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Mass Balance exercise — level 1
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Mass Balance exercise — level 1

5. plot into one figure:

» the glacier hypsography,

e mass balance vs.

altitude for elevation

bins of 100 m,

« and the point
observations.

Mass Balance Findelenglacier

Elevation [m a.s.L]

Findelengletscher: mass balance vs. elevation
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Geographical setting of Findel glacier
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Geographlcal and cllmatologlcal settlng

source: G. Kappenberge
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Geographlcal and climatological setting

A source: G. Kappenberger

e S SSOO) M) EeSalle

SR o

Oct Nov Dec Jan ¢ Feb Mar Aprll May ‘June

- 2008 ' 2009

~ Source of plots: modified after M. Huss

.0 Dt:l Nov Dec Jan Feb Mar Aprll

July Aug Sept™| May June July Aug s

9SIN09J Z-|aAa7 :awweiboid uoneldepy abuey) a1ewli|) seAejewiy uelpu] — dvOHI

Mass Balance Findelenglacier A. Linsbauer, 21.01.2015 6




Why Findelen galcier?

 Initially not a mass balance glacier, only measured for

ground truthing in a modelling study
8. : f[,-;,’ ‘_/";.

* Investigation
of a presumed?
horizontal '
precipitation
gradient

modelled mass balance distribution Findel and Adler glacier
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How do we measure on Findelen?

Annual field surveys are carried out close to
the beginning of the hydrological year. [...] The
duration of the mass-balance year varies in
the floating-date system. (Cogley et al., 2011)

Findel glacier: direct glaciological
method, floating date system
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How do we measure on Findelen?

Photo: N..Salzmann
- eaA “ B

Photo: S. Bircher

Stake drilling / Stake readings
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How do we measure on Findelen?
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The usual starting point

Some random stake readings

UG iy e e S e IO Tuas O . Teget e A ST o
e mass balance measured 28. Oct. 2004 - 17. Oct. 2005 (values in m w.e.)
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Interpolation approaches
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Contour line method
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Mass Balance exercise — level 1
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Calculated mass balance is never final!

* Re-analysis using geodetic mass balance
« Extrapolation methods are subject to improvements

 The way mass balance data are used is changing ...

!
o stake readings, various glaciers : g ! ]
X ..

mass balance modelled (m w.e.)
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mass balance measured (m w.e.)
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Conclusions

« Adapt methods to climatological and glacier
characteristics

« Extrapolation is the key to total mass balance

* In most cases it is best to either work manually or use
process-based extrapolation (see talks on Friday)

» Publish/submit complete meta data and stake readings
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Three systems to evaluate mass balance:
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Mass balance model

Basic approach:

« Extrapolate point mass balance in SPACE and TIME
using physical relations

* Analyze seasonal to annual mass balance data using a

daily mass balance model (temperature, precipitation).

— Melt: Distributed temperature-index / energy balance model
including potential radiation (Hock, 1999; erlemans, 2001)
- 3 parameters

— Acc.: Extrapolation of precipitation
- 1 parameter

Two steps:
1. Fit model to winter accumulation data
o 2. Fit model to annual data
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Model adjustment

Downscaling of seasonal mass
balance observations using
daily weather data:

 \Winter measurements
constrain accumulation
parameters

« Annual balance
measurements constrain
melt parameters

Spatial distribution: :
° Slope, aspect, Shading Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
* Wind drift

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

—
—

Mass balance (m w.e.)
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Model adjustment: Spatial distribution

Elevation (m asl)

Mass balance 1972 (m w.e.): -0.22 (mw.e.)
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Step 1: Winter accumulation

2009/201 0 Winter balance (m w.e.)

b_(mw.e)= 0.793 0.0 03 0.6 0.9 1.2 1.5
Measured period: 30/10 -11/4

Interpolate
winter balance
measurements
in space

Mass Balance Findelenglacier A. Linsbauer, 21.01.2015
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Step 2: Annual mass balance

2009/201 0 Mass balance (m w.e.)

bn (m w.e.)= -0.546 -7.0 -5.0 -3.0 -1.0 1.0 3.0

Measured period: 6/10-20/9 NN NN I

rms= 0.276; dT/dz=-0.60; degree-day model;

Evaluate error
at mass bal-
ance stakes
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Final correction

2009/201 0 CORRECTED Mass balance (m w.e.)

bn (m w.e.)= -0.557 -7.0 -5.0 -3.0 -1.0 1.0 3.0

Measured period: 6/10-20/9 [N NN NN

Correct for
possible ele-
vation-de-

pendent bias
in modelling

T
O
>
0
I
>
=
b)
>
Bl
3
=2
jb)
<
jab)
wn
)
3
jab)
—
@D
P
=
)
>
(@]
@D
>
o
jab)
ie)
—
o)
(=2
(®)
>
n.)
—_
o
(@]
—
S b)
3
3
L
—
@D
<
el
N
o
(@)
c
=
2]
@D

Mass Balance Findelenglacier A. Linsbauer, 21.01.2015 25




Inferred daily mass balance series

10~ 4

Mass balance (m w.e.)

Measurement date

| | Oct| Nov Dec  Jan Feb Mar l}pril

Fixed date

May June July Aug
T T T AT SR N v A N O O
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Separation of mass balance components

Mass balance (m w.e.)

Oct Nov Dec Jan Feb Mar April. May June July Aug
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Elevation distribution of mass balance

Elevation (masl)
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Elevation distribution of mass balance
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NN
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Inferred daily mass balance series

Mass balance (m w.e.)

o

1
N

I

1
(o)

i Fi310

Oct Nov Dec

Snowcovered

W #‘(

Showfree

~Jan Feb Mar ﬁrpril May June July: Aug

Mass Balance Findelenglacier

A. Linsbauer, 21.01.2015

30

T
O
>
0
I
>
=
b)
>
Bl
3
=2
jb)
<
jab)
wn
)
3
jab)
—
@D
P
=
)
>
(@]
@D
>
o
jab)
ie)
—
o)
(=2
(®)
>
n.)
—_
o
(@]
—
S b)
3
3
L
—
@D
<
el
N
o
(@)
c
=
2]
@D




Conclusion

« Evaluation of mass balance using a consistent,
automated method

* Important advantages compared to traditional evaluation:
—> Extrapolation using physical relations

- Use information contained in winter snow
measurements

—> Daily resolution from seasonal surveys, correct varying
periods

 BUT: (1) Requires nearby meteorological measurements,
(2) does not allow integration of the observers'
knowledge
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