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Rising  interest  in real -time mass 

balance  monitoring
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- The public  wants  to  know  NOW how  

the glaciers  do (heat  waves , droughts ) 

ï and not only  at the end of  the season

- Useful  for  planning : water  resources , 

glacier field -work  conditions

- AND: Itôs just fun  to follow our  

glaciers  in their  good  and bad 

times   ;-)

GLARES (GLAcier  REal-time Switzerland )

A new approach  based  on upscaling  

and operationalisation  of  a 2D mass 

balance  model  including  real -time 

data assimilation
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A light -weight  system  to monitor point  glacier melt  and accumulation
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Landmann et al., 2021, The Cryosphere

- Solar -powered  webcam  observing  a 

standard  (marked ) ablation  stake

 

- Lowering  with  ice surface      

(summer  mode )

- Holfuy  system  (end of  life )

- DOERR commercial  product

- «in house » system  REMABA

ADVANTAGES ( beyond  weight /costs ):

- Visual representation  of  glacier melt  (outreach)

- Applicable  both  for  ablation  and accumulation

DISADVANTAGE:

- Automated  readings  failed  so far  => visual

Summer 

mode
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A light -weight  system  to monitor point  glacier melt  and accumulation

Aletsch Silvretta Gries

Winter mode :

Camera is  mounted  on top of  a separate pole, observing  the reference  stake from  ca. 10m

Č Direct  measurement  of  local  snow  depth  (density  from  SNOWFOX, or  estimated )

7 stations  operational in winter , 10 stations  during  melt  season



||

Mass balance  model
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Daily snow  accumulation  and melt  

model  on a 10-25m grid
(including  spatial  processes /feedbacks : 

solar radiation , snow  redistribuion , 

debris  cover  effects )

Optimization  on GLAMOS winter  

and annual point  measurements  / 

long -term agreement  with  geodetic  

volume  changes .

(e.g. Huss et al., 2008, 2015, 2021)

Distributed model  applicable  to  

any glacier with  parameters  

constrained  only  by geodetic  

volume  change
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What real -time observations  go into  the model ?

Use all available  data on 

current  state  of  glacier to  

constrain  a distributed  

daily  mass balance  model

1. Point mass balance  from  real -

time stations

2. Distributed surveys  of  end-of -

winter snow  depth

3. Any intermediate readings  of  

parts  of  the stake network

4. Current  zero-mass balance  

from  satellite  imagery  or  

touristic  webcams

Č Daily glacier -wide  mass 

balance  optimally  constrained  

with  all observational  evidence

6 Aug 2024

b=0 m w.e.

Gornergletscher , 28 May 2026
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Constrained  modelling  for  all Swiss glaciers  (>0.2km 2) 

without  in-situ data
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Model parameters  are constrained  to  match 

long -term geodetic  mass balance  from  the 

comparison  of  digital elevation  models

Equifinality  (accumulation  versus melt ) 

resolved  using  variations  in glacier 

equilibrium  line  altitude  and GLAMOS winter  

measurements  on nearby  glaciers
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Operational modelling  of  all Swiss glaciers

Á Two daily model runs (06:00, 15:00), ca. 30min

ÁDownloading MeteoSwiss daily weather data (T, P) until midnight of the previous 

day via Open Government Data (MeteoSwiss)

ÁDownloading weather forecast data for the following 9 days

ÁChecking for new mass balance observations (point data, snowlines)

ÁModel run (10-20m spatial grid) since 1 Oct. of previous year for 400 glaciers. 

Model parameter optimization on glaciers with data; mean parameters for others

Á Transferring anomalies in optimized parameter to neighboring glaciers   

(unmeasured glaciers «learn» about current conditions from acquired local data)

ÁData evaluation / plotting / uploading to server
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9 days  ahead of  

today  using  

weather  forecasts



|| 30.1.2026Matthias Huss 13



||

In
d

iv
id

u
a
l 

g
la

c
ie

rs

30.1.2026Matthias Huss 14

Todayôs snowline

Snowline  in 9 days
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Glacier -loss  day 

reached  today !


