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Influencing Factors and Spatial Clustering of Maize
Production Water Footprint in Liaoning Province
ZHANG Xu-dong' WU Di’ HAO Di'’ SUN Shijun' SHI Rui-giang'
( 1.College of Water Conservancy Shenyang Agricultural University Shenyang 110866 China;
2.China Irrigation and Drainage Development Center Beijing 100054 China;
3. Beijing Futong Environmental Engineering Co Ltd Beijing 100083 China)
Abstract: In order to explore and coordinate the relationship between crop production and water consumption in different regions the water
footprint theory and method were used and 17 factors affecting the water footprint of corn production were selected for significant analysis.
Based on principal component analysis three methods including K—means clustering hierarchical clustering method and fuzzy C-—means
clustering were used to cluster the water footprint of maize production in Liaoning province. The results showed that among the factors
positively correlated with the water footprint of maize production the fertilizer amount per unit area reached a significant level and the ratio
of blue water footprint to the total water footprint reached an extremely significant level. Among the negatively correlated factors the ratio of
precipitation and plain area to the total area reached a significant level and the latitude and maize yield per unit area reached an extremely
significant level. According to the clustering results Liaoning were divided into five regions. Including the [ zone of Green Water
Satisfaction—Comprehensive Development Zone ( Anshan Fushun Benxi Dandong) the [ zone of High Production Water Footprint —
Protection Development Zone ( Dalian Yingkou Huludao) the I zone of Low Production Water Footprint — Key Development Zone
( Shenyang Tieling Panjin) the IV zone of Blue Water Dependence—Optimized Development Zone ( Fuxin Jinzhou Chaoyang) and the V
zone of Higher Production Water Footprint—Moderate Development Zone ( Liaoyang) . Different water use strategies and maize production
models should be adopted in different regions according to their own characteristics. This study provides reference for spatial distribution of
maize production and scientific management of agricultural water resources in Liaoning province.

Key words: water footprint; significance analysis; clustering; corn; Liaoning province
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1

Tab.1 Significance analysis of influencing factors of water footprint in maize production

X, X, X; Xy Xs Xe X; Xy Xy X X Xy Xis X4 Xis Xis Xig Xig
X, 1.00
X, 0.38** 1.00
X3 -0.56**0.34**  1.00
X, -0.40** -0.03 0.66** 1.00
Xs  047** 017 -0.47**-0.50** 1.00
Xe  0.50%* 0.41*% -0.22 -0.46**0.43** 1.00
X;  -0.44%* -0.05 0.68** 0.96** -0.53**~0.54** 1.00
Xy -0.56** -0.07 0.35** 0.47** -0.20 -0.59**0.55** 1.00
Xy =012 -025" -027° -0.20 0.0 -0.11 -0.14 023 100
X 004 -0.44%*-0.29° 001 016 -0.18 -0.02 0.02 -0.14 1.00
Xy 0.47%* 046** -021 -023 025" 037** -0.24" -0.07 0.34** -0.25" 1.00
X, 021 030%* 026" 013 -007 021 009 -0.2 -0.81** -0.01 -0.15 1.00
X3 0.09 -0.05 -023 -0.28° 0.13 021 -0.30" -0.26" 0.52** 0 0.07 -0.51** 1.00
Xy 036%* -0.11 -0.45%*-0.54** 0.12 0.53** -0.56* *-0.72** 023 -0.05 0.11 -0.08 0.53** 100
Xis 0.16 -0.43%*-0.41**-0.42** 0.05 035%%-045**-0.73** 0.16  0.12 -0.23 -0.18 0.44** 0.82** 1.00
Xig 0.48%* 006 -0.62**-0.82**0.50** 0.45** -0.79* *-0.41** 007 001 017 0.0  0.19 0.48** 0.35** 100
X 0.03 -0.06 -0.03 0.04 001 007 003 003 056** -0.11 043**-0.37**031** 0.08 002 -026" 100
X 010 014 =009 -024" 0.09 007 -022 -0.14 -0.41** 0.05 -027" 025° -0.19 0 0.06 0.38** -0.89** 1.00
p<0.05 ** p<0.01,
2.2
o 2.2.1
(1 o 14 2011 -
° 2015 (X, X, - X,) 18
(2) o
° N N SPSS
2, 2 1. 2. 3.
2
) N Tab.2 Characteristic value and contribution rate
° of principal components
> 1 6.716  0.373 0373 10.000  0.142  0.008  0.990
o 2 4574 0254 0.627 11.000  0.101  0.006  0.996
o 3 2528 0.140 0768 12.000  0.065  0.004  1.000
4 1310 0.073  0.840  13.000  0.006 0 1.000
5 0.881  0.049  0.889  14.000 0 0 1.000
. 6 0.635  0.035  0.925  15.000 0 0 1.000
: 7 0.495  0.028  0.952  16.000 0 0 1.000
8 0346 0.019  0.971  17.000 0 0 1.000
9 0200 0.611 ~ 0.983 18.000 0 0 1.000
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4. 5 88.9% 5 4
18 88.9% R Tab.4 Principal component score table of classification samples
(3) o 1 2 3 4 5
3 0.857 2.471 1.551 0278  -0.156
-0.300 -3.312 -0.633 -0.633 -0.754
4o 3 -1.359 -0.364 -0.385 0.740 1.016
Tab.3 Principal component load matrix 3176 2.032 ~0.719 1.025 0.002
) 5 3 4 5 -3.299 0.363 -1.216 -0.556 -0.537
X, 0.421 0.747 0.136 0.322 ~0.176 -4.955 -0.289 -0.493 0.538 1.124
X, 0060 0405 0817  -0213  0.163 2492 -0.61 1089 0.658  ~0.199
X, ~0.753 0.125 0.258 ~0.443 0.240 0.288 -3.677 1.170 0.283 0.261
X, -0.948 0105  -0.007  0.107  -0.075 3.482 1842 -0642 1227 -0.039
X; 0.447 0.413 0.292 0.367 0.488 -0.387  -0.348  -0.187  -279  -0.802
X 0.661 0.469 0.372 -0.147 0.010 1.289 -0.059 3.126 -1.104 1.669
X, -0.969 -0.009 -0.052 -0.051 -0.077 -0.554 3.356 1.290 -0.284 -1.482
Xg -0.851 -0.376 0.175 0.083 0.103 3.990 1.054 -3.623 -0.918 1.076
Xy 0.179 -0.938 0.135 -0.052 0.132 1.633 -2.908 -0.327 1.539 -1.179
Xio 0.004 0.081 -0.510 0.687 0.228
Xu 0.324 -0.230 0.803 0.286 -0.188 ! ) ’
K-means C
X, -0.109 0.832 0.074 -0.035 -0.384 2 R I
X3 0.508 —-0.488 -0.070 -0.201 0.309 . . . . .
X 0.893 -0.105 -0.217 -0.26 -0.172 . . 3
Xis 0.732 -0.092 -0.58 -0.217 -0.08
X6 0.941 0.170 0.013 -0.080 0.099 1 m. 3
X, 0.359 -0.806  0.369 0.152 -0.125 4 K = means ( ).
Xy -0.119 0852  -0.257  -0.213 0311 ( ) C ( . )
X, X, v X 1. I}
2.2.2 ' N
4 s MATLAB2012b V.3
K-means N N C 3 v 3.
( 0.7%)
26 27 2,
3 50 . 503 Ie
5
Tab.5 Preliminary clustering results of three clustering methods
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Fig.1 Clustering Zoning Map of Liaoning Based on Water Footprint of Corn Production
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