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Ina 1.5°C
world, glaciers
in the HKH will
lose 1/3 of their
_volume by

Source: HIMAP climate change
and cryosphere chapters and
Kraaijenbrink et al. 2017, Nature

And 2/3 of their
volume under
current emission
trends

Snow covered areds and snow
volumes will decrease and
snowline elevations will rise;

Snow melt induced run-off peak
will be stronger and occur earlier
in the year

Even 1.5
Degrees is
Too Hot for
the HKH

and amplified
by elevation
dependent
warming



Mapping and Limitations

Rugged terrain Time consuming
High elevation Manpower
Remote area Old topographic
Expensive field map

survey Res’rric’rion of map
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Without high-quality training data, even the
most efficient machine learning algorithms will
fail to perform.




Glaciers

A glacier or perennial snow mass, identified by a single GLIMS glacier ID, consists of a body of ice and snow that is
observed at the end of the melt season. This includes, at a minimum, all fributaries and connected feeders that contribute
ice to the main glacier, plus all debris-covered parts of it. Excluded is all exposed ground, including nunataks.

--GLIMS Glacier Inventory

Source: Jakob Matecki




Methodology

Semi-automatic — Object-based image classification

SRTM Dem
(Slope, Aspect)

T /L

Multi-resolution segmentation
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Glacier classification

Clean-ice (Cl)

NDSI

Filters

NDVI
LWM
Slope
Elevation
Area

Quality control

Smoothing the
glacier and glacial
lake boundary

Visual interpretation
with high resolution
images available in
Google Earth

Splitting the
individual glacier
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Geo-spatial data/
information

Glacier / Glacier Lake ID
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The status and decadal change of glaciers in Bhutan from the 1980s
to 2010 based on satellite data

Samjwal Ratna BAJRACHARYA, Sudan Bikash MAHARJAN, Finu SHRESTHA

ArcGIS Pro ,,

tional Centre for

A rc M ap 1 Mountain Development (ICIMOD), Kathmandu, Nepal
- E-mail: sabajracharya@icimod.org

ABSTRACT. In order to monitor changes in the glaciers in the Bhutan Himalaya, a repeat decadal
glacier inventory was carried out from Landsat images of 1977/78 (~1980), 1990, 2000 and 2010. The
base map of glaciers was obtained by the object-based image classification method using the
multispectral Landsat images of 2010. This method is used separately to delineate clean-ice and debris-
covered glaciers with some manual editing. Glacier polygons of 2000, 1990 and ~1980 were obtained
by manual editing on 2010 by separately overlaying respective years. The 2010 inventory shows 885
glaciers with a total area of ~642 + 16.1 km®. The glacier area is 1.6% of the total land cover in Bhutan.
The result of a repeat inventory shows 23.3 5 0.9% glacial area loss between ~1980 and 2010, with the
highest loss (11.6+1.2%) between ~1980 and 1990 and the lowest (6.7 +0.1%) between 2000 and
2010. The trend of glacier area change from the 1980s to 2010 is —6.4 + 1.6%. Loss of glacier area was
mostly observed below 5600 ma.s.l. and was greater for clean-ice glaciers. The equilibrium-line altitude
has shifted upward from 5170+ 110ma.s.l. to 5350+ 150 ma.s.l. in the years ~1980-2010.

KEYWORDS: glacier mapping, mountain glaciers, remote sensing






27°55'N

-

* PO MY

C () & codsearthengine.googlecom
@ Books Reports, Mo.. » Other bookmarks Reading fist

Planner 50 - bikash... (B) Planet Explorer [B] Flow-R == Global climate mod

niine Trad... Learning SAR processing <> Image Visualization.. (8) Floorplanner Dashb..

T Apps £ NetTVzDrvenbyl. & NEPSE

Google Earth Engine  Search places and datasets m om ,‘.

[oncomerva T g e T N BT ) | e () ke
andslige - V1 Set up the oversll structure of the app, with a control pancl to the left + | Use print(...) to write to this console. %

T Globalwater

sing Google earth engine

Start Date (YYYY-MM-DD)

1
W floodmapping 2 een map
W landslideMelamchi 3 ui.root.clear();
W sentinell 4 var panel = ui.Panel({style: {width: ‘2500x"}}); &0
, 5 var map - ui.Map();
Sentinelel 6 var panell = ui.Panel({style: {width: s
. » Strom_bara 7 s 2016-29-01 "
» Training 8 //define Varisbles
» Writer o 3
» linearfit_landsat 1 »®
T Classification_Stub js 12 ;
‘ 13 =2
Events & 1ope ’ 2016-09-01 son
W GR_FTenzing bt 5
B Glaciallake\WorldGLmap 1. s
W GlacialLake._final 17 i undefined
!

2016-09-01
End Date (YYYY-MM-DD):
2016-12:30

Load

86°50'E 86°55'E
Il

-

* PO NG

C (3 & codeearthengine.googlecom
ver bockmarks

eading st

Planner 5D - bikash... (B) Planet Explorer [ Flow-R == Global climate mod.. @ Books, Reports, Mo

nine Tradh.. [ Leaming [ SAR processing > Image Visuslzation. (@) Floorplanner Dashb.

t Apps E- NetTV:zDrvenbyl. @2 NE

Google Earth Engine  Search places and datasets e I

e

BT Docs Assets
« | Use print(...) to write to this console.

T landslideMelamchi
Wi sentinell

» Sentinelel a0
» Strom_bara
~ Training
1 Day2_2_Landsatcomposit 2018-89-01
W Glacier_Date as
B Mask 46+ function maplandsat(myRou, myPath, startDate, enddate) { TR0 bS]
Bisatibi 47 print(myRow); 8
.Fax‘ (copy) 48 print (staftDBQ:?‘:
anel 4 = ce. TnageCol lection( ' LANDSAT/LCA_LIT
z T composite_NDVI_Timeseries
o s1
-2 RglacTest >
& W glaciallake &= 4.
& B glaciermap 54 .
& alacierman (coov) = S5« »
Path sateite J NOSE
142
Row Slope:
38
Elevation
Start Date (YVYY-MM-DD)
20161101
Legend 2 ’ { Wit Ul ) Execute
| " » i End Date (YYYY-MM-DD):
B Giacier (2010) ’
L § . 20161130
[ Glacier (2000) - ) i
" 4 ‘ g =
Glacier (1992) 2 <
Glacier (1979)
D Basin boundary
Contour

T T
86°S0E 86°55'E




Unceriainties

1. Quality of the image (with potential issues due —  Can be visuadlly identified and corrected but

to seasonal snow, shadows and cloud cover), an exact quantification is difficult due to the
, , — lack of reference data available from the
2. Interpretation of glacial feafures and region (Racoviteanu et al., 2009; Shukla et al., 2020).

methodology used

3. Post-processing techniques (Le Bris & Paul,
2013;169 Paul et al., 2013, 2017; Racoviteanu et
al., 2009, 2019)

Significant and have an impact on
glacier area estimation. Therefore,
we applied a buffer-based
assessment to glacier areas with the
buffer width set to one-pixel

(Bolch et al., 2010; Granshaw 174 & Fountain, 2006;
Modlg et al., 2018; Paul et al., 2017; Racoviteanu et al.,

2009; Shukla et al., 2020; Tielidze & 175 Wheate, 2018),



Unceriainty

The buffer-based method determines the highest and lowest estimates of glacier size
uncertainty using factors such as glacier size and imagery spatial resolution. This method is

more suited for a specific dataset and is recommended when no dependable reference

data exists (Paul et al., 2017; Racoviteanu 179 et al., 2009; Shukla et al., 2020).

The uncertainty of glacier area in the present study:

2.5%,2.4% , 2.5%, 2.5 % for the years 1990, 2000, 2010 and 2020 respectively
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I nd U s BCI Sin 19,789 glaciers encompassing a surface area: 23,860 + 596.5 sqg. km (2020)
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Basin wise change (1990 - 2020)
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Area change (1990 - 2020)
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Basin wise change (1990 - 2020)
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Decadal Glacier change in the HKH (1990 — 2020)
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Comparison to other inventories
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Similar differences in Bhambiri et al., 2022 and Soheb et al., 2022




Comparison to other inventories
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GLOF DATABASE
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GLOF distribution in HMA
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GLOF database of High Mountain Asia

UPDATED DATE: 10/21/2022 12:07:12 PM DOWNLOAD

Glacier lake outburst floods (GLOFs) have been intensely investigated in high mountain Asia (HMA) in recent years and are often the first hazard related to the cryosphere mentioned in the region. As
glaciers are receding and surrounding slopes become increasingly unstable such events are expected to increase, although so far, no evidence exists for the same. Many studies have investigated
individual events and some regional inventories exist however they either do not cover all types of GLOF, do not cover the entirety of the region and none generally discuss downstream impacts.
Previous inventories also do not rely on non-academic sources and are not combined with already existing inventories of glaciers and lakes. In this study we present a first comprehensive inventory
of GLOFs in HMA, including the time of their occurrence, processes of lake formation and drainage involved as well as downstream impacts. We find 660 individual GLOFs that occurred between 1833
(with 4 historic events before that date) and 2022, 20% of which occurred from repeated events at just three ephemeral ice dammed lakes. All events resulted in 6907 fatalities, of which 6000 were
caused by just one event that included a number of other drivers of the eventual flood. The combination of the database with previous inventories of glaciers and lakes allows future assessments of
potential drivers of GLOFs, allowing more robust future projections of their evolution. The presented database and its future updated versions are traceable, version controlled and can be directly
incorporated into further analysis.

Schema 5019139

Purpose This database provide a first comprehensive dataset of GLOFs in HMA including their location, timing, associated processes and downstream impacts; which can
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Application of the data -

Mapping Glacial Lakes Using Historically Guided
Segmentation Models

Machine Learning for Glacier Monitoring in the
Hindu Kush Himalaya

Shimaa Baraka' *, Benjamin Akera' ", Bibek Aryal® ", Tenzing Sherpa’®. Finu Shresta®, Anthony
Ortiz*, Kris Sankaran’, Juan Lavista Ferres*, Mir Matin’, and Yoshua Bengio'

'Mila
2University of Texas at El Paso
3Integrated Centre for Mountain Development
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SUniversity of Wisconsin - Madison
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(c) Glacier Labels

(d) Mask of Binary Class (e) Mask of Multiple Classes

(f) Mask of Combined Two Models
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Anthony Ortiz, Weiyushi Tian ¥, Tenzing Chogyal Sherpa'>. Finu Shrestha ', Mir Matin"”, Rahul Dodhia,

Juan M. Lavista Ferres

Abstract—In this article, we compare several approaches to
segmenting glacial lakes in the Hindu Kush Himalayas in order
to support glacial lake area mapping. More automatic mapping
could support risk assessments of Glacial Lake Outburst Floods,
a type of natural hazard that poses a risk to communities and
infrastructure in valleys below glacial lakes. We propose and eval-
uate several approaches that incorporate labels from a 2015 survey
using Landsat 7 ETM+ SLC-off imagery to guide segmentation
on newer higher resolution satellite images such as Sentinel 2 and
Bing Maps imagery, comparing them also to approaches that do
not use this form of weak prior. We find that a guided version
of U-Net and a properly initialized form of morphological snakes
are most effective for these two datasets, respectively, each pro-
viding between an 8-10% intersection-over-union improvement
over existing U-Net segmentation approaches. An error analysis
highlights the strengths and limitations of each method. We design
visualizations to support the discovery of lakes of potential con-
cern, including an interactive exploratory interface. All the codes
supporting our study are released in public repositories.

Index Terms—Climate change, deep learning, glacial lakes,
glacier mapping, morphological snakes.
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These lakes are dammed by moraine complexes, which are often
unstable and have a potential to breach. A Glacial Lake Quiburst
Flood {GLOF) event occurs when a dam holding a glacial lake
collapses. The resulting rush of water and accumulated debris
can cause significant damage to nearby communities destroying
human lives and infrastructure. GLOFs have led to more than
12 000 deaths and destroyed roads, bridges, hydroelectric devel-
opments, and entire villages [4], [20]. The accurate delineation
and mapping of glacial lakes across multiple timepoints is re-
quired for determining the risks of such GLOF events [8] and
developing GLOF mitigation strategies.

Different organizations around the world, including the In-
ternational Centre for Integrated Mountain Development (ICI-
MOD), have been working on creating glacial lake invento-
ries [3], [8). [11], [12], [14], [18], [22]. [24], [26]. [30]. Until
now, most of these inventories have been opting for manual
methods of delineating glacial lakes using optical or synthetic
aperture radar (SAR) imagery [3]. [8], [12], [15], [24]. There
have also been several studies that have applied semiautomated
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