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Abstract: Global soil thickness is only about 1 m. Its spatial distribution is nevertheless crucial in many hydrological and
ecological processes, and it also determines hillslope stability and channel initiation in geomorphological fields. Due to its
significant spatial heterogeneity, it is difficult to obtain the soil thickness distribution on a catchment scale based on existing soil
survey databases, geophysical investigations, or empirical models. Therefore, it is urgent to develop a process-based model for
soil thickness prediction. In this study, methodologies and theories were comprehensively reviewed, and the applicability of
different soil production and soil transport models were evaluated. This study pointed out that the mechanism of soil production
by chemical weathering is still unclear and is a theoretical bottleneck restricting the development of soil thickness evolution

models. Moreover, the methodology of the model still needs to be further developed, and it is urgent to develop and improve the
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parameter estimation methods and the adoption of equation forms for describing soil production and soil transport in such models
upon applications. From our analysis, we inferred that a hybrid model combining stochastic and process-based models as well as
mathematical physically-based methods for determining parameters may help solve many difficulties faced in model applications.
Finally, we discussed the possible integration of soil thickness evolution models and soil pedogenesis models based on the

theoretical frame of catchment coevolution for predicting soil thickness, texture, layering and organic carbon content variation in

the landscape.

Key words: Soil thickness; Soil thickness evolution model; Soil production; Soil transport; Catchment coevolution

EERAAT 94% il bk +HEE 5, (H IR AF
KRG 1 m A4 3R T i ER CHEA e 55
HkwRZEY, EEgRE . KE . A E R
FOBMEEAN . AL A SRR B £ e
o WA B AZ it B E R =4, OB i e e —
MERKLRE, EERERTHEEHOTE, EmA
SRR R EEA R, AE. B LYt
0 R AR A o B 2 Ak . B R A A
W FE A AL 1, R0 LA Z R 2 (AR
URRnAE T | & 0I5Bl | AR AR DI R R TR e L A )
W5 00 1 A1 A 1 - AR B M A (P i S WA B 3t
A, W LR B T A R Y A TR A A A R

+HEER (S5 XILZ, Mobile Regolith ),
B[V ib 26 2 J55 8 7 ( Saprolite ) A3 H I, &M
Ve . AR 2Rt BOK IR AR . IR Y
23 [A) 3 AT R AE T IR PRI 43 . R T A KR
e S A T R R RS, XTI L B
Fese k. WISk A HAA A R R O
Sbmmy, 8RR K i R LR B A G,
v A A TSR A 8 TT Ay A M R VR A K ) T
PRI B 4G 5 A B AR AR, R RS R
eH EE, AR LA [ S0 A RRAE AT E LA AR, 33k 2 A
by R o AT B B A ) S b, RIFEE
FT L B FL O R P P SR R Y - R
Bl TAER K HSA s | AR ¥ fE RYE Y
SRR A (UK SCRES AR SCRL R ), 7R
- HE R A B R (S5 R M ) R A A
SSURGO & STATSGO #l [ +Hif5 8 R4 SIS
China % ) KRB R E AR, REHREA
SRR RUBE A - 98 PR RO 7, (RHORG B o]
AR AR NN 7 el A

PR, A BBt + M JRL R 1) R AF vk ot &k
FOMASE AL, LA B e R 11 - 398 J5E B 4 [ 3 A 4

8 o BT A 0 5 TN A AR e RS R S T ) iR AR
FIREALL AR 7325 P DR AAS 23 AL A 5 0 5 e AT B A 2
P S BERILERY R LS54 A 2 . S I A
BNz B, E i = 0] i A R L A
R, BRSO E OO R B SR, PR T
D7 B AN Y, A SO Xl 1 385 R AL Y
i R ALY (g AR R B AR ) R s ik
MECR GE R0 [l AT B, A o A B R L3 A
R B LB R R B Ty i, MR AT O
T IEEACS B IO R T, THE A WA
TE Y RS2 R oK T RE R R TT 1], 3 X 222
G TAERA AR W E A E XL

1 SR A I 5 32

1.1 R P& BHEE

FEAS A TR 15 AR R 2 BOFE R R B
WAL, WALRTEE AW FREffIE AR, TR EA —E
JELRE FZ IR EE A Y 1358 L e )2 (AR “RUBIE" ),
R B - 55 R RS A A (0 Bh 25 Al 98 5 T Mg
WL 2SR - L 2 fa) oA (D 1), e 19 g,
AR 2 S e M 2 T M A AR R R B AR
Fr4E RV S R UL LA R IR XA st AR &S Bl i
FRALEIT, 3] 20 22 60 4FAC, BEHE PSR
W R 2R, XoF - 4 JRL R R b S AL O BSEADUA 1% A0 A 42
SE MR (DRS4S A AT, BSR B Wy BEO FER
EZ w3 S5 A ) B AR, I Scheidegger! T
1961 AR T 1Lk S8 Ab A BRI AL, R FH— By
XL 7 R LASE B IR S R R XL AR R TR i
FROVHR AN, (HIHE = X XA | AR s R 1 7™ A Z)
W, A3, FETF Gilbert! R H BMESHE L AR,
Culling" V7 7 HIELL A T, o84 Bl
AT A R

http://pedologica.issas.ac.cn



2 4] pUERZEE

321

CESE

CEIE:

Primary cosmic rays

\

Z—

e~

HEAR

1

Fig. 1 Evolution process of weathering layer profile on hillslope !'*!

B A IR B R R, B A DG T AL
3t R ML AL I 5 | A 4 e A% B R B0 1L 35
SR AL R, 0 Ahnert! 2 Y AURE R 8 E T IA
Hb S AT R ) KU P B, . Johnson 4571912 jE
T 3% 4k ( Deepening ). F£B% ( Removals ) I
U (Upbuilding ) S5t 88, #2101 138 )5 B2 i fk Y 1R
AR BT, Dietrich 28R - 3 A BRI S 14
Fr e sFIE e, AR T 5 R AR 4 R T Ak
F % 22 7 i

(1)

A, n R IEEE (L), Bk L ies it
TSR 5 ¢ O BB R (T); n S5 LI
WP, B p/ps, p A pg 535 N I e A Y
W (ML7); e MEJA SR (L) VAMER
Fiog M ERMERBE R (LYT). 2 (1) Zefhy 45

http://pedologic

-------
444444
aaaaaa
aaaaaaa
aaaaaa
aaaaaaa

@ 0
v
Yo  waTHIsE

Secondary cosmic rays

""Be meteoricf&iii
""Be meteoric delivery

it

ck weathering

L XA 2 ) o i et A 1)

JELRE B AR AR, A A A AR GER IR
Tk -+ HE Y R 8 L RIS A Culling! YAy 205K
R LR R, TR TR R R A
( Digital Elevation Model, DEM ) F{J i 4k X B + 48 &
FEW AT AR R Sy R I T I R
WAL 5 s r e s i, — g A )
7oz WP, 40, Minasny F1 McBratney!' "M H b7
T —4E - e iR, 5 P R 3] AR T
g TAL S RARPE T o € IR AL IR BIAR A
Yoo PR A A T I AT B AL E + Ak KAk
RIS R | R A RN R, AL,
PUA I B N2 A - 98 R R Y A RS AU T 22 b % 0 T -
ek N R RS B B, R KUk R AT R Y
il R MR B e s 2 A2 SR Tk
2 XA A B AT TR A e, iy LA 2 XA - 5
i PR R Ak 22 HONIR EARAATE G, filn, #F5E os
A2 A RS 38 38 B 3R 72 R R A W N a3,

a.issas.ac.cn



322 + b1

=

61 %

AREA BB WAk, HEMLE s — LR
ST R A2 AR A i AR DA RE BB b A2 AR i k2R 1R
PhE B, JRRS B Sy R e S A AT
5, RHURE AR BT R AR
FRALH], X SRR AT DL b B AR AR R A 358
AR R B SR R A A R, R R
$of, A 18 JRL R S Ak A A HRL T DA T b T A e 55 R 1Y
SUN 1L BT L
1.2 TIEEREER

- HE T B T 4 BR A 4 9% R ORI A T R4k
PR, BRI A G 2R S e R — R
PR R s . B7E 19 4, Gilbert!"!
ST UREE R T A AR i R R MR 2 [ Y R £
PEE R SE R UE (B 2). Ahnert! 13 F i -1
Ty RN T AR G R B R A AT
EINPEITE @

€ _peth (2)

X, Py MARFE IS (h=0 ) By HHE2E JRE R (L/T );
ho WFFERALIREE (L), BA8S5. LR T
- A i 5 i VR N TR N LA 20 T 5
AL HE o iE — 25 o1 il O 2 ok B 45 A Y o 7R
Heimsath ZECBL TR Rk (PRI 2.1.4) HR T
A R R R EOREOC R, N
SR 2 S UE T % BRI R AU A BEE

»

A

EX e
Soil production rate

N\ T

Q. Exponential function

LT TGN
Humped function

Yy

0 E T 1
Soil thicckness

Pl 2 3 pl o 5 b S A R

Fig.2 Soil production rate as a function of soil thickness
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