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Fig. 1  Comparison of the Cryosat—2 water level time series and the in—situ water levels Nam Co and Zhari Namco
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%1 Hydroweb /KL= & 5 FTIREXHI Cryosat—2 /KL FF 5 I 4 it b
Table 1 The comparison between the Cryosat—2 time series and the Hydroweb water levels
7 NEEA7 WL H 4 FIE AR 25 /m KA RMSE/m
Bi 5 B4 4 2010-09-10—2014-10-22 3212 7 0.179
FRTHE A 122 2010-12-06—2014-10-12 0.518 21 0.002
PN ST 2010-11-07—2018-06-08 1.849 8 0.174
IR 2010-09-18—2016-04-11 1.570 4 0.009
EZ iy 2010-07-23—2016-10-16 1.490 16 0.171
EZ L ls 2010-12-10—2014-10-20 1.629 5 0.570
i 3] 2010-12-10—2014-12-20 0.064 7 0.395
EAZ b 2010-10-31—2017-01-01 1.632 2 0.337
Hytaa R 2010-07-16—2014-10-20 2.057 9 0.221
BT AR 2011-01-22—2014-08-26 1.957 15 0.209
LN 2010-11-01—2014-10-16 2.103 5 0.408
YK 2010-07-16—2016-10-26 1.191 30 0.164
I E DA T 2010-09-28—2016-04-26 1.832 15 0.262
B AR 2010-11-15—2018-06-02 2323 7 0.178
TER 2010-09-10—2017-10-14 1.032 7 0.095
GRS 2010-07-20—2016-05-19 0.889 17 0.174
MRS 2010-09-20—2014-10-23 1.670 12 0.256
B 2010-09-26—2014-09-28 1.572 9 0.101
ESSIE 2010-09-19—2014-10-20 1.1566 8 0.087
52 B 2010-07-16—2014-09-12 1.292 13 0.014
FLHFIARE 2010-07-29—2018-06-02 2.547 12 0.053
2L 2010-11-08—2016-11-11 2.135 3 0.095
&2 Cryosat—2 3R BV 7k ir F1 Hydroweb 7K fif B9 %R 4 2= Lb %
Table 2 Comparison between the water levels obtained from Cryosat—2 data and Hydroweb water levels
Cryosat=2 /K3 /m Hydroweb 7K {i7/m Cryosat=2 /K /m Hydroweb 7K fi7/m
i NEE AN
R fR/ME E RRE RME O E RRME s/ME ¥E ERE B/ME HE
BT 5 A4 T8 0.15 0.01 0.04 0.54 0 0.11 AR 0.17  0.01 0.02  0.88 0 0.10
B A 2 0.14 0.02 0.03 2.33 0 0.40 e A IE) 0.13 003 005 027 0 0.06
AT BRAE 0.14 0.01 0.03 1.80 0 0.14 ISELEi 028 002 004 147 0 0.11
PN 0.06 0.02 0.03 1.61 0 0.25 HETE 0.19 004 008 147 0 0.34
EZi 0.05 0.01 0.02 1.33 0 0.17 PR 0.04 0.0l 0.02 1.22 0 0.09
ZIEEEHRRT 0.10 0.01 0.02 0.97 0 0.13 MEAE 036  0.02 003 1.17 0 0.17
i #6138 0.10 0.01 0.03 0.78 0 0.19 A 020 002 004 008 0 0.01
EDASE 0.51 0.03 0.07 0.29 0 0.07 ey Ik 056  0.02 006 098  0.01 0.47
PR 094 0.02 0.05 1.05 0 0.19 || 22k 008 002 003 073 0 0.12
BHITRE 027 0.03 0.07 0.99 0 0.13 || FLHEARE 005 001 002 081 0 0.08
LSRG 0.31 0.02 0.03 0.45 0 0.07 RS 0.10 002 004 113 0 0.10
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WA AR AR S Bk, XK AL

S BN ETHER, FERER 0.159 m/a,
ZAH W /N T Phan % (2012) Hl Zhang %5 (2011)
A3 2 B 154 F 111 A4S 75 9 5 BRI A 2003 4F—
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WIAAE I — A B KA B TR AR A, (A
KRR TR GE  r A WA R T & R A
1 71% (944~), 1 H EC R B IATA EA S PRt K A7
Al (A3 TR AR BR300 )2 0.271 m/a F
-0.110 m/a) (£3),

®3 BHESEIB3NMAMNKCEREESIT (2010 £—20184F)
Table 3 Lake level change trends of 133 lakes on the Tibetan Plateau (2010—2018)

43X i MERYeTs PR/ (mfa)  EFREAEGE A ETRR(w/a)  FREEBIASGE A FRESR/(m/a)
290 133 0.159 0.271 39 -0.110
11X 23 0.261 0.368 6 -0.044
X 11 0.017 0.062 3 -0.104
TI1 X 60 0.258 0.318 7 -0.191
IV X 39 -0.013 0.117 23 -0.104
AN, EFHEARS IR (19877 km?) KT T - A (/)
TN ; 10—0.2
WEWIIN (8840 km?), T L 80% {9 i Bk T 500 knm’® e dx’ 10205
BNk G [T, JE2 R T ORIk s g 340N ‘NM“J%RTNM%W }gj”
T SR = N S N N, 1 [ i s
BOMIEOR . TR, 4R MOk BT K LRl i i <10
te | +
B AR SR AE T 0.10 wia, TAFBAAK T EFHT  seaow S b IR
ey ' rar ‘ ’
A B4 A AL O 1 0.10 m/a, 33X 2 BH 7 98 =5 i A e : 105 —02

K EWAERZ: Lk, Hg, IR R
PR WA 43 ) 2 B (2.430 m/a) R & R
(-1.121 m/a) -
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K fr [ PiRbhAINGE
2 7 I K A A A ke gt it
Fig.2 Histogram of lake level change trends of 133 lakes on
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the Tibetan Plateau
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(Zhang %%, 2011; Jiang %%, 2017a), 5% 4% F
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Fig. 3 The distribution of lake level change trends of 133

lakes on the Tibetan Plateau

T X 32 DA A, 75 By L i DX AL, Ry
Bl weul B L RRLA v I BT 3R ge,  JE LK
T Hi, SEFER T KRR )8 23 1~
HP R 174 (74%) WA 2 K608 5 F B,
AEH TN 0.368 m/a, F4T 6 ANHIIA B KA SR
LR RS, (HAE R R -0.044 m/a (F
3)o XN EFHEABIA N EB (0792 m/a), T
R Ane R T R it 2k (=0.099 m/a) .

I X 32 DX T 32 240 A F P4 6 g 0 i [X
ML, 2@ T R R T R BRL
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MR TR . FrE 1A A 8 A~ 2K
i BT @S, AEE BT 0.062 mia; 3 HITHK
iR TR, FBTRERHN-0.104 m/a (F£3).
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M FIRALAE R AR AL AR /N (0.017 m/a), % T XM
THKBARR RS E , X5 Jiang %5 (2017a) HOZ5 A
—5.
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A SRR S B E TR g, 4R BT
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AAEE (-0.104 m/a) HHZEARK, FrABIIARAE
AR K -0.013 m/a (£3), EEREWILFX
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Monitoring lake level changes on the Tibetan Plateau from 2000 to 2018
using satellite altimetry data
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Abstract: The changes in lake level on the Tibetan Plateau are important indicators for the study of climate and ecological environment
changes. In-situ gauges can measure high-precision lake level data, but they are costly to maintain and challenging to operate in remote
areas. Satellite radar altimetry has now been used successfully for more than two decades to measure lake levels as an addition to gauge
measurement. Monitoring the water level changes of more lakes becomes effective with the increase in Cryosat-2 observation data and the
improvement in data processing technology.

This study presents a high-precision extraction method of lake level time series based on noise removal, improved empirical retracker
(ImpMWaPP), and error mixture model. The Cryosat-2 SARIn data were used to obtain water level time series of 133 Tibetan Plateau Lakes
from 2010 to 2018, and the spatiotemporal variations of these lake levels were analyzed. The accuracy of lake level extraction was validated
using in-situ measurements and Hydroweb water level products.

In general, the lake levels on the Tibetan Plateau continue to rise, but the rate of increase is slower than that in the period of
2003—2009. The average annual rate of change is 0.159 m/a. From the geographical distribution, the lake levels in the northern plateau rise
most significantly, while the lake levels in the southern plateau tend to be stable. The water levels of most lakes showed a rapid rise in the
periods of 2010—2012 and 2016—2018, while the water levels were relatively stable or slightly decreased at other times.

The results showed that the accuracy of lake level extraction in this study was higher than that of previous studies, and the change in
lake levels on the Tibetan Plateau was similar to those in the previous studies. In the future work, the change in lake levels on the Tibetan
Plateau will be further estimated using multi-altimeter data. We will also consider the information of lake extent and study the change in lake
volume to support the exploration of climate and environmental changes on the Tibetan Plateau.

Key words: remote sensing, lake level, satellite altimetry, Cryosat-2 SARIn data, Tibetan Plateau, spatio-temporal variation
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