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Changes of Regional Environment Quality Pattern in China Since 1986-2008

GUAN Wei-hua,SUN Ming-kun,LU Yu-qi
(School of Geographical Science College ,Nanjing Normal University , Nanjing 210046, China )

Abstract: For further study of regional differences and the pattern of changes in environmental quality in China since 1986-2008, we
perform the principal component analysis, standard deviation, Mann-Kendall and cluster analysis on 18 environmental quality indexes in
28 provinces of China in this paper. Those indexes refer to pollutant emission, pollutants treatment capacities and pollutant emission of
per unit land area, etc. The paper indicates that regional environmental quality in China has been increased slightly during this period.
It can be divided into four stages:1986-2000,2000-2001,2001-2005 and 2005-2008. The overall patterns of regional environmental
quality is the West is higher than the East in general,while the environmental quality of the eastern part have been changed somewhat.
For more details, the regional environmental quality in China in 1986 is composed of two parts, the eastern part and the western part,
while in 2000 and 2001 the eastern part,the middle part and the western part appears as the overall pattern. For the year of 2005, the
regional environmental quality in the western is higher than that of the eastern;meanwhile,the eastern can be divided into the northern
part,the middle part and the southern part, and the environmental quality in northern part is better than that of the southern part,
southern part is better than that of the middle part. This pattern hardly changed in 2008, except that the area with poor environment
quality region had expanded. Pollutant emission of per unit land area played as a main factor;yet both the pollutant emission and the
reuse of pollutants impacted the pattern specifically. In addition, the national macro policies, the regional policies, the regional
economic and the industrial structure can be primary reason for the change of regional environmental quality pattern in China as well.
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1 (1986 2000 )
Table 1  Rotated factor loading matrix in 1986,2000
1986 2000

1 2 3 4 1 2 3 4

0.922 0.291 0. 147 -0.105 0. 884 0.410 -0.174 0.033

0. 866 0. 461 0. 069 -0.133 0. 888 0. 422 -0. 161 0. 024

0. 861 0.458 0. 084 -0.124 0.953 0.047 -0.208 0.043

0. 857 0.484 0.030 -0.097 0. 675 0.703 -0.042 0. 065

0. 856 0. 490 0.057 -0.099 0.939 0.271 -0. 164 0. 048

0. 854 -0.251 0.303 0. 007 0. 908 0.327 -0.185 0.039

0.251 0. 883 0.289 -0.152 0. 442 0.776 -0.392 0.079

0.269 0. 876 0.330 0.084 0.331 0.705 -0.379 0.303

0.218 0. 866 0.255 -0.045 0.312 0.348 -0.374 0. 626

0.416 0. 857 0. 104 -0.100 0. 494 0.818 -0.095 0.135

0.388 0.763 0.349 -0.114 0. 500 0.736 -0.388 0.075

-0. 187 -0.302 -0.793 0. 066 -0.152 -0.278 0. 845 -0.044

-0.170 -0.260 -0.723 0. 408 -0.198 -0.137 0.843 -0.010

-0. 149 -0.303 -0.712 0.120 -0. 144 -0.159 0. 887 -0.069

-0.089 0.079 0. 681 0. 601 0.137 0.318 -0.230 0. 859

-0.151 -0.050 0.016 0. 884 0.110 0.586 0.370 0.642

-0.097 0.039 -0.147 0. 876 -0.094 -0.223 0.104 0. 887

0.048 -0.434 -0.317 0.673 -0.197 0.237 0.595 0.533

2 1986
Table 2 Scores of comprehensive and principal factors of regional environmental quality in China in 1986

1 2 3 4 1 2 3 4
1 1.634 0.612 1.311 -0.175 -0.114 || 15 -0.156  -0.151 -0.045 0.168  -0.128
2 1. 420 1.437 -0.314 0.208 0.089 || 16 -0.210 0.033 -0.194  -0.065 0.015
3 0. 697 -0.051 0.143 -0.101 0.706 || 17 -0.251 -0.109 -0.070 0.024  -0.096
4 0.606  -0.412 0. 796 0.254  -0.032 || 18 -0.253 -0.096 -0.089 -0.118 0. 050
5 0. 463 -0.243 0. 062 0.384 0.259 || 19 -0.254  -0.040 -0.062 -0.138 -0.015
6 0.166  -0.140  -0.053 0. 161 0.198 || 20 -0.255 -0.047 -0.153 -0.031 -0.024
7 0.072  -0.225 0.292 0. 081 -0.076 || 21 -0.260  -0.087 -0.052 -0.113  -0.007
8 0. 059 0. 067 -0.057 0.121 -0.073 || 22 -0.332  -0.137 -0.098 0.022 -0.119
9 -0.042 0.226 -0.216 0.130  -0.181 || 23 -0.362 0.036  -0.159 -0.239 0. 000
10 -0.096  -0.063 -0.069 -0.052 0.088 || 24 -0.376  -0.094 -0.090 -0.096 -0.095
11 -0.124  -0.091 -0.118 0. 098 -0.014 || 25 -0.393 -0.109 -0.100 -0.071 -0.113
12 -0.136  -0.043 -0. 186 0. 145 -0.052 || 26 -0.423 -0.120  -0.135 -0.079 -0.089
13 -0.142  -0.039 -0.098 0.122 -0.127 || 27 -0.427 -0.037 -0.108 -0.265 -0.017
14 -0.145 -0.070  -0.070 0. 066 -0.071 || 28 -0.479  -0.006 -0.070 -0.442 0.039
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Table 3 Scores of comprehensive and principal factors of regional environmental quality in China in 2000
1 2 3 4 1 2 3 4
1 2.038 0. 885 1. 064 0.027 0. 062 15 -0.058 -0.459 0. 357 -0.194 0.238
2 0.784 1.393 -0.472 -0.187 0. 049 16 -0.071 -0.255 0. 084 -0.144 0.243
3 0.578 0. 040 -0.003 0.559 -0.018 17 -0.157 0.290 -0.198 -0.177 -0.072
4 0.412 -0.053 -0.306 0.035 0.737 18 -0.195 -0.138 -0.003 -0.076  0.022
5 0.391 -0.082 0. 064 0. 401 0. 008 19 -0.204 -0.072  -0.066 0.020 -0.086
6 0.072 -0. 146 0.052 0. 157 0. 009 20 -0.215 -0.098 -0.039 0.007 -0.084
7 0. 058 -0.064 -0.033 0.215 -0.059 21 -0.274 0.051 -0.097 -0.213 -0.015
8 0. 049 -0.018 -0.096 0.231 -0.069 22 -0.293 -0.138 0.013 -0.131 -0.037
9 0. 030 -0.042 0. 036 0.036 0. 001 23 -0.355 0.019 -0.113 -0.182 -0.079
10 0.021 0.022 -0.093 0.213 -0.121 24 -0.376 -0.079 -0.121 -0.055 -0.121
11 0.014 -0.077 -0.024 0. 141 -0.026 25 -0.429 -0.128 -0.051 -0.155 -0.095
12 -0.005 -0.014 -0.099 0.202 -0.094 26 -0.564 -0.156 -0.047 -0.244 -0.118
13 -0.010 -0.146 0. 056 0.093 -0.013 27 -0.59%4 -0.318 0.240 -0.430 -0.086
14 -0.055 -0.078 -0.038 0. 109 -0.048 28 -0.595 -0.140 -0.067 -0.261 -0.127
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Table 4 Rotated factor loading matrix in 2001,2005 ,2008
2001 2005 2008
1 2 3 4 1 2 3 1 2 3
0.938 0.228 -0.202 -0.009 0. 965 0. 165 -0.042 0.952 0. 144 -0.086
0.938 0.258 -0.189  -0.020 0. 959 0.245 -0.048 0.925 0.245 -0.171
0.933 0.170 -0.255 -0.013 0.920 0.224 -0.084 0. 897 0.264 -0.196
0.923 0.309 -0.212  -0.062 0.951 0.264 -0.093 0.948 0. 159 -0.165
0. 889 0.396 -0.176  -0.055 0.928 0.254 -0.130 0.944 0.218 -0.168
0.765 0. 600 -0.028 -0.062 0.963 0.233 -0.049 0.935 0.233 -0.118
0.549 0. 801 -0.034 0.011 0.374 0.651 0. 488 0. 063 0. 804 0.271
0.397 0.783 -0.408 -0.080 0.553 0.723 0. 060 0.395 0. 854 -0.107
0.528 0.750 -0.327 -0.049 0.564 0.720 0. 085 0. 422 0. 803 -0.078
0. 350 0.716 -0.364 0.191 0.504 0.593 0. 359 0.234 0. 826 0. 305
0.275 0.708 -0.142 0.513 0. 045 0.515 0.690 -0.038 0. 806 0. 423
-0.163 -0.328 0.811 -0.124 -0.180 -0.821 -0.054 -0.224 -0.769 0. 089
-0.134  -0.255 0.794 -0.029 -0.158 -0.807 0.076  -0.192 -0.720 0.298
-0.182 0.192 0.721 0.254 -0.704 -0.444 0.347 -0.743 -0.242 0. 449
-0.185 -0.311 0.662 -0.032 -0.215 -0.802 -0.036 -0.280 -0.721 0. 058
0.052 0. 307 -0.185 0.893 -0.091 0.253 0.839 -0.139 0.552 0.703
-0.070 -0.095 0. 069 0.876  -0.176  -0.097 0.827 -0.285 0.184 0. 829
-0.230 -0.073 0. 486 0.632 -0.231 -0.486 0.656 -0.345 -0.254 0. 786
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5 2001

Table 5 Scores of comprehensive and principal factors of regional environmental quality in China in 2001

1 2 3 4 1 2 3 4
1 2.102 1.137 0.951 0.071 -0.057 || 15 -0.134 0.357 -0.245 -0.209 -0.037
2 0.798 1.357 -0.425 -0.220 0.086 || 16 -0.149 0. 005 -0.163 0.096 -0.087
3 0. 485 -0.014 -0.157 -0.007 0.664 || 17 -0.157 -0.054 -0.130 0.114 -0.086
4 0. 445 -0.199 0.309 0. 357 -0.022 || 18 -0.167 -0.065 -0.109 0.060 -0.053
5 0. 345 0.071 -0.127 0. 429 -0.029 || 19 -0.182  -0.095 -0.084 0.031 -0.034
6 0.311 0. 025 -0.085 0.375 -0.003 || 20 -0.270 -0.109 -0.087 -0.021 -0.053
7 0. 127 -0.083 -0.017 0. 200 0.027 || 21 -0.324 -0.014 -0.001 -0.264 -0.045
8 0. 100 -0.367 0.351 -0.037 0.152 || 22 -0.360 -0.008 -0.112 -0.196 -0.045
9 0.092 -0.389 0.319 -0.102 0.264 || 23 -0.368 -0.145 -0.024 -0.166 -0.032
10 -0.024 0.019 -0. 060 0.015 0.002 || 24 -0.401 -0.136 -0.107 -0.056 -0.101
11 -0.041 -0.127 0. 001 0. 098 -0.013 || 25 -0.418 -0.205 0. 040 -0.153  -0.099
12 -0.044 -0.051 -0.093 0.107 -0.006 || 26 -0.498 -0.431 0.377 -0.379 -0.065
13 -0.061 -0.023 -0.134 0. 187 -0.092 || 27 -0.508 -0.208 0. 002 -0.195 -0.107
14 -0.075 -0.052 -0.120 0. 144 -0.047 || 28 -0.626 -0.195 -0.069 -0.279 -0.083
(0.48.0.33.0.19). 2005
( 6), SPSS 16.0 ,
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5, 2005
( 6). 6 ,2005
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N N N s N
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6 2005
Table 6  Scores of comprehensive and principal factors of regional environmental quality in China in 2005
1 2 3 1 2 3
1 2.249 1.727 0. 454 0. 067 15 -0.255 -0.203 -0.035 -0.017
2 1. 386 1. 540 -0.132 -0.022 16 -0.269 -0.283 0. 164 -0.150
3 0.752 -0.300 0.590 0. 462 17 -0.271 -0.123 -0.124 -0.024
4 0.472 -0.174 -0.009 0. 655 18 -0.280 -0.150  -0.078 -0.052
5 0.291 -0.234 0.559 -0.033 19 -0.281 -0.064 -0.307 0.091
6 0.269 -0.290 0.289 0.271 20 -0.304 -0.047 -0.257 0. 001
7 0.248 0.051 0.352 -0.156 21 -0.310 -0.165 -0.054 -0.091
8 0. 039 0.018 0. 058 -0.037 22 -0.396 -0.024 -0.300 -0.071
9 0. 003 0.131 0.076 -0.204 23 -0.404 -0.257 0. 000 -0.147
10 -0.005 -0.067 0.201 -0.139 24 -0.431 0. 081 -0.637 0.125
11 -0.044 -0.235 0. 388 -0.197 25 -0.445 -0.095 -0.324 -0.026
12 -0.050  -0.181 0.215 -0.084 26 -0. 467 -0.188 -0.193 -0.087
13 -0.210  -0.169 -0.054 0.013 27 -0.485 0. 066 -0.630 0. 080
14 -0.250  -0.349 0.29%4 -0.19%4 28 -0.553 -0.015 -0. 506 -0.032
(0.44.0.38.0.18). 2008
7), SPSS 16.0
) Ward ,
28 5 2008
7). 7 ,2008
N , 3
N s
N N s
7 6 , N
6 2005 ’ ) ’
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Table 7 Scores of comprehensive and principal factors of regional environmental quality in China in 2008
1 2 3 1 2 3
1 2.047 1.561 0.484 0. 003 15 -0. 266 -0.148 -0.101 -0.016
2 1.311 1.378 -0.093 0. 026 16 -0.270 -0.158 -0.075 -0.036
3 0.920 -0.434 1.169 0. 185 17 -0.286 -0.002 -0.39%4 0.110
4 0. 685 -0.178 0. 481 0. 383 18 -0.299 -0.012 -0. 466 0.179
5 0. 653 -0.131 0.295 0. 489 19 -0.329 -0.179 -0.152 0. 002
6 0.334 0.236 0. 338 -0.239 20 -0.337 -0.122 -0.150 -0. 065
7 0. 160 -0.290 0.570 -0.119 21 -0.351 -0.007 —-0.328 -0.016
8 0.016 0. 050 0. 048 -0.083 22 -0.381 -0.298 0.119 -0.202
9 -0.013 0. 246 -0.125 -0.134 23 -0.387 -0.261 0. 026 -0.152
10 -0.095 -0.148 0.171 -0.119 24 -0.39%4 0. 006 -0.582 0.182
11 -0.135 -0.034 0.036 -0. 136 25 -0.428 -0.115 -0.352 0.039
12 -0.182 —-0.049 -0.279 0. 146 26 -0.512 -0.228 -0.153 -0.132
13 -0.193 -0. 240 0. 338 -0.292 27 -0.533 -0. 186 -0.285 -0.062
14 -0.195 -0.170 -0.036 0.012 28 -0.539 -0.085 -0.503 0. 049
,
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