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Effectiveness of improving saline-alkali soil based on multi-source remote sensing
images
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Abstract; In this paper, Landsat-8 OLI images were combined with Sentinel-2 images, and the Fraction of Photosynthetic
Active Radiation (FPAR) was used to construct the pixel-by-layer correction factor that was applied to improve the spatial
resolution of the MODIS Gross Primary Production ( GPP) images. Based on this, the vegetation growth status before and
after the improvement of saline-alkali farmland was studied in Zhaogui Gedan formation in Bayannur City, the Inner
Mongolia. At the same time, combined with the data of soil salinity at different depths, this paper used the transfer matrix
method and hot spot analysis method to study the global changes in soil salinity and the local differences in changes of
vegetation growth. The results showed that: (1) the most obvious improvement effect of soil salinity was found in the plots
12—20, and the improvement effect gradually decreased with the increase of soil depth. In the soil depth 0—20 cm, the
conversion area of the saline soil to the moderately saline soil was the largest; In the soil depth 20—40 ¢m, the conversion

area of the severely saline soil to the moderately saline soil was the largest; In the soil depth 40—60 cm, the area
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transferred in of the severely saline soil and the saline soil was larger than the area transferred out, while the area
transferred in of the other soil types was smaller than the area transferred out. (2) The lifting area of GPP was about 603.6
thousand m” more than the lowering area, accounting for 42.88% of the study area. Meanwhile, the improvement effect was
more obvious in the area with low GPP before improvement. (3) The hot spots in the lifting area of GPP were concentrated
in the plots 12—17, 25—27, and 34, indicating that the improvement effect of this area was significant. The cold spots in
the lowering area of GPP were concentrated in the plots 6, 12—14, 22—23, 27—28, and 30—31, indicating that the

improvement effect in this area was poor.

Key Words: soil salinity; Gross Primary Production of vegetation; spatial heterogeneity analysis; Pixel-by-layer

correction factor
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Table 1 Classification of soil salt content
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Fig.3 Spatial distribution map of salinization grade in soil depth 0—60cm
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Fig.5 Schematic diagram of the relationship between three kinds of spatial resolution data
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Table 3 Table of salinization grade transfer area in soil depth 0—60cm

R 7 RS R+ R+ Ht
Soil depth /cm Non saline soil Slightly saline soil ~ Moderately saline soil  Severely saline soil Saline soil
[0,20) -3.27 +4.61 +63.35 -3.00 -61.69
[20,40) -2.24 -10.60 +21.84 -10.77 +1.77
[40,60] -2.00 -8.37 -20.39 +21.33 +9.43

4 A RIEVREE 0—20cm, HEEER H B S IG In, #h A E R s g H e Bl A R i i) =
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Table 4 Transfer matrix table of salinization grade area in soil depth 0—20cm

J12.44hm? 5 £ Y

E[ N BREEh HEEER 4 SRAEZEE T

S [ A5 Y h
iiijili%f soil salinity Non S,ah“e Sl_ightly, M"‘,le““e%y Se_verdy_ Saﬁiuil
soil saline soil saline soil saline soil
JEEE 4+ Non saline soil 0.67 1.60 1.68 0.00 0.00
B2 FEH: + Slightly saline soil 0.00 7.09 6.13 0.00 0.00
H 2R + Moderately saline soil 0.00 6.32 26.48 0.39 0.00
3 FEER 1 Severely saline soil 0.00 1.89 14.77 3.34 0.00
£+ Saline soil 0.00 0.94 47.48 13.27 53.04
x5 LTIERE 20—40cm HUEREREBIERER hm®
Table 5 Transfer matrix table of salinization grade area in soil depth 20—40cm
TR e+ BREHSL HEEER 1 SREEER 1 .
Classification of Non saline Slightly Moderately Severely K .
soil salinity soil saline soil salize soil saline soil Saline soil
JE#k £ Non saline soil 1.21 2.58 1.07 0.00 0.00
12 EE + Slightly saline soil 1.41 13.08 15.68 0.00 0.00
H R+ Moderately saline soil 0.00 3.91 58.45 15.79 1.67
SR+ Severely saline soil 0.00 0.00 20.96 9.35 8.81
£+ Saline soil 0.00 0.00 5.50 3.21 22.40
F6 TERE40—60cm HUELERERERR hn’
Table 6 Transfer matrix table of salinization grade area in soil depth 40—60cm
LR L Ttk e Lt . Hht
Classification of soil salinity Non saline soil e szﬂ e soﬂy . goy” Saline soil
JE#h + Non saline soil 0.20 2.47 0.88 0.00 0.00
LR 1 Slightly saline soil 1.35 10.99 14.34 0.00 0.00
HEEER £ Moderately saline soil 0.00 4.84 72.44 24.35 12.65
SRIEER T Severely saline soil 0.00 0.00 6.24 4.61 9.22
£+ Saline soil 0.00 0.00 0.00 12.44 7.62
32 FHBCERIR A 1A R
3.2.1 HEBERIRE AR R T £7 BEEEE/ (5C/m)
F':{ lgl 6 ﬁ%‘ﬁ , f@IEE E/‘J GPP ﬁjﬁ: EIﬁ E X W E/‘Jgf I‘ETJ Table 7 Table of data grading

SR G, TR R A R T sy aouscpp | OPP HEFIECE GPP RGN

Lifting area

BEBSACR, Atk U I KRR S0 s Grde GPPor2ots R

Lowering area

of GPP
I ZH B AR AR AAE Y0 0 R BB , GE 1T o3 B I [2.75,12.03)  [0,3.82) [-32.30,-9.22)
X IR I GPP AR b & SLF b, FILH A B0 2018 1 [12.03,15.56)  [3.82,7.14)  [-9.22,-5.63)
A GPP RCHE 5 GPP 42 Th/ [ A% X 880 K0 43 4> K 5 I [15.56,19.14)  [7.14,10.47)  [-5.63,-3.38)
v [19.14,25.32) [10.47,15.14) [-3.38,-1.59)
4 AR B 3%
2%, GPP $2TFIX I T & V A8 b5 & 2 W e o, i v 25320558 [15.04.5020)  [-1.59.0)

GPP F&,ﬂ:‘EEhﬁM | gﬁg v ”&ﬁr/ﬂ:giﬁ {gﬂgﬂ/ﬁ ﬁ"& GPP . B BT A== 71 Gross primary production
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Fig.6 Comparison of GPP data before and after correction
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A TR 17T A AR DX 3 T 5 B R ) T RV /N T AR A i B /N TR

£ 2018 4F GPP BRIV | VS5 32 THIX IR b N T 9 2 V 9, 1 R it 20 i /D | B A1 DX 38 28 fh 5
FEM T 22V 9%, 1B R B RS S X UL AE GPP EICHE i B DX 8, $12 7 DX 3 A0 Ak i B A 1) T AR
IINTFAR AR JEE /)N ) TR RS, T RAAR DX 3 AR T 5 5 R %) T RV R AR s B /N T R

£ 2018 4F GPP Hda i) M52, $2 T+ DI A A B N T 202V 2, TRV o 1 b 34, R AR DX Sl A Ak ik 3 1
GV G R R /N T A A G AR R B XU FE GPP B (8 DX 3, $2 T IX 3R o B K A T
FHESCF AR b3 B /N TR T 2R A1 DX el 2 A B /N 5 R ) TR BB /N AR AL B v A5 A TR

£8 GPPREARFEFTNBESKSITR /hm’

Table 8 Hierarchical statistical table of Change intensity in the lifting area of GPP

LY Grade I 1 n I\% \4 41t Total
1 4.35 4.27 5.12 5.52 5.11 24.37
I 3.47 4.12 4.57 4.91 5.56 22.63
m 3.58 4.3 4.28 4.19 4.77 21.12
v 4.23 4.09 4.05 3.6 3.36 19.33
v 4.49 3.34 2.09 1.89 1.31 13.12
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®9 GPPBEXEENEBENRLEITR hm’

Table 9 Hierarchical statistical table of Change intensity in the lowering area of GPP

ZEY Grade 1 1 m I\ A% 471 Total
1 0 0.37 0.63 1.2 1.59 3.79
I 0.17 0.85 1.51 1.45 1.55 5.53
il| 0.7 1.83 1.64 1.57 1.3 7.04
v 1.94 1.95 1.8 1.64 1.49 8.82
v 5.24 3.04 2.46 2.18 2.11 15.03

3.2.2 PSR IR AR I A ) S Bt A B

AR IE T AT AR 5] GPP 42T+ 5 R DX 8 P AR f R B 119 25 (8] 43 A7 L, AT UE R GPP AR k5
MzS oA 255, 817 RUT BT XAV s IX B A 31, 7E 4—9 5 [ 18—24 5 M He i AR e AR 16
A DX 358 b A R AR XA B GPP 114 TR AN B S T 4 T DX 3 1 A o XS v o A A 12— 17 25—
27 .34 S VLB TRREAR X XS A GPP £ 554 B Sl AR, s R 4,28 .30 .36 S LR FEAE$E T IX.
S Al DX, A b R A 5 U TR R A i R A AR DA XN e BN SRE, BAR A X s 17 At X
B2 A e MR 2 B A 2 R DX, 1R TR R el R AR e 22, VR R B — e W s XS BE T A AR 7E 6.,
12—14 22—23 27—28 30—31 ‘FHb Py, P I 0 2L X Sl P TR R XA B GPP A7 B b R AIAE D, T 136 A
R AR e 22 A T R RAE 5 T XSk 2 A 7E 3—4 18—19 S by, Ui TR B AR ok R &SR 38
25 RAE R BSR4 SR R AT X S AR A E P AR H i 2 2 | BB o DG 3 3R A DXl P e 1 A
R,

O B H A X Bk
T X FEAR X 3
I Rl CO BRI
O A A X
BT X . X

0 500 m
|

7 GPPRA/EERIFBTNEBESFHE
Fig.7 Distribution map of change intensity in the lifting/lowering area of GPP

4 Fit5itie

LSBT RE B2 HA SR A ek R TS A A R SR AEY CPP AR gL, BB IR .

(1) 12—20 “FHidk - HEek R AR 25 X, H BV BE 0—20em % £ (1 FERROR w3 Horp ik +
RSP 61.69hm’ , K2 L T8, i IR 20—40em 5 40—60cm FEEE + FEEE 1 hEH:+
) TR ARG Y T R R R A A TR AN

(2) AR X SR P, GPP H2 55 XA (5 L 70% LA L, B GPP 2 55 X 324 g B AR X Sk iri A ) 2.5 43
Vi B ER A 2 R 2 AR 70% DA 9 X UAA AR TE VR T, HAZ B R X 2018 4F GPP fIRE X 38 e R AR IE T
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GPP i {EIX 3,

(3) T Bahtd 1 ik+2 2SOt IEFEB & 15 9 GPP BUE BEUE RS i Lk GPP ZE (LAY 25 7] 22 52,
LRI A oA R SR AE A AP 119 2 388 DX 3 PG V6 30 DXk, B S G X sl SR fe 25, HLAE 6, 12— 14 22—
23 .27—28 30—31 SN, GPP REAIECR B3 .

AW 5T I8 b BB 2 B A T8 IF T, ¥ Landsat- 8 OLI 5414 Sentinel-2 5541 MODIS GPP $iEfl &,
¥ GPP Bi 19723 [ 0% M 500m #2512 10m, FET I, BB 25 18] 4030 R WK G i3 40 58, 4 0] 40 3 %
W R KGR KA B E— 2R 0 o A0 49 0 R AR A 25 X, A R A SRR I A 1R S Bk b, 53 41, il
B AR B GPP BHR RS TR , AMUFENS ST B GPP $di i 2% 18] KL RE 6 4 | T L by Ho A 28 080 il &
PRALLRELRK | DT S5 0 22 U A 1 225 ) RUBE Bt , ORI B AR )™ 28 LA 5 4 1 il 5 75 i — 20 5 S 30 3 i

SR AR R 25 [R] 43 BE 2R 00 GPP B | S AR T 0 S R A e 2 ) 43 32 1 GPP TR R R 118 1F J 4y
GPP %tdfs , R — R EIE & 1E GPP i (i st 5 2 AR5 51 F Landsat Sentinel BRI , KK GPP
()2 ] 2334 5 25 30m  10m , 38 N5 2 B RUBE S A%, A5 Bis 5 O D 35, 3 GPP 45l 1 s M R e
PE, SR, ABFFEAAE R IR B IE 45 5 5 — P BUR B 1R 45 SR [ 1) 25 57 1 5 ZLARKIE AN W) 37 s AR iE
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