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Abstract	
	
Glacial	 runoff	 from	 the	 Tian	 Shan	 and	 Altai	 Mountains	 is	 an	 important	 water	 resource,	
especially	 for	people	 living	 in	the	arid	areas	of	Central	Asia.	Measured	water	 volumes	from	
glaciers	have	decreased,	and	glacier	area	have	shrunk	with	50-90%	since	the	Little	Ice	Age.	Lack	
of	knowledge	regarding	glaciers	in	high	mountain	areas,	and	the	impact	from	climate	change	
makes	this	an	important	field	to	investigate.	This	thesis	focuses	on	topographic	features	and	
their	impact	on	spatial	glaciation	patterns;	today	and	during	the	global	last	glacial	maximum,	
19-30	thousand	years	ago	(ka).	From	selected	marginal	moraines	 in	the	Tian	Shan	and	Altai	
mountains,	with	a	deglaciation	age	between	19-30	ka,	an	analysis	was	created	in	ArcMap	(GIS,	
Geographic	Information	System)	with	1	arc	second	resolution	ASTER	GDEM2	(Digital	Elevation	
Model)	and	in	Google	Earth.	An	elevation	profile,	hypsometry	and	mapping	were	created	for	
the	 analysis.	 	 The	 interpretations	 made	 from	 the	 limited	 dataset	 resulted	 in	 topographic	
features	affecting	the	glaciation	extension	today	and	percentage	of	decreasing	glacier	area	
since	19-30	ka,	to	be	connected	to	north/south-facing	direction	of	the	drainage	area	and	the	
elevation.	Drainage	areas	experiencing	the	highest	percentage	of	glacial	shrinkage	were	south-
facing	and/or	at	elevation	below	3961	m	a.s.l.		
	
Key	words:	Altai	mountains;	Geographic	Information	System;	Tian	Shan	mountains;	water	
resources;	marginal	moraine;	MIS	2;	paleoglaciology	
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1. Introduction	
	

The	Tian	Shan	and	Altai	mountains	(Figure	1)	are	two	glaciated	high	mountain	areas	of	
major	importance	as	a	water	resource	in	arid	areas	of	Central	Asia.	Glacial	runoff	can	flow	
into	rivers	and	be	an	important	water	supply	at	distances	far	away	from	the	glaciers.	For	
example,	meltwater	from	the	Sairenwuxunsala	glacier	(Figure	2),	in	Tian	Shan,	is	drained	
by	 the	Kaidu	River	 to	Bosten	Lake	and	continues	via	 the	924	km-long	Tarim	River	 to	
southern	Xinjiang	Uygur,	China	(Schumann	et	al.	2001).			

	 	
A	change	in	water	volume	from	glacial	runoff	will	impact	the	water	level	in	downstream	
rivers.	Indeed,	a	decreasing	water	volume	from	glacial	runoff	has	been	recognized	(Sorg	
et	al.	2012),	and	the	future	of	glaciers	as	a	water	resource	in	Central	Asia	is	questioned.	
However,	 a	 lack	 of	 knowledge	 regarding	 the	 spatial	 differences	 between	 glaciers	 in	
Central	Asia	(Lifton	et	al.	2014)	and	their	sensitivity	to	climate	change,	is	what	makes	the	
Altai	and	Tian	Shan	mountains	very	interesting	for	further	research.		

	
A	glacial	chronology,	a	record	of	glacier	change,	can	be	established	by	establishing	the	
deglaciation	 age	 of	 moraines.	 Moraines	 indicate	 the	 furthest	 extent	 of	 paleo-glaciers,	
indicating	how	glaciers	responded	to	climate	change	in	the	past.	Previous	research	in	the	
Altai	and	Tian	Shan	mountains	have	concluded	the	presence	of	moraines	from	the	global	
Last	Glacial	Maximum	(gLGM),	also	referred	to	as	Marine	Isotope	Stage	2	(MIS	2),	19-30	
thousands	 of	 years	 ago	 (ka)	 (Blomdin	 et	 al.	 2016b,	 2017).	 Using	 climate	 data	 and	
topographic	 analyses	 of	 glaciated	 catchments,	 inferences	 can	 be	made	 about	 the	 past	
history	 of	 glaciation	 and	 connections	 concerning	 the	 future	 of	 glaciers	 as	 a	 water	
resource.				

	
The	research	in	this	thesis	is	connected	to	the	ongoing	international	project	Central	Asia	
Paleoglaciology	Project	 (CAPP),	where	 the	purpose	has	been	 to	 study	how	glaciers	 in	
Central	 Asia	 have	 responded	 to	 climate	 change	 during	 the	 last	 glacial	 cycle	 (130	 ka).	
Previous	paleoglaciological	studies	connected	to	CAPP	have	focused	on	regional	mapping	
of	 glacial	 landforms	 and	 geochronological	 studies	 –	mainly	 using	 cosmogenic	 nuclide	
dating	(Reuther	et	al.	2007;	Stroeven	et	al.	2013,	Li	et	al.	2014,	2016;	Lifton	et	al.	2014;	
Gribenski	et	al.	2016;	Zhang	et	al.	2016).	The	data	from	previous	research	has	been	used	
for	 preliminary	 spatial	 analysis,	 using	 geographical	 information	 systems	 (GIS)	 and	
hypsometric	terrain	analysis	tools,	to	get	a	broad	understanding	of	the	extent	of	glacial	
landforms,	and	to	reconstruct	the	possible	extent	of	former	glaciers.	

	
This	paper	will	 investigate	seven	glacial	valleys	 in	 the	Altai	and	Tian	Shan	mountains,	
where	glaciers	terminated	between	19	and	30	ka	(Figures	2	and	3).	A	GIS		analysis	will	be	
done	in	ArcMap	(	ESRI,	version	10.5.1).	The	result	will	be	presented	through	a	map	with	
a	marked	moraine	(MIS	2),	present	glacier	and	drainage	area	(Figures	4-10),	and	with	a	
hypsometric	diagram	showing	how	different	areas	of	 glaciated	valleys	are	distributed	
across	elevation	(Figures	11	and	12).	Ultimately,	an	elevation	profile	will	be	displayed	
(Figure	 13),	 visualising	 the	 steepness	 and	 length	 of	 each	 drainage	 area.	 A	 general	
description	 of	 the	 regional	 climate	will	 be	 offered,	 but	 the	main	 focus	will	 be	 on	 the	
topographic	features	mentioned.			
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Figure	1.	The	location	of	the	research	areas	Tian	Shan	and	Altai	mountains	in	Central	Asia.	Image:	Google	Earth.	
	

2. Purpose		
	

The	aim	of	this	study	is	to	analyse	whether	there	are	regional	differences	in	the	extent	of	
glaciers	during	MIS	2	(19-30	ka)	across	the	Tian	Shan	and	Altai	mountains.	The	present-
day	glacier	extent	will	be	compared	to	the	ice	extent	during	MIS	2.	Based	on	this	analysis	
topographic	 implications	 for	observed	patterns	of	glacier	extents	during	MIS	2	will	be	
discussed.	

	
Research	question:		

	
Could	topographic	features	affect	the	glaciation	pattern	today	and	during	MIS	2,	in	the	
Altai	and	Tian	Shan	mountains?	
		

3. Background		

3.1	Study	Area	
	

Tian	 Shan	 and	 Altai	 are	 two	mountain	 chains	 located	 in	 Central	 Asia	 (Figure	 1).	 The	
mountains,	that	are	measured	to	be	among	the	highest	on	Earth,	were	formed	during	the	
Cenozoic	 (Blomdin	et	 al.	 2017).	Today,	 the	 climate	 in	 these	 areas	 are	 affected	by	 two	
atmospheric	circulation	systems.	The	mid-latitude	Westerlies	are	bringing	moisture	and	
humid	air	from	the	Atlantic	Ocean,	creating	a	rather	moist	climate	during	April	to	October	



	

	
5	

(Sorg	et	al.	2012;	Zhang	et	al.	2017).	From	November	to	March,	the	moist	Atlantic	air	is	
blocked	by	the	Siberian	High	Pressure	System	resulting	in	a	dry	and	cold	climate.		

	
In	the	east	and	southern	parts	of	the	Altai	and	Tian	Shan	mountains	the	climate	is	more	
arid.		The	dry	climate	is	mainly	caused	by	the	mid-latitude	Westerlies	moving	from	the	
west,	 casting	 a	 rain	 shadow	 in	 the	 east	 and	 south	 areas	 of	 the	mountain	 complexes.		
Because	of	the	lack	of	rainwater,	glacial	runoff	plays	an	important	role	as	a	water	resource	
in	these	areas.	In	Kyrgyzstan,	for	example,	glacial	meltwater	constitutes	15%-80%	of	the	
total	runoff,	depending	on	season	and	area	(Sorg	et	al.	2012).	Summer	runoff	from	the	
outer	ranges	of	the	Tian	Shan	mountains	has	decreased	since	1940.	The	decrease	could	
be	connected	to	glacial	shrinkage.	Investigations	of	20	glaciers	in	Altai	indicate	that	they	
were	50-90%	larger	during	the	Little	Ice	Age	(15th	and19th	Century)	in	the	outer	regions,	
(Sorg	et	al.	2012)	while	the	inner	ranges	are	believed	to	have	been	more	stable.		

	
Temperature	and	precipitation	are	two	factors	affecting	glacier	retreat	(Gribenski	et	al.	
2016).	Areas	affected	by	complex	circulation	systems,	such	as	in	the	Altai	and	Tian	Shan	
mountains,	are	especially	sensitive	to	climate	change	(Rupper	and	Roe,	2008).	During	MIS	
2,	records	show	that	the	climate	in	central	Asia	was	cold	and	arid	(Rother	et	al.	2014).	
The	climate	together	with	topographic	factors	are	all	contributing	to	spatial	differences	
(Gribenski	et	al.	2016)	in	high	mountain	areas.		

	
Figure	2.	The	Tian	Shan	mountains.	The	ice	marginal	moraines	(MIS	2)	in	Inylchek	Valley,	Taragay	Basin,	UGS	
Valley,	AR	Valley	and	Sairenwuxunsala	Valley	are	marked	with	red	dots.	Image:	Google	Earth.	
3.2	Tian	Shan	

3.2.1	Inylchek	Valley	
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The	 northeast-facing	 Inylchek	 Valley	 (Figure	 2)	 is	 described	 as	 a	 pull	 apart	 basin	
(Mikoliachuk	et	 al.	 2009)	 created	by	 lateral	 shear,	 a	 stress	 caused	by	 two	 continental	
plates	moving	in	parallel	(Christopherson	et	al.	2015).	The	valley	consists	of	two	glacier	
bodies,	Severnyj	Glacier	in	the	north	and	Juznyj	Glacier	in	the	south,	creating	a	combined	
glacier	complex	that	is	one	of	the	largest	mountain	glaciers	in	the	world	(Fisher	2010).	
The	 unglaciated	 area	 of	 the	 valley	 is	 1	 km	 deep,	 with	 small	 glaciers	 ornamenting	 its	
highest	peaks.			

	
Meltwater	from	the	glaciers	in	Inylchek	Valley	has	an	uneven	discharge,	mainly	caused	
by	ice-dammed	lakes	(Lifton	et	al.	2014).	At	times	the	ice-dammed	lakes	fill,	which	leads	
to	low	discharge	downstream,	but	leads	to	extreme	discharge	when	bursting	(Benn	and	
Evans	2010).	The	extreme	discharge,	 together	with	 the	usual	drainage,	 flows	 into	 the	
Aksu	River	(Lifton	et	al.	2014)	which	is	an	important	water	resource	for	northern	Chinese	
communities.	 Extreme	 discharge	 can	 lead	 to	 huge	 implications	 for	 both	 nature	 and	
habituated	areas	close	to	the	river	(Benn	and	Evans	2010).			

3.2.2	Sairenwuxunsala	Valley	
The	north	facing	Sairenwuxunsala	Valley	is	situated	in	the	Natali	Range	(Figure	2),	which	
is	 a	 part	 of	 the	 western	 end	 of	 the	 Central	 Tian	 Shan	 mountains.	 Meltwater	 from	
Sairenwuxunsala	 Valley	 is	 drained	 by	 the	 Kaidu	 River,	 one	 of	 the	 largest	 rivers	 in	
southern	Xinjiang.	The	water	from	Kaidu	River	flows	into	Bosten	Lake,	where	the	water	
is	used	as	an	important	water	supply	mainly	for	agricultural	use	and	for	people	living	in	
the	arid	and	semiarid	region	of	Xinjiang	Uygur	 in	China	(Schumann	et	al.	2001).	From	
Lake	Bosten	the	water	flows	further	through	the	Tarim	River.	The	Tarim	River	is	942	km	
long	and	is	draining	Chinas	largest	inland	basin.			

3.2.3	UGS	Valley	
UGS	is	a	small	south-facing	valley	in	the	eastern	Tian	Shan	(Figure	2)	with	few	traces	of	
moraines	in	the	front	of	the	glacier.	The	small	number	of	moraines	can	be	a	sign	of	UGS	
Glacier	having	been	mostly	cold	based	(Li	et	al.	2016).	A	cold-based	glacier	is	not	exposed	
to	 enough	heat	 from	 the	 surface	or	 the	 substrate	 to	 reach	 the	pressure-melting	point	
(Benn	and	Evans	2010).	This	 is	 especially	 common	 in	 cold	 and	arid	 regions	with	 low	
annual	precipitation	because	mass	turn-over	will	be	low.	The	basin	runoff	from	the	UGS	
glacier	(Li	et	al.	2016),	among	other	glaciers	in	the	area,	contributes	to	the	Urumqi	River	
located	further	north.	The	Urmqi	River	is	an	important	water	resource	in	arid	northwest	
China	(Ye	et	al.	2005).			

3.2.4	AR	Valley	
The	Arexigongjin	(AR)	Valley	is	located	in	eastern	Tian	Shan	(Figure	2).	The	Valley	is	one	
of	multiple	glaciers	draining	the	Tianger	Range.	The	valley	goes	downslope	to	the	south	
where	it	transcends	into	the	Ala	Valley.	Almost	no	glaciers	are	present	today.	
	
	
	

3.2.5	Taragay	Basin	
The	Taragay	Basin	is	located	in	the	Ak-Shyirak	Masiff,	and	is	the	second	largest	glaciated	
masiff	(Blomdin	et	al.	2016b)	in	the	Kyrgyz	range	in	the	Tian	Shan	(Figure	2).	 	Runoff	
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from	193	glaciers	in	the	Ak-Shyrak	Masiff	fills	some	of	the	largest	rivers	in	Central	Asia,	
for	example	the	Naryn	River	and	Sary-Dzaz	River	which	flows	towards	the	Aral	Sea	region	
and	southward	to	the	northwestern	part	of	China.	These	rivers	provide	water	to	highly	
populated	areas	in	Cestral	Asia.			
	

Figure	3.	The	research	area	in	Altai	mountains.	The	Chagan-Uzun	and	Turgen	Asgat	ice	marginal	moraines	(MIS	
2)	are	marked	with	red	dots.	Image:	Google	Earth.		

	
3.3	Altai	

3.3.1	Chagan-Uzun	Valley	
The	Chagan-Uzun	Valley	is	a	part	of	the	Russian	Altai	mountains	in	the	Central	part	of	
Altai	(Figure	3).	The	southeast	part	of	the	valley	complex	is	divided	into	three	separate	
valleys,	the	Chagan	Valley,	the	Taldura	Valley	and	the	Kuskunnur	Valley	were	meltwater	
channels	interconnect	with	the	Chagan	River.	Where	the	rivers	connect,	the	floor	opens	
into	 a	 generously	 covered	moraine	 area	 (Gribenski	 et	 al.	 2016)	 that	 continues	 to	 the	
northeast	end	of	Chagan-Uzun	Valley.	

	
The	paleolake	discharge	from	Chagan-Uzun	Valley	is	known	for	its	extreme	flood	events	
(Baker	et	al.	1993	and	Margold	et	al.	2011),	which	can	have	a	devastating	effect	on	the	
natural	environment	as	well	as	inhabited	areas	(Benn	and	Evans	2010).		

3.3.2	Turgen-Asgat	Catchment	
The	Turgen-Asgat	catchment	is	a	south	to	east	curved	valley	located	in	the	eastern	side	
of	the	Altai	Mountains	(Figure	3).	In	the	high	elevation	at	the	south	side	of	the	valley,	five	
small	 glaciers	 are	 revealing	 (Blomdin	 et	 al.	 in	 2017).	Meltwater	 from	 the	 glaciers	 are	
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drained	by	the	Turgen	and	Asgat	Rivers	which	outside	of	Turgen-Asgat	Valley	enters	the	
OB	River.		

3.4	Previous	Research	

The	 deglaciation	 ages	 of	 the	 MIS	 2	 moraines	 in	 the	 Tian	 Shan	 and	 Altai	 have	 been	
recalculated,	 by	 Blomdin	 et	 al.	 (2016b,	 2017),	 from	 published	 studies	 (cosmogenic	
nuclide	exposure	ages	investigated	and	collected	in	field	by;	Reuther	et	al.	2007;	Li	et	al.	
2014,	2016;	Stroeven	et	al.	2013,	Lifton	et	al.	2014;	Gribenski	et	al.	2016;	Zhang	et	al.	
2016).	Cosmogenic	nuclide	exposure	dating	is	done	by	measuring	10Be	or	26Al	in	quartz	
(Phillips	et	al.	2016).		By	using	this	method,	the	exposure	time	of	secondary	cosmic-ray	
nucleons	 can	 be	 determined	 as	 well	 as	 a	 deglaciation	 chronology.	 Outliers	 were	
determined	 and	 eliminated	 by	 using	 Peirce´s	 Criterion.	 The	 method	 proceeds	 by	
identifying	a	threshold	value	that	interacts	with	the	average	exposure	age	of	a	specific	
moraine.	 Outliers	 were	 defined	 as	 exposure	 ages	 standing	 out	 from	 the	 remaining	
samples	 which	 could	 affect	 the	 robustness	 of	 a	 sample	 group.	 Other	 samples	 were	
excluded	 because	 of	 a	 low	 quartz	 yield	 that	 were	 argued	 to	 affect	 the	 statistics.	 The	
samples	were	divided	into	three	quality	classes;	A,	B	and	C.	Group	A	is	briefly	described	
as	 “well-clustered”,	 this	 group	 experienced	 little	 or	 no	 impact	 from	geomorphological	
processes.	 Group	 B	 is	 “moderately	 clustered”,	 the	 exposure	 ages	 are	 affected	 by	
geomorphological	processes	(differ	about	15	%	from	the	mean	exposure	age).	Group	C	is	
“poorly	 clustered”	 the	 exposure	 ages	 are	 affected	 even	 more	 by	 geomorphological	
processes	 (the	 ages	 differ	 above	 15	%	 from	 the	mean	 exposure	 age)	 (Blomdin	 et	 al.	
2016b).	According	to	Blomdin	et	al.	(2016b),	poorly	clustered	exposure	ages	can	lead	to	
uncertain	 regional	 correlations.	 Even	 though	 Blomdin	 et	 al.	 (2016b)	 is	 correct,	 the	 C	
classes	are	used	in	this	study,	because	of	very	few	dated	MIS	2	moraines	in	the	Altai	and	
Tian	Shan	mountains.	The	quality	classes	are	exposed	 in	 the	result	section,	and	 in	 the	
figures	4-10.	

4. Method	
The	 ice-marginal	 moraines	 mapped	 in	 this	 study	 are	 based	 on	 reconstructions	 by	
Blomdin	et	al.	(2016b,	2017).	The	deglaciation	age	interval	is	linked	to	MIS	2	and	reaches	
between	the	age	19-30	ka.	The	error	margin	is	not	included	in	this	interval,	and	the	mean	
deglaciation	age	can	be	older	than	30	ka.	However,	the	error	margin	is	given	in	the	result	
section.			

Previous	maps	of	moraine	extents,	and	published	cosmogenic	nuclide	chronologies	will	
be	used,	in	order	to	select	suitable	valleys	to	study.	MIS	2	ice-marginal	moraines	and	the	
glacial	 valleys	 in	 which	 they	 occur	 will	 be	 re-mapped	 using	 high	 resolution	 satellite	
imagery.	 One	 difference	 from	 previous	 research	 where	 moraines	 have	 been	 mapped	
(Reuther	et	al.	2007;	Li	et	al.	2014,	2016;	Stroeven	et	al.	2013;	Lifton	et	al.	2014;	Gribenski	
et	al.	2016;	Zhang	et	al.	2016),	is	that	3	arc	seconds	(pixel	size	ca	90x90	m)	resolution	
have	been	used.	In	this	analysis,	the	resolution	will	be	1	arc	second	(pixel	size	ca	30x30	
m).	The	higher	the	resolution	is,	the	more	details	can	be	visualised	in	the	images.	For	the	
purpose	of	mapping	landforms	from	satellite	images,	a	high	resolution	can	lead	to	a	more	
precise	mapping.		

	
With	 the	moraine	 as	 a	 starting	 point	 of	 each	 glaciated	 valley	 a	 drainage	 area	 can	 be	
calculated.	 A	 drainage	 area	 in	 this	 study,	 is	 defined	 at	 the	 area	 where	 runoff	 is	
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concentrated	within	the	same	valley.	The	calculated	drainage	area,	all	the	way	from	the	
MIS	2	moraine	to	the	end	of	the	valley,	is	in	this	research	representing	the	glaciated	area	
during	MIS	2	(there	are	possible	errors	in	the	measured	ages	and	the	interpretation	of	
ice-marginal	moraines	which	could	affect	the	result	of	this	study).	By	comparing	the	ice	
extent	during	MIS	2	to	the	present	glaciers,	glaciation	patters	can	be	analysed.		

4.1	Image	analysis	and	ArcMap	
A	 Google	 Earth	 kml	 file	 was	 downloaded	 from	 www.expage.github.io	 containing	 the	
location	 of	 the	MIS2	moraines.	 Each	moraine	was	mapped	 in	 Google	 Earth,	 using	 the	
polygon	tool.	The	polygon	of	each	moraine	was	imported	into	ArcMap	using	the	kml	to	
layer	 tool	 and	was	 converted	 to	 a	 projected	 coordinate	 system.	 ASTER	 Global	 Digital	
Elevation	Model	 (GDEM)	 version	 2	 (1	 arc	 second	 resolution)	 data,	 downloaded	 from	
www.earthexplorer.usgs.gov,	was	used	to	create	a	watershed	polygon	representing	the	
maximum	 drainage	 area	 for	 each	 valley.	 Snow	 cover	 data	 was	 downloaded	 from	
www.glims.org	 and	 is	 described	 as	 glacier	 coverage	 in	 the	 text.	 The	 drainage	 area,	
moraine	 and	 present	 glacier	 coverage	 were	 divided	 into	 100	 m	 elevation	 bins.	 The	
number	 of	 pixels	 in	 each	bin	was	 converted	 into	 area.	With	 the	 elevation	 and	 area,	 a	
hypsometric	curve	was	made	for	each	drainage	area,	MIS2	moraine	and	current	glacier	
extent.	An	elevation	profile	was	created	using	the	spatial	analyst	expansion	in	ArcMap.	
The	 profile	 followed	 the	 natural	 river	 pattern	 (linearly),	 within	 valley	 complexes	
(drainage	 areas	with	 interconnected	 valleys)	 the	 elevation	 profile	 followed	 the	 valley	
located	in	the	middle.	For	the	detailed	work	process	done	in	ArcMap-	see	the	flowchart	
(Figure	14)	at	the	end	of	the	thesis.	

4.2	Error		
Ice-marginal	moraines,	also	called	end	moraine,	are	deposited	at	 the	snout	of	glaciers,	
where	 the	 glacier	 have	 been	 stable	 during	 a	 longer	 period.	 In	 high	 mountain	 areas,	
marginal	moraines	are	commonly	found	near	and	inside	glacial	valleys	(Stroeven	et	al.	
2013)	and	dated	moraines	can	be	used	as	a	glaciochronological	timeline	(Benn	and	Evans	
2010).		

	
To	increase	the	accuracy	of	geomorphological	mapping,	experience	is	an	important	factor	
to	correctly	recognize	the	formation	from	satellite	images	(Smith	and	Wise,	2007).	This	
research	 proceeds	 from	 already	 mapped	 moraines	 to	 avoid	 bias,	 that	 were	 redrawn	
according	to	observation	made	with	the	high-quality	terrain	and	elevation	exaggeration	
settings	in	Google	Earth.	

	
Because	the	exact	erosion	rates	since	MIS	2	are	unknown,	there	are	some	errors	when	
delineating	the	drainage	areas.	The	watershed	delineation	made	in	ArcMap	is	based	on	
the	current	elevation	in	Altai	and	Tian	Shan.	Since	MIS	2	(19-30	ka),	it	can	be	assumed	
that	 erosion	 and	 weathering	 have	 affected	 the	 shape	 of	 the	 valleys.	 Also,	 marginal	
moraines	located	in	steep	slopes	can	easily	be	destroyed	or	disappear	(Benn	and	Evans	
2010),	meaning	that	important	data	can	be	missing	in	the	analysis.	The	possible	errors	
affecting	 the	 location	 of	 the	 ice-marginal	 moraines	 are	 also	 possibly	 affecting	 the	
paleoglacier	extent	represented	in	this	thesis.	The	shape	and	size	of	MIS	2	paleoglaciers	
in	 this	 thesis	 are	 based	 on	 the	 drainage	 areas	 of	 present	 valleys	 and	 the	 position	 of	
identified	ice-marginal	moraines	(for	more	information	see	Method	4	and	4.1).					
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5. Results	

5.1	Tian	Shan	

5.1.1	Inylchek	Valley	
The	east-facing	Inylchek	Valley	(Figure	4)	and	was	given	the	deglaciation	age	21.4	±	3.3	
ka	and	the	quality	class	B	(Blomdin	et	al.	2016b).	The	120	km	long	valley	(Figure	13:	A)	
reached	between	2470-7422	m	a.s.l.	and	covered	an	area	of	1690.9	km2	(Figure	11:	A).	
The	east	located	glaciers	were	604.7	km2	large	at	the	elevation	2899-7398	m	a.s.l.	The	
MIS	 2	 moraine	 was	 located	 2556-2674	 m	 a.s.l.	 and	 was	 0.4	 km2.	 The	 drainage	 area	
(representing	 the	 MIS	 2	 paleoglacier	 area)	 has	 in	 comparison	 to	 the	 present	 glacier	
decreased	64	%	(Table	1).			

	
Figure	4.	A)	The	 Inylchek	Valley	drainage	 area,	 representing	 the	 glaciated	 area	during	MIS	2.	The	present	
glaciers	 are	white.	 B)	 The	moraine	 (MIS	 2)	 is	marked	 in	 red	 and	 the	white	 spots	 are	 the	 locations	 of	 the	
cosmogenic	nuclide	exposure	dating	samples.	Each	deglaciation	age	is	specified	together	with	the	error	margin	
(±)	and	quality	class.		
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5.1.2	Sairenwuxunsala	Valley	
The	distance	across	the	south-facing	Sairenwuxunsala	Valley	drainage	system	(Figure	5)	
was	measured	14	km	long	(Figure	13:	B)	and	covered	an	area	of	43.1	km2.	The	valley	was	
located	at	the	elevation	range	3069-4438	m	a.s.l	(Figure	11:	B).	In	the	north	a	small	area	
of	glaciers	covered	0.02	km2	at	the	elevation	4239-4435	m	a.s.l.	The	MIS	2	moraine	was	
given	the	deglaciation	age	20.6	±	6.8	ka	and	quality	class	C	(Blomdin	et	al.	2016b),	and	
was	located	at	3083-3474	m	a.s.l.	The	moraine	covered	4.3	km2	of	the	Sairenwuxunsala	
drainage	 area.	 The	 comparison	 between	 the	 drainage	 area	 (MIS	 2	 paleoglacier)	 and	
present	glacier	shows	a	declined	glacier	area	of	approximately	100%	(Table	1).					

	

	
Figure	5.	A)	The	 Sairenwuxunsala	Valley	drainage	 area,	 representing	 the	 glaciated	area	during	MIS	2.	The	
present	glaciers	are	white.	B)	The	moraine	(MIS	2)	is	marked	in	red	and	the	white	spots	are	the	locations	of	
the	cosmogenic	nuclide	exposure	dating	samples.	Each	deglaciation	age	is	specified	together	with	the	error	
margin	(±)	and	quality	class.	
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5.1.3	UGS	Valley	
The	UGS	Valley	 (Figure	6)	was	measured	1.4	km	 long	 (Figure	13:	C)	 and	was	 located	
within	3796-4387	m	a.s.l.	(Figure	11:	C)	The	northwest-facing	valley	covered	1.0	km2.	The	
MIS	2	moraine	investigated	by	Li	et	al.	(2016)	had	the	deglaciation	age	19	±	7.2	ka	and	
the	quality	class	C	(Blomdin	et	al.	2016b).	The	moraine	was	located	3807-3914	m	a.s.l.	
and	had	an	area	of	0.05	km2.	The	UGS	glacier	was	0.21	km2	large	in	the	elevation	span	
3975-4387	m	a.s.l.		The	glacier	has	shrunk	79%	since	MIS	2	(Table	1).				

	
	

	
Figure	6.	A)	The	UGS	Valley	drainage	area,	representing	the	glaciated	area	during	MIS	2.	The	present	glaciers	
are	 coloured	 white.	 B)	 The	 moraine	 (MIS	 2)	 is	 marked	 in	 red	 and	 the	 white	 spot	 is	 the	 location	 of	 the	
cosmogenic	nuclide	exposure	dating	sample.	Each	deglaciation	age	is	specified	together	with	the	error	margin	
(±)	and	quality	class.		
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5.1.4	AR	Valley	
The	south-facing	drainage	area	of	AR	Valley	(Figure	7),	was	measured	to	be	7	km	long	
(Figure	13:	D)	and	covered	18.3	km2	of	area	(Figure	11:	D).	The	valley	was	distributed	
across	the	elevation	range	3460-4352	m	a.s.l.	The	glaciated	area	was	distributed	between	
3803-4350	m	a.s.l.	and	was	measured	0.31	km2	large.	The	four	MIS	2	moraines	mapped	
in	this	valley	had	the	following	deglaciation	age	and	location	(Figure	7:	A	and	B,	numbered	
from	north	to	south):	Moraine	no.	1.	had	the	deglaciation	age	21.4	±	6.5	ka	and	the	quality	
class:	C.	The	moraine	was	0.05	km2	and	located	at	3600-3631	m	a.s.l.	Moraine	no.	2.	had	
the	age	19.2	±	11.7	ka	and	 the	quality	 class	C.	This	moraine	had	 the	 same	size	as	 the	
previous	moraine,	and	was	located	3582-3710	m	a.s.l.	Moraine	no.	3.	had	the	deglaciation	
age	23.5	±	1.4	ka	and	quality	class	A.	The	size	of	the	moraine	was	about	half	the	size	of	
moraine	 1	 and	 2,	 and	 covered	 0.03	 km2	 at	 2482-	 3516	m	 a.s.l.	 The	 last	moraine	was	
located	 furthest	south	(no.	4)	at	3460-4820	m	a.s.l.	 it	was	0.04	km2	 large	and	had	 the	
deglaciation	age	25.8	±	3.8	ka,	quality	class:	B.	The	drainage	area	(MIS	2	paleoglacier)	
have	decreased	98%	(Table	1)	until	present	day.		

	
	

Figure	7.	C)	The	AR	Valley	drainage	area,	representing	the	glaciated	area	during	MIS	2.	The	present	glaciers	are	white.	
A)	and	B):	The	moraines	(MIS	2)	are	marked	in	red	and	the	white	spots	are	the	locations	of	the	cosmogenic	nuclide	
exposure	dating	samples.	Each	deglaciation	age	is	specified	together	with	the	error	margin	(±)	and	quality	class.		
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5.1.5	Taragay	Basin	
The	 elevation	 profile	 of	 Taragay	 Basin	 (Figure	 8)	was	measured	 it	 to	 be	 70	 km	 long	
(Figure	13:	E)	and	the	drainage	area	of	the	glaciated	valley	covered	1786.1	km2	(Figure	
11:	E).	The	total	elevation	interval	in	the	Taragay	Basin	reached	between	3215-4943	m	
a.s.l.	 Glaciers	were	 located	 at	 high	 elevation	 between	 3735-4943	m	 a.s.l.	 and	 covered	
212.8	km2.	At	the	entrance	of	the	southeast-facing	valley,	a	21.1	km	MIS	2	moraine	was	
measured	 at	 3281-3583	m	 a.s.l.	 The	 deglaciation	 age	 of	 the	 poorly	 clustered	 C	 class	
moraine,	 was	 29.1±10.1	 ka	 (Blomdin	 et	 al.	 2016b).	 The	 area	 of	 present	 glacier	 in	
comparison	to	the	drainage	area	(MIS	2	glacier)	has	decreased	by	is	88%	(Table	1).	
	

	
Figure	 8.	 A)	 The	 Taragay	 Basin	 drainage	 area,	 representing	 the	 glaciated	 area	 during	MIS	 2.	 The	 present	
glaciers	 are	white.	 B)	 The	moraine	 (MIS	 2)	 is	marked	 in	 red	 and	 the	white	 spots	 are	 the	 locations	 of	 the	
cosmogenic	nuclide	exposure	dating	samples.	Each	deglaciation	age	is	specified	together	with	the	error	margin	
(±)	and	quality	class.	
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5.2	Altai	

5.2.1	Chagan-Uzun	Valley	
In	the	north-facing	Cagan-Uzun	Valley	complex	(Figure	9),	 three	MIS	2	moraines	were	
located	 (Gribenski	 et	 al.	 2016	 and	Reuther	 2007)	with	 the	 deglaciation	 age	 (south	 to	
north,	Figure	9)	1:	20.5±3.1	ka	quality	class	B,	2:	19.4	±1.6	ka	quality	class	B	and	3:	20.9	
±	3.8	quality	class	C	(Blomdin	et	al.	2017).	The	areal	distribution	across	elevation	reached	
between	1851-3961	m	a.s.l.	(Figure	12:	A).	The	total	area	of	the	50	km	long	valley	(Figure	
13:	F)	 covered	975.6	km2.	The	 two	MIS	2	moraines	 (moraine	1	 and	2	Figure	9)	were	
located	at	1937-2642	m.a.s.l.	Number	1:	were	6.3	km2	in	size	and	number	2:	0.8	km2.	The	
third	sampel	area	(no.	3,	Figure	9:	B)	was	not	mapped	because	of	difficulties	in	identifying	
the	moraine.	The	glaciated	area	was	located	across	2540-3961	m	a.s.l.	with	a	total	area	of	
87.4	km2.	The	glacier	area	has	decreased	by	91%	since	MIS	2	until	present	day	(Table	1).	

	

	
Figure	9.	A)	The	Chagan-Uzun	Valley	drainage	area,	representing	the	glaciated	area	during	MIS	2.	The	present	
glaciers	are	white.	B)	The	moraines	(MIS	2)	are	marked	in	red	and	the	white	spots	are	the	 locations	of	 the	
cosmogenic	nuclide	exposure	dating	samples.	Each	deglaciation	age	is	specified	together	with	the	error	margin	
(±)	and	quality	class.	
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5.2.2	Turgen	Asgat	Catchment	
The	northwest-facing	Turgen	Asgat	 catchment	 (Figure	10)	was	measured	40	km	 long	
(Figure	13:	G).		The	catchment	was	located	1945-3892	m	a.s.l.	(Figure	12:	B)	and	covered	
an	 area	 of	 257.0	 km2.	 The	marginal	moraine	 in	 the	 eastern	 end	 of	 the	 valley	 had	 the	
deglaciation	age	22.8	±	3.5	ka	and	the	quality	class	B	(Blomdin	et	al.	in	2017).	The	moraine	
covered	2.82	km2	of	area	and	was	located	in	the	elevation	span	1971-2319	m	a.s.l.	Glacier	
area	measured	3.5	km2	is	spread	out	in	the	high	elevation	across	2885-3892	m	a.s.l.	The	
drainage	area	(MIS	2	glacier)	is	99%	larger	than	the	present	glaciated	area	(Table	1).	

	

	
Figure	10.	A)	The	Turgen	Asgat	Catchment	drainage	area,	representing	the	glaciated	area	during	MIS	2.	The	present	
glaciers	are	coloured	in	white.	B)	The	moraines	(MIS	2)	are	marked	in	red	and	the	white	spots	are	the	locations	of	the	
cosmogenic	nuclide	exposure	dating	samples.	Each	deglaciation	age	is	specified	together	with	the	error	margin	(±)	and	
quality	class.	



	

	
17	

	
Figure	 11.	 Hypsometry	 of	 the	MIS	 2	 drainage	 areas	 in	 the	 Tian	 Shan	Mountains.	 The	 diagrams	 are	 showing	 how	
drainage	 areas,	 present	 glaciers,	 and	 moraines	 (MIS	 2)	 are	 distributed	 across	 elevation.	 A)	 Inylchek	 Valley.	 B)	
Sairenwuxunsala	Valley.	C)	UGS	Valley.	D1)	and	D2)	AR	Valley.	E)	Taragay	Basin.	The	drainage	areas	represent	glaciated	
areas	during	MIS	2.				
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Table	1.	Location	in	the	Tian	Shan	and	Altai	mountains,	facing	direction	of	each	drainage	area	and	the	change	of	glacier	extent	
in	percent;	a	comparison	between	MIS	2	and	today.	

	

	 Inylchek	 Sairenwuxunsala	 UGS	 AR	 Taragay	 Chagan-
Uzun	

Turgen	
Asgat	

Location	in	T-S*/A**	 (T-S)	
Central	

(T-S)	
E	

(T-S)	
E	

(T-S)	
E	

(T-S)	
Central/W	

(A)	
Central	

(A)	
E	

Direction	(facing)	 N-E	 S	 N-W	 S	 S-E	 N-W	 N-E	
MIS	2	paleoglacier***	

(km²)	 1690.92	 43.10	 1.01	 18.31	 1786.10	 975.62	 257.10	

Present	glacier	(km²)	 604.71	 0.02	 0.21	 0.31	 212.80	 87.41	 3.52	
Glacier	area	(change	in	

percent)	 -64%	 -100%	 -79%	 -98%	 -88%	 -91%	 -99%	

Figure	12.	Hypsometry	of	 the	MIS	2	drainage	areas	 in	 the	Altai	Mountains.	The	diagrams	are	showing	how	
drainage	areas,	present	glaciers,	and	moraines	(MIS	2)	are	distributed	across	elevation.	A)	Chagan-Uzun	Valley.	
B)	Turgen	Asgat	Catchment.	
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Figure	13.	Elevation	profiles	of	the	seven	drainage	areas	derived	from	ArcMap.	Each	profile	is	following	the	
natural	 river	 pattern	 from	 the	MIS	 2	moraine	 to	 the	 highest	 point	 at	 the	 end	 of	 the	 valley.	 The	Tian	 Shan	
drainage	areas:	A)	Inylchek	Valley.	B)	Sairenwuxunsala	Valley.	C)	UGS	Valley.	D)	AR	Valley.	E)	Taragay	Basin.	
The	Altai	drainage	areas:	F)	Chagan-Uzun	Valley.	G)	Turgen	Asgat	Catchment.		
	
	



	

	
20	

6. Discussion		
The	MIS	2	moraines	in	this	study	were	investigated	by	analysing	topographic	features	in	
seven	valleys.	The	analysis	was	done	in	ArcMap	by	mapping	MIS	2	moraines,	importing	
glacier	data,	calculating	drainage	areas	 from	digital	elevation	models	 (ASTER	GDEM2)	
and	creating	elevation	profiles.	The	reclassify	tool	in	ArcMap	was	used	to	divide	area	into	
100	m	elevation	bins	to	characterize	how	area	was	distributed	across	elevation	 in	the	
valleys.	The	main	purpose	of	this	study	was	to	map	MIS	2	moraines	in	the	Altai	and	Tian	
Shan	mountains,	to	subject	the	mapped	valleys	to	topographic	and	paleoglacial	analyses,	
and	 to	 infer	whether	 topographic	 features	 could	have	 an	 effect	 on	 glaciation	patterns	
developing	since	MIS	2	until	present	day.		

	
When	comparing	the	seven	drainage	areas	in	the	Tian	Shan	and	the	Altai	mountains	some	
similarities	and	differences	were	observed.	However,	to	strengthen	glaciation	patterns	I	
think	it	is	important	to	involve	more	MIS	2	moraine	sites	across	the	Tian	Shan	and	Altai	
mountains,	because	of	the	climate	differences	between	various	locations.	For	example,	
eastern	and	southern	Tian	Shan	are	currently	drier	 than	west	and	north.	Also,	central	
Altai	is	believed	to	have	been	more	stable	during	the	Little	Ice	Age,	than	the	outer	areas	
of	 the	mountain	 range.	 The	 ice-marginal	moraines	 analysed	 in	 this	 thesis	 are	mainly	
located	in	central	and	eastern	Tian	Shan	and	Altai	mountains	(Figure	2	and	3).	Additional	
MIS	2	moraine	samples,	from	north	south	and	west-located	areas,	could	be	interesting	to	
add	to	this	analysis	to	get	a	broader	perspective	and	understanding	of	the	local	variations.		

	
A	comparison	between	the	drainage	areas,	is	showing	a	connection	between	the	location	
of	 drainage	 areas	 and	 present	 glacier	 area.	 Also,	 the	 glacier	 retreat	 has	 been	 more	
extensive	since	MIS	2,	in	the	drainage	areas	facing	towards	the	south.	In	this	analysis	the	
present	drainage	area	is	representing	the	glacial	area	during	MIS	2.	The	glacial	shrinkage	
described	in	this	text	is	a	comparison	between	the	size	of	the	drainage	area	and	present	
glacier	area	(read	more	about	error	margins	in	the	4.	Method	section).	With	that	in	mind,	
the	glaciers	in	the	drainage	areas	facing	towards	the	south	and	southeast	have	decreased	
with	88-100%	while	the	drainage	areas	facing	towards	the	north	and	northeast	 in	the	
Tian	Shan	mountains	have	experienced	lower	glacial	shrinkage,	64-79%	(Table	1)	since	
MIS	2.	AR	Valley	in	the	Tian	Shan	mountains,	for	example,	is	facing	to	the	south	and	is	
almost	 totally	deglaciated	today.	 I	 found	 it	 interesting	to	compare	the	south-facing	AR	
Valley	to	the	north-facing	UGS	Valley,	which	is	situated	at	a	similar	elevation	range.	And	
there	is	a	huge	difference	that	could	be	linked	to	north-	and	south-facing	position,	21%	of	
UGS	Valley	has	 glacier-coverage	while	 glaciers	 only	 cover	2%	of	AR	Valley.	 The	 same	
pattern	(larger	glaciers	remain	 in	north-facing	valleys)	 is	 identified	 in	 Inylchek	Valley,	
Taragay	Basin,	and	the	Chagan-Uzun	Valley.	The	drainage	areas	mentioned	are	also	the	
largest	drainage	areas	investigated,	and	have	the	largest	glaciated	area	today	as	well	as	
during	MIS	2.		
	
However,	the	two	drainage	areas	in	the	Altai	mountains	(Chagan-Uzun	Valley	and	Turgen	
Asgat	 Catchment)	 have	 degreased	 91-99%,	 even	 though	 they	 are	 facing	 towards	 the	
northwest	 and	 northeast.	 The	 behaviour	 is	 not	matching	 the	 behaviour	 of	 the	 north-
facing	valleys	in	the	Tian	Shan,	which	have	experienced	a	lower	glacial	retreat	(Table	1).	
This	apparent	inconsistency	could	be	connected	to	elevation.	The	drainage	areas	in	the	
Altai	is	located	at	lower	elevations	than	in	the	Tian	Shan,	and	is	not	reaching	above	3961	
m	a.s.l.	In	comparison,	the	highest	reaches	of	Tian	Shan	glaciers	extend	up	to	4352-7398	
m	a.s.l.		



	

	
21	

	
Even	though	the	Chagan-Uzun	Valley	is	larger	than	Inylchek	Valley,	Chagan-Uzun	has	less	
glaciated	area	today.	Apart	 from	the	fact	that	Inylchek	is	 located	at	2470-7422	m	a.s.l.	
(Figure	 4)	 and	 Chagan-Uzun	 at	 1851-3961	 m	 a.s.l.	 (Figure	 9),	 the	 formation	 of	 the	
drainage	areas	are	also	majorly	different.	Chagan-Uzun	Valley	has	a	flat	elevation	profile	
and	very	steep	at	the	edges	(Figure	13F).	The	hypsometry	shows	that	the	area	is	evenly	
distributed	 across	 elevation	 (Figure12A)	 which	 is	 the	 impression	 given	 from	 the	
hillshade	map	(Figure	9).	In	comparison	to	Inylchek	Valley	the	elevation	profile	is	not	as	
steep	at	the	borders.	The	Inylchek	drainage	area	is	about	twice	as	deep	as	the	Chagan-
Uzun	drainage	area	(Figure	13A	and	13F)	and	the	hypsometry	is	not	as	evenly	distributed	
(Figure	11A).	The	narrow	shape	of	the	Inylchek	Valley-system	could	make	it	less	exposed	
to	sunlight,	in	comparison	to	the	open	Chagan-Uzun	Valley.	Perhaps	the	shape	of	Inylchek	
makes	it	more	resilient	to	deglaciation.							
	
Some	of	the	drainage	areas	had	more	than	one	MIS	2	moraine,	while	others	only	had	one.	
AR	Valley	for	example,	had	four	MIS	2	moraines	across	a	long	distance	(Figure	7).	The	
question	that	comes	to	my	mind	is	if	something	happened	during	MIS	2	which	lead	to	a	
major	glacial	retreat,	for	example	decreased	precipitation	or	increased	temperature,	or	if	
it	is	the	scatter	from	the	quality	class	C	moraines	(moraine	no	1	and	2,	Figure	7)	that	is	
unreliable.	The	two	moraines	classified	as	A	and	B	are	 located	closer	to	each	other,	 in	
comparison	to	 the	class	C	moraine	 far	 into	 the	drainage	area.	The	 large	spread	of	 ice-
marginal	 moraines	 affects	 the	 size	 of	 the	 paleoglacier	 in	 this	 valley.	 If	 the	 marginal	
moraine	located	closest	to	the	present	glacier	is	correct,	the	drainage	area	is	larger	than	
it	actually	was	during	MIS	2.	 It	would	affect	 the	total	glacier	shrinkage	summarised	 in	
Table	1,	and	the	result	is	in	that	case	misleading	for	AR	Valley.	Chagan-Uzun	Valley	is	also	
uncertain	because	it	has	three	MIS	2	sample	locations.	Moraine	1	and	2	in	Chagan-Uzun	
Valley	have	 the	quality	class	B	and	are	probably	more	reliable	 than	the	 third	moraine	
(class	C).	In	this	study	I	chose	to	reveal	all	sample	locations,	because	I	find	it	interesting	
to	compare	all	traces	connected	to	MIS	2,	and	I	wanted	to	reveal	a	clear	picture	of	the	
collected	data	existing.	
	
It	seems	like	the	outer	areas	of	the	Tian	Shan	Mountains	are	more	sensitive	to	change.	
For	example,	Sorg	et	al.	(2012)	writes	that	the	outer	areas	of	the	Tian	Shan	Mountains	
have	 experienced	 a	 decreasing	 runoff	 since	 the	 year	 1940s.	 And	 if	 a	 similar	 pattern	
occurs,	like	in	the	Altai	mountains,	the	central	areas	could	be	more	stable	while	the	outer	
areas	of	the	mountain	chain	are	more	changeable.	Also,	the	AR	valley	is	located	in	the	dry	
east	Tian	Shan	which	could	have	had	an	impact	during	MIS	2	(if	the	east	was	dry	during	
MIS	2,	like	it	is	today).	The	elevation	profile	(Figure	13:	D)	has	a	steep	curve	which	could	
indicate	that	the	AR	drainage	area	has	been	heavily	glaciated	in	the	past.		
	
If	the	elevation	and	facing-position	are	main	factors	affecting	glacier	retreat	in	the	Altai	
and	 Tian	 Shan	 mountains,	 it	 could	 mean	 that	 glaciers	 facing	 south,	 or/and	 have	 an	
elevation	below	3961	m	a.s.l.	are	the	once	most	sensitive	to	climate	change.	It	could	mean	
that	these	glaciers	are	at	larger	risk	of	being	deglaciated	in	the	future.	If	this	is	the	case,	it	
could	mean	 that	 rivers	draining	 these	 glaciers,	 and	 inhabited	 areas	 supplied	by	 these	
rivers,	are	at	risk	of	experiencing	a	water	deficit	in	the	future.		
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I	 think	 it	 would	 be	 interesting	 to	 investigate	 more	 MIS	 2	 paleoglaciers	 with	 spatial	
similarities	 like;	 size,	 elevation	 and	 south/north-facing	 position	 with	 clustered	 to	
moderately	clustered	deglaciation	ages	(quality	class	A	and	B).	To	predict	more	reliable	
future	scenarios	in	order	to	prepare	us	for	what	is	going	to	happen	in	these	areas	in	the	
future.	However,	this	research	could	be	a	start	of	a	major	comparison	of	MIS	2	moraines	
in	the	Altai	and	Tian	Shan.		
	

7. Conclusions		
Research	question:		
	

Could	topographic	features	affect	the	glaciation	pattern	from	MIS	2	(19-30	ka)	until	today,	
in	the	Altai	and	Tian	Shan	mountains?	

	
It	is	my	interpretation	from	the	limited	dataset	that	topographic	features	have	affected	the	
glaciation	pattern,	in	the	drainage	areas	investigated,	in	the	Tian	Shan	and	Altai	mountains.	
	
The	sensitivity	to	climate	change	(that	has	taken	place	in	the	Altai	and	Tian	Shan	mountains	
since	MIS	2	until	present	day)	seems	to	have	a	connection	to	elevation	and	facing-direction	
of	 the	drainage	 areas.	 The	drainage	 areas/paleoglaciers	 compared	 in	 this	 study	 that	 have	
experienced	the	highest	percentage	of	glacial	shrinkage	since	MIS	2	until	today,	are	south-
facing	and/or	located	at	an	elevation	below	3961	m	a.s.l.	The	drainage	areas/paleoglaciers	
that	experienced	a	lower	percentage	of	glacial	shrinkage	were	facing	towards	the	north	and	
located	above	3961	m	a.s.l.		
	
The	conclusion	finds	support	in	data	from	this	thesis,	but	there	are	uncertainties	because	of	
its	extent.	
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9. ArcMap	Flowchart	

		

Figure	14.	 Flowchart	of	 the	work	process	 in	ArcMap	 (ESRI	Version	10.5.1)	 to	 create	hypsometric	 terrain	analysis.	 The	
hypsometry	is	presented	in	Figure	11	and	12.	A)	The	drainage	area/Paleoglacier	B)	Moraine	and	C)	Glacier.			
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