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Correlation Degree Analysis of Meteorological Elements and Dynamic Remote Sensing of Alpine Lakes in Naqu
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Abstract: Out of the 1976, 1990, 2000 and 2010 remote sensing images of Naqu region of Tibet, information was extrac-
ted about dynamic variations of alpine lakes bigger than one square kilometer in water surface, therein. And correlation a-
nalysis was done of the information with the meteorological data from 1966 to 2010 available from the nine meteorological
stations in the region to explore responses of the dynamics of the lakes to changes in the climate. Results show that there
were a total of 469 lakes (bigger than 1 km® in water surface) , amounting to 16 841. 93 km’ in total area in 2010. In the
past 35 years, the lakes increased by 3 505. 12 km® or 26. 28% in total area (especially in the period of 2000 —2010 by
18. 18% ) and by 96 or 25.73% in number of lake ( especially in the period of 1990 —2000 by 13.38% ). The area of
Lake Selin Co increased from 1 648. 61 km” in 1976 to 2 332. 55 km” in 2010, an increase rate of 41. 49% , and exceeded
Lake Nam Co in area, becoming the largest saline lake in Tibet. In the past 45 years, Naqu region witnessed a general ris-
ing trend in annual mean air temperature, annual mean highest air temperature, annual mean lowest air temperature, an-
nual mean precipitation and annual mean relative humidity, but a reverse trend in annual mean evaporation, suggesting
that the climate in that region is changing towards warm and wet, and the change in temperature is the most remarkable
increasing by 2. 27 °C from 1966 to 2010. The climate tendency rate reached 0. 51 °C - (10 a) ~'. The gray correlation
degree analysis of dynamic changes in lakes with the meteorological factors shows that the the increase in ice-snow melt-wa-
ter triggered by the rise of the air temperature, the increase in precipitation, the increase in relative humidity and the de-
crease in evaporation were the main causes of the increase in lake area and number of lakes in Naqu of Tibet over the past
35 years. Regression of the meteorological elements with changes in lake area shows they are linearly related.
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Table 1 Time phases of the remote-sensing image data of the four periods

o Al o A 2010 4F HJ -1
nis 1976 4 MSS 1990 4= TM 2000 4 ETM s 1976 4= MSS 1990 45 TM 2000 4 ETM laeilR=: A A
140035 1976 —12 1990 - 11 2000 - 10 142037 1976 - 11 1989 - 10 2000 - 10 33-72 2010 -08
141035 1976 -12 1990 - 11 2001 -07 136038 1976 - 12 1992 -09 2000 - 12 36 -72 2010 - 11
142035 1976 —12 1990 - 11 2000 - 10 137038 1976 - 12 1988 —09 2000 - 11 38-72 2010 - 08
143035 1976 - 12 1992 - 10 2000 - 11 138038 1976 - 12 1992 - 08 2000 - 11 28 -76 2010 - 09
139036 1976 - 11 1994 - 12 2000 - 10 139038 1976 - 11 1990 - 06 2000 - 11 34 -176 2010 - 11
140036 1976 - 12 1992 -09 2000 - 10 140038 1976 - 12 1992 -09 2000 - 10 36 -76 2010 - 11
141036 1976 - 12 1990 - 11 2000 -09 141038 1976 - 12 1990 - 11 2000 - 10 38 -76 2010 - 10
142036 1977 -02 1990 - 11 2000 - 10 142038 1976 - 12 1990 - 11 2000 - 10 30 -80 2010 - 10
143036 1976 - 11 1989 - 10 2000 - 11 136039 1976 - 12 1988 - 10 2001 - 10 36 -80 2010 - 11
136037 1976 - 11 1992 -09 1999 -09 137039 1976 - 12 1988 -09 2000 -03
137037 1976 - 12 1992 - 11 2000 - 06 138039 1976 - 12 1991 -09 2001 - 06
138037 1976 - 12 1992 -08 2000 - 10 139039 1976 - 12 1990 -01 2000 - 10
139037 1976 - 11 1990 - 05 2000 - 10 140039 1976 - 12 1992 -09 2000 - 10
140037 1976 —12 1992 -09 2000 - 10 141039 1976 - 12 1990 - 11 2000 - 10
141037 1976 - 12 1990 - 11 2000 - 10

1976 4F MSS SR HIE 5 19475 8 i 10, 40 140035 SEFRR; A 150035,

FRBGHITA AR B, B SR ENVI B b iy 19
— AR AE £ (NDVI) T HA G A /K AR A, )28
e KRR B 05 2 5 PR K AR S A 545 8
HEAT ZAB AR AR B 38 3k R v i) B e A g
50 IRIGHE ArcGIS B4R 454 N T B ML 1% 2
HREE FREIEATAE IE , 32 B4 3 090 000 1 00 1y 300 3, iR 2=
FEHITE 1 AMEITIN 5 o Jo R A A 285 SR I 133 18 9
E*D[”]
2.2.2 SBHARIH

TEHAFFE DI O A4l s 0% H AL
PERHET G, R R S S A AR E RN T
{8, PR RIS RS ERI 9 S FHME, L iR
b IX 1966—2010 4Ry s i, ARG A
B F N R AR, B[R] R B AR R, 57 2 AR R[]
() — TR [l I 7 A, 9 B A% A% o 1 AR L RRAE
S BT i e DX A A 1) 7 sk Y AR KR AR DL R X X
S S A A A v o7 LR

2.2.3  JRIERHK
SURASAE X A B A AR e BAT 2
JRAENE, BME BA S 2 MEFA T E . ik, FK

(R G AR S 3%
ASPRHIR WEE B, LA €3 7 S W AR
P9 2 I ) 0 G 909 T L5 5
F 2GRV I A

Ro =y SR
A (1) R, BT m

(1)
5P o BRI

FEAR P, INBUREG R, (1) 8T 75 m 5
BEFA o RIS ¢ B SCHR R A, Hat B AR
A+ pA

Bal®) = 50 v pho (2)
K(2)H, A, F1A,,, 530 R 55 B 20 PR 7 51 48 X6 2
) fe/ IME AR KA 5 A, (1) DA o B 20 7 5 1 246 %of

220 N HEREp e (0,1), WHIREO.5,

3 H#RELH
3.1 FRphi XTI

2010 4F AR X KT 1 km® WATA N 469,
WIIAE TR AU 16 841,93 km?, (5 7S il b X B i LAY
3.98% ., MTAAS A 434 (B 1) SR E , Toit & T iR
AR RRCR AR B B P 2 AR A B A A
P gREARm WA B M EE R E R
ATHFLE, b AR B AR e K, o i X
WA ST AR 41, 5% s S, e B E KL, b
W BB 46.3% , B 3 Bk 2, J7 1130 BB
36.5% RTINS EE A E B /NI E
B3 A,
3.2 £ 35 aiiAshESE
3.2.1 haE

1976—2010 4 il b XA [R] K /Nl 3 4 72
WA 2, WM &, AR i X AR T 1 km?
WA B0 SRR S I #, Forh 1990—2000 413
R, 35 53, 35 a K AL > 1 ~ 10 km® FI#IIA
A 69 4, > 10 ~50 km® AYIIARE N 14 4>, >50 ~



-234- o S

5Ok B

B 528 &

100 km? FYWATAIE N 4 4>, > 100 ~ 500 km? ()3 11
B0 9 A, IERLAE 500 km® DL E RGNS R 4 AR |

CRRES T A A 3l 35 a BURIEAH B ARk

\\ -(, v - N
RN A
- X g
LAl s} - &1 5]
‘ (74 LS. — B
o, < T T8 AR X 3 5
R ) X L BUNEl
’ ey
0 50 100  200km

RS B
. P s \\:L\\«'«',
Y <3
= s =y ‘? )
- \ ¥
,‘ ~- (5‘\43‘ Flaet
LS

B 1 2010 478 i it X 43 A = 8] 53 76
Fig.1 Spatial distribution of the lakes in the study area in 2010
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Table 2 Dynamic variation of the number of lakes bigger than 1 km’ in the study area in 1976 —2010
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Fig.2 Variations of the main meteorological factors in Naqu in 1966 —2010
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