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Table 1 The evaluation index system of agricultural multifunctions
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Fig. 2 Evolution of agricultural multifunctions in Shandong province during 2004-2017
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Table 2 Spatial mismatch index between element layer and its functional layer in 2004, 2011 and 2017

HEG 2004 4F 20114 20174 HEE 2004 4% 2011 4F 20174
WEALLte ) 0.1556 0.1966 0.2372 20 A 0.1255 0.2009 0.3235
AMRALL e Ty 0.1463 0.1994 0.2367 EZNN &y 0.2867 0.2294 0.2042
BranfasE Tk 0.2609 0.2685 0.2818 L8 0.5021 0.3570 0.2196
ol ALes 0.0157 0.0441 0.0713 AR 0.0515 0.0548 0.0546
ol A 0.2230 0.2505 0.2890 BZS iR 0.0978 0.1023 0.0974

W3 7R, 2004—2017 45 1 R 48 RO AR 7™ i R 25 D BB 23 (A1 Jey A8 B AN K . 2004 4
A= LA DI RE S E X EE ARG VIR . BT . B g L P R S TR
AR PR . 20042011 4F, BRI 4E X B D S IX AN, HiAx 69.77%I7)
Bl MALSTife Lt 2011—20174F, HERK A B 17 [0k 49.31%, FZETAEE DY



12 XS 2 AR AR Z DI RE I 28 AL RRIE S RSB 70 2907

b.20114F /.

c.20174 .

v [0

vy £ 2011—2017
557 2004—201 14 *

A%
L% v <20
/ v 20~-10
+ —10~0
— BB - 0~10
0 100km & 10~20
| I ar >20

B A= TifE mm<0.1 m0.1~0.15 =90.15~02 =30.2~0.25 =(0.25~0.3 m>03 1 CHIE

E13 20044, 20114F . 2017 4E 1R Al R F= i L 25 TTRE RS 28 VAR RFAIE

Fig. 3 Spatio-temporal pattern of agricultural products supplying function in Shandong province in 2004, 2011 and 2017
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Fig. 4 Spatio-temporal pattern of economic development function in Shandong province in 2004, 2011 and 2017
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Fig. 5 Spatio-temporal pattern of social security function in Shandong province in 2004, 2011 and 2017
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Fig. 6 Spatio-temporal pattern of ecological service function in Shandong province in 2004, 2011 and 2017
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BRe 1 SARMALARE T PME R T AR o @ B EAb IREEE  REA HA A
M, SR EALARE MR . G A% B = B A ™ o FR AR AR ™ i A3
AR, AR A SR SRR, @ MR A SR AR R AR
m TR K, EREARRAL A RE T, AN, fRghRR e TS 95 YRk b R R OG
B 11 2R A8 57 S8 b TR I b DX = 23040 3 i ) 3 AR b o o A 2 1) X3
2205 A SR BIE AR B S XA = b A A e HE AN

(2) &WFERBEDIRE. 0.05 WEMAKET, & ERBIRS&EE. 7 wel . B
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Table 3 Regression analysis results

j;{?;% F Fu Fr Fi F, Fa F
InDem -0.1898" -0.4135" 0.1665™ -0.5242" -0.1084" -0.0617" -0.0984"
InPcy 0.5868" 0.3915™ 0.4672" 0.3774” 0.2209" 0.1002™ 0.2580™
Pca —-0.0466 0.0442 0.0170 -0.2258" 0.0964 0.0175 0.1126
InDis 0.1497" 0.1092° 0.1366™ 0.0484 0.0340 0.0446 0.0906
InPgdp 0.0121 0.1306 -0.1045 0.1323° -0.0757 -0.5823" 0.4319”
Sip -0.0486 0.0234 -0.0935" 0.0316 -0.4025" -0.3173" -0.1871"
Ur -0.1193" -0.2283" -0.0770 0.0363 -0.2913" -0.2448" -0.2205"
InPd -0.3256" -0.0435 -0.4707" 0.0762 -0.3715" -0.2111" -0.3810"
Uur 0.1766™ 0.0378 0.2457" -0.0349 0.1643" -0.0175 0.1580°
R 0.6128 0.5334 0.4820 0.5616 0.5153 0.7817 0.6218
i R 0.6035 0.5222 0.4696 0.5511 0.5037 0.7765 0.6128
F 76.5800" 45.4800” 46.2100” 77.7600” 54.6500” 96.0000” 42.7400"
InDem -0.0610 0.0318 0.0654 -0.0868" 0.6928" 0.6985™ 0.1986™
InPcy 0.1357° 0.1965™ 0.1196 0.1863™ -0.0922 0.0210 -0.3417"
Pca 0.0902 — — — 0.1222 0.0390 0.2678"
InDis -0.0302 0.0491 -0.0189 0.1707" -0.0446 -0.0448 -0.0131
InPgdp 0.4295™ -0.2198" -0.3849" 0.4304™ -0.2514" -0.1651 -0.3165"
Sip -0.1809™ -0.2247" -0.1512" -0.1761" 0.0429 0.0344 0.0369
Ur -0.0851 0.2856™ 0.1285 0.3861" -0.2178" -0.2708™ 0.0789
InPd -0.1953" -0.7444" -0.5164" -0.5444" 0.0565 0.0178 0.1246
Uur 0.2206™ -0.1476 -0.1964" 0.1309 0.1578" 0.1015 0.2046™
R 0.4290 0.4783 0.4837 0.5933 0.5660 0.5692 0.3173
R 0.4154 0.4672 0.4727 0.5847 0.5556 0.5589 0.3010
F 22.7000™ 31.5000™ 46.3200" 50.4700™ 52.8000™ 53.2000” 22.1800"

TE: 7L T RIERRTE0.05. 0.01 IR E MUK TR Dbl AR (R AATEE R E R, 7EA SRR hE
HERMEE T, S7APHBRFR AT R

o BRSPS X — ey 285 L Bl i (AN P g S & LX), 5P AR S 45Tl sl
i (ISR, (HI2 iR TR KL st DRV IR I A &, Z80%air 3 5 iR il R
KIMEAREE . @ AXGDP R W TERR Y, TR PN HR 2 5F R R A 2R e
iAo BEAE 205 R KRBT, AV 2855 LU B sl s 4, 225 Aas 5 22 UF i )
BT, @ sl BEORB R AR R SRR R 2857 LB, Al
AP ER BN . @ NIV BE R — 5 R AE AR GEIR A D, A TR ) 2
RAMMBLLLSE, F3—Ir MBI A5 o & Mg R m X
XEF R ER 2GR . B EAEY AR AR T T SRR, A2 T 52
DR s o

(3) FhafRBEIIRE. 0.05 BEMACKT, HafrEIIES A GDP. =], A
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FERE . TR E GRS, SRMAE T . BEEARZIEME, O KH
HE I R X AR AR REAE AN S 2 AR 55 3 Ty, A A TR A 2 B ARl
A, ol S REDIRE S . @ BEE SRR EACE RIS Tl fbnotedt, fol 553 1A
Wi AR L AR, Al iRt ML SH 2 fREEIIREREZ FIE, (B2, ZTFRERES i
AL e . B, PR RIS A B . O Mg iR LR 285 A KK
AV LRI AR L. @ BBty B TR TR BN L, AR RS ™ AR TE TRV
© N Y AR R A B AR m i X, S ARl A m, Aol sl AL
2D TR AR G IR 5 57 AR 2255

(4) HEBMFNEE. 0.05 RFEMIKFET, LSS IRES Mt . TR 2
IEARX, 5 AL GDP, B AR RGN, O i e X2 A AR 21X
T LAl . SRAMKFEAR, LSS IIRER L . @ WIFEMBIN, FEREZ TR KK
AR T, PRCAR 20 Y, XA SIS DIRE ™ A= i . (O B s A g i 3t
DX, ST e, P AR . MR B IR AR R, AR S ST T REER
%o @ b2 T 3B A 3 o ) s DA ) A 25 IR 95 T RE T SR e, BRI HEAR R ROR,
A 25 I 55 T RES PR R

3 s iie

3.1 i

(1) 2004—20174F, IWARARIN Z Y ReHE AR 2 T, &7 b D RE R 2ot
RIEDIRE ST A SIS TH 5 Bl 5 TR A, o R he 5 A S5 Tite 730
WIERZ TR SRR TR NS . WIIRESS R A, SUT K RIIAESCI T 454 &
., 2SS SR R U HU B 3 1) PR RS M Bl o R 68 s #h S ORBETIRE, Wil
BLES AL A PR 2% D BB J2 25 B4 Jmy B8 ) B AR 22 BE R i /N s A= k43 D B
AR EA B T, AERAERE AT TR ARG DRSS AR AR R AE

(2) 2004—20174F, IWARA RN Z I RERT 23 AR RRAE D 5 o 4™ AL 25 D g i (ELIX
BRI GG R I R X “ERRT SR 280 AR D BE R X XAk
MR B2 v A BE AR DX e Ml v 8 B QAR i IX 5 B e G Rl sl i U 25 G
el & 38 B RR AR b A SR IX G A st S5 PR BE T RE &1 1 X 1) B — #5555 Y80 Hh i A1
PR R AR AR 7 S 5 AR IS AR B AR A RO IR L B b DO s AR SRS
e EX EEREAG TR IR . B8 RS SIIRMHIX .,

(3) Ak Z g ry i 23 AR RO R B 5 4 23 28 05 R R/ RIB B2 5 VE )
R AR L HR A S 2 B 0 T[] — ARl Dy RE A [ 28 28 A O ) 5
FAE2ES, LTI RR A TNReZ A8k . A SR BEIR BLIRR A b 22 DI RE R 25 43 5 1) 5
fitt; LU RREACE . Wi . Tolk bR aRsh ROl 2 D ReR 25 AL R &R ZO0mIX
T T R0 e Z2 D Re Aol HA B R HEVE T, fEANZ /b | SRR BT R,
N85 BE ROl Z D fie 1) F 2 R 2R
3.2 itig
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Spatio-temporal evolution characteristics and driving mechanisms
of agricultural multifunctions in Shandong province

LIU Jian-zhi', FANG Yan-gang"*’, WANG Ru-ru'

(1. School of Geographical Sciences, Northeast Normal University, Changchun 130024, China; 2. Key
Laboratory of Geographical Processes and Ecological Security in Changbai Mountains, Ministry of Education,
Northeast Normal University, Changchun 130024, China; 3. Institute for Northeast China Research, Northeast

Normal University, Changchun 130024, China)

Abstract: Under the background of the agricultural supply-side structural reform and rural
revitalization, it is critical to raise farmers' income, realize sustainable agricultural development
and guarantee food security by developing multiple agriculture functions in various regions and
coordinating the development of regions with different agricultural functional characteristics.
The spatio- temporal differentiation of agricultural multifunctions results from the
comprehensive effects of the agricultural resource endowments and the socio- economic
development level and stages. This paper constructs an evaluation index system of agricultural
multifunctions. Taking Shandong province as an example, this paper analyzes the spatio-
temporal evolution characteristics and driving mechanisms of agricultural multifunctions at
county level from 2004 to 2017 by using spatial mismatch, regression analysis and so on. The
results are shown as follows: The spatio- temporal evolution characteristics of agricultural
functions in the province were significantly different during 2004- 2017. Among them, the
agricultural products supplying function showed a growth trend of increasing first and
decreasing afterwards, and its high-value areas were mainly distributed in the "half-ring" area
surrounding the south- central mountainous area of Shandong province; the economic
development function showed a growth trend of decreasing first and increasing afterwards, and
its high-value areas were transformed from traditional agricultural areas with high proportion
of agriculture to modern agricultural areas with high agricultural output value and distinctive
agricultural areas which have high- value agricultural products or prosperous correlative
industries such as agricultural tourism; the social security function showed a downward trend,
and its high-value areas were concentrated in the grain producing areas with large farmland
area per labor and the mountainous- hilly areas with distinctive agriculture; the ecological
service function showed a downward trend of decreasing first and increasing afterwards, and its
high- value areas were mainly distributed in mountainous- hilly areas with good ecological
basement. The impact of factors on different elements of the same function differed in direction
and extent, which resulted in changes of agricultural functional structure. Finally, based on the
functional perspective, this paper proposes the development paths and zoning optimization
strategies for agriculture in Shandong province.

Keywords: agricultural multifunctions; spatial-temporal evolution; driving mechanisms; spa-

tial mismatch; Shandong province



