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Abstract. Morphologies of Martian and terrestrial drainage
basins are encapsulated by their circularity functions enabling
objective and quantitative comparison. A neural net technique
is used to construct a geomorphic similarity map for a popula-
tion of basins. First, we study a control population of terrestrial
basins for which climate data is available. We establish a cor-
relation between basin’s morphology and climate. Second, we
study a sizable population of terrestrial and Martian basins. We
find a systematic difference between morphologies of basins
on the two planets. By extrapolating morphology-climate cor-
relation to Martian basins, this difference could be understood
in terms of climatic differences with Martian basins developing
in extremely dry climate.

Introduction. Valley networks are remnants from early
Mars that suggest a possibility of warmer and wetter climate in
this epoch. Recently [1], we have proposed that a fluvial envi-
ronment responsible for valleys creation can be assessed by an-
alytically studying a morphology of their underlying drainage
basins. The morphology of a basin reflects the large-scale
geology of its site, as well as its total fluvial degradation. Fac-
toring out the effects of geological setting reveals the pattern
of basin degradation that points to a mechanism of that degra-
dation. The basins are computationally extracted [2] from the
digital topography data. Using methods of integral-geometry
we represent each basin by a circularity function. This func-
tion provides a compact representation of basin’s morphology
and it is a good indicator of basin’s degradation mechanism. A
neural net technique called self-organizing map is used to con-
struct a similarity graph for different basins. In [1] we have
constructed such similarity graph for 53 basins, 26 of them
were Noachian basins underlying prominent valley networks
and 27 of them were typical terrestrial basins in US and South
America. This graph has revealed systematic differences be-
tween morphologies of basins on the two planets indicating
that terrestrial and Martian surfaces eroded differently.

In the present study we focus on understanding the reason
for the dichotomy in basins’ morphologies on the two planets.
In particular, we investigate a role of climate (restricted to the
amount of rainfall) on basin’s morphology. To this end we first
study the population of 46 terrestrial basins extracted from the
western slopes of Andes between 5oN and 45oS. The spatially-
averaged annual precipitation rate (APR) for these basins is in
the range of3−3000mm/yr reflecting a highly variable climate
of the Andes. Andean orogen is particularly well-suited [3] to
study a correlation between climate and landscape morphology
because it is a hemisphere-scale range with highly variable
rainfall across a single convergent margin. These climatic
differences are not dependent upon orographic effects, but
are robust features of the general circulation pattern in the
Southern hemisphere, and therefore may be considered a priori
conditions under which the mountain range developed. Using
a technique introduced in [1] for the Andean basins, we show

that basin’s morphology correlates with climate. Then, we
combine the population of Andean basins with 26 Martian and
22 terrestrial basins from our previous study and construct a
similarity graph for all 94 basins. We infer the climate on early
Mars from the location of Martian basins on this final graph.

Data and Methods. The Martian basins are extracted
from digital elevation models (DEMs) with resolution of 128
pixels/degree constructed using the MOLA Mission Experi-
ment Gridded Data Record (MEGDR) data. The terrestrial
basins are extracted from DEMs with the 450-meter resolution
for compatibility with Martian DEMs. Both, Martian and ter-
restrial basins have areas of the order of104 km2. The Andean
basins are extracted from DEMs with the 180-meter resolution
and have areas of the order of103 km2. Terrestrial and An-
dean DEMs are constructed using Shuttle Radar Topography
Mission (SRTM) data with 90-meter resolution. Precipitation
data [4] has a resolution of 2 pixels/degree. The APR for
the Andean basins is calculated as an average APR over the
entire basin. Martian basins are labeled 1 to 26, terrestrial
basins are labeled 27 to 48, and Andean basins are labeled
49 to 94 (north to south) for use on Fig. 1. For each basin
we calculate the circularity function. We use these circular-
ity functions to construct the similarity graph. Methods for
calculating a circularity function and constructing a similarity
graph are described in [1].

Results and Conclusions. Fig. 1A shows the locations of
the Andean basins. The labels give the area, the APR, and the
location for each basin. Fig 1B shows the basin morphologies
similarity map for the Andean basins, basins (represented by
labeled circles) with similar morphologies are located close to
each other on the map. The map was constructed using basins
without indicating their APRs, it reflects only geomorphic sim-
ilarity. After the map has been constructed we have indicated
the APR by coloring the circles representing basins. The ma-
jor result is a correlation between basin morphology and the
APR. Despite some scatter, the circles with the same color
tend to be located in the same area of the graph. That indicates
that basins in similar climates tend to have similar morpholo-
gies. For example, the 13 basins with the APR< 100 mm/yr
(yellow circles) cluster in the upper-left corner of the graph
thus having common geomorphic features. The 18 basins with
the high values of APR (red circles) cluster in the lower part
of the graph indicating that they too have common geomor-
phic features which, however, are different from the features
characterizing the low APR basins.

Fig. 1C shows the basin morphologies similarity map for
all 94 basins in our study. Again, basins with similar mor-
phologies are located close to each other on the map. The map
was constructed using basins without indicating their planet
of origin. Afterwards we have marked the Martian basins as
black circles. The yellow circles indicate the 13 terrestrial
basins with the lowest values of the APR. These basins are all
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52 1424 3005
(-76.57, 4.84)

53 1998 2520
(-77.2, 3.2)

54 10148 2193
(-77.8, 1.9)

55 4954 2319
(-78.55, 1.34)

56 3255 1881
(-79.21, -0.1)

57 2746 856
(-80.44, -1.05)

59 2133 982
(-78.91, -1.91)

58 3493 1014
(-80.35, -1.58)60 1739 967

(-79.27, -2.49)

61 3821 856
(-79.3, -3.2)

62 3701 102
(-79.05, -7.25)

63 2275 314
(-77.6, -10.5)

64 4154 313
(-77.0, -11.0)

65 3127 174
(-76.63, -11.8)

66 2270 179
(-76.24, -12.3)

67 3964 334
(-75.6, -13.42)

68 6269 182
(-74.85, -14.5)

69 1253 29
(-73.9, -15.75)

70 1330 34
(-73.55, -15.9)

71 1980 102
(-72.46, -16.2)

72 12857 146
(-72.0, -16.25)

73 8094 101
(-71.0, -17.23)

74 4603 72
(-70.5, -17.43)

75 4686 64
(-69.7, -19.1)

49 4656 64
(-69.7, -19.1)

50 1941 60
(-69.9, -18.57)

51 1121 62
(-69.9, -18.73)

76 10219 4
(-69.6, -23.18)

77 2161 14
(-69.75, -24.1)

78 5413 20
(-70.2, -25.24)

79 7399 34
(-70.1, -26.42)

80 5949 61
(-70.6, -27.96)

81 9064 109
(-70.7, -28.59)

82 2152 98
(-70.1, -28.97)

83 3331 138
(-71.0, -29.36)

84 10206 136
(-70.9, -29.97)

85 10002 228
(-71.3, -30.62)

86 8159 297
(-71.0, -31.55)

87 4543 408
(-70.9, -32.34)

88 4893 1024
(-71.4, -35.0)

89 5626 742
(-70.4, -35.58)

90 6369 1236
(-70.76, -35.8)

91 2233 1487
(-71.74, -36.6)

92 7221 2487
(-72.3, -37.57)

93 5569 2288
(-71.9, -41.45)

94 8355 2859
(-72.1, -45.15)
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Figure 1: A) Locations and properties of 
Andean basins. Each label gives basin's 
number, its area (km ), APR (mm/yr), and 
geographical coordinates. B) The 
similarity map for the Andean basins. 
Different colors indicate range of APR, 
yellow < 100 mm/yr, green 100-400 
mm/yr, and red > 400 mm/yr. C) The 
similarity map for all basins in the study. 
Martian basins are indicated by the black 
circles. The yellow circles are terrestrial 
basins with the smallest values of APR.  
The red circles are terrestrial basins with 
the highest values of APR. The white 
circles are the remaining terrestrial 
basins. The two clusters derived by the 
clustering algorithm are shown as the 
dark and light blue backgrounds.
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located between 16oS and 29oS in the Atacama Desert, which
is a region that has been subject to long-term aridity and today
is among the driest places on Earth. The red circles indicate
the 13 terrestrial basins with the highest values of the APR.
The white circles indicate the remaining terrestrial basins. The
graph reveals a clear morphologic dichotomy between Martian
and terrestrial drainage basins. This dichotomy is further sup-
ported by the clustering [5] of unlabeled basins into just two
clusters indicated on Fig. 1C by the dark and light blue back-
grounds. With few exceptions, a natural binarity in the data
corresponds to planet affiliation. Thus, we have confirmed our
previous finding [1] using a larger smple of data.

The addition of climatic data offers a possible explanation
for an observed dichotomy. We have already demonstrated
(Fig. 1B) a correlation between basin’s morphology and cli-
mate for basins in the Andes. Embedding the Andean basins
into a larger population of terrestrial and Martian basins pre-
serves this correlation. Fig. 1C indicates a spread in locations
of both wet climate and dry climate basins. This spread re-
flects variations due to the local environment. Transcending
these variations is the overall ordering of basins by the APR.
Such ordering is best seen by anchoring an imaginary ruler
in the lower-right corner of the map and rotating it clockwise
from the bottom edge to the diagonal of the map. At small an-
gles of rotation the basins along the ruler are mostly from wet
climates, at intermediate angles of rotation the basins along

the ruler are mostly from moderate climates, and at angles
approaching 45o the basins along the ruler are predominantly
from dry climates. Continuing the rotation beyond the diag-
onal of the map, the ruler intercepts mostly Martian basins,
although some Atacama basins are also found there. Extrapo-
lating this terrestrial morphology-climate correlation to Mars
points to an extraordinarily dry climate on early Mars. APRs
similar to or lower than those encounter at the Atacama desert
are inferred for Noachian sites during the formation of the val-
ley networks. Like in the Atacama, this precipitation is likely
to come in the form of rare storms rather than being continu-
ous. Such storms could be induced by impacts [6] instead of
being the result of the terrestrial-style large-scale circulation
patter.
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