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- High mountain hydrology
focusing on periglacial
environments.

How will permafrost degradation
affect headwater catchment
hydrology?




Dry headwaters,27°S
>5000 ma.s.l.

Snow-dominated
Catchment, 33°S
>3600 ma.s.l.

Wet tundras
at 51°S and 54°S
800-1,200 ma.s.l.

68°W

AVG. 2000-2019

PDSI
EXTREMELY

HUMID

EXTREME
DROUGHT




Comment from a user perspective.

Al require GT products to assess the thermal structure of
mountain aquifers.

AEvolution of the thermal structure of aquifers to parameterize
groundwaterresponsetimes.

Al have used GlobPermafrost products to locate accessible field
areasfor further surveying



Central Andes, Chile.

AMining operations above 4,000 ma.s.l.
AWater supply component connected to cryosphere concerns.

AProtected areas.
Alnfrastructure related to winter sports above 3,000 na.s.|.
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Pereira et al., (2021). Permafrost
evolution in a mountain catchment
near Santiago de Chile.

Journal of South American Earth
Sciences, 109, 103293.

Pereira et al., (2023). Hydrological
connections in a glaciated Andean
catchment under permafrost conditions
(33°S).

Journal of Hydrology: Regional
Studies, 45, 101311.
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Ground surface temperature measurements (2018-2020). Freeze-thaw cycles
constitute thermal weathering conditions of a periglacial environment.

Mean Temperature (°C) Freeze-thaw cycles Clear sky %
3700 m a.s.l. 223 £ 1.0 69 51 +13
3600 m a.s.l. 3.98 + 2.14 48 50 +11
3200 m a.s.l. 7.78 £ 0.77 40 48 + 10




Dry Andes, Ojos del Saladmassif (6,800 m ASL)



P,

Fromsummit (6,800 m ASL) and ahe craters




on Monitoring site Ojos del Salado

- Meltwater flow 6,893 m
direction

Cerro El Muerto Cerro Vicunas Cerro Solo

6,488 m e 6,067 m 6,200 m
Cerro Fraile £ oo e ST o
6,062 m A

<3 Cerro
' Barrancas Blancas

Cerro ¥ &v#‘ 6,119 m
Mulas Muertas K
5,897 m

5 R

Ruiz -Pereira et al.,

N
2025
A . ’Tg;aay site”
ssessing . m
permafrost ; el
headwa?;rru;;uuri?;isn — i - , ﬂ;\ ' Fossil alluvial plain (fan) pund

i1
g [2.5 |5 10 km

Andean Geology 52 -2

68°30'W




:

Latitude: -27.20 Longitude: -68.79 ,
' Y Leaflet | maps@awi.de | Basemap: ESRI | GlobPermafrost




o 2RO M ASL

=]

N

'
i qu. [

5,200m ASL @
5,800 m ASL@®

Latitude: -27.09 Longitude: -68.80

: B a' TS -
m [ Tl Leaflet | maps@awi.de | Basemap: ESRI | GlobPermairost

-
-

> W




GroundTemps =

A2012-2025.

Murray 4,550 m a.s.l. 2014-2023
Atacama 5,260 m a.s.l. 2012-2023
Tejos 5,830 m a.s.l. 2012-2023

Ground temperature at 10 cm depth
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Field temperatures 2012025.

r?\iOSOL S’i%?_m 5,800m | 5,200m | 5,200m |5,200m ASL 4,;1\(;?_m 4,400m | 4,400m
ASL 60cm ASL 10cmASL 35cn 60cm ASL 35cnASL 60cn
10cm | 35cm 10cm
Median
temperature | -3.57 | -3.51 -3.31 -0.2 -0.02 0.08 4.1 4.74 4.98
2012-2025
Deviation 6.04 4.77 3.88 6.59 4.90 3.80 8.02 6.66 5.62
MAGT 20002016
GlobPermafrost (-9) (-6) (+1)

2,873,871 4,870 @ +1.7°C oo

Number of data Days Temperature change ~ ©720MAsL
I I
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4,400m
NO PF

5,200m
PF n

5,200m
PF n

5,800m
PFn

Electrical resistivity tomography.

Elevation (m a.s.l.) Elevation (m a.s.l.) Elevation (m a.s.L.)

Elevation (m a.s.l.)

4525 V-
4520 : ---------------------------
DU RO e
as10 |-
405 |-i-
4495 4 : .........................................................................
“w 4 sedifliisccssssscnsisnsasccanscssssssscssssssttchssstssnitsccsgeditsitisibonitssssssssssnsssesce- I ¢ e ¢ o ¢ s s s bbbostottittstbbbobibiitstniiassassscscasssssssscssstsssnnsansnsssnbisdssssde
0 50 100 150
Distance (m)
5240 o
5235 |-:
5230 |
5225 |
5220 |
5215 |-
5210 |-
5205 |-i-
5200 -
5195 | i
0 50 100 150
Distance (m)
5240
5235 |-
5230 -
5225 |-
5220 |-
5215 |-:
5210 |-
5205 |-
5200
5815
5810 |-
5805 |-
5800 |-
5795 |-
5790 |:
5785 |-
s780 |
5775 A= : . -
0 50 100 150
Distance (m)

Ruiz -Pereira et al., 2025, Andean Geology 52

100

10

0.1

woN



TEMsubsurfacesurveyq950mioop)

Depth {m)

Resistivity Profiles - Murray 4,500 m ASL Resistivity Profiles - Atacama 5,230 m ASL Resistivity Profiles - Tejos 5,830 m ASL
0 " 1] J_ I3 0 | 01 1 & T
25 1 A1
20 1
50 4
50 .
40
100 A
?.5 | — —
E E
g 807 £
oy n
104 o o
150 {
BO -
125 ~
200
100 1
150 1
10? 10! 1@ 10° 10¢ 10° 100 10? 10! 10¢ 10° 1n# 10° 1n® 10* 1®
Resistivity (0-m) Resistivity (0-m) Resistivity (0-m)




Southern continental
Patagonia.

- Ongoingmonitoring at 1,200 m ASL
- MAGT 20262024:0.55%+2.66 °C

- Cryogenicdepth around 2m.
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Gardner pass,
Torres del
Paine,

51°S, 1,200m
ASL

Work along with U. of Padova:
Mirko Pavoni

Alberto Carrera
JacopoBoaga



