Parameter uncertainty of Hydre
glaciological model estimates derived
from non-stationary climate conditions
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Glaciers In the Andes are retreating (fast), but the actue
effect on hydrological regimes Is not clear out of the
tropics because of high interannual variability
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Research article

Glacier runoff variations since 1955 in the
Maipo River basin, in the semiarid Andes
of central Chile
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Main questions

A Towhat extent are hydroglaciologicaimodel parameterstransferable
accrosgime (climate conditions)?

A What are key determinantsfor model performance atthe glacier
catchmentlevel?

A Whatis the predictive uncertainty derived from parameteruncertainty?
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The Universidad Glacier iIs the largest in the Andes

outside Patagonia

Surfacearea 26,7 km?2

M.A.R approx 1500mm
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Hydroglaciologicaimodeling with CRHM

» Energybalance blowingsnow,avalanching

» 35 HRUbasedon elevationbands orientation
fairly homogeneougjivenglaciergeometry
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» Ice thickness updated & 2 T F fwihy BB
parameterization
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» Decreasing ice albedo trend-0.014/decade
(Shawet al., 2020)
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Forcing data ] | ~ o

» Precipitationand temperature from ERALand
at hourly time-step, biascorrected through
obs basedCRmet.
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» Synthetic wind and relative humidity series
generatedfrom AW Sdata.

Precipitacion acumulada (mm

1960 1980 2000 2020

Observacion [_] Aws [ ] cRHM Observacion [_] Aws [_] CRHM

0.02- 0.2-

Densidad
Densidad

0.01- 0.1-

000_ 00'

: ' ' ; 0 4 8
25 50 75 100 . .
Humedad relativa (%) Velocidad del viento (m/s)



2021 RGB .|

&
: Fe

Extended geodetic mass
balance estimations
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» Scarcity of glaciological mass balance
observationsdue to difficult field conditions
Only20122014

» Reprocessed aero-photogrammetric  data
enabled an extended geodetic massbalance
time series,backto 1955
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Which model parameters are most sensitive to
mass balance calculations?
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Calibration results show a shift in response surface to
higher albedo-> less available energy for ablation
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Running the model
with different amin
values

Observed Period (2013)

o

o _

O

- Observed m.b 2013/2014

Case 2000-2019

f * Case 1955-1985-1997-2000-2019
o o _
& Q /’I
C Vi
O /
g /
T 3 _““““““““““““““7’1 “““““““““

C) e

(ob) e

- -’//-/

o >

o _

(I'p]

N T T I T | T

10 8 -6 4 2 0

mass balance m.w.e (m)

3000 3500 4000

2500

Entire Period Winter/Summer

® Winter mb 2013
® Winter m.b case 2000-2019
Winter m.b case 1955-2019

® Summer m.b 2013/2014
* Summer m.b case 2000-2019

Summer m.b case 1955-2019

mass balance m.w.e (m)




Do these results make sense at all? When comparing esfdsummer
glacier wide albedo with satellite estimates, it seems the calibrated

values are not ve 'y goo d Journal of Gaciology Gacier albedo reduction and drought effects in
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Next steps

Back to the drawing board: known unknowns?
A Geodetic MB affected by higher ice flow velocity in 1880

A Overall underestimation of winter mass balan@®@wfall, redistribution to
accumulation area?

Systematize workflow as template for larger modelling effort encompassing largest
glaciers in the region (e.g Shaw et al. 2021 + Ayala et al. 2020 + others)
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Resultados

Cambioescorrentia

WEl  modelo 2000-2020 posee una
escorrentia de 3.0 m3/s promedio,
mientras que el modelo 1955-2020
contribuye con 2.1 m3/s, i.e, un 39% de
diferencia.

» Respecto a estudios similares, el glaciar
tiene una escorrentia de 2,700 mm/yr.
En comparacién para el Rio Maipo, los
glaciares aportaron 2,260 mm/yr (Ayala
et al. 2019).
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