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Figure 4.7 Longitudinal profiles of streams with locations outlined in figure 4.5 . (a) Streams located in the 
north, (b) and (c) streams in the central latitudes of the study area and (d) streams in the south. 
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4.3 Concavity 

Stream concavity is a measure of the relationships between river bed elevation 

and downstream distance (Hovius, 2000). In this analysis, concavity was determined 

using two methods. The first method assigns an exponential decay function to the 

longitudinal profile and uses the rate of decay as the concavity (Fig 4.8). A high rate of 

decay represents high concavity, and a low· rate of decay represents low concavity 

(Hovius, 2000). In several streams it was not possible to create an accurate longitudinal 

profile approximation due to the many inconsistencies in the shape of the profile. The 

second method measures concavity by finding the area between the profile and a straight 

line plotted from the head to the outlet of the stream (Fig. 4.10). The methods used to 

show concavity show two contracting trends. Method 1 shows an increase in concavity 

from 32° to 36.5°8, with one outlier at 38°8. Method 2 shows a decrease in concavity 

from north to south. The trend seen in method two is most evident in shorter streams and 

lower order streams. 
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Figure 4.8 Examples of the application of concavity: method 1. (a) unknown stream name (stream 1) with 
concavity = 0.0074645 and (b) Rio Maipo (stream 6) with concavity = 0.012538. The thin line is the 
longitudinal profile of the stream and the thick line is the assigned function of exponential decay of the 
profile. 
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Figure 4.9 Concavity of all streams using method 1 (refer to figure 4.8), plotted from north to south. 
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Figure 4.10 An example of the application of concavity : method 2. Stream 10 (name unknown) 
has a concavity value of242838 mkm. The area between the channel profile and the line bounding 
that profile determines the concavity of that channel. 
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Figure 4.11 Concavity of all streams using method 2 (a) with streams sorted by length, and (b) with streams sorted by 
stream order. 
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4.4 Hypsometry 

Hypsometry is the measurement and analysis of the distribution of land area lying 

at different elevations (Keller and Pinter 2002). It is possible to analyze the relationship 

between elevation and the area which lies above it (Strahler 1952), but it also possible to 

analyze the area which lies below the given elevation (Brocklehurst 2002). Eleven basins 

were used in this analysis- they extend from the drainage divide to the mountain front. 

The size and relief of the basin are independent of hypsometric shape (Keller and Pinter 

2002) hence basins of various sizes were permitted for comparison. The integrals of 

these curves show a decreasing trend and the slope of the hypsometric curve at the point 

of inflection shows a very strong decreasing trend. Hypsometric integrals must be used 

with care when comparing basins because the integral is not unique to a single 

hypsometric shape. 

Sigmoidal curves were used to approximate the shape and to determine the 

hypsometric integral and slope. This allowed the curve to be represented by a unique 

equation, which simplified these calculations. A program available online provided a 

simple conversion of the river curves derived from RiverTools into sigmoidal 

approximations. ZunZun.com is an interactive 2-dimensional and 3-dimensional data 

modeling which provides quality curve fitting and surface fitting. 

Twenty three basins were initially chosen for hypsometric analysis however only 

11 were used in this analysis. The remaining 12 basins had unresolved artifacts in their 

DEM data (missing data, boundary effects) that significantly affected the hypsometric 

analysis. 
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Figure 4.12 Hypsometry of all basins defined in figure 4.5. Hypsometries show the proportion ofthe area 
of a basin which lies beneath a given elevation and these are used to associate basins of similar maturity. 
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Figure 4.13 (a) and (b) Hypsometry ofbasins in the north and central region ofthe study area. 
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Figure 4.13 (c) Hypsometry ofbasins in the central region ofthe study area. 
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4.5 Tributary Symmetry 

Tributary asymmetry uses the lengths of streams on either side of a major channel 

to describe changes in uplift on either side of the drainage basin (Fig. 3. 7). This method 

has been shown to be an effective way to measure differential uplift (Cox 1994, Keller 

and Pinter 2002). In this analysis, streams which run east to west show a trend of longer 

streams in the north. This equates to uplift in the north for these streams. Analysis of 

tributary lengths revealed some patterns of uplift (or tilt) in the study area. This test 

considers the effect of tilting a landscape on the tributaries of a river system- where the 

land is tilted upwards streams will be longer (Fig. 3 .6), and where land is tilted downward 

streams will be shorter (Keller and Pinter 2002). In streams trending east-west, long 

streams in the north indicated that upward tilt was predominantly in the north. This trend 

changes between 35° and 36°, where there are no east-west trending streams, and in the 

south there does not appear to be any clear uplift pattern. 

In streams trending north-south, the trend is clearer in the south. Streams in this 

area show long tributaries in the west indicating upward tilt was in the west, whereas in 

the north streams exhibit little to no uplift. 
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Figure 4.16 Location map of east­
west trending streams and the 
proportional upward tilting of the 
drainage basins of these streams. 
North-south uplift trends 
determined from east-west 
tributary asymmetry shows 
upward tilting in the north. 
Arrows represent proportional 
upward tilting using figure 4.17. 
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Figure 4.17 Tributary asymmetry results for east-west trending streams. Bars represent the ratio of 
the sum of the lengths of streams north of the main channel to the lengths of streams south of the 
main channel (asymmetry = 1: north streams/ 1: south streams). The scale for asymmetry is shown in 
the logarithmic scale in order to show the change relative to a symmetry of 1. 
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Figure 4.18 Location map of 
north-south trending streams 
and the proportional upward 
tilting of the drainage basins of 
these streams. East-west uplift 
trends determined from north­
south uplift trends in the south 
of the study area show upward 
tilting in the west. Arrows 
represent proportional upward 
tilting values from figure 4.19. 



... 
Cl) 
.c 
E 
:::J 
z 
E 
IU 

~ rn 

0 

Tributary Asymmetry of North-South Trending Streams 

EAST 

Asymmetry 

1 

2 

4 

5 ....... 

~ WEST 

10 

Figure 4.19 Tributary asymmetry results of north-south trending streams. Bars represent the ratio of the sum 
of the lengths of the streams east of the main channel to the lengths of the streams west of the main channel 
(asymmetry= :E east streams/ :E south streams). The scale for asymmetry is shown in the logarithmic scale 
in order to show the change relative to a symmetry of 1. 
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4.6 Mountain Front Sinuosity 

The sinuosity of a mountain front describes the relative influence of tectonic 

forces (sinuosity ~ 1) and erosional forces (sinuosity > 1). Mountain front sinuosity was 

measured using a 5 km resolution, on 50 km sections of the Andes between 32° and 39°S. 

Measurements were taken at the point along the base of the mountain front which showed 

the greatest increase in slope. This resolution allowed for accurate tracing measurements 

along the mountain front using a topographic analysis software package (ArcMap ). 

Sinuosity shows a very slight increase moving south along the mountain front, but there 

is a high degree of variability in both the east and west mountain fronts. 
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Figure 4020 Sinuosity of 
the mountain front 
measured using a 5 krn 
resolution along 50 krn 
sections of the front from a 
90m resolution DEM in 
ArcMapo 



4.6 Area slope analysis 

By plotting streams according to their slope and drainage area, it is possible to 

identify the dominant processes of incision for that basin (Sklar and Dietrich 1998). 

Basins chosen for hypsometric analysis were also appropriate for area slope analysis. 

Streams approaching a steady state will follow a predictable pattern of slopes and 

drainage area depending on their Strahler order and this pattern is evident in all basins in 

the study area. Lower order streams have high slopes and low drainage areas, and high 

order streams have high drainage areas and low slopes (Sklar and Dietrich 1998). It is 

significant that in the basins chosen for this analysis, streams of order greater than 4 

consistently have drainage areas which are greater than 1 km2
• Figure 3.9 shows a basin 

excluded from the analysis because of its small drainage area. The graph shows streams 

of order 5 and 6 with drainage areas close to or less than 1 km2
. 

Basins 1 and 5 (Fig. 4.21) showed very similar shapes in the frequencies of to 

each order above or below the transition zone between debris flow mechanics and 

bedrock-fluvial erosion mechanics. Basin 1 and 8 also have very similar distributions, 

but basin 8 shows a higher incidence of debris flow processes in the high order streams. 

Channels 5 and 7 show similar distribution patterns in the change of tributary slopes with 

increasing order, however the slopes in basin 7 are more constrained around a smaller 

range of slopes. Basins 11, 13, 16 and 17 show similar distribution patterns of channel 

slope and area. There is a relatively low range of upper slopes for all tributaries and 

highest order streams in these basins are purely affected by bedrock-fluvial processes. 

This analysis was limited by the minimum slopes and basin sizes which RiverTools could 

extract from the DEM, however these did not have a significant effect on the basins. 
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71 



c 
0 

£ 
() 

I 
Q'l 
c 
0 

<( 

-
0 
.£ 
(.) 

I 
Q""' 

c 
0 
<( 

c. 
'100 .000 

10.000 

'1 .000 

0 .100 

............ ...... ..... 
........... ...... ...... 

0 .001 ~~~~--~~--~~--~----~--'~~'~_J 
1 o- 3 1 o- 2 1 o- ·1 1 o0 1 o 1 1 o2 10 

Drainage o reo (kn ···2 ) 

d xy_8 Da to Set 
10o.oao ~--~--~--~--~--~--~--~~ 

10.000 

0 .100 

+ 

bedrock­
fluvial 

0 '001 '----;;~~-=---~---:------'--;;;.-------'--:-----~------"'-;;;---"'---" 
10=..) 10- 2 10- 1 10° 10 1 10 2 

Drain J(~e a reo (km·'·2) 

Figure 4.21 (c) and (d) Area-slope analysis of all streams in basins 7 and 8. 
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4.8 Synthesis of Results 

The Andes between 32° and 39° show a change in elevation between 35° and 36°, 

from high elevation north of this zone to low elevation south of this zone. Using these 

three zones, the goal of this analysis was to determine if other geomorphometric indices 

existed which also distinguish these three zones. From 32° to 35°8, mean relief is 430.7 

±108m and from 36° to 39° mean relief is 189.2 ± 76.3 m. Basin relief ranged from 2.5 

km to 4.8 km, with decreasing values toward the southern latitudes. Longitudinal profiles 

of streams showed the influence of lithology and faults on stream shape throughout the 

study area. There was no significant correlation between latitude and the concavity of 

these profiles. Hypsometric integrals show a weak decreasing trend, but the slope of the 

hypsometric curve at the point of inflection produces a very strong decreasing trend 

toward the south. Tributary asymmetry shows upward tilt in the northern latitudes and in 

the southern latitudes, upward tilting was to the west. Mountain front sinuosity is lowest 

in the north east of the drainage divide (sinuosity= 1.03), and highest in the south west of 

the drainage divide (2.35). Testing the study area using the area-slope relationship did 

not reveal a latitudinal trend however it did show that all streams of >5 strahler order 

have drainage area > 1 Okm2
. 
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Chapter 5. 

Topographic analysis 

5.1 Hypothesis rejected 

The goal of this paper was to determine whether zones of topographic change 

could be defined in the Andes, between 32° and 39°S, using geomorphometrics and 

topographic characteristics determined from digital elevation maps. The hypothesis is 

rejected based on the results shown in table 5.1: Three zones are defined by changes in 

relief. From 32° to 35°, average relief is 430.7 ± 108 m, a narrow transition zone of 

decreasing relief exists from 35° to 36°, and from 36° to 39° mean relief is 189.2 ± 76 m. 

No other index could identify distinct zones of topographic change from 32° to 39°S. 

Basin relief showed a decreasing trend, as did the hypsometric integral of drainage 

basins. Mountain front sinuosity increased considerably from north to south. The slope 

of the hypsometric curve produced a very strong decreasing trend toward the south. 

Analysis of tributary asymmetry found active differential uplift in the region, with tilting 

in the north and in the south. The concavity of longitudinal stream profiles and the 

results of the area-slope analysis in the study area produced no convincing evidence of a 

latitudinal trend. 
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Parameter Trend, from 32° to 39° 

Relief 430.7 ± 108 m from 32° to 35° 
189.2 ± 76 m from 36° to 39° 

Basin Relief Decreasing 
Concavity No Trend 

Hypsometric Integral Decreasing 
Slope ofhypsometric curve Decreasing 

East-west tributaries Northward tilting in the north 
North-south tributaries Eastward tilting in the south 

Mountain front sinuosity Increasing 
Drainage area-slope No trend 

5.2 Major tectonic activity expressed 

Table 5.1 Summary of 
results. The results of 
geomorphic analysis using 
eight geomorphometric 
indices did not show three 
distinguishable zones in 
geomorphic indices expect 
for relief. 

Figure 5.1 shows the major tectonic processes in the southern Andes. The 

Aconcagua fold and thrust belt lies between the drainage divide and the foreland basin of 

the Andes and comprises of 4 to 6 major, west-dipping thrust faults (Lavenu and 

Cembrano 1999, Giambiagi 2003, Allmendinger et al1990). This belt has been active for 

more than 6 millions years and continues to be active today. The measurement of 

mountain front sinuosity was able to distinguish regions of high tectonic activity such as 

these. In the north, between 32° and 34°S east of the drainage divide, mountain front 

sinuosity determined this to be the region with the lowest sinuosity and hence the highest 

tectonic activity. This is the location of the north-south trending Aconcagua fold and 

thrust belt. 
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In more southern 

latitudes, the Chilean Lake 

District is located west of the 

continental divide and south of 

36°S. This regton is 

characterized by large basins, 

often filled by lakes, formed by 

extension along the fault zone 

(Kennan 2000) and also by the 

damning of glacial melt-water 

behind terminal moraines of 

retreating glaciers (Gosse, pers. 

comm.). The sinuosity of the 

mountain front in this region is 

high due to erosion by glacial 

scounng. Relatively low 

hypsometric integrals in basins 

Central 
Depression 

38 

Figure 5.2 Simplified structural map of the southern Andes 
between 32° and 42°S. There is a strike-slip convergence 
between the Coastal and Principal (Main) Cordilleras, and 
the range is fragmented into several uplifted blocks. AFT = 

Aconcagua fold and thrust belt, LOF = Liquine-Ofqui Fault. 
Taken fromLavenu and Cembrano 1999. 

from this region show glacial processes acting in this region. Tributary asymmetry 

showed upward tilting west of the continental divide at 36.6°S suggesting strong tectonic 

activity in this region. The active Liquine-Ofqui fault extends from 38° to 46° (Kennan 

2000) and may influence uplift in this region (Lavenue and Cembrano 1999). 

A longitudinal valley extends from 32.5° to 34°S in the Mendoza Province (Fig. 

3.1 0). These valleys lie east of the drainage divide and west of the fold and thrust belt. 
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In the north, the rivers drain into the Rio de los Palas, and in the south they drain into the 

Rio Tunuyan, and they are divided near Mount Tupingatito (Fig. 3.1 0). These valleys are 

similar to valleys found further north in the Eastern Cordillera of Bolivia (Kennan 2000). 

Paleodrainage is thought to have run north-south with drainage running east into foreland 

basin during the Late-Miocene (Kennan 2000). Tributaries show asymmetry in both 

north-south and east-west trending streams in this region. Upward tilting occurs in the 

east and in the north along streams in the longitudinal valley (Fig. 4.16, 4.18). This uplift 

is concurrent with mountain front sinuosity tests which show high tectonic activity east of 

the divide between 32° and 34 °S. Longitudinal valleys in other parts of the Andes have 

been uplifted more than 2000 m over the past 10 Ma (Kennan 2000), and tributary 

asymmetry results support this information. 

5.3 Significant changes in morphology along strike 

The most evident change in morphology from this analysis is an abrupt decrease 

in the average relief along the range. Elevation changes gradually from north to south 

and defines three zones, but the transition between mean relief 430 ± 108 m north of 35°, 

and mean relief 189.2 ± 76 south of 36° does not mirror this gradual change (Fig. 4.2). 

One reason for this change in relief is that peaks cannot persist at high latitudes when the 

Andes intersect the perennial snowline at 35°S (Montgomery et al2001). Another reason 

is that higher rates of glacial erosion in this region effectively limit the elevation of the 

mountains (Brozovic et al 1997). South of 35°, elevation and relief are lower in the 

eastern cordillera than in the western range. The snow line altitude is higher in the 
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Coastal Cordillera than in the Principal Cordillera (Satoh 1979). This has the effect of 

limiting peak height to a lower elevation in the Principal Cordillera (Fig. 4.1 h,i,j,l,m,n). 

Decreasing basin relief supports the results determined by the latitudinal transect 

method. Drainage basin relief was substantially higher than relief determined using the 

latitudinal transect method however this is acceptable because basin area is much higher 

than the spatial window of relief analysis of the transect method. One anomaly in basin 

relief is at latitude 32. 7°S west of the drainage divide. The location of the basin is 

isolated from other basins in the study and therefore may represent different active 

processes affecting that region. Basin 1 is in an area where tributaries of east-west and 

north-south trending streams are near-symmetrical. Judging from tributary symmetry 

patterns, differential uplift west of the drainage divide in this region seems to be low and 

this is supported by increased mountain front sinuosity. These factors suggest the basin is 

mature or near-equilibrium, with a sinuous mountain front and decreased tectonic 

activity. Hypsometric analysis shows the basin has a high integral and slope of inflection 

point symptomatic of a basin which is not in equilibrium (Strahler 1952). This is an 

example of local circumstances affecting the shape of the hypsometric curve (Fig. 4.13) 

and integral (Brocklehurst and Whipple 2002). 

5.4 Other latitudinal trends and correlations 

At 36°S, basins 12 and 13 show relatively low hypsometric integrals (0.3785 and 

0.3584 respectively) and slopes of the inflection point of the hypsometric curve (0.3012 

and 0.3863). The hypsometric integrals suggest that these basins have lower relief, 

gentler slopes and gentler stream gradients (Strahler 1952) and that their surface has 
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experienced more glacial activity (Brocklehurst and Whipple 2002). These basins are no 

longer expanding in area and are approaching equilibrium stage (Strahler 1952). South of 

35°, higher rates of erosion in glacial and periglacial environments preferentially incise 

the land at high elevations resulting in excess elevation at the glacial limit (Kennan 

2000). 

Concavity was measured using two methods which produced noticeably different 

latitudinal patterns. Using method 1, the highest concavity was found at 35°S, but using 

method 2 there is no such latitudinal trend. Concavity is related to the maturity and 

stability of a stream profile, and a high concavity infers that these streams are at or near 

equilibrium relative to other streams in the area. At these latitudes, there is substantial 

transition in differential uplift patterns as well as relief, and this suggests processes 

affecting stream profiles are active. This inconsistency, combined with the varying 

results in concavity using two different methods, suggests that there is no correlation 

between latitude and stream concavity. 
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Chapter 6. 

Conclusions 

Surficial and tectonic processes work together to produce many range scale 

features in a mountain chain such as the Andes. It has been well documented that the 

change in width of the range and volcanic activity in the southern Andes is related to the 

geometry of the subducting plate (Jordan et al 1983, Kennan 1999, Ramos et al 1996), 

but surficial processes also have substantial effect on the topography (Montgomery et al 

2001, Markgraf 1987, Lamb 2003). It is also well known that the elevation changes from 

35°S to 36°S from high peaks (6000 m) to low peaks (3000 m). The goal of this thesis 

was to determine whether there were quantifiable changes in other geomorphics 

parameters which defined three zones. Using relief, hypsometry, concavity, tributary 

asymmetry, mountain front sinuosity and area-slope analysis, it was not possible to define 

distinct zones of landscape change. 

In the north, mean relief is 430.7 ± 108 m, and in the south, mean relief is 189.2 ± 

76 m. Basin relief shows a decrease from 2.5 km in the northern latitudes to 4.8 km in 

the south. Tributary asymmetry reveals north-tilting uplift from 32° to 35° and east­

tilting uplift from 37° to 39°8. Hypsometric integrals and the slopes of the hypsometric 

curves decrease from north to south in the basins selected for the study. 

Using mountain front sinuosity and tributary asymmetry it was possible to 

distinguish the two zones of high tectonic activity in the study area: the areas 

surrounding the Aconcagua fold and thrust belt in the north and the Liquine-Ofqui fault 

in the south. The zone of increased tectonism in the Mendoza Province which 
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corresponds to the position of the Aconcagua fold and thrust belt also corresponds to an 

antecendant stream which has been uplifted more than 2000 m since the Late Miocene 

(Kennan 1999). The longitudinal valley located between 32° and 34°S was determined to 

represent paelodrainage flow similar to antecedent streams found further north in the 

Andes (Kennan 2000). The intersection of the Andes with the perennial snow line results 

in a decrease in the relief of the mountains at 35°S (Montgomery et al. 2001) . The 

difference in peak heights in the Coastal and Principal Cordilleras has the effect of 

limiting the Principal Cordillera to lower elevation peaks than those of the Coastal 

Cordillera. 

Future work would in the fields of equilibrium line altitude, thermochronology 

and tectonics would greatly improve the understanding of the relationship between 

tectonic and surficial processes in the Andes between 32° and 39°. Thermochronology 

information for the southern Andes could determine relative ages and rates of uplift and 

erosion rates in the study area. A better understanding of slab-dip geometry of the 

subducting Nazca plate from 32° to 39° would also considerably improve our 

understanding of the relationship between tectonic and surficial processes. 
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Appendix 

Latitude Maximum Minimum Relief Total Relief 
elevation elevation Area (m2

} distance (m} 
area (m2

} area (m2
} (km} 

32.1 654947.80 564836.40 90111.40 202.80 444.35 
32.2 610993.10 540636.90 70356.20 212.84 330.56 
32.3 584688.70 540891.50 43797.20 195.07 224.53 
32.4 580023.60 505882.70 74140.90 203.46 364.41 
32.5 622747.20 523527.80 99219.40 216.98 457.28 
32.6 686881.60 629298.00 57583.60 251.30 229.15 
32.7 590874.90 462283.60 128591.30 219.67 585.38 
32.8 488387.70 371032.60 117355.10 208.29 563.43 
32.9 552728.10 413974.00 138754.10 201.99 686.93 
33.0 572818.90 483184.30 89634.60 209.07 428.72 
33.1 540850.50 439819.50 101031.00 184.22 548.43 
33.2 523347.80 419276.10 104071.70 174.31 597.04 
33.3 446639.00 358832.30 87806.70 172.96 507.68 
33.4 423833.00 348022.90 75810.10 171.91 440.98 
33.5 463170.50 370900.50 92270.00 194.81 473.64 
33.6 390521.80 301250.70 89271.10 186.71 478.13 
33.7 370630.90 303321.90 67309.00 178.00 378.14 
33.8 308983.30 270640.90 38342.40 132.54 289.29 
33.9 509759.00 406069.40 103689.60 255.31 406.14 
34.0 505704.60 384298.30 121406.30 237.28 511.66 
34.1 512528.20 435570.30 76957.90 215.26 357.51 
34.2 453739.80 369785.40 83954.40 240.68 348.82 
34.3 397760.40 324988.90 72771.50 212.16 343.00 
34.4 352351.30 277280.50 75070.80 203.87 368.23 
34.5 438150.20 339976.70 98173.50 222.40 441.43 
34.6 518923.40 428028.90 90894.50 239.14 380.09 
34.7 591226.50 468976.90 122249.60 299.24 408.53 
34.8 417461.00 317762.30 99698.70 213.67 466.60 
34.9 373693.70 317472.10 56221.60 238.64 235.59 

Table 1 (a) Determination of relief for latitudinal elevation plots, from 32° to 34.9°S. For each swath, a 
maximum and minimum elevation curve was determined. The area under each curve represents the integral 
and the total relief for the curve. Relief was calculated using the integral of the difference between the 
maximum and minimum curves, and factoring by the length of the swath. 
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35.0 519279.20 427909.30 91369.90 314.41 290.61 
35.1 523377.20 492355.50 31021.70 312.41 99.30 
35.2 524237.70 461035.40 63202.30 340.02 185.88 
35.3 573607.30 486199.20 87408.10 350.65 249.28 
35.4 346991.10 295290.90 51700.20 228.03 226.73 
35.5 593684.60 551361.90 42322.70 342.09 123.72 
35.6 622130.00 564888.80 57241.20 368.70 155.25 
35.7 563165.90 507609.10 55556.80 354.67 156.64 
35.8 480935.10 407233.70 73701.40 328.87 224.11 
35.9 435955.90 338770.80 97185.10 267.29 363.60 
36.0 573298.40 500797.80 72500.60 343.65 210.97 
36.1 500989.50 486878.40 14111.10 347.36 40.62 
36.2 548618.70 488349.00 60269.70 336.74 178.98 
36.3 350809.80 284834.30 65975.50 161.55 408.39 
36.4 556900.40 491401.70 65498.70 326.58 200.56 
36.5 375167.60 339296.40 35871.20 252.08 142.30 
36.6 437956.00 367667.60 70288.40 282.83 248.52 
36.7 361960.60 301064.70 60895.90 262.99 231.55 
36.8 420734.00 369945.90 50788.10 309.54 164.08 
36.9 462374.60 410775.80 51598.80 349.60 147.60 
37.0 385720.80 352342.10 33378.70 304.01 109.80 
37.1 475853.30 387303.20 88550.10 357.91 247.41 
37.2 417193.80 385923.10 31270.70 344.73 90.71 
37.3 368867.50 323597.10 45270.40 369.69 122.45 
37.4 480195.40 345303.90 134891.50 399.84 337.37 
37.5 376651.90 311773.70 64878.20 332.33 195.22 
37.6 340805.30 286649.20 54156.10 312.86 173.10 
37.7 350853.20 286411.10 64442.10 330.53 194.97 
37.8 417233.30 355385.20 61848.10 376.90 164.10 
37.9 347954.20 289955.10 57999.10 308.24 188.16 
38.0 305648.10 230963.80 74684.30 304.49 245.28 
38.1 338877.60 263804.00 75073.60 321.36 233.61 
38.2 294233.10 242111.20 52121.90 251.36 207.36 
38.3 243686.80 207378.30 36308.50 268.62 135.17 
38.4 267180.10 237994.90 29185.20 286.70 101.80 
38.5 248371.70 175184.00 73187.70 235.90 310.26 
38.6 291447.90 242407.80 49040.10 296.19 165.57 
38.7 335352.50 303424.40 31928.10 305.04 104.67 
38.8 273452.40 227862.40 45590.00 200.23 227.69 
38.9 187809.00 169491.00 18318.00 123.78 147.99 

Table 1 (b) Determination of relief for latitudinal elevation plots, from 35° to 39°8. For each swath, a 
maximum and minimum elevation curve was determined. The area under each curve represents the integral 
and the total relief for the curve. Relief was calculated using the integral of the difference between the 
maximum and minimum curves, and factoring by the length of the swath. 
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Outlet Outlet 
Outlet Outlet x- Outlet y- Outlet pixel parent elevation Basin Basin Pruning Pruning 
Number coordinate coordinate ID pixeiiD {m) area {km2

) relief {km) method: threshold: 
1 -70.6775 -32.553333 2388386 2391985 989 1015.2939 3.395 Order 3 
2 -70.465 -32.855 3691841 3688240 1006 2105.9397 4.2 Order 3 
3 -70.474167 -33.363333 5887830 5887829 896 649.33936 3.959 Order 3 
4 -70.485 -33.595833 6892217 6892216 760 3334.7727 4.523 Order 3 
5 -70.61 -34.266667 9790067 9790066 663 2727.1321 4.262 Order 3 
6 -70.761667 -34.739167 11831085 11827484 652 1420.9568 3.682 Order 3 
7 -70.870833 -34.985 12892954 12896553 590 1241.868 3.061 Order 3 
8 -71.0025 -35.281667 14174396 14177995 643 1365.4298 3.078 Order 3 
9 -71.173333 -35.724167 16085791 16085790 433 3214.187 3.404 Order 3 

10 -70.956667 -36.000833 17281251 17277650 859 1874.8473 1.994 Order 3 
11 -71.479167 -36.608333 19905024 19901424 483 1562.2522 2.631 Order 3 
12 -71.708333 -37.319167 22975549 22975548 504 2331.4734 2.576 Order 3 
13 -71.711667 -37.7725 24933945 24930344 336 1383.7383 2.499 Order 3 
14 -71.511667 -38.000833 25920585 25916984 550 4739.5103 2.058 Order 3 
15 -69.564167 -32.735 3174522 3174523 2054 3215.7498 4.383 Order 3 
16 -69.386667 -33.865 8056335 8056336 1567 2291.1301 4.837 Order 3 
17 -69.58 -34.586667 11173703 11177304 1803 2089.3545 3.223 Order 3 
18 -69.6825 -34.970833 12833180 12829581 1751 874.08905 3.032 Order 3 
19 -70.0025 -35.835833 16569596 16569597 1500 3825.0488 2.803 Order 3 
20 -70.0025 -36.694167 20277596 20277597 1091 2263.1035 3.088 Order 3 
21 -70.45 -37.345833 23092259 23088660 876 8283.5283 3.428 Order 3 
22 -70.279167 -37.3475 23099664 23103264 859 2180.5227 2.908 Order 3 
23 -70.471667 -38.494167 28053033 28053034 745 3155.0649 1.786 Order 3 

Table 2 (a) Attributes of basins defined in figure 4.4 including coordinates defme the location of the outlet, outlet elevation relative to sea level, basin 
area and relief, pruning method uses Strahler order with threshold of order 3. 
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