
Analytical long-pro�le models of coupled glacier-�uvial systems

H ∝
(

q

us

)γ

q(x) = kqx
λ(xt − x)Savg

∂z

∂t
= U −K

′
x
λµ(xt − x)µSµ

avgS
ν

h(x) = ELA+ kgx
r
t

[
κ− I(x/xt)(a, b)

]

!"#$%&

!"#$"%""&'(

'()*+,-")+*%()%+./%/00"1"/)12%(0%#3-1"-3%-)4%0356"-3%/,(*"()%7,(1/**/*%0,(8%8(4/3")#%*+/-42%*+-+/%+(7(#,-7.2
!"#$%&'()'*+,-&./01234#$%&'56'*+,-&.74#,85-%90(:';<;',-(=&'>*#/0(?@'3(ABC810(?&*#(D'*4#E

/(F#,G&'+,$H(BI(J*4+*##&0(K*6*'$>&#$(BI(L*'$%(M4'I*-&(KH#*>,-+N(1(F#,G&'+,$H(BI(M*8OC4'30(K&6*'$>&#$(BI(!&B3'*6%H(*#<(!&B8B3HN(E(!:P()B$+<*>0(L*'$%(M4'I*-&()'B-&++(QB<&88,#3

9:%;(+"6-+"()

R(A,G&'+(IB'>($%&(C*-.CB#&(BI(>B4#$*,#(
8*#<+-*6&+(,#(*(S*'>(-8,>*$&(T(38*-,&'+($*.&(
$%,+('B8&(S%&#($&>6&'*$4'&+(<'B65(

R(U#-'&*+,#3(&'B+,B#(S,$%(<&-'&*+,#3($&>6&'T
*$4'&(>*H(%*G&(I&<(C*-.(,#$B(-8,>*$&(-BB8T
,#3(CH(6'B>B$,#3($%&('&>BG*8(BI(VW1(I'B>(
$%&(*$>B+6%&'&5

R(U#-'&*+&(BI()8&,+$B-&#&(238*-,&'T<B>,#*$T
&<9(&'B+,B#(+$,88(<&C*$&<N(+$*C8&(2&5350(X,8T
8&#C',#3(Y(?&'B8>*-.0(1Z/[9(*#<(,#-'&*+,#3(
2&5350(=&'>*#(Y(V%*>6*3#*-0(1Z/[9('*$&+(
%*G&(C&&#(BC+&'G&<5(

R()'B-&++TC*+&<(G,&S\(-B>6*',+B#(BI($%&(&IT
I,-,&#-H(BI(38*-,*8(*#<(I84G,*8(&'B+,B#5

R(A&*8TSB'8<(8*#<+-*6&+(*'&($'*#+,&#$(T(38*T
-,*8(*#<(I84G,*8(+$&*<H(+$*$&(>B<&8+(-*#(%&865(

<:%=,/,/>5"*"+/?%+(7(#,-7."1%
*+/-42%*+-+/

]%&(-%*#3&(BI(C&<'B-.(&8&G*$,B#(BG&'($,>&(,+(*('&+48$(
BI($%&(-B>6&$,$,B#(C&$S&&#(468,I$('*$&(!(*#<(&'B+,B#(
'*$&( \

2/9

U#(*($B6B3'*6%,-(+$&*<H(+$*$&0( (C*8*#-&+(!(&G&'HS%&'&(
,#($%&(8*#<+-*6&(*#<($B6B3'*6%H(,+($%4+(,#G*',*#$(,#(
$,>&\(

219

]%,+('&I&'&#-&(+$*$&(-*#(C&(4+&<($B(*#*8HO&(-8,>*$,-(
*#<($&-$B#,-(,#I84&#-&+(B#($B6B3'*6%H5(]%&(+$'&*>(
6BS&'(8*S(2E9(,+(-B>>>B#8H(4+&<($B(>B<&8(I84G,*8(
+$&*<H(+$*$&($B6B3*6%H(2X%,668&(Y(]4-.&'0(/^^^9\

2E9

"(,+(<'*,*#3&(*'&*0(#$(-B#$*,#+(,#IB'>*$,B#(B#('B-.(
&'B<,C,8,$H(*#<(-8,>*$&0(*#<(%(*#<(&(*'&(-B#+$*#$+(2]*C5(
/95("(,+(BC$*,#&<(I'B>(=*-._+(J*S(2=*-.0(/^`a9(,#(/<\

2b9

S%&'&('(*#<( (*'&(-B#+$*#$+(2]*C5(/95((]%&(-%*##&8(8B#T
3,$4<,#*8(6'BI,8&(($)-*#($%&#(C&(IB4#<(CH(*#*8H$,-*8(,#T
$&3'*$,B#(2:,35(/90(S,$%(*('&6'&+&#$,#3($%&(&8G*$,B#(BI(
$%&(C&<'B-.(+4'I*-&(*$($%&(-%*##&8(%&*<(2+),)-./

2`9

]%&(38*-,*8(+$&*<H(+$*$&(-*#(C&(<&I,#&<(G,*(*(38*-,*8(
&'B+,B#('48&(*#<(3,G&#(!)2)'*+,-&.(&$(*850(1Z/c9\

2[9

S%&'&(01(,+(,-&(+8,<,#3(G&8B-,$H0(#2(*#(&'B<,C,8,$H(-B&IT
I,-,&#$(*#<(3(*(-B#+$*#$(2]*C5(/95(DH(,#$&3'*$,#3($%&(
3,G&#(38*-,&'(>*++(C*8*#-&(D($B(<&',G&(,-&(I84d(2a9(*#<(

S,$%($%&(<&IB'>*$,B#(G&8B-,$H(2049(S',$$&#(*+(*(I4#-T
$,B#(BI(5(*#<(01(IB88BS,#3($%&(+%*88BS(,-&(*66'Bd,>*T
$,B#(2=4$$&'0(/^cE90(,-&($%,-.#&++(5(-*#(C&(<&',G&<(
I'B>(6),)04)7)015
(
2a9
e
(,+($%&(>*++(C*8*#-&(3'*<,&#$(S,$%(&8&G*$,B#0(8(,+($%&(
,-&(+4'I*-&(&8&G*$,B#(*#<(9($%&(&f4,8,C',4>(8,#&(*8$,T
$4<&5(LG&#$4*88H0(5(,+(64$(C*-.(,#$B($%&(MUg(IB'>48*T
$,B#(BI(01($B(BC$*,#(((((((((((((*#<(8(,+(<&',G&<(I'B>(,#$&T
3'*$,B#(2c95(]%&(C&<'B-.(6'BI,8&((2(,+(8):)5)2:,35(195(g+(
6(<&6&#<+(B#)8)2a90(8(,+(34&++&<(,#,$,*88H(*#<(46<*$&<(
,$&'*$,G&8H5((

2c9

)*+*,*-.*/0
D*%'0(K5D5(2/^^a90(X,<$%(*#<(8&#3$%(+-*8,#3(BI(38*-,&'+0(?B4#'*8(BI(!8*-,B8B3H0(bE2/b`90(``aT`[15
L3%B8>0(K5J50(M5D5(h,&+&#0(i5j5()&<&'+&#(*#<(?5L5(J&+&>*##(21ZZ^90(!8*-,*8(&II&-$+(8,>,$,#3(>B4#$*,#(( (
( %&,3%$0(h*$4'&0(b[Z2a1`a90(ccbTccc5

=&'>*#0(:5(&$(*85(21Z/`90(L'B+,B#(CH(*#(*86,#&(38*-,&'0(M-,&#-&0(E`Z2[1`a90(/^Ek/^`5
=&'>*#0(:50(Y(V%*>6*3#*-0(?5(K5(21Z/[95()8,B‐)8&,+$B-&#&(,#-'&*+&(BI(&'B+,B#('*$&+(,#(>B4#$*,#(C&8$+(,#(((
( '&+6B#+&($B(-8,>*$&(-%*#3&5(]&''*(hBG*0(1c2/90(1T/Z5
=*-.0(?5(]5(2/^`a90(M$4<,&+(BI(8B#3,$4<,#*8(+$'&*>(6'BI,8&+(,#(i,'3,#,*(*#<(Q*'H8*#<0(iB85(1^b0(FM(!BGT( (

( &'#>&#$()',#$,#3(WII,-&5(
=4>6%'&H0(h5(:50(Y(V5(A*H>B#<(2/^^b90(=H<'B8B3H0(&'B+,B#(*#<(+&<,>&#$(6'B<4-$,B#(,#(*(+4'3,#3(38*T( (
( -,&'\(i*',&3*$&<(38*-,&'0(g8*+.*0(?B4'#*8(BI(!8*-,B8B3H0(bZ2/E[90(`E^k``15
=4$$&'0(j5(2/^cE90(]%&B'&$,-*8(!8*-,B8B3H\(Q*$&',*8(M-,&#-&(BI(U-&(*#<($%&(Q&-%*#,-+(BI(!8*-,&'+(*#<(U-&((

( M%&&$+0(A&,<&8()4C8,+%,#3(VB>6*#H5
)'*+,-&.0(!50(:5(=&'>*#0(?5(ABC8(*#<(?5(D'*4#(21Z/c90(!8*-,*8(+$&*<H(+$*$&($B6B3'*6%H(-B#$'B88&<(CH($%&(( (
( -B468&<(,#I84&#-&(BI($&-$B#,-+(*#<(-8,>*$&0(?!A\(L*'$%(M4'I*-&0(/1E0/EbbT/E[15
X%,668&0(j5(l5(Y(]4-.&'0(!5(L5(2/^^^90((U>68,-*$,B#+(IB'(%&,3%$(8,>,$+(BI(>B4#$*,#'*#3&+0(8*#<+-*6&(( (

( '&+6B#+&($,>&+-*8&+0(*#<('&+&*'-%(#&&<+0(?!A\(MB8,<(L*'$%0(/Zb2cc90(/a[[/T/a[ab5
X,88&#C',#30(?5(j50(Y(?&'B8>*-.0(K5(?5(21Z/[95(]%&(#488(%H6B$%&+,+\(38BC*88H(+$&*<H('*$&+(BI(&'B+,B#0((( (
( S&*$%&',#3(I84d&+(*#<(+%&8I(+&<,>&#$(*--4>48*$,B#(<4',#3(J*$&(V&#BOB,-(>B4#$*,#(468,I$(*#<(38*-,T(
( *$,B#5(]&''*(hBG*0(1c2/90(//T/c5

':%@3-1"-3%4,-")-#/%-,/-
]B(<,'&-$8H(-B>6*'&(I84G,*8(*#<(38*-,*8(+$&*<H(+$*$&(
8B#3,$4<,#*8(6'BI,8&+0(S&(,#-B'6B'*$&(<'*,*#3&(*'&*("(
,#$B($%&(38*-,*8(>B<&85(
]%&(%H6+B>&$'H(BI($%&(,-&(+4'I*-&(*II&-$+($%&(38*-,&'(
>*++(C*8*#-&(2:,35(E9(*#<(,+(*(.&H(I*-$B'($B(<&$&'>,#&(
$%&(,-&(I84d(2a9(*#<($%4+(,-&(G&8B-,$H(*#<(38*-,*8(&'BT
+,B#5(

i*88&H(#&$SB'.+(+%BS(+&8IT+,>,8*'(2:,35(b9(B'(+&8IT*IIT
,#&(C&%*G,B4'5(]%,+(,+('&I8&-$&<(,#(*(<,+$,#-$(+-*8,#3(BI(
<'*,#*3&(*'&*(S,$%(I8BS(8&#3$%(2=*-.0(/^`a92b95(]%&(
*#*8H+,+(BI(/ZZZ(=,>*8*H*#(38*-,&'+(,#<,-*$&+($%*$(*(
+,>,8*'(+-*8,#3(3BG&'#+(38*-,*8(8*#<+-*6&+(2:,35(`95(

X&(*++4>&($%*$(%H6+B>&$'H(,#(+$&*<H(+$*$&(+%BS+(*(
+>,8,8*'(C&%*G,B4'(*#<(>,>,-($%&(,-&(I84d(BI($%&(46T
+$'&*>(*'&*(B#(&G&'H(+$&6(<BS#($%&(I8BS(6*$%(2:,35([95(
X&(<,+$,#34,+-%(C&$S&&#(38*-,&'($'4#.(*#<($',C4$*'H(
*'&*5(]%,+(,+(#&-&++*'H0(C&-*4+&(S&(%*G&($B(<,G,<&(CH(
$'4#.(S,<$%($B(I,#<($%&(+6&-,I,-(I84d5(g$(&*-%(+$&60($B$*8(
+6&-,I,-(,-&(I84d(,+(3,G&#(CH\

2/19

X%&'&(6(,+($%&($'4#.(I84d(-B>6B#&#$0())(,+($%&(S,<$%(BI(
$%&($'4#.5(6(,+(<&I,#&<(*--B',#3($B(2a9(*#<(>48$,68,&<(
CH(()5())(,+(<&I,#&<(CH(((((((((((((((((*#<(,#$&3'*$&<($B(BC$*,#(
$'4#.(*'&*(;5( (*#<( (*'&(-B#+$*#$+(IB88BS,#3(D*%'(
2/^^a95((((,+(($%&#(BC$*,#&<(I'B>\

2/E9

A:%B00"1"/)12%(0%#3-1"-3%-)4%035C
6"-3%/,(*"()%7,(1/**/*
]%&(+8B6&(BI($%&(<,'&-$8H(-B>6*'&<(38*-,*8(*#<(I84G,*8(
6'BI,8&+(*88BS+($B(<'*S(-B#-84+,B#+(B#($%&(&II,-,&#-H(
BI($%&(&'B+,B#(6'B-&++&+\(*(8BS&'(*G&'*3&(+8B6&(IB'(
3,G&#(!(,#<,-*$&+(%,3%&'(&II,-,&#-H(*+(*(+>*88&'(I'*-T
$,B#(BI($%&(3'*G,$H(G&-$B'(,+('&f4,'&<(IB'(&'B+,B#('*$&+(
$B(C*8*#-&(468,I$('*$&+5

]%&(-B>6*',+B#(>B<&8(<&6&#<+(B#(*(>48$,$4<&(BI(
,#64$(6*'*>&$&'+5(=&'&(S&($&+$(,$(IB'(-B>C,#*$,B#+(BI(
$SB(I84,*8(*#<($SB(38*-,*8(+-&#*',B+\(*(12-*3,(2&5350(
=4>6%'&H(*#<(A*H>B#<0(/^^b9(*#<(*(-4-'12-*3,(
2=&'>*#(&$(*850(1Z/`9(38*-,*8(&'B+,B#(8*S0(*#<($%&(I84T
G,*8(6*'*>&$&'+(IB'(*(38BC*8(-B>6,8*$,B#(*#<(IB'($&-T
$B#,-*88H(*-$,G&(B'B3&#+(I'B>(=*'&8(&$(*85(21Z/[95(
VB#+$*#$+(4+&<(*'&(8,+$&<(,#(]*C8&(/5

!"#$%D

!"#$%E

Ai, Qi

ai, qi

i

Ai-1, Qi-1

qi-qi-1

ai-1, qi-1

dx

wi

!"#$%F

=3-)C6"/G%#3-1"/,

!"#$%H

!:%I588-,2

R(U#-B'6B'*$,B#(BI(<'*,#*3&(*'&*(,#$B(38*-,*8(
+$&*<H(+$*$&(8B#3,$4<,#*8(6'BI,8&+(*88BS+($B(<,T
'&-$8H(-B>6*'&(38*-,*8(*#<(I84G,*8(+$&*<H(+$*$&(
6'BI,8&+5

R(]%&(B4$-B>&(BI($%&(<,'&-$(-B>6*',+B#(<&T
6&#<+(B#(+&G&'*8(&>6,',-*8(,#64$(6*'*>&$&'+(B#(
CB$%($%&(38*-,*8(*#<($%&(I84G,*8(+,<&5(

R(:B'(6*'*>&$&'+(I'B>(8,$&'*$4'&0(38*-,*8(&'BT
+,B#(6'B-&++&+(+&&>($B(C&(>B'&(&II,-,&#$5(

R(=,3%&'(38*-,*8(&II,-,&#-H(,+(>B+$(6'B#B4#-&<(
IB'($%&(8,#&*'(38*-,*8(&'B+,B#(8*S(+-&#*',B(<4&(
$B($%&(G&'H(%,3%('&6B'$&<(G*84&+(IB'(j35

R(W4'(*66'B*-%(-*#(%&86(&d68*,#($%&(BC+&'G*T
$,B#(BI(*(38*-,*8(mC4OO+*S_(,#(*(IB'>*8,O&<(S*H5

R((A&+48$+(,#<,-*$&($%*$(&'B+,B#('*$&+(,#-'&*+&<(
<4',#3($%&()8&,+$B-&#&(<4&($B(38*-,*8(6'B-&++&+5

B:%J")K%+(%0356"-3%L-*/3/6/3

]%&('&I&'&#-&(6B,#$(IB'(I84G,*8(6'BI,8&+(,+($%&(C*+&(
8&G&80($%&('&I&'&#-&(6B,#$(IB'(38*-,*8(6'BI,8&+(,+($%&(
,#$&'+&-$,B#(C&$S&&#(LJg(*#<(,-&(+4'I*-&5
]B(-B>6*'&(<,II&'&#$(468,I$('*$&+(B'(38*-,*8(+-&#*',B+0(
$%&(38*-,*8(+B84$,B#(%*+($B(C&(8,#.&<($B($%&(I84G,*8(
C*+&8&G&85(:B'($%,+0(S&(+&*'-%(IB'($%&(38*-,*8(+$&*<H(
+$*$&(+B84$,B#($%*$(,#$&'+&-$+(S,$%($%&(I84G,*8(6'BI,8&+(

(

-G-G-G-G

*$($%&(38*-,&'($&'>,#4+5(
]%,+(*8+B(*88BS+($B(,#G&+$,3*$&(%BS(+$&*<H(+$*$&(38*T
-,&'(8&#3$%(+-*8&+(S,$%('B-.(468,I$('*$&5(=&'&(S&(
+%BS(6'&8,#,>*'H('&+48$+(2:,35([9($%*$(-*#(%&86($B(&dT
68*,#($%&(BC+&'G*$,B#(BI(*(m38*-,*8(C4OO+*S_(2&5350(
L3%B8>(&$(*850(1ZZ^9(,#(*(6'B-&++TC*+&<0(IB'>*8,O&<(
*66'B*-%5

!"#$%M

n(QB<&8('&+48$(,#($%&(+-&#*',B+(,#(K9N-L$%O

!"#$%O

!"#$%P

B=E&!COQHP

H(x) = kH(xλ
x
r
t (1− x/xt))

γ

z(x) =

{
h(x)−H(x) : x < xt

ksln(L/x) : x ≥ xt

Simple, analytical long-pro�le models of �uvial incision are fundamental in 
tectonic geomorphology, however, analogous models are missing for glaciers, 
despite the fact that glaciers are an important and widespread agent of 
physical erosion with implications for the interactions of climate, topography 
and tectonics. Using recently validated models of erosion due to ice sliding 
[e.g. Cook et al. 2020], we introduce several simpli�cations to the relevant 
equations that lead to an analytical solution for coupled glacial-�uvial systems 
under steady state climate and block uplift.  
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Our approach is similar to the standard �uvial 
long-pro�le models, where we use a Hack-like law 
to reduce 2D glacial networks to 1D. The solution 
for the bedrock surface at steady state is:

Where the ice surface is

And the ice thickness is
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� � � � �� �� � � � � � � � �� � �� � � �� � � � � � � �� � � � � � � �� � �� � � � 	 � �� � � � � �  This leads to a 
simple function of ice �ux where the ice �ux is low near the upper 
reaches of the catchment, increases downstream to a maxiumum due 
to ice �ow accumulation, and then decreases towards the lower reaches 
of the glacial network due to melting.

Ice �ux is a function of channel position, x, glacial length, xt, and 
average glacial slope Savg. This is a major di�erence from the SPIM, 
where water �ux doesn’t depend on slope

The ice-�ow law approximation leads to an erosion law in terms of 
glacial ice �ux (q) and surface slope (S), which is analogous to the classic 
SPIM (where q is water �ux and S is water surface slope). This is 
compared to the older ice sliding erosion model, which is a function of 
the ice sliding velocity, us, at the bedrock-ice interface. We predict 
                , and                   .  

Solving for water �ux as a function of channel position comes straight from Hack’s 
law in the �uvial case. For glaciers, the calculation is complicated due to both ice 
accumulation and melting - therefore ice �ux is a function of elevation and the 
equilibrium line altitude (ELA). We found an approximation, described above, that 
solves ice �ux as a function of channel position. The resulting erosion law is more 
complex, depending on total glacial length and with a double dependency on 
glacial slope (because it also in�uences ice accumulation rate).
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Table 1. Standard values and references for model parameters
!

Variable Range† Units Description Reference‡

Kf 10!7 to 10!5 (n = 1) m1!n yr!1 Erodability coe!cient in SPIM (e.g., Lague, 2014)
n 1/2 to 4 - Slope exponent in SPIM (e.g., Lague, 2014)
m ! n/2 - Flux exponent in SPIM (e.g., Lague, 2014)
cf 0.15 m2!h Fluvial Hack’s coe!cient (Hack, 1957)
h 2 - Fluvial Hack’s exponent (Hack, 1957)
ks - mh/2 Fluvial steepness index (e.g., Lague, 2014)
Kg 10!4 (! = 1) m1!! yr!!1 Glacial sliding erosion coe!cient (F. Herman et al., 2015)
fs 4 m1!("!1) yr!1 Ice sliding parameter (e.g., Lague, 2014)
fd 5x10!5 m1!2("!1) yr!1 Ice deformation parameter (Cu"ey & Paterson, 2010)

kt 2 to 5 m!! yrµ!! Ice erosion parameter

!
cf

2!!
"!1
s f

!!1
"!1

d

"µ
!

kq 10!3 m1!#yr!1 Ice flux parameter "#cg/$

kH - Ice thickness parameter $!/#

k
µ/#
g

#
ktk

µ
q

f#
s

$ 1
#("!1)

K 10!5 m1!µ(1!#) yr!1 Erodability coe!cient in SIIM Kgktk
µ

q

kg - m
µ(1!$)
%+µ Glacial steepness index

%
% U

K

& 1
µ+%

cg 0.15 m2! 1
& Glacial Hack’s coe!cient (Prasicek et al., 2019)

& 1/2 to 2/3 - Glacial Hack’s exponent (Prasicek et al., 2019)
' 1/2 - Network branching parameter (Prasicek et al., 2019)
D 3/4 to 1 - Divergence operator (1" ')/&
" 4/7 to 1 - Ratio of relief above ELA to glacial relief D/(1 +D)
# ! 10!3 yr!1 Mass balance gradient over z (Hagen et al., 2003)
$ 2 m1!% Glacial channel width coe!cient (Prasicek et al., 2019)
( 1/2 - Glacial channel width exponent (Prasicek et al., 2019)
) 1 to 3/2 - Ice constriction exponent 1/& " (
! 1 to 2 - Glacial sliding erosion exponent (F. Herman et al., 2015)
* 3 - Glen’s flow law exponent (Cu"ey & Paterson, 2010)
+ 1/* to 1 - Ice flux approx. exponent -

, 9
7! - Slope exponent in SIIM "!

1+&("!1)

µ
4
7! - Flux exponent in SIIM &("!1)!

1+&("!1)

r 1/3 to 3/13 - Glacial terminus exponent '!#µ
'+µ

- 4/13 - - µ/(, + µ)

a 1/3 to 5/9 - Ice accumulation exponent 1" #µ
'

b 5/9 - Ice loss exponent 1" µ

'
% - - Glacial steepness index constant B(a, b)' ; xt # L**
% - - Glacial steepness index constant B(L/xt)(a, b)

' ; xt > L**

"If this text is the reference, equation is shown instead.
†If no established empirical range exists, the most commonly used value is given
‡If there are multiple references, only the most relevant is given
""
B(·, ·) is the beta function and B(·)(·, ·) is the unregularized incomplete beta function
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Introduction

Figure 1: Visualization of 2D glacial network

Analytical solution

Figure 2: Schematic of glacial-�uvial pro�le model

Approximations

γ =






1/3 : deform.
2/3 : mixed
3/3 : sliding

Figure 3: Comparison of di�erent ice-�ow laws
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Figure 4: Ice �ux as a function of channel position
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An important question is how the relief of an orogen responds to 
changes in erosion e�ciency and tectonic uplift rates. It is 
known that when �uvial erosion dominates, the slope exponent, 
n, in�uences the sensitivity of steady-state orogen relief to uplift 
rates (                    ). In the mixed glacial-�uvial regime both n and 
the glacial sliding exponent,   , in�uence the sensitivity, but 
overall the scaling follows that of the purely glacial regime. The 
scaling can be found by noting that over much of the glacier, the 
local slope will be similar to the average slope, leading to the 
relation shown below.  The value of    is debated, but observa-
tions place it in the range of 1 to 2 [e.g. Herman et al., 2015, Cook 
et al., 2020]. Therefore, relief in glacially eroded orogens should 
scale similarly to �uvial orogens with n in the range of 2 to 4.

Scaling of glacier slope with tectonic uplift rate

�

ho ∝ U
1
n

�

Figure 6: In general, glacial relief is expected to increase more 
slowly than �uvial relief in response to increasing uplift rates. This 
has implications for the interaction of climate and tectonics.

*                     is the regularized incomplete beta function,          is the lambert-w function, and the other variables are described in table 1 at the end of this presentation.I(x/xt)(a, b)

xt =
(
τW

[
(Lr

/τ) e−
rELA

ks

])r

where the glacier length is

*
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However, the ‘concavity’ index has a di�erent form than the �vuial 
version, because the ice �ux depends not just on area, as in the �uvial 
case where q = PA, but also on elevation, leading to an extra 
dependence on slope (                       ). Therefore at steady state we �nd

Figure 5: Ice surface slope-area scaling above the ELA
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