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Background & motivation

What is the status of glacier monitoring at national levels?

Facts & Figures

Knowledge of glacier distribution and quantification of glacier

Home GCW WGMS  Country Profiles  ICCI

change is crucial for assessing the impact of glacier shrinkage  counteyprofites
on regional freshwater availability, local geohazards, tourism, R s e
sites of cultural significance, and global sea levels.

i like the World Glacier

Therefore, glacier monitoring is essential for the development
of sustainable adaptation strategies in regions wherever
glaciers (still) exist.

“Country Profiles”

Standardized assessment South America

Comparative view of how glacier monitoring is progressing

Based on data available from the dedicated international
repositories (i.e., GLIMS, WGI, and FoG datasets).

https://www.un-glaciers.org/en/country-profiles



Country Profiles 2015

2015 baseline
* Published in Mountain Research and Development in
* Based on GTN-G monitoring strategy:

Tier 1: Multicomponent system observations across environmental gradients;

Tier 2: Extensive glacier mass-balance and flow studies within major climatic
zones to improve process understanding and calibration of numerical models;

Tier 3: Determination of glacier mass balance using cost-saving
methodologies within major mountain systems in order to assess regional
variability;

Tier 4: Long-term observations of glacier length-change data and remotely
sensed volume changes for large glacier samples within major mountain
ranges to assess the representativeness of mass-balance measurements;

Tier 5: Glacier inventories repeated at intervals of a few decades using
remotely sensed data.

Mountain Research and Development

An intemational, peer-reviewed open &
published by the Intemations! Meuntain Socioty (wsl
www mrd-journ:

2019 (Gartner-Roer et al.)

MountainAgenda
Target knowledge

Worldwide Assessment of National Glacier
Monitoring and Future Perspectives

Isabelle GartnerRoer'", Samuel U. Nussbaumer”, Fabia Hiisler’, and Michael Zemp'
Isabelle.roer@geo.uzh.ch

University of 2urich,

n,smmm

2 Federal Office for the Environment (FOEN), Papiermiihiestrasse 172, 3063 Ittigen, Swit
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it fs widely accepted that glaciers are retreating throughout the
world and that their decline causes serious impacts on many
societies. Knowledge of glacier distribution and quantification of
giacier changes s crucial to assessing the impact of glacier
shrinkage on the transboundary hydrological cycle and refated
issues, such as irrigation, energy production, and natural
hazard prevention. Therefore, glacier monitoring is vital to the
development of sustainable adaptation strategies in regions
with glaciated mountains. Baseline documentation is needed to
assess the current status of glacier monitoring, The aim of this

lo-u-/hr/l.l/l- M Anll the authors llll the full source.

Attribution 4.0 International License (http://

these freely on glacier
and changes (as of 2015) for all glacierized countries and
regions form the basis of this study. The resulting country
profiles are analyzed in relation to the existing GTN-G
monitoring strategy. Gaps between the current implementation
of glacier monitoring and implementation targets are compiled
in a solid gap analysis, which allows countries to be categorized
s having poorly developed monitoring, needing improvement,
or having well-developed monitoring. Three pilot cases

study is to assess national the
international monitoring strategy developed by the Global
Terrestrial Network for Glaciers (GTN-G) to make the data easily
accessible to a broader audience, to identify gaps in the
monitoring setup, and to guide countries in improving their
‘monitoring schemes. We developed a standardized procedure
to evaluate existing glacier data from international data

Introduction

Changes in glaciers throughout the world provide some of
the elearest evidence of global climate change (PCC
2018). Glacier decline will have
s that are dependent on glacier meltwater, as life
y of water
(Kaser et al 2010; Kraaijenbrink et al 2017; Mark et al
201%). In many mountain environments, as well as in
adjacent lowlands, glaciers play a erucial role in
freshwater provision and regulation (Buytaert et al 2017;
Huss and Hock 2018). It has been estimated that 140
million people live in river basins where at least 25% of
the annual runoff comes from glacier melt (Schaner et al
2012 Egan and Price 2017). While these impacts relate
more to local and regional scales, glacicr retre
on a global scale, significantly contributing to se
rise (Zemp et al 2019). Therefore,
from major mountain ranges are key to improving our
understanding of glacier changes: they provide
fundamental information on climatological and
hydrological processes (Bojinski ct al 2014) and related
hazard assessments (Nussbaumer et al 2017).

crious impacts on many

also acts

cier observation data

Boilvia, and are presented in detailed
country profifes.

Keywords: Glaciers; monitoring strategy; mountain regions;
country profiles.

Peerreviewed: June 2019 Accepted: June 2019

Insights from glacier monitoring can help to Taise
ple’s awareness of their dependence on water
resources from glacierized mounta
exposure to hazards re
motivate them to take adaptive me
changes. It has thercfore been sug
monitoring—which provides long-term information on
system changes based on sound data—should be included
in the development of sustainable adaptation strategies in
regions where glaciers oceur (Bjormsen Gurung et al 2012
Nussbaumer et al 2017). This requires exchange of data
between providers and users (at both the science and
policy levels) across disciplines and sectors (ICSU 2010;
MeBean 2011). Such exchange has already been initi:
ssments (IPCC 2013; Zemp et al 2019), but
nal and local levels the full potential of
existing data has not been tapped, or the baseline data are
inadequate for thorough assessments and related
decision-making proce

Based on a long history of glacier monitoring and
century-long observations (Zemp et al 2015), the Global
Terrestrial Network for Glaciers (GTN-G) has developed
an integrated, multilevel strategy for global glacier
observations. The stratey based on a system of tiers of

pe

with the

Haeberli ef al 2000; Gartner-Roer ef al. 2019




Country Profiles 2015

GLACIER MONITORING: CHILE

By far the largest ice cover in South America is found in Chile with more than 85% of
glaciated area located in the Patagonian Icefields. Glaciers cover about 3% of the
countries area (excluding Antarctica) and have a considerable impact on the landscape
and water supply emphasizing the importance of systematic monitoring.

Available series

Front variation ohasrvations

The longest observational FV series reach back to 1960. A peak of reported series is
found in the 1990s. Long-term glacio-logical MB series come from Echaurren Norte in
central Chile with more than 30 years of continous measurements. To date, 11 MB series
have been reported. While the WGI only covers 4% of the glaciated area, the GLIMS data
set offers an almost complete coverage with different timestamps.
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Key statistics

total glaciated area: 24693 km? Number of series: 177 1 56
total coverage WGI: 20 % Average length [years]: 14 56 1
total coverage GLIMS: 80 % Average number of observations: 2 10 1

Present state

Glacier monitoring carried out by several research
groups. There is national authority for glacier monitoring
with national data access and reporting partially
implemented.

There is one long-term mass balance programme at
Echaurren Norte based on the glaciological method. The

Front Mass Thickness
Variation Balance Change

Future potential/needs

Strengthen the national collaboration within the country
as well as with the Argentinian colleagues, especially in
view of the trans-national monitoring of the Southern
Patagonian Icefield.

Continue long-term mass measurement programme and
comph with d surveys and energy balance

glacier endangered to vanish in the near future.

Besides Echaurren Norte there are few gladiers with short
mass balance series.

A larger number of front variation series cover the
second half of the 20th century, some extending into
the LIA period. Both Patagonian Ice Fields are covered
with geodetic volume change assessments.

The glacierized area is only partly covered by detailed
inventories in WGl and GLIMS.

Spatial distribution of series

A rather well distributed coverage of measurement for FV¥ and
MB series from north to south can be observed in Chile. Most series
have only been initiated recently and predominantly FV series from
the Southern part have not been continued/report-ed after 2005. A
reason for this might also be the problems encountered when

conducting such measurements under

difficult logistical conditions and with unreliable financial support.

studies. Early start replacement measurements on one or
more benchmark glaciers.

Encourage long-term mass balance studies, combining
glaciological and geodetic methods, well distributed
over the diverse geographical setting of the country and
including the Patagonian lce Fields.

Complete gladier inventories with
remote sensing data. Plan next repeat
inventory towards 2020.
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* Countries with

very little ice cover

National glacier
monitoring status

D Urgent need for action
(0-3 points)

[ Need for improvement

(3.5-4 points)

[0 well developed (4.5-5 points)

Gartner-Roer et al 2019



Method of assessment (standardized procedure) wgms

* Tier 1 concerns the structural and organizational level of national glacier monitoring and
was evaluated by the existence of a National Correspondent (0.5 pt) and functioning
national coordination (0.5 pt).

* Tier 2 refers to the existence of detailed long-term series on glacier mass balances (0.5
pt) and "reference" glaciers with more than 30 years of ongoing measurements (0.5 pt).

* Tier 3 addresses the number of available series on mass balances (more than 3 = 0.5 pt)

and the related average number of observations (more than 10 years of observations =
0.5 pt).

 Tier 4 includes the numbers of front variations series and the average number of
observations (> 10 series with more than 30 years = 0.5 pt) and the number of thickness
change series and the average number of observations > 10 series with more than 30
years = 0.5 pt).

* Tier 5 concerns the available coverage in the glacier inventories with respect to the total
glacier area, as available from RGI 5.0 / RGI 7 (complete coverage in one or the other
repository =1 pt, part coverage in one or the other repository = 0.5 pt).

WGMS (2026)



Update of Country Profiles 2026

wgms
+ 4+ ++

Sources:
 Baseline: 2015

« WGMS (2026):
Fluctuations of Glaciers
(FoG) Database. World
Glacier Monitoring
Service (WGMS),
Zurich, Switzerland.
https://doi.org/10.5904/
wgms-fog-2026-02-10

e Current version of
GLIMS (RGI 7)

« Compared to FoG
database version 2015

-> Focus on the
change since 2015

Glacier monitoring: Argentina

Front variation observations

5 o] W= 2026 w2015
.2~
2o o
1900 1920 1940 1960
First obs. year: 1593
za Last obs. year: 2019
=
o9
1900 1920 1940 1960 1980 2000
Glaciological mass-balance measurements
5 » lﬂi . 2026 w2015
o
=z o o+ T T T U
1900 1920 1940 1960 1980
. First obs. year: 1980
Q g Last obs. year: 2025
R
o9
1900 1920 1940 1960 1980 2000

Geodetic mass-balance observations (thickness changes)

% 2026 mem 2015

= H

.g 1900 1920 1940 1960 1980 2000 2020

E First obs. year: 1943

© 3 Last obs. year: 2024 T

g [iffthtAh

F A 011
1900 1920 1940 1960 1980 2000 2020

me Unknown / combined WS Ground W Air  EEE Space

Glacier GLIMS inventory

T
. WGl
. GLIMS

Lt

1920 1940 1960 1980 2000 2020

Area coverage
relative to RGI7
~0 25 50 75100

©
=]
=1

Key statistics: comparison of the monitoring efforts before the 2015 and the 2026 FoG
database versions

Total glaciated area = 4621 km? (RGI 7)
Front variations Mass balance

Thickness change

Area coverage [%]
Number of series
Average length [years]

Average number
of observations

Future
Change by 2026 potential/
needs

State in 2015

Tier 1

Tier 2

Tier 4 Tier 3

Tier 5




Update of Country Profiles 2026

* Preliminary assessment

« 55 country sheets available (16 “countries’
newly added)

* Includes countries with little ice cover

Three colours for change assessment:
Green (+1) = 14 countries

yellow (+%2) = 15 countries

orange (=) = 7 countries

No change assessment - 19 countries

Future potential/needs?
Improvements?

+ + + +

wgms
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Tour of Country Profiles

* Print-outs
* Discussion
* Your comments/feedback

Austria Austria

White Gla

Canada

Glaciar At

China China Colombia Ecuador

WGMS (2026)
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