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() ( . ) CLIMATE CHANGE
> A. Overview Change in
Q T VA Q frequency &
< 2 A . . . . . magnitude of
o Climate change is resulting iimass loss and theretreat of glaciers _ o - montane/glacial
e . . . Air Precipitation  Intensified hazards
in the Andes, exposing steep valley sides,-o@pened valley temperature  change weather systems
o) bottoms, and creatinglacial lakes.
wn LWL
2 O : . . -
ERG A Glacial Lake Outburst Floods (GLOFs) have presented the bigg&st Impact onsocio- Continualmonitoring/
- ] . . economic risk assessment &
b2 posed by glacier recession in Peru. otvitin where possible
© remediation
\ ) : . L
——| | A Understanding the characteristics  of lakes that have failed in the

past will provide an aid to identifying those lakes tmaght fail in
the future and narrow down which lakes are of greatest interest fol
reducing the risks to local vulnerable populations.

C.GLOF
hazards

A Using anewly created lake inventory for the Peruvian Andes
(Wood et al, in review) and a&omprehensive GLOF inventory
(Emmeret al, EGU219744) we investigate lakes from which GLOFs
have occurred in the past.

A This is to establish whichhysical components of the glacial lake
systems are common to those lakes that have fail@@viouslyand
which can be identifiecemotely, easily and objectively ,in order
to improve existing methods ofiazard assessment.
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Examples of (left) moraine dammed and (righit)bedded
bedrock dammed lake in the Cordillera Blanca, Peru )
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2 B. Glacier lake inventory for Peru
. '% (Wood et al, in review)
<5
> . .
O A A new glacier lake inventory was created for the
— Peruvian Cordilleras
2 o A Manual digitization of,557 glacial lakes covering a
s 2 o) total area of 328,85 ki
g O A Inventory includesmportant metrics ~ (e.gdam
N type and volume)
L A Conducted pilottemporal analysis (Landsat 1984
O 2019)
O3
@) <
A Results show
Y A 97%are detached from existing glaciers
2 A Embedded ~64%
ks A Moraine dammed ~27%
a A Lake size varies with dam type
—
o> ) .
S A Important first step towards:
E (1) bettering ourunderstanding of current
7 glacial environments in Peru
Lu . - . .
) { A (2) assessingsks associated wittGLOFs
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A 158 GLOF events from 150 lakes across
Peru (and Bolivia)
A 66% previously unrecorded

A Results show:

C.GLOF
hazards

A ~18% are from lakes with combined
dams

A

A Cordilleras Blancajuayhuastand

Vilcabambare GLOF hotspots

A Inventories important for GLOF hazard
assessments toharacterise lakes which
pose apotential hazard

E. Summar% [ D. Results ] {
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A ~60% are from moraine dammed lakes

~16% originate from embedded lakes

A4

(—\ [ ] ) ?
2 B. GLOF inventory for Peru CR5.4 Contribution: EGU21-9744
<E- % (Emmer, Aet al, EGU219744) Risks from a changing cryosphere, and mountains under global change®
° Es
e _ EGUSsemny 2021
A New GLOF inventory for Peru i !
)
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2 C. GLOF hazard assessment Country -wide GLOF
< -g HAZARD
g A Past research has usedrallti -criteria approach ASSESSEMENT
\ ) to produce GLOF hazard assessments (e.g. ; T ; ]
e Kougkouloset al, 2018;Alleret al.,2019; Annacona _ ERRETE
g 9 et al.2014; Khadkat al, 2021; Islam & Patel, 2020). Lake Area Clegler DRI and geomorphic
a0 characteristics characteristics setting
o 2 o : :
S A These criteria are usuallyeighted according to J ! Il !
M relative Importance for determmm@ LOF A Lake volume A Proximity to ﬁ Type? ﬁ Landslides
L . estimates? lake Width Hanging ice
o 'C'SU thresholds and trigger parameters. A Effective A Retreat rate A Height A Connectivity
O N _ _ _ volume? A cCalving/non A Steepness to lakes
o< A For the welghting procedure to be done in a A Lake area calving A Freeboard A Catchment
— meaningful manner, it ideally needs toib®rmed change? A Gladier siope ||  height steepness
" ) ) \ ce core ]
£ by past GLOF events in the study region.
2 |
@ . .
) A Historical recordsof past GLOF events are _Often The importance of these GLOF generation factors will likely differ

— sparse but can be added to through analysis of spatially according to different topographic and climatic settings.

§ satellite imagery ;for example, the presence of

= distinctive vshaped troughs in adjacent terminal

3 moraines and debris fans can indicate past event$. (Above) Showing the key components and metrics for consideration in a
country-wide GLOF hazard assessment
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z D. Results: Lake area change Increase in lake size _B_024
.S
< —
g A For 26 GLOF events between 192019 lake area 0|
@ : : o
change was detected automatically (using Landsat)
) A Forthe majority oflakes|ake area increased between .
£9 the year prior to the GLOF event and the following year, £ S 7
O . .
5o whereas in few cases we see an expectatliction in 5
© Q
lake area % 2
( ) ®
g€ || | A GLOF B_020 5
o A Location: Huaytapallana T 5
O = A Timing: Aug 1990 to Feb 1991
P— A Dam type: Moraine -
(,, A Glacier contact: No s 7]
> A Elevation: 4640 ma.s.|
: S Decrease in lake siz
° A GLOF B_024 ° | | | . . |
M) A Location: Huayhuash 0.00 005 010 015 0.20 025 0.30
@© irAi .
E A Timing: Jan 1.999 Lake area pre-GLOF (km”?)
E A Dam type: Moraine
ﬂ A Glacier contact: Recent (Above)showing the change in lake size for Landsat image&hf@F
A JAN A Elevation: 4233 ma.s. ) event (yead 1) and postGLOF (year + 1) for 26 lakes across Peru.
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D. Results: Lake area change f6rOF B 020

Area change?

A4

A.
Overview

J

Glacier slope?

Glacier retreat rate?

B. Lakes
and GLOF

Glacier proximity?

|

C.GLOF
hazards

Connectivity to
lakes?

E. Summan][ D. Results ] {
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Hanging ice

2D

Landslides?

Catchment steepnessf

Type?

Dam width, height?

Freeboard height?

Steepness?

(Above) Showingake areachangehoughtime
based on Landsat imagery

indicate approximate GLOF timing GLOF
event coincideswith a drastic reduction of
lakearea

(Left) Google Earth view of the lakein 2019
Clear damage and breach of the frontal
moraine canbe seen Lakeis flankedby steep
slopes to the east and lateral/terminal
morainesto the north, westandsouth y
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