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How can the Little Ice Age (LlA) Satellite images up to 10 m resolution (Sentinel 2)
glacier extent be mapped?

Old images and paintings; Field mapping
el

* Trim lines
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Study regions

General approach

* LIA glacier mapping for selected regions

 ~ 100 glaciers per region

* Glacier from different size classes and
climate regimes

Focus on Arctic regions due to:

* the significance in SLR contribution

 Few datasets available

* |naccessible, thus great for remote
sensing

Tropical regions also included due to:

* |mportance of glaciers as water
resource

* Only few datasets

Sourse: Estl, Mesgr, GeoEye, |4
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Results prea tkm2 5

0
A
* 489 analysed LIA glaciers => 888 ice bodies today 10 A
 Min. 25 melted completely 20
e Area change: -20% (Alaska), -15.2% Baffin Island), -
26% Novaya Zemlya), -60.7% (Tropics) 30
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Glacier change per region
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Largest relative change in tropics
But Arctic regions hold much more total
glacier area (potential SLR)
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@ LIA Literature
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* Number of glaciers LIA: 152, 2008: 271
 Area LIA: 2449 km?, 2008: 1959 km?
* Area change: -20% (-490 km?)
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Baffin Island e

Number of glaciers LIA: 126, 2000: 205

Area LIA: 1198 km?, 2000: 1016 km? | | TR

Area change: -15% (-182 km?) | g 7K o <
-12.5 % from Paul & Svoboda (2009) et [ |

ESRI basemap 15.08.2012 |
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Legend

Outline LIA
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Small moraine from the 1980s
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Y e ® Not much change since LIA
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Novaya Zemlya

Number of glaciers LIA: 85, 2016 172
 Area LIA: 644 km?, 2016: 475 km?
* Areachange: -26% (-169 km?)

Difficulties:
multi interpretation of push moraines
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* Number of glaciers LIA: 126, modern 240
 Area LIA: 310.5 km?4, 2010 129 km?
* Areachange: -58% (-181.5 km?)
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Change in topographic parameters

Change of min. elevation

Area Chantge rate [% a| Change in 350
IaC|ers gualit LIA change [% -® Baffin
Alaska 2.9 2449.27 1958.97 -20.0 -0.14 (1864-2008) 177+130 300 -
=#=Novaya Zemplya /
===Tropics /
Baffin 126 2.5 1198.41 1016.28 -15.2  -0.10 (1850-2000) 70+89 250 /
Island ,/
Novaya 85 3.1 644.01 475.26 -26.2  -0.16 (1850-2016) 70+58 200 /
Zemlya B / pr
Tropical 110 2.4 27523  125.38 -54.4  -0.15 (1647-2003) 2971186 150 ,I ,/
South / /’
America / s’
Mexico 2 20 15.13 0.73 -89.2  -0.60 (1850-1999) 596+6 100 y; y 2
/ ,”

p o

Africa 13 2.1 27.52 3.68 -86.6  -0.76 (1888-2002) 227+176 50 ,’ 4 > /"
’
/I’//
Papua 1 20 21.26 2.14 -89.9  -0.71 (1875-2002) 186 0 & |
LIA Modern

Largest elevation change in tropics and Alaska
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Change rates

100 ==
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Change rates largely dependent on LIA 9 Alaska (-0.14)
max date g 50 -a-Baffin Island (-0.10) N~
= ® Novaya Zemlya (-0.16)
. . 29 --South America (-0.15)
* Inthe Arctic glaciers were near LIA max | \
. ) -®-Tropics except South America (-0.74)
position until 1900 (Dowdeswell, 1995) 0 - - -
1650 1700 1750 1800 1850 1900 1950 2000

 |n South America, “constant” retreat

100 ~=0s 00 ———p NI
since the 17t century (with intermediate ‘T ~~~~~ §%\
advances) and accelerated shrinkage 75 | e %‘q‘ \
after 1890 (Rabatel et al. 2006, Kinz| ~ | o-CharquiniSur(1) -o-Zongo (1) T T === \\%\ SONK
1969) g 50 Ichu K.ota (1) -o-P.a-pua (-2) \\\ s
= -8-|ztaccihuatl (3) -x-Kilimanjaro (4) \.\:\ \ %o
. . . -x-Rwenzori (5) -A-South America Q \:\‘\ \x
* |n other tropical regions rapid and 25 W, Africa —a-Mexico RN
constant retreat since the end of the 19t" -&-Papua
O | | |
century 1650 1700 1750 1800 1850 1900 1950 2000
year
(1) Rabatel and others, 2008; (2) Allison and Peterson, 1976; Klein and Kincaid, 2006; (3) Schneider and others,
2008; (4) Cullen and others, 2013; (5) Kaser and Osmaston, 2002; Taylor and others, 2006;
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Area change rates per size class

* Higher change rates for small glaciers

* |nterregional variability decreases with
Increasing size

-0.8

-0.7

* Highest in Mexico, Papua and Africa (~1850) 0.6

* Peru and Bolivia lowest rates in tropics (~1650)

o
IN

* Rates of small glaciers higher in the Artic than in
South America

Change rate [% a]
IO 1
w

-0.2
. . . -0.1
 Southern Alaska highest rate of Arctic regions ->
' ? 0 ,
response tlme' Papua Africa exico Santa Sierra Bolivia Peru Brooks Southern  Baffin Novaya %\1\/{5&\
[1875] [1888] [1975] Marta Nevado  [1655] [1630] Range Alaska Island Zemlya N
[1650] del [1890] [1851] [1850] [1850]
Cocuy
[1650]

Region [Start date]
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Quality classification

4 quality classes:

4: very good

\ \’-'f
St

4. Very good
— Very well preserved moraines and trim lines

3. good
— Generally well preserved moraines / trim lines
— Minor parts of moraines missing

2y

cEye, Earhster Ceogleliss, CNES/Alfbus DS; USDA,
U@@@J @m@F HI [\@ _mdiﬁuc @IS User Communfiy f

— General outline can be estimated with some
parts interpolated

— Low image quality of Esri basemap

— Shift in the modern outline

1. unusable
— Low quality of modern outline
— Front position can not be determined
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Uncertainties

Input uncertainty Reproduction accuracy Interpretation accuracy |Other sources of uncertainties

Multiple moraines => outermost mapped

For ESRI Basem.ap 5-10 m, | How wgll can we reproduce |How weII. can we int.erp.ret Calving glacier and ice caps

probably more in steep LIA o.utllne.s? . | _I.A.rr.u?rames an-d trim lines? Dating uncertainty?

areas I\/I.ultlp.le digitising expe.rlment Digitising experiment Dating records only for a few glaciers
Can be checked for each | with High res. and Sentinel-2 |between the two analyst’s | _ Regional LIA max date assigned
location 1.4% £ 1.3% 1.9% + 10%

dentity 0 x 72:250'W 7270w 54300

DATE (YYYYMMDD) 20130708
RESOLUTION (M} 0.5
ACCURACY (M) 3

DESCRIFTION Wvoz2
SOURCE_INFO Vivid
S0URCE Maxar
SRC_DATEZ2 a8/7/2013
=Z ~
8 : 1734
> ‘ LIA analyst 1
ny | |LIAanalyst 2
: J=n _1686
= ] 5 . ,, Source: Esri, Maxar, GeoEye Earthstar 4 M i \axar Geoel®, E A o JM a;lT lﬁﬂﬂﬁuwmﬁ% 9, Earifhsior Goograghles, CNES/Albus DS, USDA, USES, Asio@RID, 6N,
S 4 Geographics, CNES/Airbus DS, USDA, US E b,u siDs, USD 1USGS Q‘Eﬁd XID.IGN, a d 000000
denfiftec T Feature \‘-. t' %’}'5 Aer ogGRﬁD IGN, and the GIS User Com u\ LYE1SMUser Community vy Dates from Rabatel et al 2006 -
) ae t t Universitit T : :
f®Le@ tal m tainty: 10.1%
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Uncertainties

Multiple moraines

ESRI basemap Sentinel 2 Landsat 8
accuracy 5-10 m shift towards Sentinel-2

Soure: Esr, Mener, EaaE, EanhsEr Caogreaphies,
CNES/AIPTs DS, USDA, USES, AxERID, (EN, and the
@GS Usar Communilyy

Timing of LIA max?

e Still much work to do
* Timing of max extent highly variable
 Some regions are missing dating's (e.g.

3 Subantarctica)
2 ‘% |
ISOUICER=S M é‘e Eye
Geogﬁﬁ%s - - J
ENECNITs DS=USDA,
WSS SHLE] @GR|D“|GN and
{he GIS Usg Cor%numty %
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Normalised distribution function

Interpretation accuracy PR

L 2 ’.

« 18 glaciers, 141.9 km?in 2016
» Area LIA: Analyst 1: 186.0 km?, Analyst 2: 185.3 km? a0 20 10 0 10 20
» Average difference of differences: 1.9% (Std.: 10%) Relative difference %
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Legend
LIA Johannes Reinthaler
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LIA analyst 1
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Reproduction accuracy

72°28'0"W 72°27'0"W 72°20'0"W 72°16'0"W
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Outline 1998

Overlap count
1
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Sourge: Esri, Maxar, GeoEye,

o= SRS R
%e Esri, Ma;
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b= \ .’J’? e . 4 — 3 o
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-‘ !L’JS AT\ - AL > LIS ko 4 0 0 5
0.5 1 kmys r%:wﬂe;o@’BID, IGN, and My USGS! eroGRID, IGN, and : 5
_ 18”@Jser Community o | . h@ﬂl‘S User Community of N IR

« 18 glaciers digitised six times each
* Glaciers from different size and quality classes
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High resolution vs. Sentinel 2

* Average difference to mean:
— ESRI basemap: 1.4% (Std.: 1.3%)

8 T T T B B e R
- ESRI Basemap
) inel 2 .
2, - e Difference between ESRI basemap and
86 Sentinel 2:
o — Mean: 3.4% + 3.0
)
_tl_é 4 8 o®
=7
O S °
> £ ®
= 3°
02 5 5
“ w A O
s .
()]
05 14 14 27 33 62 63 76 78 84 85 91 126126134356369612 g o ¢
05 14 13 25 31 68 59 74 79 81 83 88 13.1 125 13.4 36.8 36.1 62.3 1 o R
2 0 o
Mean area km 0 -0 20 50

Mean area (km?)
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Thank you very much for your attention

Happy to answer questions
1. Now (if there is time)

2. After the session

3. write me an email:

johannes.reinthaler@geo.uzh.ch

Find further information on the uploaded material and a paper will be
published soon!

20


mailto:johannes.reinthaler@geo.uzh.ch

References

Bennett MR (2001) The morphology, structural evolution and significance of push
moraines. Earth Sci. Rev. 53(3-4), 197-236 (doi:10.1016/50012-8252(00)00039-8)

Houghton, J.T., Callendar, B.A., Varney, S.K., 1990. Climate Change. The IPCC
Scientific Assessment. Cambridge Univ. Press, Cambridge.

Rabatel A, Machaca A, Francou B and Jomelli V (2006) Glacier recession on Cerro
Charquini (16°S), Bolivia, since the maximum of the Little Ice Age (17th century). J.
Glaciol. 52(176), 110-118 (d0i:10.3189/172756506781828917)

Rabatel A, Francou B, Jomelli V, Naveau P and Grancher D (2008) A chronology of the
Little Ice Age In the tropical Andes of Bolivia (16°S) and its implications for climate
reconstruction. Quat. Res. 70(2), 198-212 (doi:10.1016/).ygres.2008.02.012)

Wiles GC and Calkin PE (1994) Late Holocene, high-resolution glacial chronologies
and climate, Kenai Mountains, Alaska. Geol. Soc. Am. Bull. 106(2), 281-303
(doi:10.1130/0016-7606(1994)106<0281:LHHRGC>2.3.C0O;2)

Zemp M, Huss M, Thibert E, Eckert N, McNabb R, Huber J, Barandun M, Machguth H,
Nussbaumer SU, Gartner-Roer |, Thomson L, Paul F, Maussion F, Kutuzov S and

Cogley JG (2019) Global glacier mass changes and their contributions to sea-level rise
from 1961 to 2016. Nature 568(7752), 382—386 (doi:10.1038/s41586-019-1071-0)

Universitat
Zirich™ 21

Bl

CRYOSPHERE & SEA LEVEL SR

yCeel




