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Long-term monitoring of surface water change of the Aral Sea Basin and the driving factors
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Abstract: Background, aim, and scope The Aral Sea was once the fourth-largest inland lake in the world and
the largest lake in the Aral Sea Basin. However, the surface water of the Aral Sea Basin has been decreasing
since the 1960s because of the arid climate and rapid population growth. Afterward, the fragile ecosystem was
facing more severe challenges. Consequently, the construction of the Green Silk Road Economic Belt was
significantly hindered. Therefore, it is of great necessity for water protection and social development to monitor
the change of surface water in the Aral Sea Basin. Materials and methods Based on the Landsat imagery between
1992 and 2018 from Google Earth Engine (GEE) platform, the water frequency was employed in this paper to
investigate the surface water changes of the Aral Sea Basin, and the spatial and temporal distribution was mapped.

2021-05-11; 2021-07-28; 2021-08-10
Received Date: 2021-05-11; Accepted Date: 2021-07-28; Online first: 2021-08-10
R ORHFALFTA (41971310) ; R AHRKRHAHFLLFA A (18JCYBICI0900 )
Foundation Item: National Natural Science Foundation of China (41971310); Natural Science Foundation of Tianjin, China
(18JCYBJC90900)
E75 A, E-mail: gqiaozhen@tcu.edu.cn
Corresponding Author: GUO Qiaozhen, E-mail: gqiaozhen@tcu.edu.cn
SeOUE, EIS X B, AF L 2021 R B AR K AR AR W I K IR DR R AT (0] MBS L 12(5): 540—548.
Citation: ShiJ C, Guo Q Z, Zhao S, et al. 2021. Long-term monitoring of surface water change of the Aral Sea Basin and the driving factors [J].
Journal of Earth Environment, 12(5): 540—548.



SRR, S R R R K AR I I K R B P R A

Meanwhile, the LandTrendr algorithm was used to observe the annual descend of the surface water. The internal
relationships among surface water area changes, climate change and human factors were analyzed with the linear
regression model. The analysis suggested that the surface water area presented a decreasing trend from 1992 to
2018, especially the annual water area. However, the downward trend of surface water in the whole basin is likely
to stabilize after 2010. Results (1) Year-long water area has the most significant decline trend. The seasonal water
was usually susceptible to change in temperature and precipitation while its overall trend showed downward.
(2) Anthropogenic factors had significant impacts on the surface water in the Aral Sea Basin. (3) According to
the multiple linear regression model, precipitation has a positive correlation with the change of surface water, and
the temperature has a significant negative correlation with the surface water. Discussion Climate (precipitation,
evapotranspiration, temperature) and anthropogenic factors (area and yield of crop) had apparent influences
on the surface water changes in the Aral Sea Basin. Specifically, the temperature had the most adverse effect.
The yields and planting area of crop were negatively correlated with the change of surface water, reflecting
the impact of human activities on the shrinking of surface water in the Aral Sea Basin. Therefore, in relevant
areas, environmental protection policies should be made, and human activities should be rationally arranged to
control the decrease in surface water of the Aral Sea Basin. Moreover, it provides an ecological foundation for
the construction of the Green Silk Road Economic Belt and plays a crucial role in connecting Asia and Europe
and improving the living standards of the people in Central Asia. Conclusions Temperature is the major factor
reducing surface water in the Aral Sea Basin. Recommendations and perspectives This research can determine
the reasons and influences of surface water reduction and offer powerful support to water protection.

Key words: surface water; water frequency; LandTrendr algorithm; Google Earth Engine; Aral Sea Basin; analysis of
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Tab. 1 Data source

¥l Data

HAEdiR  Data description

HERIE  Data source

AR T 1992—2018 FHEAE 4—10 H A9 23 KA IE B b 38 S5 R A s

Landsat5, Landsat7, #, FIFHiEKAYEEECA Land Trendr 5925,

% BT R R

Landsat8 Annual atmospherically corrected surface reflectance collection from April to United States Geological Survey (USGS)
October, 1992—2018, for using with LandTrendr.
DEM #0406l 7 o Ui b, LIS BE 5 el . B 2 Rhr RV N
Eiéﬁ@ﬁ(;@ﬁﬁiﬂ*ﬁﬁiﬁ%ﬁ B[ AE=UEy N T VN S VAL R SR ERAE R
DEM SR e - o National Aeronautics and Space Admini-
DEM covers the Aral Sea Basin, from the Kazakh hills in the north, Karakum .
. . . . stration (NASA)
Desert in the south, the Aral Sea in the west, and the Pamirs Plateau in the east.
an ¥ BRI EE LN
RGHHE AERK . TR R R SO |
. . L. Centre for Environmental Data Analysis
Meteorological data Annual precipitation, annual mean temperature, annual evapotranspiration. (CEDA)
WA KA RAEY R A, HHRAT
Crop data Crop yield, crop acreage. World Bank
EVI— 2.5X (NIR~Red) 3y PAIEIE S A (Micklin, 1988)
(NIR+6 X Red~7.5 X Blue+1) A LA S AT AT B [ 52, AT ART I (] B A2 4k s I
KRG TEHE T HEESASER TR, =0 KAFERRXY
MNDWI>NDVI 5 MNDWI>EVI 4y RIS (Zhuetal, 2019) .

A 1. Green Jy LR B . MIR Sy i 21 1k B
NIR it 214 BE . Red N 2L Bt . Blue H %
BB,

GWP
:W (5)
A WF KSR, GWP h—A4Erh i ik
IRRIF RGOSR, GSP o —AE TRl & 7k ik
PEIC B TERf e KIRG T, EH MNDWI>
NDVI &% MNDWI>EVI & el N #K 4%t

A (4) 78 GEE ¥ 5 42 1992—2018
AR IR ) K . IF HUH KRS % (WF)
P R/ INVE S 0 2 AR AR TR AR = o T HE I 228 Uk
AR T R A F R v ) — 2B ), AR SR
WF=0.25 &0 AR R K1800; WF=0.75

15 IC A A 4E KRR 0T ; WE h 0.25—0.75 J§ 2=
KRG TG, BT E A ROKMAR . K
MK ARG ocE R, IF Hat8a 5 Z AR
B K R TR o 5 i 0 o £ Pk [l W AR e s 30 0 1
BXF 1992 — 2018 A BB i ZR KA T 5047
2.2

LandTrendr 5.7 & —Fh &t %] T Landsat B [a] /5
A%, TGOS B B Rl o B L, T LUH
RN CINE 7 LU R C e = W I S RN K U STV il
P T AR A 300 2 Ty 25 A5 b R 3 1T 1) D 15 AR
b, TR B R G BOVE Ay ek 8] 9 oR RS A T 401

WF

F|H LandTrendr 575X ik 1992 —2018
AR LR K AT AR A IS I, S T HEBRAR B . AR AE
YIRS, YEEE MNDWI, NDVI DL K EVI K45
B Rk B, BARNSEORE MR 2 PR, i
MCE T o IR GG 545 0, R 2 T ik e T3
ST DA B 5 I A Y AR, DA 38 e B ] A3
AT B A R T Y R RGBT A L TSR
PR AENGY L A 2 )5 B AR PR s ek s . &4
W AR AT ARG K AGOTE R3S i (RE)
W (L) FERREARAR . B X R i 35 b
oK, FEAT D SRR R RR AR . RS AR
AR IR B AN fb i

2% 2 LandTrendr FEi81 7550
Tab. 2 Operation parameters of LandTrendr

BITSHL ZHH
Operation parameters Value
NS T=r
e Efﬁ MNDWI, NDVI, EVI
Spectral index
B3 53 F A R R B .
Maximum number of trajectory segments
UG HIRK p H 0.05
Maximum p-value for fitting ’
R
AT 05
Recovery threshold
L - 0.9
Despiking parameter
R 45
TR L] N

Best model proportion
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Fig. 2 Distribution of water pixels in Aral Sea Basin in 2018
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3 1992—2018 R K ALk
Tab. 3 Changes of surface water area in Aral Sea Basin from
1992 to 2018
JiifE  Aral Sea JEIR  Aral Sea Basin
Ay B T/ THIAR
Year Decreased B Decreased B
, Percentage /% , Percentage /%
area /km area /km
1992 1501 3.04 6583 5.44
1993 922 2.24 8878 7.33
1994 1207 2.93 9174 7.58
1995 1423 3.45 7185 5.93
1996 1462 3.55 3926 3.24
1997 2413 5.86 5632 4.65
1998 2703 6.56 5422 4.48
1999 1977 4.80 4734 391
2000 3614 8.77 6232 5.15
2001 1832 4.45 4224 3.49
2002 1642 3.99 3877 3.20
2003 1811 4.40 4375 3.61
2004 1554 3.77 3947 3.26
2005 1073 2.60 3092 2.55
2006 3444 8.36 5600 4.63
2007 3070 7.45 4971 4.11
2008 3079 7.47 5099 4.21
2009 1156 2.81 3378 2.79
2010 370 0.90 2260 1.87
2011 596 1.45 3056 2.52
2012 933 2.26 3017 2.49
2013 476 1.16 3187 2.63
2014 623 1.51 2394 1.98
2015 556 1.35 2316 1.91
2016 320 0.78 1614 1.33
2017 470 1.14 1938 1.60
2018 973 2.35 4969 4.11
SR
Total 41200 100.00 121080 100.00
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Tab. 4 Multiple linear regression analyses

AROKATE A ZE PR AR AR KXY/ IR BRAE AL
Effective water area Seasonal water area Year-long water area Annual change of water area
AR EE LIEEN Y A HIEES 3 AR HIEES A hE MIEES 4
Variable Regression coefficient Variable Regression coefficient Variable Regression coefficient Variable Regression coefficient
T —695.03%** T —297.55%* T —397.47** T —6879.90%*
E —0.78%** E =052 E —0.26%** E =035
P 105.43%** P 50.18%* P 55.24% % P —83.58**
CA —0.93%** CA 0.10%* CA —1.04%** CA =I| 225
CY —354.54%%* CY —38.69%* CY —315.83*** CY —54.74%%*
A RIKAATE A ZE T KA T R LAFTK AT KT RUERR AL
Effective water area Seasonal water area Year-long water area Annual change of water area
FERIME A TR A TR FREAIMEIAR
Model summary Model summary Model summary Model summary
R 0.87 R 0.57 R 0.89 R 0.60
F 26.03 F 4.94 F 32.51 F 5.63
F, 0.000 F, 0.004 F, 0.000 Fp 0.002

*: P<<0.05, **:. P<<0.01, ***. P<<0.001

TREEROG T TIRE , ERFFEENGR, PRERETIHRKE, CA RERIEWAHIER, CY fRFIRIEY & R AAFACMEREL,

FREFGeitht, F UK FOHmss.

T represents the annual average temperature of the Aral Sea Basin, £ represents annual evapotranspiration, P represents annual average precipitation,

CA represents crop planting area, and CY represents crop yield. R* represents the correlation coefficient, F represents the F statistic, and F,

represents the probability of the F statistic.
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