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Comprehensive measurement and temporal-spatial differentiation of water resources efficiency in Henan Province
//JIAO Shixing', WANG Anzhou*, ZHANG Chongchong’, ZHAO Rongqin*, YIN Yixing’, LIU Yaqi®, MA Xiaolei'
(1. School of Resources Environment and Tourism, Anyang Normal University, Anyang 455002, China; 2. The Luoyang
19th High School, Luoyang 471000, China; 3. College of Earth Science and Engineering, Hebei University of Engineering,
Handan 056038, China; 4. College of Surveying and Geo-informatics, North China University of Water Resources and
Electric Power, Zhengzhou 450046, China; 5. School of Hydrology and Water Resources, Nanjing University of Information
Science and Technology, Nanjing 210044, China; 6. Hydrological Bureaw, Yellow River Conservancy Commission of the
Ministry of Water Resources ,Zhengzhou 450004 , China)

Abstract: Based on the DEA model, the green efficiency, environmental efficiency, and economic efficiency of water
resources in Henan Province were evaluated. The temporal-spatial characteristics of water resources efficiency were analyzed
using ArcGIS software, and the correlation analysis was carried out using GeoDa software. The results demonstrate that
water resources efficiencies in Henan Province have different trends, in which the economic efficiency shows a downward
trend, while the environmental efficiency and green efficiency show fluctuating upward trends; water resources efficiency
gaps of 18 cities also have different trends, in which the gap of economic efficiency shows a narrowing trend, while those of
environmental efficiency and green efficiency show increasing trends; the economic efficiency is obviously higher than the
environmental efficiency and green efficiency. Cities with high grade and medium-high grade of economic efficiency, and
those with low grade and medium-low grade of economic efficiency account for 50% , respectively, while cities with high

grade and medium-high grade of environmental efficiency and green efficiency, and those with low grade and medium-low
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grade of environmental efficiency and green efficiency account for 55.6% and 44.4% , respectively. There are

characteristics of spatial agglomeration for the areas with similar values of water resources efficiency in Henan Province,

with an increasing trend of global spatial autocorrelation for the economic efficiency, and a decreasing trend of global spatial

autocorrelation for the environmental efficiency and green efficiency. Anyang City is the only one low-low cluster area of the

green efficiency, environmental efficiency, and economic efficiency; the high-high cluster areas of the economic efficiency

are Pingdingshan, Xuchang, Luohe, and Zhoukou cities, those of the environmental efficiency are Pingdingshan and

Xuchang cities, and those of the green efficiency are Luoyang and Xuchang cities; and there is not any low-high and high-

low cluster areas for the green efficiency, environmental efficiency, and economic efficiency.

Key words: water resource efficiency; economic efficiency; environmental efficiency; green efficiency; temporal-spatial

differentiation; SBM-DEA model; Henan Province
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Table 1 Water resources efficiency in Henan Province from 2005 to 2017
2005 2011 2017 2005 2011 2017 2005 2011 2017
1. 000 1. 000 1. 000 1. 000 0. 481 0. 560 0. 692 0.578 0.507 0. 639 0.701 0.615
1. 000 0.983 0. 926 0.970 0.481 0.420 0. 692 0. 531 0. 507 0.472 0.701 0. 560
0.954 0. 845 0.775 0. 858 0.451 0.473 0. 469 0. 464 0. 475 0.539 0. 486 0. 500
0.951 1. 000 0. 843 0.931 0. 454 0. 560 0. 654 0. 556 0.478 0. 639 0. 662 0.593
0.782 0.912 0.811 0. 835 0.323 0.478 0.351 0.384 0.339 0. 543 0.374 0.419
0.922 0. 841 0. 756 0. 840 0. 380 0.434 0.391 0. 402 0. 507 0.517 0. 469 0. 498
0.679 0. 740 0. 874 0. 764 0.279 0.369 0. 404 0.351 0. 294 0.423 0.378 0. 365
0. 945 0. 898 0. 765 0. 869 0. 386 0. 446 0. 398 0.410 0.410 0.515 0. 427 0.451
0.818 0. 832 0.764 0. 805 0.318 0.375 0.322 0.338 0.334 0.415 0.348 0. 366
0.909 1. 000 0. 855 0.921 0.424 0. 560 0. 480 0. 488 0. 446 0.639 0.512 0.532
1. 000 0.977 0. 805 0.927 0. 481 0. 560 0. 692 0.578 0.507 0. 639 0.701 0. 615
0. 887 0. 926 0.777 0. 864 0. 389 0. 467 0. 481 0. 446 0.507 0. 639 0.701 0.615
0. 823 0. 847 0.731 0. 800 0.393 0.411 0.311 0.372 0.414 0. 468 0.322 0. 401
0.779 0. 839 0. 800 0. 806 0.344 0.374 0.318 0. 345 0.362 0. 426 0. 338 0.375
0. 585 0.679 0.737 0. 667 0.277 0. 320 0.297 0.298 0.292 0. 364 0.314 0.324
0. 863 0.937 0. 961 0.921 0. 355 0. 351 0. 348 0.351 0.373 0.401 0.363 0.379
0. 962 0. 961 0.923 0. 949 0. 386 0. 386 0.398 0.390 0. 407 0. 440 0. 426 0.424
0. 948 0.956 0. 875 0.926 0. 402 0.511 0. 692 0.535 0.507 0. 639 0.701 0. 615
0. 878 0. 899 0. 832 0. 870 0. 389 0. 448 0. 466 0.434 0. 426 0.520 0. 496 0. 480
0.115 0.092 0. 080 0. 096 0. 065 0.079 0. 150 0.098 0.078 0. 098 0.154 0.110
0.131 0.102 0. 096 0.110 0. 168 0.176 0.321 0.222 0. 183 0.189 0.311 0.228
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