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Introduction: Impact craters on the Moon (and
other bodies) form and degrade over time resulting in
a change in crater shape and hence an overall evolution
in lunar topography. Modeling of crater erosion (e.g.
[1, 2, 3]) enables the tracking of crater shape evolution
with time and can be used to estimate the relative age of
a particular crater. Intuitively, crater degradation results
from the cumulative effect of micrometeorite bombard-
ment such that the overall nature of the process is diffu-
sional. Theoretical basis of a diffusional model [2] for
crater degradation relies on the assumption of the im-
pactor size being smaller than the scale of topography
affected, leading to steady erosion of a surface.

Topographic diffusion modeling [2, 3, 4] is based on
the application of two-dimensional diffusion to a 2-D
polynomial representation of crater topography. Diffu-
sion is applied iteratively (each iteration corresponds to
one diffusion cycle/ evolution time period) and the mod-
ified crater topographic profile is compared to true ele-
vation profiles (taken from craters over a broad range of
degradation states) to estimate the diffusion based age.
Thus, crater evolution can be tracked as a sequence of
elevation profiles (forward modeling) but given a crater
elevation profile at a particular degradation stage, the
origin (starting state) for a crater is obtained from a dic-
tionary of crater shape profiles. Direct reverse modeling
is difficult since the modeling process is unconstrained
(application of an accumulation/integral function to a 2-
D surface). To predictively model crater shapes (both
forward and backward), a standardized framework is re-
quired to represent crater shapes and such a representa-
tion must support the application of topographic diffu-
sion. In this work we show that the shape change of
lunar craters due to systematic degradation can be rep-
resented as a systematic and predictable state change,
when the morphological state is represented by Cheby-
shev coefficients.

The topography of nearly all lunar craters can be rep-
resented by a relatively small set of Chebyshev polyno-
mials [5]. In this representation, the individual polyno-
mial functions are scaled and summed to approximate
the actual crater elevation profile, and the scaling fac-
tors are the Chebyshev coefficients. Thus a crater is
represented as a set of numbers. When diffusion is ap-
plied, the resulting degraded crater can be represented
with another set of numbers. Since each Chebyshev co-
efficient is associated with a unique Chebyshev polyno-
mial function, the contribution of that Chebyshev poly-
nomial function can be tracked via the corresponding

Figure 1: Simulated degradation by Chebyshev coefficients

Chebyshev coefficient, as the crater evolves. We show
in this work that the first 17 Chebyshev coefficients
evolve monotonically and use coefficients from fresh
crater profiles degraded via simulation to synthesize the
effects of degradation (without using the diffusion func-
tion directly).

Methods: The simulation experiment starting point
is a fresh crater whose radial elevation profile is defined
by polynomial equations [4]. Correction factor (CF =
0.22) were multiplied to create initial crater profiles with
predetermined d/D (0.2). Three different initial crater
profiles were used in our experiments: 1000 m, 800
m, and 500 m. Simulated degraded profiles were ob-
tained for a 500 m diameter crater (Fig. 1A). Profiles
are shown for degradation states separated by 0.5 Ga
(kT = 25, 5740, 8750, 11275, 13500, 14975 and 16450
as in [4]).

Chebyshev coefficients are obtained for the profiles by
the procedure described in [5]. Only the first 17 coef-
ficients are stored and analyzed - it was shown earlier
[5] that for most lunar crater elevation profiles, the first
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Figure 2: Modification of Chebyshev coefficients with crater
ageing. At each kT, there is a different set of coefficients
which correspond to a degraded profile

17 coefficients are sufficient (reconstruction with uncer-
tainties < 10%)

Results: The coefficient values (C0 to C16) change
monotonically with degradation (Figure 2). The even
coefficients have a larger magnitude, since the initial
crater profile is symmetric. Further, coefficients C9-C16
are small in magnitude (< 2.5 ; D=500m, d/D = 0.2) and
contribute minimally to the overall crater profile. For
each of the 3 crater sizes, except C11, all other coeffi-
cients were found to be monotonic, which means coef-
ficient trends over degradation cycles could be followed
in the forward (or reverse) direction. Trends for the
first 17 coefficients obtained from the last 2500 degra-
dation cycles (3 of these are shown in red, Figure 1B)
were modeled to simulate degraded profiles for 3 ear-
lier degradation states (kT= 5740, 8750, 11275, shown
in black; Figure 1B). Profile at kT=5740 obtained from
simulation via Chebyshev coefficients (kT > 13500)
and that obtained via diffusion were found to overlap
with very small error (< 0.5%).

Coefficient values (C0 and C2) were compared for the
3 crater diameters (1000, 800, 500 m). For each co-
efficient, similar trends were observed (Figure 3) for
all three diameters (C0 increases, C1 decreases, C2 de-
creases).

Discussion and conclusion: Standardized crater
representation by Chebyshev coefficients allow us to
encode a crater at different degradation states kT1
and kT2 (Figure 2). The magnitude of the Chebyshev

Figure 3: Change of coefficient values (C0 and C2) as kT
increases. Dotted line positions are seperated by 2.5 Ga

coefficients decrease as the crater degrades (Figure 1),
and with sufficient time the coefficients become zero
(i.e. the crater is completely obliterated). For the size
range of fresh craters (d/D = 0.2) studied here (D = 500
m to 1 km), C0, C4, C8 increases and C2, C6 decreases
with increasing degradation state, the general trends are
not size dependent. However, it is important to note that
the coefficients to not define a degradation rate. Rather,
they define a degradation state. Smaller craters would
degrade faster than larger ones as the rate of diffusion
would be scale-dependent.

By using Chebyshev coefficients and following a
model for the temporal variation of Chebyshev coef-
ficients, prior degradation (fresher) states can be ap-
proximated from later (older) states. This implies
that Chebyshev coefficients computed from actual topo-
graphic data can be used to approximate the shape for
a fresh crater corresponding to an observed degraded
crater and allow better understanding and representa-
tion of crater degradation pathways and computation of
crater relative ages. Currently, work is in progress to
obtain better models for the variation of Chebyshev co-
efficients. Since complex craters can also be represented
by the Chebyshev approximation, degradation can also
be studied for complex craters.
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