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Southern Patagonia Icefield (SPI)

SPisthe largesttemperateice mass of the southern
hemispherewith anarea of 13,000 km.

Northern Patagonia Icefield (NPI)

NPlisthe secondargesttemperateice mass
with anarea of 4,000 kn?.

Gran Campo Nevado (GCN)
GCNcoversanarea of 200 kn?.

Isla Santa Inés (I1SI)

ISIcoversanarea of 200 kn?.

Cordillera Darwin (CD)
CDcoversanarea of 2,350 kn#.
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Meier et al., 2018:
Glaciers are retreating
since LIA to 2016
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Sauter, 2020: Precipitation 092 Outside SPI

Chilean service and water . I : : , ; )
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station (author stations).
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Western Patagoniacbetween the pacificand australAndes is defined as
hyperhumidregion(Garreaucet al., 2014 2018).

High accumulation rates over the icefields (Schikowiskiet al., 2013
Lenaertset al., 2014 Schaefeet al., 20132015

Largeglacierthinning and glacierretreat rates in Patagonia(Riveraet al.,
2007 Falaschet al., 2013 Meier et al., 2018 Malzet al., 2018 Forestaet
a:., 2013 Dussaillantet al., 2018 2019 Braunet al., 2019 Abdel Jaberet
al., 2019.

Uncertaintiesabout how glacier thinning and high accumulationcan be

explained by the combination of recent climate warming, atmospheric
moisture transport and glacieradjustmentduring last decades(Schneider
et al.,, 2020 Sauteret al., 2020).
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Braun et al., 2018 -> Glacier mass balance of Patagonia and Tierra del Fuego Glaciers
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SRTM:

C-band
bistatic SAR

Methods: Derive dh/dt from SRTM / TanDEM-X u
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DEM differencing to derive dh/dt TanDEM-X:
X-band
bistatic SAR

DEMdifferencingto derivedh/dt
Input: acquisitionsof three time periods
t,=2000 (SRTM)
t,=2012/15 TanDEMX cf. Braun et al 2019)
t,=2019 TanDEMKX)
Processe@ndMergedto DEMsto compare

elevation changes between two intervals: By - —F A
Intervall t;-t, >3t Image: DLR |
Interval2 t,-t; i
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SRTM input: TanDEM-X input: Dh/dt output:
DEM-product Version 3.0 SLC-products (archive) Maps of dh/dt:

Res: 1 arc sec, projected to Res: processed to UTM projected EleV. vy I EleV.pe o)
30 x 30 m pixel merges reference (SRTM) 1

|
A Create one projected, non Select scene pairs of aforementioned S

void filled mosaics of periods: two TanDEM-X mosaics

o (DEM t;, DEMt,) B

1x1° tiles (DEM t0) INSAR process DEMs LIy
Adjust and mosaic W
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Elev.pemiy T EleV.pemn)

— Timestampselectedas s
to = 200016-02 b closeasavailableto full dh/dt datasets

mean mission date used 2= yearintervallfrom t 2! Intervall: Braun et al 2019
Interval2: New Data
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From TanDEM-X to elevation change datasets
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Differential INSAR processing:

Interferogram calculation with SRTM as

reference model

Phase to height conversion with differential

phase, than readded to reference to get
Nabsoluten el evation resul t

RSN N Y

Deramping and further corrections:

Resulting DEMs of previous step need further fitting to a
reference elevation:

Minimizing systematic errors for each DEM strip following
Nuth & Kaab 2011, Malz et al. 2018 procedure

., & o g
- > e ) - e 3 - =
dhydt [m/a] x> o P P T PR, rugpes TN W TV AR
.-3.0 y i . e k.

-1.5

_‘ AN XiE. - | Mosaicing, differencing, masking

1.5

and error assessment

Combining datasets to a regional results:

Northern Patagonia Icefield (NPI,) Southern Patagonia Icefield
(SPI) Gran Campo Nevado (GCN), Cordillera Darwin (CD)
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NPI results overview:

A

A
A
A

Increase in thinning rates over almost all the

glacie

Glaciers located in the southern part of NPI

rs.

dh/dt
Interval 2
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San Quintin
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present high rates between 2012019
Significanincreaseof elevation thinning of

HPN1

Increasing melt at the plateau
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Elevation/mass

Braun et al., (2019)
2000-2012/2015

Mean elevation change (m a)

NP balance/ (SRTM-TDX) 2000-2014* 2014-2019
(85% area (SRTM-TDX) (TDX-TDX)
volume change
measured)
mass balance
rate 1T0.88.07 -0.92+ 0.07 -1.91+ 0.16
Density scenario 1 (mw.e. a't)
(0.850 + 0.60 kg m3) | mass change
rate T3.96.32 -4.16 + 0.32 -7.44 + 0.61
(Gtal)
mass balance
rate 1T0.9® 007 -0.98 + 0.07 2.02+ 0.16
Density scenario 2 (mw.e. a't)
(0.900 + 0.60 kg m=3) | mass change
rate T4.4932 -4.41+ 0.32 -7.88+ 0.62
(Gtal)
Volume
changes 1T4. 56817 -490+ 0.14 -8.75+ 0.36
(km? a1)
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(Winter) shortterm elevation change over the accumulation area
of NPI (201€2014) using GNSS and LIiDAR. Between-2013 all
the analyzed glaciers present negative elevation changes, also
correlated with hightemperature anomalies.
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GPS 24-31th Aug 2014

47,5° S




=== LRLANCEN-NORNBERG Institut flir Geographie

dh/dt
Interval 2

Comparisonof Elevationand Volume Changerates
of two intervals:

A Processesat outlet glaciers exceedingcolor bar g
profile linesto analyzen detail on nextslide

A Overallsignalnot asuniform asin NPI

A Thehighestareasof the plateauareasshow different
behavioralonglatitudes

A Overallmeanvolume changevaluesis similarfor both

periods
Elevation/mass period 1
SPI balance/ volume Braun et al., (2019) Period 2
change Reduced to same (TDX-TDX)
9 Area as DEM t,
dh/dt [m/al
-8.0
.74'0 Volume changes
00 ang -13.82+ 0.56 11392+ 0.78
a0 (km3 at)
0 10 20km 0 10 20km
-_— -_— 8.0
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e T T T Ice elevation change profiles of outlet
jorgemontt glaciertongues for Interval 1 (violet)
. and Interval 2 (green)

A PioXIGlaciershowsmore positiveelevationchange
than the first interval (Braunet al., 2019.

[:O'Higgins A JorgeMontt Glacieris retreating further at large

W rate; accelerateddepletion

A h Wl A 3ahd Yiadma glaciers are drastically
| increasing melt at termini compared to earlier

Elevationchangerate [ma1]

\/ period: approx 400%(!), only fading to previous
v ratesat 15km
0 10000 20000
Viedma A UpsalaGlacieris recoveringfrom strong loss on
’ N et approx the last20 kmto significantlysmallerrates
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Ice elevation change profiles of outlet
glaciertongues for Interval 1 (violet)
and Interval 2 (green)

Amalia undergoing dynamic adjustment of ice
surfaceelevationfor Interval 2

PeritomorenoGlacieris relativelystable

Grey Glacieris showingdepletion increaseonly on
last2 km, but at approx +50%

o o Io D>

TyndallGlacieris losingelevationat higherrate on
last5 km (40-30%).
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Jorge Montt

SPIresultsoverview:.

Perito A Outlet glaciersare reactingheterogeneouslyand do
Moreno not all continue recorded behavior for previously
studiedperiod (cf. Braunet al 2019

A Increasein depletiondominantfor outlet glaciersand
also for northern SP1& I O O dzY dzirdasi(Ri@Xl &
Glaciercontrastingthis picture)

A Central and southern plateau show positive change

rates
A Overallsimilar mean elevation changerate for both
periods
. Period 1 .

Elevation/mass Period 2

SPI balance/ volume Braun etal., (2019) 2013-2019
change Reduced to same (TDX-TDX)
Area as DEM t,
VO'“(T;fZi;'ges -13.82+ 0.56 -13.92+ 0.78




dh/dt e dh/dt

Interval 1 Interval 2
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GCN

Gran_Campo Nevado & Braun etal., (2019)
IslaSantalnes(GCN) Elevation/mass | 2000-2012/2014 (mean | 0.5 5010
GCN balance/ volume 2013 (TDX-TDX)
A The strait of Magellan change SSRTMTN)
divides opposite trends (89% area measured)
in elevation changeon Volume changes
accumulation  areas (km? a) 034 006 0.47e 009
(alsocf. SPVCDregion)
Braun et al., (2019)
dh/dt [m/a] Elevation/mass 2000-2011/2014 (mean
ms° ; CD balance/ volume 2013) (2'|9Dl>3;'2|'c|)31x$;
BE s change (SRTM-TDX) i
0.0 E 3 - | Sl (82% area measured)
& T, Volume changes i 1 %1030 263+ 0.15
50 . "~ (km? )

dh/dt

Interval 1 Interval 2

CordilleraDarwin(CD)

A Remarkable increase
in ice elevationlosson
studiedarea

A Overall preliminary
results Period 2 no
consistent DEM of

dh/dt [m/al Marinelli Glacier
me° (green circle) ¢ up to
2.5 now
0.0

235
|

0 10 20km : e 0 10 20km



Preliminaryand generatonclusions
Heterogeneous patterns in Patagonia and Tierra del Fuego glaciers

NPI: Drastic acceleration of volume loss between 22049

SPI: Similar volume and mass changes in both periods

GCN: Slight increase in ice elevation change and volume lossZQ023

Tierra del Fuego: CD glaciers present a considerable increase in volume changzO(#)13

volume change rate (Braun et al., 204920002011/15) 0f20.8 knt a't
volume change ratef 26 kn? a'(2013/2014-2019)

Next steps
Evaluation and intercomparison with ICE&Aand GRACE missions

Detailed revision of AWS in the region

Thankyou
Questionsandsuggestior?. Pleasado not hesitateto contactthe authors(link) Image: DLR


https://www.geographie.nat.fau.de/forschung/ag-braun/#collapse_0

