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Introduc=on	
The	Andes	portray	an	impressive	variety	of	topographic	and	
clima.c	condi.ons	that	result	in	a	vast	and	diverse	cryosphere	
	
Probably	no	other	mountainous	region	on	Earth	contains	such	a	
diversity	of	cryospheric	features	and	ice	masses	

	
ü small	tropical	glaciers	above	5000	m	(in	the	tropical	Andes	
from	Colombia	to	Bolivia)	
ü 	large	con.nuous	areas	integra.ng	clean	ice	and	rock	
glaciers	(semi-arid	Andes	of	Chile	and	Argen.na)	
ü extensive	temperate	glaciers	and	icefields	calving	into	the	
sea	(southwestern	Patagonia	and	Tierra	del	Fuego)		



Introduc=on	II	
	
Outside	Antarc.ca,	the	Andes	include	the	largest	glacierized	area	in	
the	Southern	Hemisphere	
	
The	largest	extension	of	tropical	glaciers	on	Earth	
	
One	of	the	greatest	concentra.ons	of	mountain	permafrost	and	rock	
glaciers	outside	the	Himalayas		
	
The	greatest	extension	of	seasonal	snow	in	this	part	of	the	globe	
		

UNEP	2007	
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2.	Seasonal	snow	

Snow	cover	from	MODIS,	
February	2018	

Compared	to	some	years	ago,	
currently	we	have	a	much	larger	
array	of	tools	to	study	seasonal	
snow	in	the	Andes	
	

ü 	increased	variety	and	
temporal/spa.al	resolu.on	of	
remote	sensing	data	
ü 	be?er	modeling	capabili.es	
ü 	be?er	access	to	instrumental	
datasets	

		



Snow	cover	from	MODIS,	
September	2018	

2.	Seasonal	snow	



2.	Seasonal	snow	







The	seasonal	snow	that	
accumulates	each	winter	in	the	
central	Andes	of	Chile	and	
Argen.na	represents	a	crucial	
water	resource	for	human	
ac.vi.es	in	the	region	

ARGENTINA	





Updated	from	Masiokas	et	al.	2013	

Adding	data	for	the	last	few	years	shows	that	the	
“Megadrought”	is	s.ll	alive	



In	the	Argen.nean	(drier)	side	of	
the	Andes,	the	recent	lack	of	
snow	is	par.cularly	worrysome		



3.	Glaciers	

Randolph	Glacier	Inventory,	GLIMS	

Tropical	Andes	

Southern	Andes	

A	growing	number	of	studies	are	
available	to	describe	the	current	state	
and/or	the	recent	changes	of	glaciers	
in	the	Andes	



South	Patagonian	Icefield	(CHILE-ARGENTINA)	

North	Patagonian	Icefield	(CHILE)	

The	be?er	availability	of	remote	
sensing	data	has	been	crucial	for	
large-scale	assessments	





Barcaza	et	al.	2017	



In	May	2018	the	first	na.onal	glacier	inventory	was	also	published	in	
Argen.na	

	
www.glaciaresargen.nos.gob.ar	



§  Clean	ice	and	debris-covered	
glaciers	

§  Permanent	snow	patches	

§  Rock	glaciers	

Larger than 0,01 km2  



Maps	



Totals	
5768	km2		
16078	ice	bodies	



Global	values	



Mouginot	and	Rignot	2015		

Velocity	fields	

South	Patagonian	Icefield	
Valuable	informa.on	on	glacier	
dynamics	are	also	now	freely	
available	



The	glacier	mass	loss	in	recent	decades	is	
widespread	throughout	the	Andes	

Recent	glacier	changes	
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Eleva.on	changes	

Willis	et	al.	2012	

South	Patagonian	Icefield	



Glacier	changes	since	the	Li?le	Ice	Age	

Glasser	et	al.	2011	

South	Patagonian	Icefield	



Idealized	distribu.on	of	
mountain	permafrost	

South	

5000	

4000	

3000	

Permafrost	distribu.on	is	
complex	in	the	Andes	
	
Depends	on	several	factors	

- Eleva.on	
- Orienta.on	
- Precipita.on	

4.	Mountain	permafrost	



Bolivia	(Jones	et	al.	2018)	

Argen.na	(ING)	

Rock	glaciers	are	indicators	
of	permafrost	condi.ons	
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Distribución	espacial	de	los	glaciares	de	Jujuy	

Los	glaciares	se	distribuyen	de	una	manera	dispersa	en	la	ladera	de	los	cerros	de	mayor	altura	
Alcanzan	una	mayor	densidad	en	el	sector	sur	sobre	la	cordillera	Oriental		(Nevado	de	Chañi	y	
Nevado	General	Güemes)	



Resultados	

Glaciar	de	escombros	en	la	cuenca	del	río	Pilcomayo	

Porcentaje	de	la	superficie	cubierta	por	.po	de	glaciar	a	nivel	provincial	
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Glaciar	de	escombros	Morenas	Coloradas	
D.	Trombo?o	IANIGLA	



High	resolu.on	remote	sensing	
data	+	modeling	now	allows	the	
detailed	mapping	of	poten.al	
permafrost	distribu.on	



5.	Knowledge	gaps	and	future	
challenges	

o 	Es.ma.ons	of	current	glacier	volumes	
o 	Projec.ons	of	future	glacier	changes	
o 	Hydrological	contribu.on	of	ice	masses	
o 	Highlight	the	urgent	need	for	more	in	
situ	cryospheric	measurements…	
o 	…	
o 	…	



Is	it	OK	to	use	boxes	in	the	chapter?	

Penitentes	de	hielo,	glaciar	
Canito,	San	Juan		

GLOFs	



¡Muchas	gracias!	


