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Abstract—This paper analyzes glacial valleys in the Swiss Alps, the 17 

Himalayan Range, Yosemite, the New Zealand Southern Alps, and 18 

Patagonia using DEMs. Transverse and longitudinal profiles of 19 

four to six valleys in each region were obtained and the aspect/form 20 

ratio (FR) and slope of each small segment of a transverse profile 21 

were calculated. Forms of glacial valleys were evaluated using FR 22 

and the kurtosis, skewness, and standard deviation of slope. FR 23 

tends to converge into 0.28 with increasing valley size, which may 24 

correspond to the balance of vertical and lateral glacial erosion as 25 

well as a threshold slope angle for slope failure after deglaciation. 26 

The transverse profiles were classified into four types based on 27 

their geomorphometric properties: 1) U-shaped, 2) V-shaped, 3) 28 

plain, and 4) others. The most common type, other than “others” 29 

that include various forms, is U-shaped in New Zealand and 30 

Patagonia, V-shaped in the Himalayas, and plain in Yosemite and 31 

the Swiss Alps. These differences may reflect regional 32 

characteristics of snowfall, mass wasting, tectonics, and the history 33 

of glacier advances. FR may also indicate the past location of the 34 

glacial equilibrium line.  35 

 36 

INTRODUCTION 37 

Glacial valleys or troughs are a major type of glacial 38 

landforms, and their transverse sections are widely known as U-39 

shaped [1]. Although some researchers investigated the form of 40 

transverse profiles of glacial valleys, they typically focus on 41 

theoretical interpretation of U-shaped form [2, 3] or net volume 42 

of erosion [4]. Detailed studies on the actual shape of glacial 43 

valleys, including discussion on whether they are really U-shaped, 44 

have been limited to a few case studies [5, 6]. The objectives of 45 

this paper are: 1) to analyze the detailed morphometric 46 

characteristics of glacial valleys in various regions of the world 47 

using digital elevation models (DEMs); 2) to classify glacial 48 

valleys based on the statistical analysis of the shape of transverse 49 

profiles; and 3) to discuss environmental factors affecting glacial-50 

valley forms. 51 

 52 

STUDY AREAS AND METHODS 53 

The study areas are typical glaciated mountains in the Swiss 54 

Alps, the Himalayan Range, Yosemite, the New Zealand 55 

Southern Alps, and Patagonia. Four to six deep and wide glacial 56 

valleys without large existing glaciers were selected from each 57 

area for detailed morphometric analysis. Valleys that underwent 58 

glaciation during MIS2 (Last Glacial Maximum) were selected to 59 

minimize the effect of postglacial erosion. The names of the 60 

selected valleys are shown in Table I. Fig. 1 shows maps 61 

illustrating the distribution of the four glacial valleys in Patagonia, 62 

adjacent to the Hielo Patagonico Norte Icefield. Like this case, 63 

the selected valleys tend to be located near large existing glaciers. 64 

 65 

TABLE I.  SELECTED GLACIAL VALLEYS.  66 

Area Valleys 

Swiss Alps Burgli, Heimritz, Kandersteg, 
Lauterbrunnen, Leukerbad, Schwanden 

Himalaya Lachung, Mangan, Pandim, Sikkim 

Yosemite Long Mountain, Lyell A, Lyell B,  
Lyell C, Tower, Yosemite 

NZ Southern Alps Dechen, Fettes, Fiordland, Manapouri, 
Sefton 

Patagonia San Rafael, San Valentin, Teresa, Tortel 

 67 
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The classification results for all transverse profiles in the five 123 

regions revealed that the most common valley-form type other 124 

than “others”, is U-shaped in New Zealand and Patagonia, V-125 

shaped in the Himalayas, and plain in Yosemite and the Swiss 126 

Alps (Table III). These observations may be interpreted as 127 

follows. In New Zealand, highly abundant snowfall let glaciers 128 

create typical U-shaped valleys. In the Himalayas both V-shaped 129 

and U-shaped valleys are abundant and they have high FR values, 130 

indicating that active glacial erosion, mass movements after 131 

deglaciation, and rapid tectonic uplift contributed to valley 132 

formation. The high proportion of the plain type in Yosemite and 133 

the Swiss Alps may reflect smaller precipitation in both regions, 134 

a low uplift rate in Yosemite, and marked glacial re-advances in 135 

the Swiss Alps that led to stepped valley-side slopes. FR of 136 

valleys in Patagonia tends to be small because of active lateral 137 

erosion by ice sheets; therefore U-shaped valleys there differ 138 

from those in the Himalayas and can be referred to as elongated 139 

box-shaped. The above discussion indicates that glacial valleys 140 

are not necessarily U-shaped, and the variety of their forms is due 141 

to the regional characteristics of precipitation, tectonics, 142 

glaciation histories, and post-glacial erosion. Therefore, it is 143 

important to examine the shape of valleys in relation to the 144 

effects of various factors even in glaciated areas [4]. 145 

As a common trend for all glacial valleys investigated, FR 146 

tends to converge into about 0.28 with increasing valley size (Fig. 147 

5). The value may correspond to the balance of vertical and 148 

lateral glacial erosion. The value also roughly corresponds to the 149 

threshold slope angle of V-shaped valleys with frequent slope 150 

failure (ca. 35° [8]), suggesting that erosion after deglaciation 151 

also plays a role in determining the convergent value of FR.  152 

 153 

 154 

Figure 3.  Relationship between the form ratio (FR) and standard deviation of 155 

slope (Sd) for all transverse sections analyzed. S: Swiss Alps. H: Himalayas. Y. 156 

Yosemite. N: New Zealand Southern Alps. P: Patagonia. Color zones are based 157 

on upper 30%, intermediate 40%, and lower 30% of each parameter values. 158 

Yellow zone: large Sd, small FR. Pink zone: large Sd, large FR. Blue zone: small 159 

Sd, small FR. Yellow-green zone: small Sd, large FR. White zone: intermediate 160 

Sd, intermediate FR. 161 

TABLE III.  PERCENTAGE OF THE TYPES OF TRANSVERSE SECTIONS IN EACH 162 

AREA. THE REST IS CLASSIFIED AS “OTHERS”. 163 

 U-shaped V-shaped Plain 

Swiss Alps 25.7% (45/174) 12.6% (22/174) 23.4% (41/174) 

Himalayas 27.1% (32/117) 28.8% (34/117) 17.8% (21/117) 

Yosemite 22.1% (45/203) 9.3% (19/203) 30.9% (63/203) 

NZ S Alps 31.9% (45/140) 18.4% (26/140) 9.9% (14/140) 

Patagonia 26.4% (23/86) 16.1% (14/86) 11.5% (10/86) 

 164 

 165 

 166 

Figure 4.  Typical examples of three types of valley transverse profiles. 167 

 168 

 169 

Figure 5.  Relationship between the area of the valley transverse section and the 170 

form ratio (FR) for all transverse sections analyzed. FR tends to converge into 171 

ca.0.28 with increasing section area.  172 
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The correlation between the area of each transverse section 173 

and the equilibrium line altitude was also investigated. In each 174 

region, FR tends to change according to elevation, and reaches 175 

the maximum in an intermediate elevation in the Swiss Alps and 176 

areas around Mt. Cook in New Zealand (Fig. 6). The elevation 177 

approximately corresponds to the estimated equilibrium line 178 

altitude during the Last Glacial Maximum, suggesting a 179 

possibility of estimating the past equilibrium line from 180 

morphometric analysis of glacial valleys. 181 

 182 

 183 

Figure 6.  Relationship between altitude of the lowest point of each transverse 184 

section and the form ratio (FR) for the Fettes and Sefton glacial valleys near Mt. 185 

Cook, New Zealand. FR tends to be the highest at elevations around 900 m, 186 

which corresponds to the estimated equilibrium line altitude during the Last 187 

Glacial Maximum. 188 

 189 

Future studies are needed to confirm the results of this paper 190 

and improve the quality of research. For example, whether a 191 

valley bottom consists of mostly bedrock or a valley fill may 192 

affect the determination of valley types, although this paper does 193 

not take it into account because of the lack of detailed 194 

information. Sampling of data also deserves future investigation. 195 

In this paper we sampled abundant transverse profiles from each 196 

valley, but it is also possible to sample less profiles per valley but 197 

from more valleys. The latter strategy may be suitable to discuss 198 

local- to meso-scale diversity of glacial valley forms.  199 
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