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Abstract: As an important transportation hub city in the Qinghai —Tibet Plateau, Golmud’s sustainable and healthy
development of the ecological environments is closely related to the local economic prosperity and social stability of the
related regions. Most studies on ecological change monitoring with long-time sequence remote sensing imageries often ignore
the directivity in the selection of key time nodes among the long time series, and they usually take methods such as equal
interval partition to select time nodes. Based on the above situation, we first calculated the 30 year sequence data of Remote
Sensing Ecological Index (RSEI) of the city of Golmud on the Google Earth Engine (GEE) platform and we scientifically
defined the time nodes of the study area by a nonparametric statistical method, the Mann-Kendall mutation test method, and
then further analyzed the temporal and spatial variation characteristics of the ecological environment in the city of Golmud

and in the end discussions were carried out to find out the main influencing driving factors. The results showed that, (1)
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the index of RSEI could be used to effectively evaluate the quality of ecological environments in the city of Golmud and
similar areas. The average value of RSEI in the past 30 years was gradually changed from 0.38 to 0.33, and the overall
changing trend of ecological environment was degradation; (2) through the Mann-Kendall mutation test, the year nodes of
1990, 2001, 2006, 2015 and 2019 were selected as the final time nodes of the study area. For the above five time nodes,
the grades of the index of RSEI are mainly in the state of poor, accounting for more than 45% of the total area of Golmud,
and the regions with the state of poor were mainly distributed in the northern part of the Qaidam Basin. The changing trend
of the grade of the RSEI index was mainly decreased during the whole time series, which was most obvious in the time node
of 2001 and the changing trend began to slow down in 2015; (3) affected by the climate and human activities at different
degrees, the changing trend of the RSEI index in Golmud was mainly decreasing, which accounted for 89.73% of the total
area, and which was widely distributed in the Qaidam and Tanggula Mountains areas, was greatly affected by climate
factors; While areas with increasing trend took only 3.24% of the total area. The areas with increasing changing trend of the
RSEI index were mainly distributed in the urban and town areas with intensive human activities in the city of Golmud, and

the metallogenic belt of Qaidam Basin, which were greatly affected by human activities.

Key Words: remote sensing ecological index; time series; Google Earth Engine; Mann-Kendall mutation test; spatial-

temporal change
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Table 1 Calculation methods of indicators
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Indicators Calculation methods References
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ConiRHPred)

(P ¥P1ea) = (Piiue PR
(Pat ) + (P o)
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NDSI = ( SI+IBI) /2
FAJE LST LST=T/[ 1+(AT/p) xIng]-273.15 [32]

Wetgys =0.0315py,,,+0.2021p,,.., +0.3102p,,,+0.159%4py; ~0.6806p,,, ~0.6109p,,,

34
Wetg /5 =0.1511py,, +0.1973p ., +0.3283p, 1 +0.3407py,3 =0.7117p,,, =0.4559%, 34

T Wet
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Liap iR

M T PR PR AE B E AL A RN A 25 5 PRI TR oAb A >0 | P gt 3 43 o T340 B o Sk
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+1 RSEL-RSEI,>0
sign(RSEL—-RSEI) ={ 0 RSEL,-RSEI, =0 (8)
-1 RSEL-RSEI,<0
Mn =10 0, S EMRMAREES 0 RIS Z AT EAG 5
S -1/ /var(s)S > 0
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Horvar FoR 2 . R B EMIKT 0 =0.05 47 WML, B [ Z] = 1.96 B R4 B ER, | Z] < 1.96 B
L NTE R

3 HBREHS

3.1 BB

FRAIEHE ZR AR RSEL F B3 oAt 8 (3R 2) AT (1) 55— FE R4 (PCL) P4 sTk F I8 3 73% L) - 3t
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JE FIAR R | VDb A R A e R ™ G AR AR AE Y (3) XF L PCT kA (E ARk, LST Ay Xt i
KT HAFEFR , H NDSI 55 LST % faf {5 19 4 6 HE 2 FIIRZEK T NDVI 5 Wet ZF1, SIS /R + M5 b 5
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Table 2 Principal component analysis results ( Loading and contribution to PC1)

GEO) g T LRIE T TR/ % AEY Mg TR LRIE M pite
Year LST NDSI NDVI Wet Contribution Year LST NDSI NDVI Wet Contribution
1990 -0.91 -0.33 0.05 0.25 73.20 2005 -0.93 -0.30 0.06 0.22 75.31
1991 -0.89 -0.36 0.09 0.25 71.55 2006 -0.95 -0.25 0.06 0.17 76.34
1992 -0.89 -0.38 0.02 0.26 69.57 2007 -0.94 -0.26 0.05 0.22 77.31
1993 -0.89 -0.36 0.05 0.27 72.09 2008 -0.94 -0.25 0.04 0.24 75.55
1994 -0.89 -0.36 0.05 0.27 72.09 2009 -0.92 -0.27 0.06 0.27 74.85
1995 -0.81 -0.51 0.02 0.28 66.03 2010 -0.8 -0.47 0.04 0.28 60.08
1996 -0.88 -0.42 0.08 0.23 64.87 2011 -0.92 -0.29 0.02 0.25 75.22
1997 -0.94 -0.28 0.09 0.18 73.58 2012 -0.92 -0.29 0.02 0.25 75.22
1998 -0.91 -0.36 0.06 0.19 69.67 2013 -0.92 -0.25 0.14 0.25 71.83
1999 -0.90 -0.35 0.07 0.26 66.65 2014 -0.95 -0.2 0.13 0.21 78.25
2000 -0.94 -0.26 0.11 0.18 71.74 2015 -0.95 -0.23 0.09 0.22 75.13
2001 -0.94 -0.25 0.01 0.22 73.58 2016 -0.94 -0.22 0.18 0.18 75.42
2002 -0.96 -0.22 0.09 0.16 78.88 2017 -0.96 -0.21 0.11 0.17 76.41
2003 -0.99 -0.29 0.08 0.15 84.67 2018 -0.94 -0.22 0.14 0.21 72.46
2004 -0.92 -0.30 0.05 0.24 72.42 2019 -0.93 -0.24 0.11 0.24 73.82

3 S 1990—2019 4E45- 455 & RSEI ¥{EAELIE O, RSEL 7 0.31 5 0.43 Z [A])% sh 484k ,RSEI H 0.38
B2 0.33  BARFER 13% . ME—F8brok B SRR RR IR I 8 R 1% 30% , T TR 17% , i -
F12% . L35 AT FRAR X RS /KK RSEL BYS2 M0 22 F FEa 3 X 548 /K KT RSEL 284k #4AH—34
3.2 FEIRART 18 B A SR B AR o BT

X 1990—2019 4 [ RSEI ¥{EMEIT Mann-Kendall 825K 5, 25 R an& 4, UF, IHZEM 2001 4 2 5 220K
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X RSET AT 5047, G 4 A S EH G (L S) . B BT R. S5 90 R O0 Y X 3808 5 Fu il ke,
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3 A AR SR A F3 0 R 0 L DRI R o R L X, A 2001 4F e BE I8/ 5 5 IR AR R A2 MR K RSEI 2528 LU
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13.19% , EEAI AL R AR HIX , ARAEAR GBI T A ZR AT B4R R AE D IE I B A RO 3 30k
JIESAE BE R, I ELRE K Tt S U] AT A e e 1, Jo) 0 R e e o, ) 4 e S B - ot XA
RAL, BN AT BR R TR X EREE 4 75 Y bR T 20, B 454 3R 3 4518, RSEL 1 2015 4F
Z 5 T RENR A PIrisi 22 , YIRS IR AR T A R A it DXl A A 3R 58 AR v s 1 AR 4 Bk

®3 RSEIZREUESL/ %
Table 3 Percentage change in RSEI level

1990—2001 4F 2001—2006 4 2006—2015 4F 2015—2019 4E
A% Improved 4.57 12.73 9.54 18.90
7% No change 63.29 70.59 76.80 72.39
A5 Degraded 32.14 16.68 13.66 8.71
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Fig.6 The change trajectory of RSEI
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i 1d Sen+Mann-Kendall ##7#T K41 S B T 1990—2019 SE4% /K A RSEL ZE Ak #4318 25 (8] 43 A7 REAIE
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[ 23223 (0.70%)
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Table 4 Statistics of RSEI change from 1990 to 2019

AR it/ % AR AR /%
QRSEI ‘ Z ‘ . . . QRSEI ‘ Z ‘ . . .

Changing situation Percentage Changing situation Percentage
>0.0005 =196 BFLT+ 0.29 <-0.0005 <1.96 ABETRK 43.05
>0.0005 <1.96  AREFETF 2.95 <-0.0005 =196 WFETK 46.68
-0.0005—0.0005 <1.96  FEERE 7.03
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Fig.7 Trends change of RSEI (1990—2019)
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