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What are we talking about?

1 — Glacial Lakes OutburstFloods (GLOFs)

— Where is it found?
— How they work?
— GLOFs in Peru

2 — Vallunaraju GLOF, small. . . but destructive event?
— Characterization of the event from Pléeiades
— Role of sediment availability

3 — Beyond the hazard...

— Increasing vulnerability?
4 - Conclusions



Context | GLOF
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Context | Elements of GLOF
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Context | Elements of GLOF

RISK = HPXZARD X VULNER;AABILITY
( | \
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Allen et al, 2015
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Context | Elements of GLOF
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Context | GLOF in Peru

7°30W | GLOF triggered by landslide.
Huggel et al., (2022). GLOF, risks, Destroyed 1/3 of the city and killed

global drivers and responsibilities
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* On 28 April, 2025, a rockslide has
suddenly fall into two periglacial lakes
(called hereafter Lake A and B) at left
flank of Vallunaraju glacier (~5 000 m
a.s.l.).

* Rockfall has completely empty both
lakes generating a debris Fflow
downstream.

* The debris-flow reached the lower part
of the Casca sub-basin causing damage
and losses to homes in the district of
Independencia.
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Cusicanqui & Lacroix (2025). CIEST? communication
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Results | PlanetScope imagery

* 2025-02-14: Small detachment. This  2025-02-14 | .- | 2025-03-05 |
event do not reach the lake. ' ‘ Y .

« 2025-03-05: Second detachment.
Same source but bigger. PV TR Y R '8

* 2025-03-26: Third detachment. 100 | ¥ Sd&Y . A0 . =
meters above the First event. Rockfall | ‘ | '
reach the lake and provoked an small
overflow of both lakes. The route to ;
Llaca glacier has been alredy  2025-04-07
impacted. A Q W

« 2025-04-28: Main and bigger event.
Close to the same source of the two
first events. This event has
completely empty both lakes causing
a cascade event.

e e =
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4 precursory events three months INAIGEM inventory (2020) © PlanetScope
Glaciers (] Lakes Event propagation Bands: 4-2-1

before to the main avent!!
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Results | Pléiades DEMs

* Two Pléiades stereo acquisition (9 year of
interval) were served to evaluate impacts for
the event and volumetric changes.

* Pléiades 02-01-2016:
e Slightly saturated due to fresh snow
patches.
* Large spatial coverage.

* Pléiades 07-05-2025:
* Restricted spatial coverage
* Source: Dinamis & CIEST?

 Both DEMs were processes automatically
with ASP using robust approach (Cusicanqui et
al.,, 2023, Berthier et al., 2025)

(OO0
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Results | DEM corrections

Without bias-correction
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Results | Rockfall volume estimation
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Results | Lakes volume estimation
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Results | Erosion volume estimation
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Results | Sediment Transport Analysis
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Results | Sediment Transport Analysis
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The total accumulated volume that reached the
city was 7 times the initial volume.
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Discussion | Short term weather (local weather station)
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Discussion | Inherited permafrost conditions

Cerro San Cristobal

Montaiia en roca
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Discussion | Volumetric context of the Vallunaraju GLOF

7 200000.0E O
Z =
= T S
S LA S
= s &t S
= ; =k
e Tk
e .
iyt
W
ol Al
-é‘\é',l: .
5
r X ‘ s
S bt SN
Z SV S
: e 5 S
S o S
8 ¥ T 8
=) :;5_1_%... .
= . e =
* K N
w s sk,
{;'1._ & {:‘ '--.‘
75 Yl
Fo 1
o
g
3%
e
B Lake inventory "..;‘ -
Z (INAIGEM, 2020) # 5 S
= » Lake with bathymetry - 8
Sk~ (Munozetal,2020) --ormeeeemeamee =
S| 10km ‘ =
o))
%o [ z

i
200000.0E

(OO0

lﬂa & Lake A
P s & LakeB
R0
107 :::,.;'
v -3‘:.“#
v
il
> 10 oA il
CC S The volume is known for
L 14% of the lakes while the
104 remaining 86%
correspond to small lakes
(average size of 0.03 km?).
o 104 105 106 107 108
Area (m?)

Adapted from Munoz et al., (2020).

19| 22



iscussion | Increasing vulnerability

@ Centro medio 2018
@ Centro medio 2001
¢ Centro medio 1977
@ Centro medio 1962
@ Centro medio 1948
.~ Hidrografia
O Elipse SD 2018
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Elipse SD 1977
CO Elipse SD 1962
O Elipse SD 1948
24 Zona aluvidnica
&7 Urbano/Poblado 2018

Villanueva & Vale (2022). Huaraz city growth




Conclusions

* Regarding the 28 April GLOF:

* Arock slide of ~270 000 m?3 detached from the rockwall.

 However, 430 000 m?3 are totaled in all events.

* Both lakes A and B make a total volume of 75 000 m3.

e Total volume of debris flow that reached Huaraz city was 7 times of
the initial volume.

 Some precursory events were recorded 3 month before the 28 April
event.

* Small events can (very often ignored) may generate bigger impacts due to
cascading effects, notably sediment input.

* Increase in vulnerability. The city of Huaraz is expanding towards the
glacial valleys.

(OO0
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Results | Discharge analysis

—— Normal Conditions: 0.36 m3/s with a runoff coef- 0.65
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Discussion | Short term weather context (last 25 years)
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Results | Long term weather context (75 years)
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Results | Long term weather context (75 years)
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Results | Long term weather con

text (75 years)
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Results | Long term weather con

text (75 years)
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