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ABSTRACT 
The role of uncovered glaciers in the hydrological cycle has been well studied and documented in the scientific literature. 
On the other hand, very little is known of rock glaciers. Despite the lack of data and understanding as to the role of rock 
glaciers within the hydrological cycle some legislations have recently been implemented to protect them from any human 
impact, by erroneously including rock glaciers as part of the glacial environment. This paper reviews available literature 
on rock glacier hydrology and the different positions authors have adopted in order to synthesize available knowledge on 
the hydrological significance and hydrograph response of these cryoforms. Mountain permafrost hydrology is discussed 
to clarify its applicability to rock glacier hydrology. We recommend that rock glaciers should be assessed under a holistic 
approach; their significant differences in genesis, morphology, dynamics, and energy exchange to glaciers must be 
acknowledged. Detailed site investigation is required in order to properly determine the role of rock glaciers and the 
periglacial environment on the hydrological cycle in a mountain watershed. 
 
RÉSUMÉ 
Le rôle des glaciers découverts dans le cycle hydrologique a été bien étudié et documenté dans la littérature scientifique. 
D'autre part, peu est connu sur le rôle hydrologique des glaciers rocheux. Malgré le manque de données et de 
compréhension quant au rôle des glaciers rocheux dans le cycle hydrologique, certaines législations ont récemment été 
mises en place pour les protéger de tout impacts humains, en incluant à tort glaciers rocheux parmi l'environnement 
glaciaire. Cet article passe en revue la littérature disponible sur l'hydrologie des glaciers rocheux et les différentes 
positions adopté par les auteurs afin de synthétiser les connaissances disponibles sur l'importance hydrologique de ces 
cryoformes. L’hydrologie de pergélisol de montagne est discutée afin de clarifier son applicabilité à l’hydrologie de 
glaciers rocheux. Nous recommandons que les glaciers rocheux doivent être évalués selon une approche holistique; 
leurs différences significatives en termes de genèse, morphologie, dynamique, et d'échange énergétique en relations 
aux glaciers doivent être reconnues. De la recherche sur le terrain détaillée est nécessaire afin de déterminer 
correctement le rôle des glaciers rocheux et l'environnement périglaciaire sur le cycle hydrologique dans les bassins 
versants de montagne. 
 
 
 
1 INTRODUCTION 
 
The hydrology of mountain areas has been well studied, 
including glaciated terrain. However, for mountain areas 
where glaciers are absent but the presence of rock 
glaciers is considerable, there is no consensus on the 
relationship between rock glaciers and hydrology. Rock 
glaciers are only special landforms from a 
geomorphological point of view. In simple terms, they are 
colluvium that contains or contained at one time, massive 
ground ice. This specific constitution allows the frozen 
talus and ice mixture to creep downslope due to gravity 
(Berthling, 2011). Research on rock glaciers can be 
traced back to a paper by Steenstrup in 1883 (Humlum, 
1982). At the beginning of the twentieth century, rock 
glaciers were considered a peculiar form of talus (Spencer 
1900) and it wasn’t until 1910 when the term “rock glacier” 
was introduced to explain these landforms (Capps 1910). 
Wahrhaftig and Cox (1959) demonstrated that the 
landforms had a tendency to creep downslope in the 
manner of a glacier, apparently as a result of the inclusion 
of ice within the talus. Rock glaciers have been identified 
in nearly all major mountain ranges, regardless of past or 

present glaciations (Burger, 2000), and formation of rock 
glaciers is dependent upon several factors. First, a 
tectonically active mountain range with bedrock that forms 
coarse blocky debris is necessary as these mountain 
ranges generally have steep slopes and high rates of 
denudation. Secondly, a high-frequency freeze-thaw 
regime that promotes intensive frost-weathering is needed 
as this process separates debris from headwalls and 
permits its transport by gravity to the rock glacier surface; 
and thirdly, the topography must be of an appropriate 
aspect and elevation (French, 2007).  

Although denominations (glacier versus rock glacier) 
may sometimes result in confusion in the general public, it 
is worth noting that these two cryoforms belong to two 
different environments (glacial versus periglacial) and 
present marked differences in their genesis, morphology 
and dynamics (Barsch, 1996; French, 2007).  

Continued climate change is expected to reduce water 
security in arid mountain regions globally (Barnett et al., 
2005; Kundzewiz et al., 2008). In the South American 
Andes this is a real risk to the local livelihoods (Vuille et 
al., 2008; Chevallier et al., 2011, IPCC, 2014). Vulnerable 
water supplies in semi-arid zones and the tropical Andes 



are predicted to be further stressed through changes in air 
temperature, precipitation patterns, increased sublimation 
and evapotranspiration together with glacier recession, 
negatively affecting water availability (IPCC, 2013; 2014). 
Uncovered glaciers and rock glaciers react differently to 
climate change and their hydrological contribution must be 
assessed separately. 

Glacier growth and residence are affected by air 
temperature and precipitation, hence glacier mass 
balance (Benn and Evans, 1998). If more mass, in terms 
of snow, is deposited at high elevation than the ice melt at 
the bottom, the glacier volume increases and it advances 
(Benn and Evans, 1998). While an increase in air 
temperature causes the equilibrium line of the glacier to 
elevate and more ice to ablate (Haeberli et al., 2013), a 
decrease in precipitation reduces the accumulation of new 
ice at higher elevation, which would typically be 
transported downslope through viscous flow (Benn and 
Evans, 1998). Therefore, negative glacier mass balance 
and retreat occurs if precipitation decreases, even under 
steady air temperature conditions. 

Rock glaciers, on the other hand, contain ground ice 
which is less susceptible to short-term air temperature 
variations and instead the thermal regime depends on 
long term air temperature variations, precipitation, and 
characteristics of the ground (Harris et al., 2009). The 
latter of which affects heat flow based on thermal 
conductivity, heat capacity and latent heat of the soil 
together with the condition at the ground surface. 

Because surface snow and ice (glacial environment) 
reacts differently than ground temperatures (periglacial 
environment), effects of climate change on these two 
environments have to be assessed and discussed 
differently. Surface snow and ice is, in contrast to ground 
ice, extremely dynamic. As illustrated in IPCC (2013), 
surface snow and ice has a life persistence of hours (i.e. 
snow) to decades (i.e. typical valley glaciers), whereas 
ground ice spans from months (i.e. seasonal frost) to 
thousands of years (i.e. permafrost). Glaciers, therefore, 
react very quickly to changes in climate, whereas rock 
glaciers (permafrost) and ground thermal regimes adapt 
very slowly to changes in atmospheric conditions 
(Lachenbruch and Marshall, 1986). Consequently, 
glaciers are good proxies for studying recent climate 
change and climate variability because immediate 
response can be measured (Barry, 2006), while 
periglacial landforms provide information on long-term 
changes only, and cannot be used to evaluate changes in 
the short term (Summerfield, 1991). Uncovered glaciers 
are therefore important hydrological contributors to 
downstream watersheds and have been studied 
extensively (Benn and Evans, 1998). Quantitative 
research on the contribution of the periglacial 
environment, including rock glaciers, is lacking. 

With respect to the contribution of rock glaciers to 
runoff, very few studies have been published and mostly 
the assessments have been done qualitatively without a 
detailed investigation on the origin of the water observed 
at the front of a rock glacier. Corte (1976), for example, 
mentions that the runoff, especially in the Eastern South 
American Andes, is largely determined by rock glaciers. 
Similarly, Falaschi (2014) states that rock glaciers in the 

Andes in Argentina provide an important supply of water 
for local agriculture. However, Falschi (2014) and Corte 
(1976) have no data to support their hypothesis. Azócar 
and Brenning (2010) used statistical methods to estimate 
the distribution of rock glaciers in the arid Andes and 
concluded that the ice stored in rock glaciers is 
significantly more important than glacier ice. The lack of 
measurements and erroneous conclusion was 
subsequently criticized by Arenson and Jakob (2010). 

This paper presents a review of available scientific 
publications on rock glacier hydrology and attempts to 
summarize current state of knowledge. It further attempts 
to provide a comprehensive overview of the various 
elements that play a role in the hydrology of rock glaciers. 
However, the lack of detailed studies results in 
diametrically opposed views, strengthening the need for 
good site investigations and associated research. 
 
2 METHODOLOGY 
 
Rock glacier genesis, nomenclature and classification 
have long been debated in the scientific community and 
the disagreements continue to present day (Janke et al., 
2013; Berthling, 2011). Furthermore, very little is known 
about rock glacier’s hydrological significance (if they 
contribute to total runoff) and their impact on the 
hydrograph response. To better understand this gap in 
knowledge, we examined the available peer-reviewed 
literature to quantify and qualify studies on the 
hydrological significance of rock glaciers. In June 2014, 
we searched the ISI Web of Science

TM
 for peer-reviewed 

articles and reviews published from 1900-2014 using topic 
searches (abstracts/keywords/title) for all spelling 
variance of “rock glacier” and “glacier”. 

Further search in Geobase
TM

 were restricted to 
“Journal Articles” published from 1973-2014 for all the 
spelling variances of “rock glacier” and “glacier” using 
topic searches (subject/title/abstract). Sub-topic searches 
were conducted in both databases on these papers for 
key words including: hydrology, hydrological, runoff, 
discharge, meltwater, water, water source, water storage, 
and water equivalent. 
 
3 REVIEW RESULTS 
 

The ISI Web of Science
TM

 “all fields” from 1900-2014 
search generated 313 articles and reviews for rock 
glaciers and 11,142 for glaciers respectively (Table 1). 
Papers published in the past 10 years from 2004-2014 
totaled 294 (68.5% of the available literature) for rock 
glaciers and 429 (26% of the available literature) for 
glaciers. The Geobase

TM
 search generated 429 journal 

articles for rock glaciers compared to 111,142 articles for 
glaciers from 1973-2014 with the “all fields” search criteria 
(Table 2). Journal manuscripts published in the past 
decade (2004-2014) represent 68.5% (294 articles) and 
69% (7689 articles) of the available literature for rock 
glaciers and glaciers respectively. A total of 219 papers 
resulted from the sub-topic results of both databases, 
which were further analyzed for relevance to rock glacier 
hydrology. From those papers, 73 were retained for 
further study of which only 28 were found to have an 



appropriate discussion on the hydrology to be further 
analyzed. The combined search results from both these 
databases indicate the major lack of the research on rock 
glaciers compared to glaciers that has been conducted in 
the past decade. Furthermore, sub-topic search results 
reveal that research on the hydrological significance of 
rock glaciers is also lacking. 
 
Table 1: ISI Web of Science

TM
 topic and subtopic search 

results for peer-reviewed articles and reviews publish from 
1900-2014 (abstracts/keywords/title). The subtopic 
searches are for all the spelling variances of “rock 
glacier”. 

Topic 
searches 
(all dates) 

Title  Topic 

Glacier* 5,409 14,286 
2004-2014 2,818 8,629 

Rock Glacier** 251 313 
2004-2014 122 259 

Sub-Topic 
searches 

Title (all 
dates) 

Title 
(2004-
2014) 

Topic 
(all 

dates) 

Topic 
(2004-
2014) 

Hydrology 3 1 12 9 
Hydrological 3 3 16 12 

Runoff 0 0 6 4 
Discharge 0 0 12 9 
Meltwater 2 1 21 14 

Water 4 3 104 79 
Water Source 0 0 3 3 
Water Storage 0 0 4 3 

Water 
Equivalent 

0 0 6 5 

* include: “Glacier” or “Glaciers”. 
 
** include: “Rock Glacier” or “Rock Glaciers” or “Rockglacier” or 

Rockglaciers” or “Rock-glacier” or "Rock-glaciers". 

 
 
 
 

Table 2: Geobase
TM

 topic and subtopic search results for 
peer-reviewed journal articles publish from 1973-2014 
(subject/title/abstract). The subtopic searches are for all 
the spelling variances of “rock glacier”. 

Topic 
searches 
(all dates) 

Title  Subject 
Title 

Abstract 

All Fields  

Glacier* 4,124 7,621 11,142 
2004-2014 2,831 10,999 7,689 

Rock Glacier** 207 429 429 
2004-2014 134 294 294 

Sub-Topic 
searches 

(all dates) (all dates) (all dates) 

Hydrology 2 13 19 
Hydrological 4 15 16 

Runoff 0 5 5 
Discharge 1 10 10 
Meltwater 2 23 23 

Water 4 86 95 
Water Source 0 2 2 
Water Storage 0 4 4 

Water 
Equivalent 

0 5 5 

Sub-Topic 
searches 

(2004-
2014) 

(2004-
2014) 

(2004-
2014) 

Hydrology 1 11 15 
Hydrological 4 10 11 

Runoff 0 4 4 
Discharge 1 8 8 
Meltwater 1 17 17 

Water 3 67 72 
Water Source 0 2 2 
Water Storage 0 3 3 

Water 
Equivalent 

0 5 5 

* include: “Glacier” or “Glaciers”. 
** include: “Rock Glacier” or “Rock Glaciers” or “Rockglacier” or 

Rockglaciers” or “Rock-glacier” or "Rock-glaciers". 
 

Our analysis of all papers with sufficient relevance to 
rock glacier hydrology showed that there is no consensus 
on the relationship between rock glacier and hydrology. 
Even though the hydrology of watersheds containing rock 
glaciers have not been thoroughly studied, several 
authors suggest that rock glaciers, especially ice-cored 
rock glaciers, are an essential component of the basin 
hydrology. Some authors even suggest that discharge 
from rock glaciers is similar to or greater than discharge 
from uncovered glaciers of similar size (Corte 1978; 
Gardner and Bajewsky, 1987). Several research articles 
have recognized rock glaciers as potential storage 
reservoirs for water (Corte 1976; Corte 1978; Barsch 
1988). Others, such as Giardino et al. (1987), indicate that 
rock glaciers act as aquifers and there is a system of 
inputs and outputs from various processes within alpine 
drainage basins. Geiger (2008) further suggests that rock 
glaciers in Utah have a pronounced influence on the 
hydrology of an alpine catchment. Due to the scarcity of 
glaciers in the Chilean and Argentinean Andes, some 
authors have emphasized the hydrologic importance of 

thawing ground ice in mountain permafrost environments 
and in particular, of rock glaciers (e.g., Brenning, 2005; 
2008). Corte (1978), working in the Argentinean Andes of 
Mendoza Province, claims that rock glaciers provided 
56% of the total annual discharge of the Cuevas River, 
while glaciers provided only 44% of discharge, despite the 
fact that uncovered glaciers occupy a larger area. Other 
authors such as Buk (2002) and Schrott (2002) have 
presented qualitative evidence on the hydrological 
contribution of rock glaciers in South America. Milana and 
Guell (2008), on the other hand, after conducting a study 
on the mechanical and hydrological differences of rock 
glaciers in the Andes, concluded that the hydrological role 
of rock glaciers is variable and heavily depends on the 
origin of the feature. Finally, Brenning (2005; 2008) and 
Azócar and Brenning (2010) hypothesise that rock 
glaciers play an important role within hydrological systems 
of the semi-arid mountain environment. However, their 
approach was criticized by Arenson and Jakob (2010) 
because of the lack of data that would support such a 
hypothesis. 



Although a number of authors suggest that rock 
glaciers contribute to total annual runoff that is important 
to down-stream water use, these conclusions are 
generally based on non-quantitative data for support. A 
recent paper by Falaschi et al. (2014), for example, 
illustrates the prevailing myth as they relate to rock glacier 
hydrology in the first sentence of the abstract: “Rock 
glaciers near the Andean mountains of central and 
northwestern Argentina provide an important supply of 
water for agriculture, but data on their number, size, 
geographic distribution and altitudinal range are poorly 
known.” While providing no measurement or theoretical 
consideration based evidence, the sheer number of rock 
glaciers identified by the authors made them conclude 
that they must provide an important supply of water for 
downstream users.  

Hence, in criticism, some researchers warn that others 
draw their conclusions on qualitative and highly selective 
information only, which does not account for the multitude 
of other surface and subsurface water sources. Additional 
authors suggest that the hydrological contribution of rock 
glaciers to stream flow is negligible and depends on the 
amount of interstitial ice encountered and the thermal 
regime of the rock glacier. A detailed downstream 
discharge monitoring study of three rock glaciers in the 
Austrian Alps found that hydrograph peaks occurred after 
local storms and during the spring melt, indicating that a 
majority of the runoff was derived from snowmelt and 
precipitation (Krainer and Mostler. 2002). Higher electrical 
conductivity in late summer derived from the metamorphic 
bedrock indicated that groundwater is more important 
than potential melting of internal ice later in the runoff 
season. Additional stable isotope analysis of the rock 
glacier runoff, snow, and ice indicate peak flows are a 
result of snowmelt, while base flow is a combination of 
groundwater and surficial ice melt discharge (Krainer et 
al., 2007). Krainer et al. (2007) further state that the 
presence of active rock glaciers in high alpine catchments 
exerts little influence on the total runoff due to the 
relatively small amount of meltwater derived from melting 
of internal ground ice. 

Despite the importance of the hydrology of rock 
glaciers, most studies are qualitative, rather than based 
on reliable measurements of individual system 
components, over sufficient time periods, combined with a 
quantitative analyses. Furthermore, such studies often 
ignore the geothermal characteristics of rock glaciers 
which cannot support significant annual runoff contribution 
from rock glaciers. The following section conceptually 
explains why rock glacier contribution to downstream 
water use is negligible compared to other water sources 
such as snowmelt and rain. 
 
4 DISCUSSION 
 
4.1 Mountain Permafrost Hydrology 
 
In order to understand the hydrological contribution from a 
rock glacier, it is important to introduce the specifics of 
mountain permafrost hydrology. Water and permafrost 
have an intricate non-linear relationship. The presence of 
water affects the distribution and thermal regime of 

permafrost whereas the spatial distribution, depth and 
thickness of permafrost affect the general hydrology, 
runoff and infiltration of a watershed (Brown, 1974). In 
areas of warm permafrost the amount and frequency of 
precipitation particularly influences the depth of seasonal 
thaw and the soil thermal profile (French, 2007). The 
amount of moisture in the soil immediately before it 
freezes determines the ice content of the layer and the 
amount of surface water and infiltration capacity of the soil 
affects the depth of thaw during the following summer 
(French, 2007). With respect to the influences of 
permafrost on the hydrology of watersheds, the main 
effect is the restriction of exchange between surface 
waters and subpermafrost groundwater (Cheng and Jin, 
2012). The hydraulic conductivity of frozen soils can be 
several orders of magnitude lower than comparable 
unfrozen soils, depending on ice content and thickness of 
the unfrozen active layer (Kane et al., 2013). The result is 
a perched water table within the active layer above the 
frost table. This vertical flow restriction, especially in 
continuous permafrost zones, results in surficial ponding 
of water within flat terrain and high rates of surface soil 
erosion in steeper terrain where surface runoff is 
considerable due to the limited percolation (Cheng and 
Jin, 2012). The presence of permafrost also affects the 
time distribution of surface runoff. Watersheds underlain 
by permafrost tend to have a quick response to 
precipitation and their hydrographs peak earlier in time 
than basins without permafrost (Prouse and Ommanney, 
1990). Figure 1 is an attempt to illustrate seasonal runoff 
from the active layer and its approximate hydrograph.  

The relationship between permafrost and hydrology in 
mountainous regions is even more particular and 
susceptible to local weather and thermal conditions 
(French and Slaymaker, 2011). Mountain permafrost is 
heterogeneous, rarely continuous and is found in areas 
that the local radiation and weather conditions allow its 
accretion (French, 2007). In addition, mountain hydrology 
is highly controlled by local weather patterns, air 
temperature and altitude which determine the spatial 
distribution of precipitation and its physical state (i.e., solid 
or liquid) (Prouse and Ommanney, 1990). Generally 
speaking, mountain regions are considered as regulators 
of the down-stream hydrology. There is common 
consensus that during winter precipitation which is 
typically in the form of snow, is easily stored on the 
surface of the terrain by accumulation processes. This is 
especially true for glaciated basins which store water in 
the form of ice and snow (Benn and Evans, 1998). This 
results in a dry winter landscape, at high altitudes, and a 
wetter environment down-stream, where precipitation is in 
the form of rain (Benn and Evans, 1998). During summer 
when rain is minimum at lower elevations, the melting of 
snow and ice provides the water for surficial runoff (Benn 
and Evans, 1998). Although the contribution from snow 
melt and surface ice melt can generally be picked up in 
hydrographs that record discharge of a certain watershed, 
there is a fundamental difference between snow-melt / 
surface ice melt and ground ice / permafrost ice thaw 
(Woo, 2012). Surface snow and ice is directly influenced 
by solar radiation and air temperature and will therefore 
respond quickly (Woo, 2012). Ground ice, however, is 



only affected by ground temperatures since it is protected 
by the snow (during winter) and the ground surface 
(during summer) from solar radiation (Ireson et al., 2013). 
Hence, the changes in ground temperature with time and 
depth are a function of conductive and convective heat 
transfer parameters, as well as the latent heat effects of 
ice and water (Ireson et al., 2013). As such, it takes time 
for the summer temperatures to penetrate into the ground 
to warm and thaw any ground ice at depth. Given the 
noted temporal delays, it is very difficult to link watershed 
hydrographs for a whole basin to permafrost thaw, or 
even to the effect of permanently frozen ground. 

Frampton et al. (2013) used a three-phase water flow 
model coupled to heat transport to show that decreased 
seasonal variability in groundwater discharge may serve 
as an early indicator of permafrost degradation, since 
increased annual mean flows may take a longer time to 
become apparent. Only if surface water runoff, 
precipitation values, sublimation rates, evaporation rates 
and groundwater flows are recorded individually as well 
as spatially, a clear understanding of the water flow 
regime is obtained and credible conclusions may be 
made. 

 
Figure 1. Schematics of runoff seasons from active layer and approximate hydrograph. 
 
4.2 Rock Glacier Hydrology 
 
Rock glaciers are part of the periglacial environment and 
present permafrost in the form of ice within their core 
which varies in concentration depending on genesis and 
type. In terms of their dynamics, three types of rock 
glaciers exist: active, inactive and relict (e.g., Barsch, 
1996). Active rock glaciers have ice in the form of matrix 
ice or massive, depending on the genesis of the form. 
These forms present active movements and deformations, 
and the only way they could be able to supply water to 
downstream users would be by permafrost degradation 
and the release of previously frozen interstitial ice. Due to 
the slow conduction of heat though the ground, the 
degradation of rock glaciers is a very slow process and 
only occurs when the rock glacier or any other landform in 
the permafrost-underlain terrain is not in equilibrium with 
the current climate (i.e., atmospheric warming). Rock 
glacier transition from active to inactive and eventually to 
relict, occurs over centuries to millennial time scales. 
Konrad et al. (1999) dated a rock glacier in Wyoming to 

have formed before the Little Ice Age which may contain 
ice dating to the mid-Holocene or earlier. On the other 
hand, glaciers of similar volume loose ice at rates that are 
orders of magnitude higher. This explains why many small 
glaciers in the European Alps have completely 
disappeared since the Little Ice Age (WGMS, 2013), while 
in the same time period, very little visible changes have 
been observed for rock glaciers in the Alps. The latter only 
react to long-term trends in changes in precipitation 
(Bodin et al., 2009; Buchli et al., 2013) and longer-term 
(decadal scale) air temperature variability (Sorg et al., 
2015), being insulated from shorter term changes in air 
temperature, while the former are more sensitive. For the 
same reason, many more rock glaciers exist in the dry 
Andes than glaciers.  

Rock glaciers are permafrost landforms with a far 
more complex mass balance than that of a glacier (Figure 
2). The mass of a rock glacier consists of ice and debris 
from various sources. In addition, complex energy fluxes 
occur in the active layer that control the thermal regime in 
the rock glacier in response to atmospheric conditions 



(Scherler et al., 2013). Mass gain occurs in the form of 
snow, groundwater, precipitation and debris. The loss of 
interstitial ice comes from various forms of permafrost 
degradation, but due to the thermal protection of the 
interstitial ice by the active layer, any changes in the 
permafrost temperatures are very slow. 

What has been described in the previous section on 
permafrost hydrology is also applicable to rock glaciers. 
They have an active layer and their hydrological role can 

be summarized as a temporal storage of water in the form 
of seasonal ground ice within the active layer (which is not 
part of the permafrost) during winter months which is 
released during the summer months as the thaw front 
penetrates the active layer. Runoff typically flows laterally 
on top of the permafrost table (bottom of the active layer). 
There is little melt of ground ice from the permafrost body 
due to protection from the active layer and latent heat 
effect.

 
Figure 2. Simplified schematic of a rock glacier mass balance. 
 
Inactive rock glaciers do not show signs of forward 
movement, but they still contain ground ice and precise 
topographic measurements demonstrate a lowering of 
their surface elevation. The lack of forward movement is a 
result of decreasing ground ice content. As the pore ice 
content decreases, the solid particle contact increases, 
and creep deformation ceases. Inactive rock glaciers 
often show signs of permafrost degradation such as mass 
loss and the formation of thermokarst features (Brenning, 
2005; Springman et al. 2012) resulting in a small and slow 
contribution to the runoff from the thawing ground ice. On 
the other hand, relict rock glaciers no longer contain 
ground ice and may not reliably be distinguishable from 
hummocky moraine deposits. Some are vegetated while 
some are still bare rocks. Typically, they are no longer 
part of the periglacial environment and are predominantly 
found at lower elevations. 

Lastly and independently of the type of rock glacier, 
the possibility of hydrological contribution should be 
relatively evaluated in relation to other sources of water in 
the watershed, before considering it significant (Arenson 
et al., 2013). Preliminary modelling approaches of the 
significance of the hydrological contribution of degrading 
permafrost in the arid Andes, suggest that this is 
negligible and non-measurable (Arenson et al., 2013). 
 

5 CONCLUSION AND RECOMMENDATIONS 
 
Our review shows that the number of publications 
focusing on rock glacier hydrology and potential water 
storage is small in comparison with published research on 
other aspects of rock glaciers, such as their morphology 
or dynamics. In mountain watersheds with glaciated 
terrain, hydrology has been studied intensively; whereas 
in mountain watersheds where glaciers are absent but the 
presence of rock glaciers is considerable, there is no 
consensus of the relationship between rock glaciers and 
their hydrological role. Although some authors suggest 
that rock glaciers do play an important role in the 
contribution of total runoff to down-stream water 
resources, there are also a number of publications that 
warn from such conclusions as they were based on 
qualitative information only, lacking actual data. Currently, 
rock glaciers and their respective hydrological 
characteristics are in the spotlight due to their prevalence, 
their obvious visual manifestation and their mention in 
legislation and guidelines in South America. However, the 
quantitative evidence is absent and the fact that the 
ground ice in rock glaciers is not an available water 
source is often ignored. It is important to note that ice 
contained in soils or rocks within rock glaciers is in 
permafrost and does not contribute to runoff because it is 



permanently frozen. It can only contribute to runoff if 
permafrost is degrading under warmer climate conditions 
with a thickening of the active layer below its seasonal 
variability. Permafrost degradation is a slow process due 
to protection from the active layer and the slow latent heat 
effects of thawing ice. 

We are not aware of any scientific study that has 
quantitatively established the complete hydrological role 
of the periglacial environment within a given watershed or 
region. We conclude that rock glaciers should be 
assessed under a holistic approach; their significant 
differences in dynamics, morphology and energy 
exchange to glaciers must be acknowledged. In addition, 
detailed field research is required in order to properly 
determine the role of rock glaciers and the periglacial 
environment on the hydrological cycle in mountain 
watersheds. Quantitative data is needed moving forward 
to address this gap in knowledge and there is a need to 
develop a field based method of separating runoff from 
rock glacier from the numerous main runoff sources of the 
adjacent slope. 
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