BAL o|FAFIE o] B

ﬁﬁKRoermg, 2009)0] A, EFFo] & 2 vh
Z o9 7|utete] oJaf mweto] A o2 A3HE 7]
el EFSl TW% ® EOM% o] WYsh=

o A9 2 Ao ol 23
ok 2 4 9lon], o] 2 AP ofe] 1 ATz
AZE7] = AtiHeimsath et al., 2005),

o] Aol vl A o= v S o o]F 7k
5t EY¥ FAIE D, SWAFLTE kyz2t o1 H]A
AL o& g2 o33 Zi(Pelletier and
Rasmussen, 2009).

vZ
qb—/eh3Dr 1_(| VZ|/SC)2 (10)

D HIAHA HA ofE 2y

e Rt 2R o] AxfEol A% =4
il
i
I | | critical

',l" | slope

[ (S

/

[

hillslope mass transport (qj,)

-

a) linear
model

hillslope gradient (S)

Figure 5. Relationship between hillslope mass transport and hillslope gradient. AfHEZ0|S

Sab AfHZALRLS] A

Linear curve a) is the representation of the equation (7) and non-linear curve b) is the representation of the equation (8) in the text.
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ZthPelletier and Rasmussen, 2009).
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Hol g Hlert didos Wil £e7b ol =7l
FE = doluAInt, AAE GotAY Yo kgl
Ao A 9] ZHolEE Hlme AR S0} wE 2

ol o8l FreFth 53] 57180l 21 '3]‘” UAE
L oo & A A= 7]Eket &s(bedrock

A
landsliding)©] Apfo|A ] 483t 84 O]EOU]OE
Pk,

wpeba] A YA FH(regional scale) E= A AAIZE
ol 4R GLERY Aol mFE 2o
T 22 APHoA Q) FQ23%F ERlolEog 1dslal
ek, s EokEay) | ES AR Yo
A Felshe we 2aa g 4@ o] A
AL Ao EEeE Aolxe) 21 &
Htgo] A$F o7 Z718EE 517 Y(Howard,
1994), = APHMZS 2atshe 7ol 2abt
22 AMFoz AFH FEE o] 5 A7 ALK Tucker
and Slingerland, 1994; van der Beek and Braun,
1999), = ZR5-1 H(potential failure plane)2] 7
AFE I 0] 7S 2USHE A AfRle] Halt
=2 A FHEE sy = gtk Densmore ef al.,
1998). ©]% Z Densmore et al.(1998)2 &rxo] WAy
Sh= A7) ArA 2 S JhA WA 18] S A
ol AfREA) o572 S BelyHel] wr} 2%}
of, 7]uheF B5& RS

O;:O

@ shHel ofe HA=

%]:] |z 7]3}0]— z‘,—]r/\l— ;‘(1/3_]'
AR ) AL molst Aol A B

o] 6] J8) 24517 dgole) ol ol 2
Ao FHAFPEFEY Ate 41 sHeolA 9] B4
£ o5k o2}, )ull s SlEolx o] PAlg
7 Fa3 AGPALEOR TRkt Howard,
1994; Tucker and Slingerland, 1994),

a. AHAZE oA sl ofat E|2E ut 9
M W4 myslE 9% AT

A7 oA QA EE AFuste] A fm
£ Ao 4= Wl 4 | olgolet. ojefat A7k
TE= 7 gl 3} o] <)t
B2 entg d9sis At met e v g
Hoz 2 ;4 12 Holt}, vhoF 37| Putghm o4

71O ApAFO B 015 QEF

A8 AL 71202 Slol AN e AP
2 wolste] GekA @AY weE AR JlgRs

A7 |7F A Gt o= A¥ 4= Ao SR 4
3 & date] AQ == A7ko] dojd Bl ofye) A
ol AIRE qtekgolu e sfjof & W40 Tt
S7Fs7] wiolct,

obd, 9% 712k Fere] shalel Sat Frael v
o B9

& 345 Aol Lasi, o] 3
=)

o, AR T TR SR 27
sfo] 94 717 B9k @A

(Howard, 1994; Tucker and Slingerland, 1994;
Tucker and Slingerland, 1997; Whipple and Tucker,
1999).

o5 +XAGEEy TSN 4% 717 B
SHO] O Bt LU EL B S WAL T
She WA AR theat ek (1) SRt 9o
WA ol gto] AUAFS AT @) 2El-71% B
A ol g o) Aol TE 3%, 54 5o b
S8 T 6) FoIU HAR LU £4S 0lg5to]
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A A2 E2E 2HHol s AR E#o
=] ATHEHEA 012, Figure 6A), 7]RES} 31 8He
oMz sHFE4 22 (detach-ment capacity)ol 2|
of M AEol A E k(&2 Al o (5
detachment-limited)2+7, Figure 6B), wahA] s} 1L
= B3l malsls A4urAl w3 A2 o2 e
£ 7, &9 sk EAE 2NEE g, SHREEF
ol she dolE X, shof o3t 2T S Egt
S, 34 kel J1uet B Sk 21759 SPY T
T AL AL o2t ZeiHoward, 1994),

iih)

oz 9gs

dt | attwial” V4= ox (1 2)
4

dt hedrocke_ -k (1 3)

SEEE PR

FAAGRGEY A7l AEE HAE gt 5
Ao gz stE eut 4o 2AST 9ot
(Willgoose et al., 1991; Howard, 1994; Tucker and
Slingerland, 1997; Bogaart et al., 2003), SHFEZ 2
B AL 51 A9 9 51 4o HofellA] s
el ghem, S 4ol ek 4242
0} 4315 AN o] 5 4] FollA] Eel
Hol 7S SHAE Gat e BT
53] BA & eRtolA W7o] a2 723 Einstein-
H} =Alo] o] ARRE| QItiWillgoose et al.,
1991; Howard, 1994; Bogaart et al., 2003),

A FAZE FROA AFRE EAE Qul 4le 5]

A 55 AT F(EHER, steady uniform flow)®

rﬂH

-

Brown &

ﬁ gt
e

Figure 6. Difference in the processes of the channel
bed elevation change between alluvial channel and
bedrock channel in a model cell with horizontal
dimension Ax and sediment cover thickness (D).
&4 st=et 718tet ot st=0iMe] n= Hat 3Ry X1o|
A) Transport-limited case: the rate of elevation change in
alluvial channel is determined by the sediment flux in minus
the flux out. B) Detachment-limited case: the rate of elevation
change in bedrock channel is determined by the flux due to
the detachment capacity (or bedrock incision rate) plus
bedrock weathering rate. Modified from Tucker and

Slingerland (1994).
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