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Table 1 Classification and quantitative calculation method of cropland eight functions
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Table 2 Calculation of cropland multifunctional value in Zhejiang Province during 2000-2015

s 46 BrBAE BE A EAZ 1L BN A (L2
iReRA Cropland value/{Z.JG Changes in cropland value/{Z.JG Change rate in cropland value/%
Function type
2000 2010 2015 2000—2010 2010—2015 2000—2015 2000—2010 2010—2015 2000—2015
LR TH B
d:.lmljJ”b . FP 175.43 188.7 190.31 13.27 1.61 14.88 7.56 0.85 8.48
Production function
AR 243.36 164.67 159.14 -78.69 -5.53 -84.22 -32.33 -3.36 -34.61
EP 10.74 7.51 7.36 -3.23 -0.15 -3.38 -30.07 -2 -31.47
aos il
. . WwC 269.73 242.77 229.06 -26.96 -13.71 -40.67 -10 -5.65 -15.08
Ecological function
BI 13.83 6.68 7.2 -7.15 0.52 -6.63 -51.7 7.78 -47.94
AP -26.81 -27.35 -25.27 0.53 2.07 1.54 1.99 -7.58 -6.5
N
'f’.tz:ljjgb. SS 153.51 100.93 105.17 -52.58 4.24 -48.34 -34.25 4.2 -31.49
Social function
- —
I/H:Ijjnb, CL 8.52 18.76 28.77 10.24 10.01 20.25 120.19 53.36 237.68
Cultural function
St Total 848.31 702.68 701.74 -145.63 -0.94 -139.94 -17.17 0.13 -17.28
Bt
S HHE Value P 3120644 2943246 3206048  -1773.97  2628.01 854.04 5.68 8.93 274
hectare/ (J376-hm™)
#th 2 T EM M Cropland multifunctional value/10¥Yuan 0 240
Em00~10 m®mw>10~30 [1>30~50 m@Em>50~70 mm>70 o —— kT

| .
b. 2010 4
B2 2000—2015 FH7T 4 & B3 % o e (T = oA
Fig.2 Spatial-temporal distribution of cropland multifunctional value in counties of Zhejiang Province during 2000-2015

3 HIIA 2000 F1 2015 Rt ZIheetAX X &R

Table 3 Relationship of cropland multifunctional value of
Zhejiang Province in 2000 and 2015

AR e pepy Asag O HEL

g s e o i LT
T T T
fE43 Production “ He ) He “ He Ecological Social
Production Production Ecological
Year and . X and and
. and social and cultural and social
ecological . . . cultural  cultural
? function function function . .
function function function
2000 0.889** 0.726** 0.656** 0.807** 0.717**  0.870**
2015 0.766** 0.572%* 0.889%** 0.581** 0.827**  0.548%*
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X 36
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Spatial-temporal change, trade-off and synergy relationships of cropland
multifunctional value in Zhejiang Province, China

Zhu Congmou?, Li Wuyan?, Du Yingying®, Xu Hongwei®, Wang Ke'*

(1. College of Environmental & Resource Sciences, Zhejiang University, Hangzhou 310058, China; 2. Institute of Land and
Urban-rural Development, Zhejiang University of Finance & Economics, Hangzhou 310018, China; 3. School of Public Administration,
Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract: Multifunctional Agriculture (MFA) management has been increasingly important for sustainable cropland utilization
in recent years. The farmland loss and changing agricultural activities have posed serious impacts on the structure and
functions of cropland in the rapid urbanization. Therefore, it is necessary to explore the spatial-temporal evolution
characteristics, the trade-off and synergy relationships of multifunctional cropland. In this study, taking Zhejiang Province, a
representative region with rapid social-economic development in China as an example, a series of widely used quantitative
methods were employed to systematically evaluate cropland multifunctional value on the county scale. According to four
dimensions of cropland production, ecological, social, and cultural functions, eight main functions of cropland were identified,
including food production, atmosphere regulation, environmental purification, water conservation, biodiversity, agricultural
pollution, social security, and cultural leisure. Spearman's rank correlation coefficient method, bivariate local spatial
autocorrelation model and Stochastic Impacts by Regression on Population Affluence and Technology (STIRPAT) model were
used to investigate the trade-off and synergy relationships among cropland multifunctions, and the social-economic driving
factors. The data was collected from Zhejiang Statistical Yearbook (2001-2016); digital land use/cover maps for 2000, 2010
and 2015 were obtained from the Chinese Ministry of Environmental Protection; the precipitation data came from the National
Meteorological Information Center; and the soil type data of Zhejiang Province was from the second soil survey database of
China. The results showed that: 1)the total value of cropland multifunctionality displayed a declined trend during 2000 and
2015, while the value of cropland multifunctionality per hectare decreased first and then gradually increased. The value of
atmospheric regulation, water conservation and social security decreased significantly. Meanwhile, the value of food
production remained constant, whereas, the value of cultural leisure increased rapidly. The total value of cropland
multifunctionality showed different spatial characteristics, indicating high values in the north, but low in the south of Zhejiang
Province. In the counties, Hangzhou City showed the highest value, while the lowest value was in Shengsi County. The
cropland multifunctional value decreased in many counties to some degree, but the value increased dramatically in the
southwest mountainous areas. 2) Synergy relationships were dominant among cropland multifunction, showing spatial
heterogeneity. The high-high synergy areas were distributed in Hangzhou and Shaoxing cities, while the low-low synergy areas
were clustered in Lishui and Quzhou cities in southwestern Zhejiang Province, where the low-high and high-low trade-off
areas were distributed around the synergy areas. During 2000 and 2015, synergy relationships among cropland multifunctions
totally weakened, as the decrease in the number of high-high synergy areas. 3) Social-economic system was proved to be
related closely with cropland multifunctional value. Specifically, the disposable income of urban residents and the total power
of agricultural machinery have negative impacts on the multifunctional value of cropland per hectare. The increase in the
disposable income of rural residents can be conducive to promote the multifunctional value of cropland per hectare. It infers
that the food production of cropland can be balanced with other functions, including ecological, social, and cultural functions,
in order to develop multifunctional agriculture, and further to maximize the human welfare that provided by cropland
production system. The findings can provide an important decision-making support to delimit cropland use and protection zone,
and further to promote the overall coordinated utilization of multifunctional cropland.

Keywords: land use; models; cropland; trade-off; synergy; multi-function; Zhejiang Province
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