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Table 1 Landsat8 OLI and Landsat5 TM band parameters
Landsat8 OLI Landsat5 TM
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S S
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Fig.2 Spatial distribution of saline-alkali land in different periods in Songnen Plain
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Table 2 Salinized land area in different periods in Songnen Plain km?
Byt 2000 4 2005 4 2010 £ 2015 4 2020 4 TME
2 P ER T Hh T AR 1114.89 1046.33 1261.35 1391.16 1368.05 1236.35
B TR T AR 1240.09 1183.96 800.92 907.58 867.52 1.000.02
R AR 574.60 510.48 463.84 417.29 364.64 466.03
LR AR 2929.58 2740.77 2525.36 2716.03 2600.24 2702.39
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Table 3 Saline-alkali land area in different periods in each administrative region of Songnen Plain km?
ATEIX Fe 2000 4F 2005 4F 2010 4 2015 4 2020 4 P
JE £ B T A 333.99 230.98 293.77 256.37 248.05 272.63
SR R R B T AR 77.43 194.78 204.60 235.68 247.25 191.95
o HJE ARG TR 79.80 59.57 72.07 77.87 73.93 72.65
SRR A TR 491.22 485.33 570.44 569.92 569.23 537.23
1R SR BT A 364.64 616.96 671.14 781.21 668.39 620.47
STl F 5 R B T AR 990.26 204.98 170.36 132.16 194.21 338.39
B L B T A 281.71 316.68 247.19 178.50 107.20 226.26
R T AR 1636.61 1138.62 1088.69 1091.87 969.80 1185.12
1R SR BT A 393.66 180.51 252.29 343.70 426.85 319.40
s o RE SR b T 162.27 771.08 395.50 533.30 404.74 453.38
- J ERB T A 185.89 116.66 133.97 139.90 177.43 150.77
R Bt A T A 741.82 1068.25 781.76 1016.90 1009.02 923.55
% B SRR b AR 17.88 44.15 9.88 24.76 23.85 22.60
W R o L b TR 13.12 30.46 6.44 21.32 16.29 10.13
N _
R J ERBA T A 17.57 9.86 21.02 6.11 16.35 27.20
AR A TR 4857 84.47 37.34 52.19 56.50 59.93
1000 R —e— R BRI 2100 R AR —e— i SRR T
800 | —— FREAABRMITIA —e— AhRRHL I 1800 I o FRabRRMAIR —o— hARHLIA AL
1500 |
E 600 1 PN . % 1200
T E
= 400 | g 900
g = 600 [
200 . X ) 200 §
0 T 0 1 1 1 o
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
G G
() FFFFIEIR T (b) KIKTH
ﬁ% BT —e— PR AR Y 140 SPEAILTR  —e— i BT
oo | o TREEBTE —e— SR 120 F o BT —e— HBULA TR
r 100
E w0
=60 ¢
=
_— s . . o 40
200 < g, o S 20
0 1 1 1 J O 1 1 1
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
FE i
(c) &ML (d) PA/RIETT

B 4 AR R EATBUX R R B A & K skt £ @ AR AL

Fig.4 Changes of salinized land area in different periods in administrative regions of Songnen Plain

T W SR T AN [ B 3 A b - b A T AR T 2
{84 537.23 km?, HrPE . o R AR R SR B AL 1 b
TEFASE 218 23 )4 72.65. 191.95 km? Fl1 272.63 km?.
MIT A KT TG /R T 2 R A B AR Bk T AR
SR, TR R R R T R R

KPR T AS [R] B 340 6 Bk Ak - b T AR 7 S8 18
1185.12 km?, Horpra i, o R AR R R Rk - i T AR
SEYE 4 591 226.26. 338.39 km? 1 620.47 km?. )T
SaRCRE, KPR ERAR AL s T AR SN 3
F EARBLLE SR AT R A T AR AR/, 7E 2000
AT EEIRDS, 7E 2020 4FAL TAMEDIRA . BARK
PR T 5 B R Ak b AR S 2 AR s %, HLAE 2015
AETHT AR IR BN A ME 781.21 km?, {H o B Rt Fn o

ERDR AL RS ORI S, R KB T SRR B
HYEMRE.

2 AT NI 0 R A e LN TR 2 S K (E ]
923.55 km?, FCAERE. o R AT SRAR AL L T AR
SEEME 4y 9 150.77. 453.38 km? 1 319.40 km?. M
PSR, AT Hh R AR AR B i R
PRI, Shith a A 2R e

W IR T A [R) F 9 356 Bl Ak = i Th AR S 39 E R
59.93 km?, HorvEE A o IR P R A - b T AR T
I 4y %14 27.20. 10.13 km?® Fi1 22.60 km?. M7 52
PR, W IRIE T H B RN B SR b i A48 S e D it
B, R SR AR AR S I D s, ShARH T AR 2R
/AR, T B ARV T 16 - SR B A5 1 IEAE 3B B 2k

111



FEBLHEZK 23] http://www.ggpsxb.com

. (HAE 2020 S /RIEHT . PR A Sh it
TR L T — S R B35, i I e i i Rl AL - 3 A
oA LR AR IR A AL 20 A KU
2.3 LI AFAIEZ ST

D BRERSANARR

H AR R F EAHHIEIEg) . M. KO,
AU WIEIEE . MU DL R RIS s L
WP SR B h B PUEVEIE L, A PE AR 3k
€ T IR ISR TT ) KOOSR E T 3Ry
BREN 1. 2 X AR AT A T AR R A,
— LB T RE EE AEAT E (IX I, AR B K e AR
BEARIERT, T SAAER . SR AR
BT SR R R S B A 3R 2 — o i DXt A~ i
-2 5 R KRR E T KUK, AR T
B, RFERIREZW, PR T R SRR

IAZ B AT AL, INER T Eh0E LR R AL AR

I, 2 XA FRAE T 0 CRUT, FREME N

JB T B EHL R MR R,

NN R 25 2 A T T - b Ak T AR AR A ) 2
BN R Z —. BT AN RIS &7,
it B AR . SR A IR E 5 RAKIE
BERIKE 51K IR L I BE TECBOR AR DR b Th R 4 5547 9,
575 - b ER R ACFE P — 2D R sk B 1 51 K B A
by AKEB K. EERIKSE, NG A T
KNG, SEUR X KA BT, 55k +
VR AE ERBRAL o

2) JERRZA R i

BT 8w KE B REOE, BT R 4 43
FATE X 1) - 2R AR L 5 GDPL N 4l &
KAEPIFEFEAL . HEHE . HTNKREE. HhERK
PR R . BRAKE. BRE. FPHAIE 9 MY R
MR K FR. N Python #4445 5174% & a] i) i KM=
BARH, WE 4R,

k4 B pmiREHrnREAaX R
Table 4 Correlation coefficient between salinization area and influencing factors

ITEIX GDP AH FEMTAR P MR K MK B K HERE il
FFWURN 1,000 0847 1.000 0.747 0347 0576 0347 0.739 0393
SN 1.000 0582 1.000 1.000 0330 0.667 0361 0.799 0.444
A 0.799 0.799 0558 0610 0.694 0.496 0639 0319 0625
WUREN 0.664 0.747 0618 0582 0347 0.461 0582 0.393 0.758
MR 4 AlRL, FEFFMARTH . RIRTT B Eh itk 3 Ahii A, M Ao . TR OKBEEE . RK B
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Table 5 Contribution rate of influencing factors of land salinization area change %
ITBUX GDP PNEE s PERNTHIAR HEHE MK HhFAKE Bk ARG Al
F IS IR 18.49 15.75 19.96 15.05 2.75 217 7.03 11.58 7.23
KPR 6.77 9.72 8.05 10.25 13.94 13.23 15.63 15.00 741
LAk T 14.33 15.77 16.35 13.73 7.81 8.38 5.26 9.85 8.53
I ARE T 18.03 0.20 19.63 18.77 16.54 6.22 3.36 8.96 8.29
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Fig.5 Variation of precipitation in spring and summer in Songnen Plain
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Fig.7 Variation of evaporation in spring and summer in Songnen Plain

S E R

FABCT IR 2010—2020 43 T /KRR FRAZ b
Kl 8 P e FATRCT B T K SR i IR AR i
HRZUNRER N, A TR TS 2218 . #ToK
7 BT K AT A S 5 b SR TRl A P S B A 3R
S VAT T 4 S N 7 25 i 8\ 4 i
HRR LR ROK I8 B AR X R A HE, & 3 Eot T
IKALARE ETF, SRR R A AL . AL, AR
PR E R R A A, 2 R ST S A A RE R
ANHEZK BNt o

2010

A

2014 2016

2012

2018 2020

B 8 Ari-F R M T AR EF IR T AL
Fig.8 Interannual variation curve of

groundwater depth in Songnen Plain
4 25 it

1) 2000—2020 4F, Falg- i b S8k A 2
WS, R NEZN-13.67 km/5 a.

2) FFFMEIRT . AT SR S T AR S N
A, ERBIALFEEE N PR T A R el Ak T AR R =
ERTACTI AR KT Hofth 3 MTEUX, L Eh AL IR
FHOK .

3) AT 5 kb B A T AR AR A4 32 AR 3
FRALS AT AL A&, [R5 AR AR 11
R AELE— B REIA o

4) FaECrEE . BERKE. mREKE 2
@Y, FEFHRREELDRER DGR, FHESF “R
Y OWeE, B R MR, B KER R R
GABAR /N, TR G TR ST 50 A TR E RN HE K Vit
G IR AR ERIRAL .

114

[

[2

(3]

(4

[5]

(6]

71

(8]

[°]

[10]

FARIFTEH J, FARSHAD A, GEORGE R J. Assessing salt-affected
soils using remote sensing, solute modelling, and geophysics[J].
Geoderma, 2006, 130(3/4): 191-206.

METTERNICHT G I, ZINCK J A. Remote sensing of soil salinity:
Potentials and constraints[J]. Remote Sensing of Environment, 2003,
85(1): 1-20.

MR, @8, okdn, 55, BRACAS[RIVA GE A Al BIOIR B s K]
F[I]. BRI IR, 2020, 11(1): 81-89.

CHEN Shumin, JIN Zhao, ZHANG lJing, et al. Situation and impact
factors of soil salinization in different dammed farmlands in the valley
area of the Northern Shaanxi Province[J]. Journal of Earth Environment,
2020, 11(1): 81-89.

KT, BAEAR, R, 45 TR IRE XN L g Shut Ak s
S5 VS SR T[] P EREERL Y, 2022, 42(1): 367-379.

LIU Zijin, XU Cundong, ZHU Xinglin, et al. Comprehensive
assessment and evolution analysis of soil salinization in artificial oasis
in arid desert area[J]. China Environmental Science, 2022, 42(1):
367-379.

AR, Ve, FABCT BEIRET S B | R U R F A A Ak
JEL]. P EZKLARER, 2018(2): 54-59, 69.

XU Zigi, XU Xiaohong. The cause of formation and characteristics of
soda saline-alkaline land of the Songnen Plain and the study progress of
control measures[J]. Soil and Water Conservation in China, 2018(2):
54-59, 69.

ARG, fak, w0, & MAHCT JRIRAT Sh il KRS BB BRI Fu it
REREN]. FALKY R, 2018, 40(4): 379-382.

SHAO Xiwen, RAN Cheng, JIN Feng, et al. Advances and prospects in
research of rice cultivation technology in saline-sodic soil of Songnen
Plain[J]. Journal of Jilin Agricultural University, 2018, 40(4): 379-382.
WANG Z Y, LI L J. Determination of land salinization causes via
land cover and hydrological process change detection in a typical
part of Songnen Plain[J]. Journal of Geographical Sciences, 2018,
28(8): 1 099-1 112.

IORIE, MR, SR, S5, ERRVEALREDOBE L BRER AL B R Bkt ]
rh [ 7K A, 2019(9): 43-46.

FENG Baoging, CUI Jing, WU Di, et al. Preliminary studies on causes
of salinization and alkalinization in irrigation districts of Northwest
China and countermeasures[J]. China Water Resources, 2019(9): 43-46.
oo, A8 M ER AL A B SR8 T 3], LI ARME AR,
2016, 44(7): 495-498.

MA Chi. Dynamic monitoring and remote sensing analysis of land
salinization in Songliao Plain[J]. Jiangsu Agricultural Sciences, 2016,
44(7): 495-498.

FiER, RHE. BRITAAECE R S5 e H s [J]. BRIk
FIEH, 2015, 43(10): 1-6.



Fiedn 5 ANBCT R ERBRAI 25 B A AR KSR K 2R AT

WANG Haomin, WU Mingguan. Saline alkali land control strategy of use change[D]. Nanjing: Nanjing University of Information Science &
Songnen Plain in Heilongjiang Province[J]. Heilongjiang Science and Technology, 2021.
Technology of Water Conservancy, 2015, 43(10): 1-6. [17]  SREFAF. VG U S Ty [X 308 Jok P A5 3 b B B 3% A P [D]. LT

[11] B, EERAE, WRom, 5. 0 B #h o e ol v i S % Ll 43 47 SRS EE TR 2, 2019.

W], HEES51EY, 2020, 9(4): 428-439. GUO Qigi. Remote sensing image digital processing and geological
SUI Min, REN Jianhua, CHEN Qiang, et al. Contrastive analysis of interpretation in Shiquanhe area, Tibet[D]. Chengdu: Chengdu
measured height on spectral response of saline-alkali soil[J]. Soils and University of Technology, 2019.

Crops, 2020, 9(4): 428-439. [18] RESHEF D N, RESHEF Y A, FINUCANE H K, et al. Detecting novel

[12] KERR J G. Multiple land use activities drive riverine salinization in a associations in large data sets[J]. Science, 2011, 334(6 062): 1 518-1 524.
large, semi - arid river basin in Western Canada[J]. Limnology and [19] Izt VERNGS, BRIEZ:, 5. KGR AR I S EUUB A /T[]
Oceanography, 2017, 62(4): 1 331-1 345. Hi3 R}, 2016, 36(6): 910-916.

[13] JAYG¥E, SHHE, M SO, MO IR KB E T AR R AR S TRE RS KUANG Yuanhua, WANG Lina, CHEN Xiaohong, et al. Analysis on
BAi R[] BRTKFIRHE, 2009, 37(6): 113-114. parameters sensitivity for the sustainability of water resources[J].
ZHOU Guangtao, GUO Longsheng, XIAO Jinghui. Water resources Scientia Geographica Sinica, 2016, 36(6): 910-916.
development and utilization planning and engineering configuration [20] BkFEEH, (ERIE. 1977—20104F SLidk AC Al bbb 3 V8 7 28 it 2 J AR
layout in Songnen Plain[J]. Heilongjiang Science and Technology of B[] FIFERE, 2014, 36(10): 2 103-2 112.

Water Conservancy, 2009, 37(6): 113-114. ZHANG Jiagi, REN Zhiyuan. Analysis on surface spatiotemporal

[14] ZstE. BIITAA T X G VRN Rt IR KA 7T [D]. Wh /R i variation tendency of potential evapotranspiration in Qaidam Basin[J].
ARALAR KA, 2009. Resources Science, 2014, 36(10): 2 103-2 112.

LI Ting. Evaluation of drought and drought mitigation model in the [21] AE¥E TR BT, 55 /R ISR X N KRR b K5
Western region of Heilongjiang Province[D]. Harbin: Northeast M Rl 6 4 AT ). FK BEUR S 7K TAEA%4R, 2019, 30(6): 242-249.
Agricultural University, 2009. BAI Yifei, WANG Yi, CHEN Yaning, et al. Variation of groundwater

[15] IBeRE, e, 400dE, 55 MUCPIR A AR X LIRS S % depth and its influencing factors in the irrigated area of the Yarkant
AT DNREN]. ARIbMl R #2744k, 2021, 49(10): 122-126. River Basin[J]. Journal of Water Resources and Water Engineering,
LIU Xiaohui, HOU Guanglei, ZOU Yuanchun, et al. Soil carbon storage 2019, 30(6): 242-249.
and climate regulation by natural reserves in the Songnen Plain[J]. [22] xAE4, #ES%, H, 25 ST 3SR MK R X 435 2R b 2
Journal of Northeast Forestry University, 2021, 49(10): 122-126. B HTI]. EREHEK 4R, 2022, 41(5): 132-138.

[16] . LHOR ARG 3 B R Hh 2 K5 H R K0 R AR A LIU Fuquan, DU Chong, HAN Xu, et al. Spatiotemporal variation in
MMFFE[D]. R R RS LR RA, 2021. soil salinization in Daging calculated using the 3S technology[J].
LIN Jing. Study on the transformation of surface water and groundwater Journal of Irrigation and Drainage, 2022, 41(5): 132-138.

and its ecological effect in the main stream of Tarim River under land

Spatiotemporal Dynamics of Soil Salinity and Its Determinants in Songnen Plain

WANG Lulu™? WANG Tianliang®, GAO Bin?, HE Huaizhen®, DING Xiaowen', HOU Baodeng®*
(1. School of Environmental Science and Engineering, North China Electric Power University, Beijing 102206, China;
2. China Institute of Water Resources and Hydropower Research, Beijing 100038, Ching;

3. Heilongjiang Water Conservancy Design Institute, Harbin 150080, China)

Abstract: [Objective] Soil salinization is a dynamic process, affected by numerous factors. Understanding its
spatiotemporal variation in a region and catchment is important for management. In this paper, we present the soil
salinity dynamics and its determinants in Songnen Plain of Heilongjiang province. [Method] The calculation was
based on remote sensing imagery of the region acquired from 2000—2020. We used correlation analysis and relative
contribution rate analysis to map the spatiotemporal distribution of soil salinity in this region. [Result] On average,
areas affected by salt in the region had decreased from 2000 to 2020, at a rate of 2.73 km?/a. But this is mainly due to
the reduced soil salinization in some regions, as other regions actually had seen an increase in soil salinization. In
particular, soil salinization in Qigihar had increased because of the increase in cropped lands and GDP. Suihua also
saw soil salinity rising due to increased plant areas and population. In contrast, soil salinity in Daging and Harbin
had decreased, due to the increase in surface water resources and decrease in evaporation for Daging, and the change
in cropped land and livestock industry for Harbin. [ Conclusion] Change in soil salinization from 2000 to 2020 in
Songnen Plain varied, with some areas seeing an increase and others witnessing a decline. In addition to climate
change, other reasons underlying such variations in soil salinization include economic development, change in cropping
systems and livestock industry. To ameliorate soil salinization and improve land quality, this region should consider
improving irrigation and drainage facilities and controlling the groundwater depth not exceeding a critical level.

Key words: land salinization; space-time change; remote sensing interpretation; Songnen Plain; influence factors
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