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Mountain environment on a wall painting in Sera Monastery close to Lhasa



overview

ABackground

AMeasurements of lake level oscillations
AMass balance of glaciers

ALake ice cycle and water recycling

AWide range of remote sensing methods: satellite altimetry, historical
reconnaissance satellites, passive microwave



Tibetan Plateau: FormatierClimate- Ecosystems (TIP)
-Priority program of DFG (German Science Foundation)

Tibetan Plateau: /)\

20 projects on three different time scales: it

Climate -
Ecosystems

A Plateau formation
A Late Cenozoic climate evolution

A Human impact and Global Change phase 0N

Projects in which | took part:

1. Integrated System Analysis to Understand the
Implications of the Asian Monsoon System on
the Tibetan Hydrology with Focus on Nam Co
Basin(Uni Tubingen)

10th SineGerman Workshop of Tibetan Plateau Research in Berlifhl IDec 2014

2. DynamidResponse of Glacien the Tibetan
Plateau to Climate Change (TU Dresden)



Institute of Tibetan Plateau Research, CAS

A founded by the Chinese Academy of
Sciences (CAS) in 2003 in collaboration
with Max Planck Society "

A >230 permanent employees mco statin, 750 m a.s.l.
A 3 campuses in Beijing, Lhasa and Kunming

Field stations on the Tibetan Plateau:

1. Namco Monitoring and Research Station for
Multispheric Interactions

2. Southeast Tibet Observation and Research Station
for the Alpine Environment

3.  Qomolangma Atmospheric and Environmental

; ¢ - Aol i H ‘ Observation and Research Station

"’3 Vo o 1, »"‘k AN neniir 4. Muztagh Ata Westerly Observation and Research
Mt. Qomolan;?na Everest ) TS SC 2 2=\ y /

: Station
S

5. Ngari Desert Observation and Research Station




Variability and trends in water balance component:
of benchmark drainage basins on the Tibetan
Plateau (WET)

AOne of 10 projects of the BF program
[ 1 a9 a/SYqN laAl Y
geo-S0O2aeéaidasya

ATU Berlin, Uni Marburg, Uni Jena, Uni
Tubingen, RWTH Aachen, TU Dresden

Main goal:lnvestigation of thecoupling of climate and
hydrological cycleon the example of benchmark
drainage basins on the Tibetan Plateau




Tibetan Plateau

A Mean elevatior> 4500 ma.s.|

A Role in regional climatdyarier o~
to southward flow (the role as ¥ @ 5 e
heat source disputed) N

“TaklamakarBasin
a ama a aSLll/

A Highest concentration of
glaciers out of polar regions

A Numerous endorheic lakes

A Dominated by grasslands
(Kobresia

A Sparse snow cover

Molnar, Peter, William R. Boos, and DaviBatisti. "Orographic controls on climate and paleoclimate of Asia: thermal
and mechanical roles for the Tibetan Plateafiihual Review of Earth and Planetary ScieB8842010): 77102.



Major climate drivers on the TP
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Asian summer monsoon (ASM) limit is shown by a red
dashed line (after Gao, 1962)
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Tibetan lakes

T

from the year 1851
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Map of Tibet, Mongolia and Manchuria by John Tallis

A Exploration by Seven Hedin at the beginning of the
20th century: rough outlines of the large lakes
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Research of lakes on the Tibetan Plateau

ARestrictions

AFew lakes are gauged

AOne lake is used for hydropower

d . Hydropowerplant atYamdrokYumco
Pro uction diverts water toYarlungCangpaiver.
The altitude difference is 840 m.



Dynamics of endorheic lakes

Palaeebeaches at Tangra Yumco
altitude range: ~200m

http://www.tibetarchaeology.com/february2017/



Decline of lake levels in Holocene

Tangra Yumco lakBuminescence dating of feldspar)
Afrom ~6.4 to ~4.5ka: rapid decline (50m)

Abetween ~4.5 and ~2.0ka: slow decline (20m)

Asince ~2 ka: fast decline by 7t

: : .. Tangra Yu.rﬁc;
Alink between a decrease in monsoonal activity and{ake

level decline since the early Holocene

RadesEike F., et al. "A laktevel chronology based on feldspar luminescence dating of beach
ridges at Tangra Yum Co (southern Tibé&uaternary ReseardB.3 (2015): 46978.



Palecbeaches at Selin Co Lake

A>100m than the current level: early stage of the Last Glaciatiol# &
(67.9%2.4ka BP)

A Carespond to cold or wet climate periods

A beach ridge groups are almost synchronous \aitlvances or
standstills of Himalayan glaciers

A consistent with nearbyce corerecords

A supportsno plateauscale ice sheetluring the Last Glaciation

Li, Dewen, et al. "Lalevel fluctuations since the Last Glaciation in Selin Co (lake), Central Tibet, investigated using
optically stimulated luminescence dating of beach ridgéswironmental Research Lettdrg (2009): 045204.



Recent warming on the TP

AWarming accelerated since the 1950s

Alce core from Dasuopu Glacier : last 50 years have been the warmest in the
last 1000 years (Thompson et al. 2000)

AStation data 195% 1996: +0.16C/decade

A mean winter temperature increase: +0.32/decade

AFaster warming than the average for the northern hemisphere

AWarming slowdown in 1999 2014 (Zhong et al. 2019)



Sources of precipitation

Source of moisture: from SWindian Ocean, Westerlies

A69% from land

A21% from ocean about 18% of the total precipitation from inside the

region- recycling



Trend In precipitation

Alarge uncertainties in this trend due to sparse
observations

000000

ARecent precipitation increase (192913) due to:

Asymetric distribution of weather

: : stations (shown as black points) after
Aenhanced moisture transport from the Indian Ocean Ran, Y., Li, X., & Cheng, G. (2018).

during July and September

AlIntenzification of local hydrological recycling

Zhang, ChQiuhongTang, andeliangChen. "Recent changes in the moisture source of
precipitation over the Tibetan Plateaulburnal of Climat&80.5 (2017): 1804819.



Automatic weather station at
Nyenchen Tanglha, 5500 m a.s.|

AWS at Halji Glacier, 5350 m m
a.s.l., Installed in Dec 2013

A CS215 temperature and relative
humidity probe;

Cpressure sensor TF5004 in data logger ' ‘
case

D SR50A snow depth sensor



Greening

Agreen_ing Increase from medium resolution
satellite data

A7.63% of TP: significant greening
Areaction on both precipitation and temperature
Areforestation projects

Tree plantation in frames of a reforestation

'f‘crfas'“g project in Yarlung Cangpo valley
significantly

Decreasing
significantly

Zhong, Lei, et al. "Climate change trends and impacts on
vegetation greening over the Tibetan Plateailotrnal of
Geophysical Research: Atmospher24.14 (2019): 7543552.




Water balanceof anendorheic lake

INDICATOR OF
CLIMATE CHANGE

ON-LAKE
PRECIPITATION

‘ EVAPORATIC>




Preditiondbasedon models

A1995 to 2025

average lake level rise by
| 0 2 dz&t avEC

Simulated lake level (m)

10 }

(b) Simulated lake level

s nput current climate

=== nput future climate

® Observation

A

2000

2005

2010

2015
Year

2020 2025 2030 2035

YangKun et al. "Quantifying recent precipitation change and predicting lake expansion in the
Inner Tibetan PlateauClimatic changé47.1-2 (2018): 149163.



Satellite altimetry- surface elevation from
space

saniite /0 ARange is calculated based on
| I delay of the two way signal
e &/ t4 travel
g P A Accurate position of the
Alttude of satelte 2 | . satellite from SLR Satellite
Pl {1k Laser Ranging
Va HE? A Geoidc elipsoid: Earth
rj/ | ¢ Gravitational Models EGM96
e —— 2 | and EGM2008 based on
ot Water level gravitational measurements
3 of GRACE satellite mission

v
/ Reference ellipsoid \



Lakelevelchangesnf Nam Co
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Lake leveliseof Nam Cdoy satellite altimetry

4727
.

AENVISATCESaand GFO data N [ TP

. E e %
for the period 2002; 2009 ﬁ R
I M D
| g i I Py ——r
AMean increase rated.31 m/y
AThe first study that combined o ot
Laserand radar altimetry for i I AL Rl A
: "l - 3

lakelevelmeasurements

O Envisat m |CESat

Kr op §J.,8daun, A., Kang, S., Feng, C., Ye, Q., & Hochschild, V. (2012). Analysis of lake
level changes in Nam Co in central Tibet utilizing synergistic satellite altimetry and optical
imagery. International Journal of Applied Earth Observation and Geoinformation, 17, 3-11.



NamCo station

NamCo stationlNam Co Monitoring and
Research Station favlultispherelnteractions
¢ NAMORSRelevation of 4730 na.s.|




NomadsaroundNam Cdake




Satellite Laser altimeter ICESat

ANASA mission, 206310

APoint elevation measurements
along the ground track

ALidar

AFootprint of 70 m diameter each
170 m,

AEffect of cloud cover



Lake level oscillation by satellite LIH2ESat
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APeriod 20082009

A111 lakes on the Tibetan Plateau
covered by CESafootprints

ALake level of 84% lakes increase

AAcceleratedylacier meltingdue to
global warming suggested as the
most likely cause

ZhangGuoqing et al. "Monitoring lake level changes on the Tibetan Plateau USiE§aaltimetry data

(2003;2009)."Remote Sensing of Environménds.7 (2011): 1733742.



Recent trends In lake levels Iin Tibet

AComparison of Cryosat
69{!wa NIRFIE=
20102015 with ICESat ;S
20032009 R m |

ALakes in the NTP maintin | S8 .
their rising trend R S P

ALakes in the South slow
down or keep decreasing

&

i 4
‘ 0.37(mlyr)

I 2003 - 2009
B 2010 - 2015

100°E

Jiang, Liguang, et al. "Monitoring recent lake level variations on the Tibetan Plateau using

CryoSa SARIn mode dataJournal of Hydrology44 (2017): 109.24.

35°N

30°N



Reactiorof Tibetanlakesto ENSO &g ™"

ENSO index

Alncreasdn ENSO
Index->>decreasan
precipitationin Tibet

| e ) AFollowedby yearsof
i b ld, I - precipitation
M o abbundance
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5 o l.gg\jg ” ) LEl,Yanbin et al. Extreme lake level changes on the Tibetan
S e == Lon e - Plateau associated with the 2015/2016 EI NiGeophysical
f.1 B R 0 AN R Research Letter2019, 46.11: 5889898.
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Corona, 1964 Google Earth, 2014 August 2012~ _

Shoreline displacementt Nam Co
from Corona and Landsahages

(?) Connection betweemMapamYumcoandLangaCo



Changes of aerial extent from satellite iImages

0.420 + 0.65 - 45 (d)
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AAnalysis of Landsat images
AShrinking lakes: drier climate or permafrost degradation

Mao, Dehua, et al. "Impacts of climate change on Tibetan lakes:
Patterns and processeRemote Sensint0.3 (2018): 358.



Mass balance of theurogangrice Cap by
differential Xband SAR interferometry

ASRTMX andTanDEMX, 2000
and 2012

ATwo methods
ADInSAR
ADEM differencing

ASlightly negative mass budget

Ab nemp | yHR3 oy
wegqd | b wm

NeckelN, Braun AKropacek], et al. Recent mass balance of the
Purogangrice Cap, central Tibetan Plateau, by means of differential X
band SAR interferometry[J]. Tk¥yosphere2013, 7(5): 1623. TerraSAR, DLR




Glacier mass wasting in Kunlun fromXH

A6 KH9 images from
1973 and 1974

AResolution 3 m

- = |
-k ‘ ASfMprocessing

How it worked Filmrecovery

A Reconnaissance program in
19731980

A Declassified ir2002

A 29 000photos, 12campaigns
A F =305 mm

A 9x18inches, 3600 dpi




Glacier mass wasting in Kunlun fromXH

ADEM resolution = 7 m

ADEM differencing (SRTM,
TanDEMX)

A Artifacts in accumulation
areas

I 37.5
0 AThinning up to about50m
In ablation areas

ASeveral surges



Glacier mass wasting on the TP in 20089
from satellite altimetry by ICESht

°°.°E‘ 85°E m JI"I'{‘.(‘I"v"%".I‘E"'r T o AICEsaﬂ- (NASA)
s o e ST ~ AOperational 2003, 2010

ASurface elevation measurements
by orbital LIDAR

NeckelN,Y N2 LJI,BoBHT, et al. Glacier mass changes on
the Tibetan Plateau 20@2009 derived fromMCESaaser
altimetry measurements[J]. Environmental Research Letters,
2014, 9(1): 0140009.




Glacier mass wasting on the TP In 20089 from
satellite altimetry by ICESAt RESULTS
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Atotal annual mass
OdzZR3ISU 27+ b
10.1Gta> “-80% of
glacier area on the TP

AAbout 11% is drained to
the endorheiclakes

ALarges mass lost in E
ASlight mass gain in NW

AComprehensive idea of
glacier dynamics on the
TP



ASTP: dominated by Summer

Indian Monsoon NTP
ANTP: dominated by :
- E 1 600
Westerlies <
S 300} :
g 1500
8250 |
'§ 200

150 A A 1 1 A 1 A 1
1980 1985 1990 1995 2000 2005 2010 2015

Year

ZHANG, Chi, et al. Moisture source changes contributed to different precipitation changes over the
northern and southern Tibetan Platealournal of Hydrometeorolog2019, 20.2: 21-229.
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Hydrological modelling

Nam o AFour lakes in 2002010
Glacier runoff Land runoff
m Lake (P-E) Basin-wide precip. . . . .
x Cum. lake volume Angh ASla Reflned anaIyS|S
5.0 y w7 O (HAR)
2.5 - i 500 — A
I 1 BT DA = Major driver is precipitation
00 " 'gw w g g o g n ' : precip
= 1500 AContribution of glacier
Contribution of components to cummulative meltwater to the total basin
lake volume change (Biskop et al.) runoff volume is 14 30 %

Biskop, S., et al. "Differences in the walbelance components of four lakes in the southeentral
Tibetan Plateau.Hydrology & Earth System Scien2ésl (2016).



Snow cover patterns in Nam Co basin

ARGB composites made from
MODIS data divided in three
seasong; new approach

AColor represents the dominant
snow cover period

AAllows analysis of snow cover
patterns

autumn

winter y :
‘permanent snow One cycle of MODIS data Terra satellite

Kropacek, J., Feng, C., Alle, M., Kang, S., & Hochschild, V. (2010). Temporal and spatial aspects of snow
distribution in the Nam Co Basin on the Tibetan Plateau from MODIS data. Remote Sensing, 2(12), 2700-2712.



Snow cover patterns in Nam Co Basin

Legend

monsoon

winter autumn
{permanent snow

lake effect

periodicity of snow cover: two years

Corresponds to oscillation of the Indian monsoon



Lake ice phenology on the TP Iin 2Q010

MODIS &lay composites
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FU BU I duration of complete ice cover \ " 5
l duration of freeze-up period j g %
FO: Freeze onset ; 3
FU: freezaup Freeze onset and water clean of ice day
BU: Break up are more thermally determined than
WCI: water clear of ice freeze-up and break-up dates

J.Y N2 LI}F&&ussion F. Chen, $oerz and VHochschilgd Analysis of ice phenology of lakes on the
Tibetan Plateau from MODIS data, The Cryosphere, 3287 2012



Lake effect in Nam Co Basin

Lake ice from passive

Snow cover from MODIS, microwave satellite data
East of Nam Co SSMI, 85 GHz
120% - ‘ ‘ - 2400
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—#—% of snow cover in the area of the |lake effect B brightness temperature (SSMJI‘ 85GHz H)

A Lake effect is limited to autumn and early winter
A It disappears due to freeze over of the lake

KropacekJ., Feng, (Hoerz S. HochschildV., 2011, Analysis of icing cycle and snow distribution in a basin on the Tibetan Plateau fi
passive microwave and optical data, 3E®{RSeSymposium and 35th General Assembly 2011, May 2011, Prague, Czech Republic.



Trekking Map 1XKailash GurlaMandhatal:100.000
| S - (s werkd
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A Side product of WET project

A Master thesis of Jacobriiltsch
TUDresden



Further reading

Kang, Shichang, et al. "Review of climate and cryospheric change in the Tibetan Platemarimental research
letters5.1 (2010): 015101.

Zhang, Guoging, Wenfeng Chen, and Hongjie Xie. "Tibetan Plateau's lake level and volume changes from NAS.
L/ 9{FOdkL/9{} OmH IGgophysjcal ReRe@rchiiettafi2d @OLD:VIF1GIB118.

Song, Chungiao, et al. "Remote sensing of alpine lake water environment changes on the Tibetan Plateau and
surroundings: A reviewISPRS Journal of Photogrammetry and Remote S&si(2914): 2637.

Song, Chungiao, Bo Huang, and Linghong Ke. "Modeling and analysis of lake water storage changes on the Tik
Plateau using mulmission satellite data.Remote Sensing of Environméagb (2013): 2535.

The Tibetan Plateau, University of California Television: https://www.youtube.com/watch?v=bLtVI8IhQ20



