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Table 1 Interaction of driving factors for paddy fields change in Fujin from 1989 to 2002
WA T X% SCILIURRE XL JTRE R TERE e g TRF KA FRWILE B
Driving factors X1/X2 Interaction value X1 valne X2 value Max Min Summation Detection results
q(X1NX2) q(X1) q(X2) q(X1)+q(X2)

IR BRI R 03117 0.180 1 0.252 4 02524 0.180 1 0.4325 RS
Bk PR B/ BUR R & 0.298 0 0.111 4 0.252 4 02524 0.1114 0.363 8 AT 1 5
FI R B/ EOR R R 0.290 2 0.1558 0.252 4 0.252 4 0.155 8 0.408 2 R T 1Y
LAY 0.282 6 0.180 1 0.1558 0.180 1 0.155 8 03359 KU -1
B ELEE B/ BURR %= 0.262 5 0.027 7 0.252 4 02524 0.027 7 0.280 1 XU -1 5

AL B/ Bk 0.260 5 0.155 8 0.1114 0.1558 0.1114 0.267 3 XU -1 5
T PR /BUR R 0.258 3 0.100 4 0.252 4 02524 0.100 4 03528 AT 1 5

W /BUR R F 0.2549 0.055 2 02524 0.252 4 0.0552 0.307 6 R T 1
ST 3 R 02527 0.180 1 0.1114 0.180 1 0.111 4 0.291 6 KU -1
=T £ 0.226 4 0.100 4 0.180 1 0.180 1 0.100 4 0.280 5 XU -1 5

e R/ BT AL 0.2170 0.100 4 0.1558 0.1558 0.100 4 0.256 2 XU -1 5
IR I R 0213 6 0.180 1 0.0552 0.180 1 0.0552 0.2353 RS
IR/ B IR FE B 02116 0.180 1 0.027 7 0.180 1 0.027 7 0.207 9 E[3a i3 i
/BT 0.193 4 0.0552 0.1558 0.1558 0.0552 0.2110 RYGSIE R i

Te AR BBk R T 0.186 1 0.100 4 0.1114 0.1114 0.100 4 02118 KU -1
P B /2 A 0.1854 0.027 7 0.1558 0.1558 0.027 7 0.1836 B|Eo s p
P B /B kP 0.1655 0.027 7 0.111 4 0.111 4 0.027 7 0.1392 Rk k1 5m
IR/ R B Y 0.1520 0.0552 0.111 4 0.111 4 0.0552 0.166 7 R T 1
TR B YRR By 0.144 1 0.100 4 0.027 7 0.100 4 0.027 7 0.128 1 E[3aq i3 i
R/ E 0.136 9 0.100 4 0.0552 0.100 4 0.055 2 0.1556 U1 i

E: X1 X2 AYRFH T, Max 4 g(X1)s g2y &KAE, Min 4 g(X1) q(X2)H /M. FH.
Note: X1 and X2 are the driving factors. Max is the maximum value of ¢(X1) and ¢(X2). Min is the minimum value of ¢(X1) and ¢(X2). The same below.

1989—2002 4 [A] % HR A A X 7K FH AR A 22 HAF H
KBy A 73 s A AR LR PG 3, AN AFAE AR T T
TERBIA . HA R O AE B Eh R+ - 4582 A/
BERNE (0.3117) « BIBREKERS/BOREE (0.2980)
SRR B /R R R (0.2902) I A/ BT PR B
(0.282 6) « FIREAFEB/BURF R (0.262 5) ¥ AXNA
FHEE, IR BIRAUE R (0211 6)  FBIIRABLHE B/
FIATREE RS (0.185 4) | B3 Fr R 25 /3 2k K B 25 (0.165 5)

SR ARLEPE R TR . SR R E R A T DL K 5
DXy [R5 %o 7K FH o0 A1 23 (B A SR AR A R A 7, T FHIBUR
51 5565 7K A 2 ) AR AT — 58 52

2002—2015 =[] & DA 5% 7K H AR AR A2 FAE R
5y q(X1INX2)> g(X1)+q(X2), EIELRPEIsRNT. PRt
FTEERIAZ B IRBNR 7 MR EIIMK KA s B8] 30 PR 25/2)
BREgRPEES (0.0979)  HHESRAYFNREEES (0.073 1) |
ERE/ BB R BT (0.0712) o IR 3 Bk BR R B
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(0.067 7) « FIIEEME /S IER (0.0668)  FHHAE
MR B R AR F 527 H, ARKTS
AR T AR LR I B DT R R K T 2, BB

WK SRAMBOE R R, 2 ARE T 52K
TEREMHEMMER, 275 8 RIER KA ARG
Jol i K R TR K

Fz2 2002—2015 FERT/KATHEREFHIZEIER

Table 2 Interaction of driving factors for paddy fields change in Fujin from 2002 to 2015
WA T X1/X2 SLE T XUTURE R TURE g g JUREORE PR R
Driving factors X1/X2 Interaction value X1 value X2 value Max Min Summation Detection results
g(X1NX2) q(X1) 9(X2) g(XD)+q(X2)

)] B /) A B B 0.097 9 0.041 4 0.028 9 0.041 4 0.0289 0.070 4 ER2 63
IR/ T I B 0.073 1 0.0153 0.041 4 0.041 4 0.0153 0.056 7 A2 P
R R 3k S B 0.0712 0.0187 0.028 9 0.028 9 0.0187 0.047 6 ALk
eI /3 B P 0.067 7 0.0153 0.028 9 0.028 9 0.0153 0.044 2 JELE ML

P IR /) A B i 0.066 8 0.0152 0.028 9 0.028 9 0.0152 0.044 1 LR k15

e ) 0.065 3 0.0187 0.041 4 0.041 4 0.0187 0.060 1 EIR2 @ L
Pk B S/ BUR R & 0.058 6 0.0289 0.005 2 0.028 9 0.005 2 0.034 1 ER2 63T

P IR 5/ 3] i B 5 0.056 8 0.0152 0.0414 0.0414 0.0152 0.056 6 ek

S IAERE B /BOR R = 0.047 7 0.041 4 0.005 2 0.0414 0.005 2 0.046 6 JELE ML

IR/ P Y 0.0473 0.000 7 0.041 4 0.041 4 0.000 7 0.042 1 EIB2 et
SRR S i) 0.046 5 0.018 7 0.0153 0.018 7 0.0153 0.034 0 E[F2eebil
RS IR AT 0.037 1 0.015 3 0.0152 0.015 3 0.0152 0.030 5 2 It 15
e PR/ B L 0.037 1 0.018 7 0.0152 0.018 7 0.0152 0.033 8 A2k g g
I P53 B P S 0.036 8 0.000 7 0.028 9 0.028 9 0.000 7 0.029 6 JELE ML 5
T HERRBUR R % 0.036 0 0.0153 0.005 2 0.015 3 0.005 2 0.020 5 LR Ik 15
IR S/ BUR R R 0.0318 0.0152 0.005 2 0.0152 0.005 2 0.020 4 LR Itk 15
R Y 0.027 8 0.0153 0.000 7 0.0153 0.000 7 0.016 0 AR 1 o
R/ 0.026 1 0.018 7 0.000 7 0.018 7 0.000 7 0.019 4 B2 cibid
AR/ EUR R 3 0.022 1 0.018 7 0.005 2 0.018 7 0.005 2 0.023 8 KR T
5 /B AP S 0.0193 0.000 7 0.0152 0.0152 0.000 7 0.0159 JELE ML
WREBURH 0.008 6 0.000 7 0.005 2 0.005 2 0.000 7 0.005 9 B[ e b

4 it i &3 1989—2015 FEMHKEZMEARTRXSEX AL

AT R & 4 T 7K H 2 AT ) B A AR A R R K AR
AR B R 2 AN 7 AT 9T . =0 SRt P48
TR, KIEFEE, BARFHAEERIAKRE, B 20 H
20 90 AR LASK, VTP JRUK T AR St S ek 7 T RERe7,
ERTEASTTFRZOX, KEMEERS, BT
ERMTATBEEE R, BERXERX, AT
B B T K AL R 2 [A) 22 S 1t B R o AR 9 3E FH R B
JCVE AR T K ARG RN RS, 7EIRBN IR 2T 5L
12 FH b ER PR A8 B AR 7 P PRI H 1989—2015 4F & #3 7i7
K ARG 3 T 3R B B A A B 22 B

MAFFESE AT LLE B, 1989—2015 £ & #Ti/KHY
TR, HRXKEAHBERTFAX. &8 HIKE,
G R, 90 AR Y R X KT, HRIHEH
“UIRERE . REENE 7, HOHL AT 5 i AR R R A
AR Z, BRRHES B S R KRG . 1989—2015
G, B TR S RIX K AR AR & Ee T . 1989—
2002 47, BEXH7KHEAL IR & & K AR AR
] 73.09%, iz & T AR X 1) 36.81%; 2002—2015 4F, & 4%
AR X K AL AR 5 b T RIX, S R IX R/KH
PR T RIX (R3) .

Table 3 Proportion of common agricultural area and reclamation
area for paddy field change from 1989 to 2015

HBOR %

; 1989—2002 4E  2002—2015 4F  1989—2015 4F
Policy factors
Z(.IZ 36.81% 61.83% 48.72%
Common agricultural area
B
B 73.09% 38.17% 51.28%

Reclamation area

SRR, ISR A R T K H AR L B 3K B 77
Ko IS #2015 4F7KH ., S ISR b
b, KHEAFFT G EE S R A A, Akt
FAFE L, B2 IERACNE M L, BE AR L
(R4 . BFT/KEHFPEEE S 32.01%, EmmT 5
M 12.72%, HIK T FIHUREE, EKME 2, (RPHUIX M E
FAE AR Y, AR RIE R R, ER
2, KA REAR, AR K T A A I
DR B T S BB 5 L 21.43%, = /K G 8.70%

A, ZPEEB PR RAGERZm, 255897
E—E %, SREMEEELFHEEHIAREMES,
iz F Google Earth Engine =V & 450t F BT /K H
FEECPON e Ah, AT AT E B T K AR A A )
TER KSR R, T — 0 NL&5 G R O Bl i 45 74
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TREBOR, REHHHR R TT, EaAFK
JEE S AT AL
F4 2015 FkH. RAnH S TR HEE
Table 4 Proportion of soil types in paddy fields, dry land and

cultivated land in 2015
A A o o
Soil types Paddy fields/%  Dryland/%  Cultivated land/%
Hif+
Meadow soils 36.71 39.66 38.13
¥+
Albic soils 32.01 12.72 22.92
S71%
kil 2134 24.95 23.04
Bog soils
oAt
Black soils 8.70 21.43 14.70
JE?}%J‘ 0.62 0.37 0.50
Peat soils
Bt
Alluvial soils 0.23 0.12 0.18
I A
Dark brown earths 0.06 0.50 0.27
5 &% it

A LLE S TK AT R, LUBEA% . DEM
Bl T IEEE S B N A(E BIR, BT RS A GIS £
AR, 1R B AR, X 7T X 1989—2015 4E/K H
AL IR BN R 2R AT I, Ha K AR 23 R) 22
SRS 7 R R ZE BEAER, FEAH IR’

1) i 1000 mx1000m PIA%HHTEH#RTT 1989—
2002 5 2002—2015 F/KHALE, A4, 1989—
2002 A=K H ke P At v 1 X3 B AR 7E & B T A
X, HPEER XK Y KERL; 2002—2015 4, &
mORTE A Sz “ R ok ” TR, ZHRXAECH
K AR 4k Sk, AR XK B 5K B i T AR5
BRI,

2) 1989—2002 47K HY 7K 3 LIRS F 1 Hy: BUKH
T > IR > BT R > BBk EE B > i > 4 >
PIBAEEE B, HoA BRI R R AR SRR .
2002—2015 /K HY 5k F LIRS . BTHE S >
BRI IR 55 > i fE > ISR > B4R 25 > BUR R R >
WL, AR 25 UK Eh T O R A K H
UK Rl F-1E FH 3516

3) 1989—2002 4 &Pl ] 52 FLAE F ORH 43 7 AUA
TSR, BB T ROR IR R A IR AR A
R PIBRIR I B /EOR N R . B R B /BRI R A
2002—2015 &R 548 BAE R RE 72 R LR P3G 5 1),
X 7K FH A S fRRE BRI R 2 A TR At R 5/ 2 Bk it
PRES . LHERAYBNREE S . SRR Rk I A,
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Spatial-temporal variations and driving factor analysis of paddy fields
in typical regions of Sanjiang Plain

Zhang Wenqi, Song Ge™
(Institute of Land Management, Northeast University, Shenyang 110169, China)

Abstract: Over the last three decades, paddy fields on the Sanjiang Plain have experienced rapid expansion. It has an
important impact on regional food security, ecological environment and socio-economic development. Fujin is a typical area of
Sanjiang Plain, with both common agricultural area and reclamation area, and the land use pattern is the epitome of Sanjiang
Plain. In our study, used 1 000 mx1 000 m grid cell to scientifically analyze the spatial-temporal variation and driving factors
of paddy fields, in Fujin from 1989 to 2002 and from 2002 to 2015. And elevation, slope, soil type, distance to railway,
distance to river, distance to town and policy factors were selected as driving factors in this paper. With the help of
GeoDetector, we analyzed the role of these seven factors in paddy field change and their relationship. The results indicated that
such paddy fields have increased by approximately 349 900 hm? from 1989 to 2015, and the paddy field process of reclamation
area was earlier than that of common agricultural area. In the early 1990s, in order to adjust the agricultural planting structure,
the local government began to encourage farmers to plant paddy rice in large areas. During this period, paddy rice planting
area increased rapidly. From 1989 to 2002, the areas with the high proportion of paddy field expansion were mainly located in
the reclamation areas in the northeast and southeast of Fujin County, and some other agricultural areas. From 2002 to 2015, the
project of cultivated land development and improvement was implemented, and the cultivated land in Fujin reached a high
level of agricultural development, and all the conditional areas were basically converted to paddy fields. The areas with higher
proportion of paddy field expansion were mainly located in the southwestern common agricultural area and the northern
reclamation area of Fujin City. In addition, the main driving factors of paddy field expansion in 1989-2002 were policy factors
and soil types. The interaction between these factors was mostly enhanced by two factors. It showed that in the 1990s, under
the guidance of the policy of agricultural structure adjustment, Fujin took the lead in reforming the soil types suitable for paddy
fields and the land with superior location conditions. As a result, a large number of cultivated land resources with superior
development conditions in the eastern reclamation area of Fujin were reclaimed into paddy fields. From 2002 to 2015, the
influence of natural factors on paddy field change becomes weaker. The main driving factors of paddy field expansion are the
distance from rivers to railways, and the interaction among these factors is mostly non-linear. Natural factors are no longer the
key to restrict the development of paddy fields. Driven by market interests, dryland that meets the conditions of paddy field
transformation is converted to paddy fields. The spatial difference of paddy field change in Sanjiang Plain is the result of the
interaction of various driving factors. The driving factors and their relationships are different in different periods. Geographic
detectors can make a more comprehensive analysis of various influencing factors. The results can provide theoretical basis for
the protection of cultivated land and the rational utilization of cultivated land resources in Sanjiang Plain.

Keywords: land use; remote sensing; spatial-temporal change; cultivated land; paddy field; driving factors; GeoDetector;
Sanjiang plain
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