
manuscript submitted to JGR: Earth Surface

Comment on “Groundwater affects the geomorphic and1

hydrologic properties of coevolved landscapes” by2

Litwin et al.3

Shashank Kumar Anand1, Sara Bonetti2, Carlo Camporeale3, Milad Hooshyar,4

and Amilcare Porporato1,4
5

1Department of Civil and Environmental Engineering, Princeton University, USA6
2Soil Physics and Land Management Group, Wageningen University, The Netherlands7

3Department of Environment, Land and Infrastructure Engineering, Politecnico di Torino, Italy8
4High Meadows Environmental Institute, Princeton University, USA9

Key Points:10

• We clarify that the specific contributing area is defined in the limit of an infinites-11

imal contour length.12

• We show that not all solutions of the minimalist landscape evolution model are13

rescaled replicas of each other.14

• Boundary conditions play an essential role in solutions of landscape evolutions mod-15

els.16
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Abstract17

In this comment, we clarify that the specific contributing area is defined in the limit of18

an infinitesimal contour length. We also confirm that not all solutions obtained from the19

minimalist landscape evolution model of Bonetti et al. (2020) are rescaled copies of each20

other because of the crucial role of the boundary conditions. We use dimensional anal-21

ysis and numerical simulations for a case where only one horizontal length scale enters22

the physical law to establish this point.23

Plain Language Summary24

We clarify here the definition of the specific contributing area, one of the main vari-25

ables of landscape evolution models. Using dimensional analysis and numerical simula-26

tions, we also demonstrate that the solutions of these models are not rescaled copies of27

each other because of the effects of the boundary conditions.28

129

Litwin et al. (2022) wrote a very interesting paper on the important problem of the30

co-evolution of groundwater hydrology and land-surface dynamics. The authors are to31

be commended for this very nice research contribution, which quantifies the feedback be-32

tween the spatial patterns in the emerging topography and sub-surface properties. Our33

comment is intended to rectify some statements in this paper, which regard our own work34

(Bonetti et al., 2018, 2020). The first one considers the definition of the specific contribut-35

ing area a and the second one is related to the dimensional analysis and the scaling prop-36

erties of the landscape evolution model (LEM). We feel that these corrections are nec-37

essary to avoid misinterpretations of our results as well as to clarify some aspects of the38

scaling of the obtained solutions. The statements in question concern the LEM39

∂z

∂t
= D∇2z −K

√
a|∇z|+ U, (1)40

−∇ ·
(
a
∇z

|∇z|

)
= 1, (2)41

where z(x, y, t) is elevation of the topographic surface, t is time, D is a diffusion coef-42

ficient, K is an erosion coefficient, a is the specific contributing area, and U is the up-43

lift rate. For constant K, the model – referred to as the NoHyd model – is a specific ver-44

sion of the minimalist LEM of Bonetti et al. (2020).45

Regarding the definition of the specific contributing area, Litwin et al. (2022) write46

on page 5: “To make the conversion between A and a, we represent A as the product47

of a and a characteristic contour width v0, which is a chosen constant value”. In real-48

ity, a is defined in the limit of an infinitesimal contour length (Gallant & Hutchinson,49

2011; Bonetti et al., 2018), not as the product of a reference contour width. As a result,50

Eq. (2) is only valid for the specific contributing area defined in this limit, as discussed51

in Bonetti et al. (2018).52

With reference to similarity and dimensional analysis, on page 4 they write: “Ad-53

ditionally, the nondimensionalization generalizes our results and reconciles conflicting54

dimensional analyses provided by Theodoratos et al. (2018) and Bonetti et al. (2020).”55

Further on page 27: “We show that contrary to Bonetti et al. (2020) there is a single ty-56

pology of the NoHyd model which can be rescaled to obtain all results the model may57

produce”. These conclusions are mistaken because the effect of the boundary conditions58

is not included in the dimensional analysis. While the dimensional analysis of the LEM59

solutions is facilitated by the fact that some of the main variables and parameters are60

clearly listed in the governing equations, the solutions depend on the equations as much61

as they do on the initial and boundary conditions (Bursten, 2021).62
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For concreteness, we consider the solution for a square domain with boundaries kept
at a constant elevation value, so that only one horizontal length scale (the side length
l) enters in the physical law (more complicated geometries will add further governing quan-
tities) i.e.,

z = f(K,D,U, x, y, t, l). (3)

Taking L, H, and T as primary dimensions for horizontal directions, vertical direc-
tion, and time, respectively (Porporato, 2022), the dimensions of the quantities involved
in Eq. (3) are [z] = H, [K] = L1/2T−1, [D] = L2T−1, [U ] = HT−1, [x] = L, [y] =
L, and [l] = L. Choosing K, D, U as the repeating variables and applying the Π the-
orem yields

Πz = Φ(Πx,Πy,Πt,Πl), (4)

with63

Πz =
z(

DU3

K4

)1/3 =
z

H
= ẑ, (5)

Πx =
x(

D2

K2

)1/3 =
x

L
= x̂, (6)

Πy =
y(

D2

K2

)1/3 =
y

L
= ŷ, (7)

Πt =
t(

D
K4

)1/3 =
t

T
= t̂, (8)

Πl =
l(

D2

K2

)1/3 =
l

L
= CI2/3, (9)

where CI is the channelization index derived in Bonetti et al. (2020).64

With these dimensionless variables, the governing equations can be written in the65

form (Litwin et al., 2022)66

∂ẑ

∂t̂
= ∇̂2ẑ −

√
â|∇̂ẑ|+ 1, (10)67

−∇̂ ·

(
â
∇̂ẑ

|∇̂ẑ|

)
= 1. (11)68

However, the absence of the Πl in these equations does not mean that the solutions do69

not contain it, as shown by Eq. (4). Moreover, with this formulation the effects of the70

parameters become hidden in the scaling ; for example, considering the case with neg-71

ligible uplift means dealing with Πz → ∞, as shown by Eq. (5), which is certainly not72

very practical. Thus, while there is freedom in selecting the repeating variables (Porporato,73

2022), choosing l, D, and U instead of K, D, and U and keeping the Π group of the bound-74

ary conditions explicitly in the dimensionless form of the equations, as in Bonetti et al.75

(2020), allows one to gauge the relative importance of the different terms (here creep,76

erosion, and uplift) for the specific problem at hand.77

The dependency of the non-dimensional solutions on the boundary conditions through78

Πl signifies that not all the solutions that the model can produce are the rescaled copies79

of each other. This is true only for those in which the non-dimensional group Πl remains80

invariant. A set of steady-state simulations for a square domain demonstrates this point81

(Fig. 1). In panels a, b, and c, the value of Πl is changed by increasing the erosion co-82

efficient K for a domain of fixed side length l = 100 m. This is the case discussed in83

Bonetti et al. (2020), which produces different solutions ranging from the unchannelized84

case Fig. 1(a) to a case with multiple channels Fig. 1(c). On the contrary, panels b, d,85

and e have different values of K but, because of the different length scale l, they preserve86
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the same Πl and are therefore scaled models of each other. Theodoratos et al. (2018) con-87

sider this case. Clearly, there is no conflict to resolve between these two analyses.88

In closing, it is important to note that the reason why many solutions of LEMs look89

alike is that they have an interesting property of complete self-similarity that emerges90

at very large CI values (Bonetti et al., 2020; Hooshyar et al., 2020, 2021; Porporato, 2022).91

For these conditions, several spatially averaged quantities become invariant with respect92

to CI , having reached a self-similar regime. This is similar to what happens to turbu-93

lent flows in the fully rough regime as they become independent of the Reynolds num-94

ber or to regular polygons, which tends to circles as the number of sides tends to infin-95

ity (Barenblatt, 1996).96

a. b. c.𝜫𝒍 = 𝟐. 𝟗𝟐, 𝓒𝖑 = 𝟓
𝐾 = 5 × 10−5m0.5 yr-1, 𝑙 = 100 m

𝜫𝒍 = 𝟏𝟑. 𝟓𝟕, 𝓒𝖑 = 𝟓𝟎
𝐾 = 5 × 10−4m0.5 yr-1, 𝑙 = 100 m

𝜫𝒍 = 𝟔𝟐. 𝟗𝟗, 𝓒𝖑 = 𝟓𝟎𝟎
𝐾 = 5 × 10−3m0.5 yr-1, 𝑙 = 100 m

d. 𝜫𝒍 = 𝟏𝟑. 𝟓𝟕, 𝓒𝖑 = 𝟓𝟎
𝐾 = 5 × 10−5m0.5 yr-1, 𝑙 = 464.2 m

e. 𝜫𝒍 = 𝟏𝟑. 𝟓𝟕, 𝓒𝖑 = 𝟓𝟎
𝐾 = 5 × 10−3m0.5 yr-1, 𝑙 = 21.54 m

Figure 1. Steady-state solutions for a square domain with fixed elevation boundary condi-

tions, D = 10−2 m2 yr −1 and U = 10−3 m yr −1. In panels a, b, and c (from left to right), the

domain length is fixed as l = 100 m with increasing values of K that lead to distinct topogra-

phies; also explained by the varied values of Πl = 2.92, 13.57, and 2.92, in these cases. In panels

d, e, and f (from top to bottom), increasing values of the erosion coefficient K are offset by the

decreasing values of domain length l so that the Πl (= 13.57) or CI (= 50) remains invariant

and the topographies appear as rescaled copies of each other. The simulations were performed by

using the algorithm presented in Anand et al. (2020).
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Open Research97

Well-commented Python code used for the simulation results is also accessible at98

https://github.com/ShashankAnand1996/LEM.99
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