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ABSTRACT 
We examine the fluvial response of the River Blanco-Este (Chile) following the 1961 and 2015 
eruptions of the Calbuco volcano. The river drains the north-eastern flanks of the Calbuco and was 
heavily affected by ash fall, pyroclastic flows and post-eruption channel reworking. The long-term 
morphological evolution of the river is analyzed along a 6.5 km-long segment using a sequence of 
remote aerial images. Since 2017, short-term fluvial responses are studied in two reaches representing 
the upstream and downstream parts of this segment, using multi-temporal high resolution topography 
and orthophotomaps obtained combining dGPS surveys and digital photogrammetry applied to photos 
acquired from drones, to monitor topographic changes in the channel topography and the area of 
exposed movable sediments, grain size and large wood deposits. Due to the lack of flow data we use 
photos from time-lapse cameras as a proxy to qualitatively characterize river flow. The active channel 
observed after the 1961 and 2015 eruptions has a similar pattern. According to the evolution of the 
channel morphology after the 1961 eruption, we hypothesize that the river reached a quasi-equilibrium 
condition in 2014, a situation severely modified by the 2015 eruption. Long-term (decadal) evolution 
of the river reflects the adjustment between sediment budget and channel morphology that progressively 
shifts from a braided pattern to a stable single-threat channel that illustrates the equilibrium between 
the water and sediments load, the grain-size and the gradient. The 2015 eruption increased sediment 
supply and modified channel morphology, a new braided configuration is observed. The annual to 
flood-based responses reflect the complexity of the geomorphic dynamics of the river: channel incision, 
development of single channel patterns and head cut erosion in the upper study reach, and continuous 
erosive-depositional changes of several meters thick, with evident incessant lateral migration and severe 
bank erosion in the downstream river reach.  
Keywords:  River Blanco-Este, channel morphologic evolution, volcanic eruptions, Chile. 

1  INTRODUCTION 
Natural disturbances such as volcanic eruptions, wildfires, landslides, debris flows, and 
floods can substantially modify hydrologic and geomorphic processes in watersheds by 
destroying or burying slope-stabilizing vegetation, by adding large volumes of sediments and 
large wood that can divert or dam stream channels, and by disrupting normal hydrologic 
pathways (interception, infiltration, and surface and subsurface runoff) [1]–[5]. The duration 
and severity of such disruptive effects vary with relief, climate, vegetation, and the degree 
and area of impact. Quantification of geomorphological changes and rates of landscape 
evolution is a matter of primary importance, as much in natural hazards studies [6] as in 
calibration of landscape evolution models [7]–[9]. It is thus important to study places where 
morphological changes are rapid enough to allow measurements to be made that reflect actual 
surface processes, while avoiding a large observation window which may smooth or even 
erase the short-term evolution [10]. 
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     Volcanic eruptions undoubtedly have the potential to inflict the largest impacts of all these 
disturbances in terms of scale and severity [5]. They can damage, destroy, or bury extensive 
areas of forest vegetation and cover the landscape with volcanic ash, filling river valleys, 
obliterating watersheds, disturbing drainage patterns and changing channel size, pattern and 
structure [5], [11]. Decay of tree roots compromises slope stability, dead trees contribute to 
large log jams on valley floors, and volcanic ash can wash off slopes for years following 
eruptions. Hydrologic, sedimentologic, and geomorphic responses to major explosive 
eruptions are dramatic, widespread, and persistent, and present enormous challenges to those 
entrusted with managing disturbance response. Volcanic eruptions have the potential to 
strongly alter river hydrology, as well as sediment and large wood dynamics, with 
consequences on human safety and infrastructures, and the environment [12]–[14].  
     Effects on the fluvial geomorphology and geologic and ecologic processes have been 
reported after eruptions in USA [15]–[17], Philippines [18], [19], Italy [20], Mexico [21], 
[22], New Zealand [23], Montserrat Island [24], and Perú [25]; i.e. Pierson and Major [5] 
presented a comprehensive analysis on the hydrogeomorphic effects of volcanic eruptions on 
drainage basins.  
     Very little was known in Chile on this issue until the Volcano Chaitén erupted in 2008; in 
fact, that eruption attracted researches worldwide whose works have enhanced the 
understanding of the short and medium-term effects of a volcanic eruption on adjacent river 
systems [11]–[14], [26]–[28]. Within this context, we have extended the research on the post-
eruption fluvial responses studying the River Blanco-Este which drains the north-eastern 
flank of the Volcano Calbuco, following the last two eruptions in 1961 and 2015 to address 
the following research questions: a) To which extent the knowledge already acquired in river 
systems affected by the Chaitén volcano aids at better understanding of the fluvial response 
and recovery of the Blanco-Este? b) How do the intensity and type of volcanic disturbances 
(i.e. tephra fall, pyroclastic density currents (PDC) or dome collapses) control river 
morphology changes and subsequent recovery? c) Does the grain size of the sediments, for 
instance non cohesive sands in the Chaitén case and much coarser deposits in the Blanco-
Este, control the evolution and recovery of the river channels? d) How does the sediments 
residence time in the drainage network inform on the rates of channel reworking and how 
does it in turn control the morphological evolution of the river? e) How different is the role 
of these controlling factors in distinct river systems and what is their relative weight on the 
evolution of the channel and its eventual recovery? and finally, f) How can river corridor 
management and the associated decision making processes be informed by the specific 
knowledge acquired? 
     Within this framework, here we present an initial study of: a) the long-term morphological 
evolution of the River Blanco-Este analysing sequences of remote images from 1961 to 2016 
along a 6.5 km-long river segment, and b) the short-term fluvial responses in two reaches 
using HRT and orthophotomaps obtained combining dGPS surveys and digital 
photogrammetry applied to photos acquired from drones. 

2  STUDY AREA 
The study area corresponds to a 6.5 km-long channel segment of the River Blanco-Este (south 
Chile), that drains the north-eastern flanks of the Calbuco volcano and was heavily affected 
by ash fall, pyroclastic following the last two eruptions in 1961 and 2015. From the Calbuco 
crater at 1900 m a.s.l., the Blanco-Este flows for 13 km to join the River Hueñu-Hueñu and 
has an area of 39.6 km2 at the confluence (see Fig. 1).  
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Figure 1:    The study area, with the location of the River Blanco-Este draining the north-
eastern flanks of the Volcano Calbuco. In a red rectangle, the 6.5 km-long 
channel segment. Yellow circle and triangle indicate the position of the upstream 
and downstream reaches. 

     The Calbuco is a stratovolcano localized in the Southern Andes (41°19’51”S, 
72°36’46”W), which erupted on 22 April 2015 for the first time in 43 years, with very little 
warning. The Calbuco is one of the most active volcanoes in Chile and has a history of other 
twelve eruptions documented since the 18th century, occurring in 1792, 1893–1895, 1906–
1907, 1911–1912, 1917, 1932, 1945,1961, 1972, with the 1893 and 2015 eruptions being the 
largest of this period [29], [30]. These events have included tephra fall, lahars, pyroclastic 
flows, and production of a dome and lava flows of basalt to basaltic-andesite composition. 
The 2015 event involved several phases during 22 and 23 April with the eruption column 
reaching a height of >15 km and delivering ca. 0.27 km3 (dense rock equivalent) of basaltic-
andesite tephra initially to the northeast and then east across Patagonia and ultimately circling 
the globe [30]. More than 40 cm of coarse-gravel tephra blanketed the terrain high on the 
cone and about 20 cm of tephra up to 2 cm diameter fell in the village of Ensenada. 
Pyroclastic flows were triggered by two processes: partial collapse of the eruption column 
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and by the fall of hot, highly porous tephra (scoria, density ca. 1.5 g cm-3) into the heads of 
steep drainages originating on the upper flanks of the cone. This immediately formed 
pyroclastic flows that raced down the steep, narrow channels. Where the tephra fell onto 
snow and ice fields, meltwater mixed with tephra and entrained alluvium to form cool lahars 
that moved rapidly down many channels radiating from the cone [29]–[31], as they have in 
other recent eruptions [32]. The northeast flank of Calbuco, where the Blanco-Este flows, 
received a higher proportion of hot flows than other areas around the cone. Fig. 1 shows the 
study segment together with the two reaches tackled in the analyses. 

3  METHODS 
The long-term morphological evolution of the 6.5 km-long study segment is analysed using 
a sequence of three aerial photos and remote sensing images from 1961 to 2016, a period that 
includes the last two eruptions (1961 and 2015). Historical photos and modern images are 
geo-rectified by comparing available LiDAR information and dGPS coordinates obtained at 
specific control points, in order to generate topographic models that will eventually aid at 
determining the long-term sediment budget of the river channel [33], [34]. 
     In turn the short-term fluvial responses (months, years) are studied since 2017 in two 
reaches using HRT and orthophotomaps obtained combining Trimble® R5 PP/RTK dGPS 
surveys and digital photogrammetry applied to photos acquired from drones and analyses 
with Agisoft Photoscan Pro®. Multi-temporal HRT and orthophotomaps are used to study 
changes in channel topography and the area of exposed movable sediments, grain size and 
large wood deposits. 
     Due to the lack of flow data we use photos from time-lapse cameras as a proxy to 
qualitatively characterize river flow (i.e. no flow, low, medium and high flow). 

4  RESULTS 

4.1  Long term evolution 

The long-term morphologic evolution of the River Blanco-Este was analyzed using a 
sequence of three remote images, one from 1961 (aero photo, Instituto Geográfico Militar, 
resolution 2.3 m) immediately after the 1961 eruption, and the others from 2014 (Bing, 5 m 
resolution) and 2016 (Google, 1–2.4 m resolution) just before and after the 2015 eruption, 
respectively. The first period 1961 to 2014 allows us to study how the river adjusted to the 
1961 eruption, eventually reaching a new equilibrium. In terms of the second period, 2014–
2015, we analyze how a single eruption abruptly altered channel’s morphology and the 
overall valley floor configuration. After the 1961 eruption the mean active channel width in 
the study segment was 213 m, and by 2014 the channel had adjusted its morphology (i.e. 
single-threat meandering pattern) and showing a mean width of 78 m, altogether pointing to 
a quasi-equilibrium condition. The 2015 eruption severely modified this condition conveying 
the channel in the 6.5 km-long study segment to a mean width of 204 m and to a morphology 
almost identical to the one observed after the 1961 eruption (Fig. 2). 

4.2  Short term evolution 

In terms of the short-term effects of the 2015 eruption, field observations verify the extensive 
impact of this natural disturbance on the current morphology of the River Blanco-Este 
channel that the aerial images already displayed (Fig. 3). 
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Figure 2:    From above to below, the active channel and water limits (black and blue lines, 
respectively) for year 1961, 2014 and 2016, and a 2016 image (Google®, 2 June 
2016) of the study segment. Yellow arrows indicate flow direction. 

Figure 3:   The downstream study reach of the Blanco-Este before (left, DigitalGlobe®) and 
after (right, Google®) the 2015 eruption. 

     The upstream study reach of the River Blanco-Este valley displays channel incision, 
development of single channel patterns and head cut erosion. On the other hand, the 
downstream study reach shows massive accumulations of sediments that fill the valley floor 
offering a complex braided morphology, a multi-threat highly unstable pattern, with shifting 
channels and numerous bars that change their position on a flood basis. Sedimentation (of up 
to >3 m) appears to be the dominant processes in this valley reach, with erosion concentrating 
in the channel margins (Fig. 4). Both reaches are being quasi-permanently re-shaped by flush-
floods that typically occur in the area (Fig. 5). 
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Figure 4:    Raw difference of DEMs (DoD) between 11 April 2017 and 1 August 2017 on 
the downstream, study reach of the Blanco-Este (same spot as in Fig. 3). The 
colours displayed represent net change in elevation, expressed in meters. 
Negative values represent erosion (nearly entirely bank erosion in this case), 
while positive values represent deposition. The figure was produced using 
structure from motion photogrammetry processed in Agisoft Photoscan Pro® and 
GCD 6 for ArcGIS®. This DoD has not been classified to separate out vegetation 
or water and it has not been yet adjusted to account for uncertainty (i.e. minimum 
level of detection threshold of 0.5 m). 

 

Figure 5:    A view of flood dynamics in the downstream study reach of the Blanco-Este. 
Above from left to right, conditions at 16:00 on 18–20 July 2017. Below from 
left to right, conditions at 16:00 on 16–18 August 2017. Camera looking 
downstream. 

     Surface sediments are extremely poorly sorted, with large boulders, cobbles and gravels 
embedded in a sand matrix, conforming highly loose deposits easily mobilize by competent 
flows (Fig. 5), especially during austral winter and snowmelt related floods. Altogether, 
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observations point out that the river is at the initial stages of a long-term readjustment process 
of the sediment budget after the perturbation. Downstream, at the confluence with the Hueñu-
Hueñu, the Blanco-Este presents a rather stable gravel-bed morphology that leads us to 
hypothesize that the sediment wave affecting the valley after the eruption has not reached yet 
the lowermost segment of the river. 

5  FINAL REMARKS 
Based on evidences, we state that the river needed four decades to reach a more or less stable 
condition (or quasi-equilibrium condition) after the 1961 eruption, hence we hypothesize that 
the river system will require at least 40–50 years to reach again a stable morphological 
configuration. Nowadays, up-to-dated field and remote-sensing techniques allow tracking the 
short-term evolution of the new river channel and its responses through time, an approach 
that was not possible in the previous eruption period. So far, the river depicts extraordinary 
morphosedimentary activity following flood events, a fact that indicate that the alteration 
caused to valley floor was an intense and long-lasting phenomenon. Altogether, the Blanco-
Este provides a worldwide opportunity to observe the medium to long long-term evolution 
of a fluvial landscape profoundly affected by the internal forces of the Earth further modified 
by the current hydroclimatic activity. 
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