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Abstract

This study focuses on Kenli District, Dongying City, Shandong Province—a typical area of the Yellow
River Delta. Based on four periods of Landsat satellite remote sensing data from 2009, 2015, 2020,
and 2024, after preprocessing including radiometric calibration and atmospheric correction, nor-
malized difference vegetation index (NDVI) and normalized difference salinity index (NDSI) were
constructed and classified into levels. Combined with field surveys and soil sampling validation, a
dual-index coupling analysis system was used to reveal the spatiotemporal evolution patterns of
saline-alkali ecosystems in the Yellow River Delta. Results show that from 2009 to 2024, vegetation
cover in Kenli District significantly increased, with low and low-to-moderate coverage areas contin-
uously shrinking while moderate and high coverage zones expanded substantially, indicating steady
improvement in regional ecological quality. The area of moderately to highly vegetated regions
(NDVI = 0.4) increased by 27.24 km?2 compared to 2009. Soil salinization levels (NDSI) generally
declined, with severely salt-affected areas notably contracting—extremely severe salinized zones
(NDSI 2 0.3) decreased by approximately 35.43 km? relative to 2009, reflecting an overall shift to-
ward healthier and more stable ecosystems. In 2024, NDVI showed short-term fluctuations due to
climatic anomalies such as spring droughts and cold waves; however, after removing climate-in-
duced disturbances, vegetation cover still demonstrated an upward trend. The study confirms that
national and local ecological conservation policies, promotion of salt-tolerant crops, application of
efficient agricultural technologies, and scientific research support have achieved significant results
in managing saline-alkali lands and restoring ecosystems in the Yellow River Delta. These findings
provide scientific basis and data support for ecological protection and restoration, comprehensive
utilization of saline-alkali land, and sustainable regional development in the Yellow River Delta.
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Figure 1. Technology roadmap
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Table 1. Satellite remote sensing data information table

# 1. DEERKEERR

Fhr Hidhm e 7o SRICH
Year Data type Row and column Acquisition date
2009 Landsat-7 ETM+ 121/34 Apr-25
2015 Landsat-7 ETM+ 121/34 Apr-26
2020 Landsat-8 OLI 121/34 Apr-16
2024 Landsat-9 OLI 121/34 Apr-18
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TEFB R B 5 2007, 2006k BRI 21 AN B AE Landsat 7. Landsat 8+ Landsat9 Bkt B2 R BE U2 2 Fim o

Table 2. Correspondence table for red (Red) and near-infrared (NIR) bands of Landsat 7, 8, and 9 satellites
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Landsat 9 Band 4 Band 5

NDVI Al NDSI 4% 0o 38 i 2056 I BE(Red) AT £0 AR BY(NIR) R S S R Z i+ 5, ARUN:

NDVI = PR = Pred (D
Pxir t Pred

NDSI = Lred —Puir (¢ Q)
Prea T Pnir

Hordt,  ppye AT LA BSOS 3 Gl 3 50 R IR AR Y 700~1100 nm FIIEER):  pp,, AELLIGI B % (il
XA 600~700 nm I EY) . DL = AHHLIX A NDVI AR KR, R S5 BRI o8 S
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Table 3. Classification standards for vegetation coverage levels in the Yellow River Delta region based on NDVI

F 3. T NDVI MR =AM XERE EE FRL 2iRE

T 5 B NDVI 14
fRAE 4 7 5 <0.2
B 55 0.2~0.4
R B T 0.4~0.6
B S 0.6~0.8
e ML 7 5 >0.8

Table 4. Classification standards for salinization level in the Yellow River Delta region based on NDSI
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Figure 2. Comparison chart of NDVI from 2009 to 2024
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Figure 3. Comparison chart of NDSI from 2009 to 2024
[ 3. 2009~2024 £ NDSI X EE &
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Table 5. Statistical table of proportions and areas for each interval of NDVI
& 5.NDVI B X[E L] R mfRGit 3=

Class 2009 2015 2020 2024
Summary  Ayeq (km?)  Percent  Area(km?)  Percent Are (km?) Percent  Area (km?)  Percent
—1t00.2 1920.28 82.38 1886.25 80.92 1445.92 62.03 2052.68 88.06
0.2t0 0.4 369.70 15.86 325.87 13.98 726.57 31.17 210.02 9.01
0.4 t0 0.6 28.21 1.21 118.65 5.09 84.62 3.63 65.27 2.80
0.6 t0 0.8 11.42 0.49 0 0 59.67 2.56 3.03 0.13

0.8to 1 0.93 0.04 0 0 14.45 0.62 0 0

1) 2009~2015 4 G EHEER TAR 1) E Zh RN
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Table 6. Statistical table of proportions and areas for each interval of NDSI

5% 6. NDSI & [X 8] EL 5 % EFR 45 3 3k

Class 2009 2015 2020 2024

Summary Percent  Area (km?)  Percent  Area(km?)  Percent Area (km?)  Percent  Area (km?)

—1t00 84.62 1972.49 13.47 313.99 79.41 1851.05 68.45 1595.57
0t00.1 4.25 99.07 67.44 1572.03 8.64 201.40 16.17 376.92
0.1t00.2 4.26 99.30 13.98 325.87 6.27 145.15 7.85 192.98
021t00.3 2.88 67.13 5.09 118.65 5.40 125.87 5.06 117.95
0.3t00.4 1.45 33.80 0.00 0.00 0.26 6.06 241 56.18

04to1 2.51 58.51 0.00 0.00 0.00 0.00 0.03 0.70
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2020~2024 4F NDSI Bl ek, [RGB g HIRER 304 A B, BIREEK 30%~50%. &Y
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SRR 5000 B Th ML AR H RER, NDSI E#KT 0.05, R EKREEFTE “Hos” .

2) WEEHEERBOAR BB PR A 2R
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REERGAG L, TH X SN AR ER G AE T B, 10 S, SR SR X B R R B O A
5, AIENIRBIREE TRE00 I8 BR £ . 2024 FEBFIX Rt JE 30 20 75 a7 shisihIr R, Nk 4 [ B R SRR
RE, B SE0E R B A N R B IR
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