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Abstract: With the acceleration of China’s urbanization process, the ecological problems are becoming more and more
serious, and the contradiction between development and protection is becoming more and more prominent. How to
objectively and quantitatively compensate the damaged areas, and balance development and environmental health is one of

the important tasks in the ecological construction. This paper took 19 provincially administrative regions in the Yangtze River
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Basin as the research object, based on the “provincial hectare” model, modified the equilibrium factor and yield factor,
calculated the ecological footprint and ecological carrying capacity, and made spatial analysis by GIS. At the same time,
combined with ecosystem service value, a dynamic ecological compensation standard model of the Yangtze River Basin was
established. The amount of ecological compensation in each administrative region was calculated, and the differentiation
analysis was carried out at the watershed scale, urban agglomeration scale and provincial scale. The results show that:
(1) there was no significant change in the ecological footprint and ecological carrying capacity of the Yangtze River Basin
from 2015 to 2017. The ecological security indexes of provincial administrative regions are greater than 1, indicating that the
whole basin is in an unsafe state and needs to be compensated. (2) For the whole Yangtze River Basin, the ecological
compensation amount averaged 116.91 billion CNY in three years. (3) On the watershed scale, the ecological compensation
amount in the upper, middle and lower reaches shows a gradually increasing trend. On the scale of urban agglomeration, the
ecological compensation amount of Chengdu-Chongqing urban agglomeration is the lowest and the Yangtze River Delta urban
agglomeration is the highest. On the provincial scale, the ecological compensation amount of Shanghai is the highest and
Tibet is the lowest. The ecological security index calculated by ecological footprint and ecological carrying capacity can
quantitatively compensate and analyze the state of ecological environment, and provide guiding suggestions for the

determination of ecological compensation area.
Key Words: Yangtze River Basin; ecological compensation; ecological footprint; ecological carrying capacity
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Table 1 Balance factors of productive land in Yangtze River Basin

G B b il K AL fi eI
Year Cultivated land Woodland Grassland Waters Construction land Fossil energy land
2015 3.5860 0.1788 0.3220 0.6987 3.5860 0.2035
2016 3.5552 0.2066 0.3127 0.7263 3.5552 0.2249
2017 3.5408 0.2194 0.3086 0.7381 3.5408 0.2348
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x2 2015—2017 ERTRBEFH~2EF
Table 2 Land balance factors in the Yangtze River Basin, 2015—2017

12 o - \ \ , 3
Land types R LI Wi B3 pinges bW ] TR il iNEz] IR
#H Cultivated land 0.7774 1.3489 0.7245 1.2276 0.7412 1.2379 1.6414 1.1909 1.3446 1.0140
M Woodland 37.1188 8.7882 0.6114 2.7788 1.5796 0.8885 2.0852 0.8397 1.0459 1.4212
ELH Grassland 255.5450 95.2454 19.5413 14.2991 3.0760 14.2359 27.6954 21.6134 25.2723 14.2182
K3 Waters 0.7585 1.4069 6.8607 1.1870 15.0586 1.4251 1.0553 1.4678 1.3894 4.1803
%fﬁﬁﬁﬂﬁ Construction land  0.7774 1.3489 0.7245 1.2276 0.7412 1.2379 1.6414 1.1909 1.3446 1.0140
fﬁl‘gf? P mE w0 =@ mE B Hi 7
ﬁﬂﬁ Cultivated land 1.3488 0.6723 0.7397 0.6355 0.7529 0.1986 0.4881 0.4028 0.3398
i Woodland 3.2406 0.8084 0.3859 0.4544 0.3643 0.0076 0.2583 0.16000 0.0087
ELH Grassland 4.8614 5.4690 1.2539 2.1589 1.4478 0.0088 0.6379 0.2166 0.0284
JK18, Waters 3.3029 1.7983 1.3283 2.0474 0.7901 0 0.3801 0.018 0.0015

A ML Construction land — 1.3488 0.6723 0.7397 0.6355 0.7529 0.1986 0.4881 0.4028 0.3398
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Table 3 Ecological compensation coefficient of each administrative region in the Yangtze River Basin, 2015—2017

#y . - e oy vt ; ; ; ; .
i: it T3 T B TaE T TR Wit Wi IR
2015 0.0517 0.1443 0.0882 0.0453 0.0535 0.0344 0.0761 0.0608 0.0595 0.1498
2016 0.0526 0.1444 0.0882 0.0455 0.0538 0.0345 0.0755 0.0609 0.0589 0.1509
2017 0.0520 0.1457 0.0879 0.0459 0.0546 0.0340 0.0756 0.0602 0.0575 0.1522
o ” : e o
Year i R ] el o) [LE:3 b3 Hl i
2015 0.0346 0.0323 0.0618 0.0216 0.0280 0.0021 0.0371 0.0140 0.0050
2016 0.0342 0.0331 0.0614 0.0220 0.0276 0.0021 0.0362 0.0134 0.0048
2017 0.0314 0.0330 0.0628 0.0230 0.0278 0.0022 0.0372 0.0127 0.0045

R4 EBRERSHE (OT/hm?)
Table 4 Ecosystem service value
b L i 7Kk HFH A REVE AT
Cultivated land Woodland Grassland Waters Construction land Fossil energy land
BERES
EERGMST HriE 6114.3 19334 6406.5 40676.4 6114.3 19334

Ecosystem service value
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Fig.2 Comparison of per capita biological footprint, per capita energy footprint and per capita ecological footprint in the Yangtze

River Basin
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Fig.3 Spatial distribution of per capita ecological footprint in the Yangtze River Basin, 2015—2017
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Table 5 Per capita ecological carrying capacity of each administrative region in the Yangtze River Basin, 2015—2017

\
f“j i W T 2 o Vi o it Wi P
2015 0.0959 0.584 0.2251 0.7828 0.3193 0.6087 0.8749 0.6845 0.5967 0.2563
2016 0.0867 0.5742 0.2073 0.7348 0.3200 0.5951 0.8744 0.6588 0.5894 0.2549
2017 0.0802 0.5701 0.2058 0.7256 0.3141 0.5889 0.8655 0.6573 0.5914 0.2582
iy N B N
o P s il S i1l i e Tl 15
2015 0.7718 0.3977 0.4992 0.3925 0.5183 0.1624 0.3848 0.4379 0.2684
2016 0.8106 0.3999 0.5019 0.4124 0.5162 0.1881 0.3973 0.4237 0.2653
2017 0.8246 0.3856 0.4957 0.4128 0.5266 0.1823 0.3765 0.4145 0.2494

g T BB YT A SR B M) 25 5 R AreGIS 25 [A] 20 TR | SR T A AR A i 10 7 =8, B
VLTSI A SRR3R 5 ASER(ELS) |, nlAIEs [ oA B Pl 2R PERIRA A% Jmr . AR b X
280, v |51 R M N =12 S 7/ 2 S e O =520 16/ Q= 1102 =7 S o wh LA T 520 A 1) e S 2
FIREAG VORI DX A2 S A AN B R 25, N2 AR 2SR A8 I 3 R A PG R 7 1A, 92 X R R R =
JURE R ASNESS , S AR AR E AL T — IR . 2015—2017 4E[8], K VT30 A28 28 25K 2807 43501
0.47hm” .0.46hm* ,0.46hm” , 523 B F A& H,

3.3 KILWmBUESL 20T
PRI AT B (RSB e AT VPR ol 0 (36 6) , RT3 AT B X A B L & FR E K
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Fig.4 Comparison of per capita ecological carrying capacity of different land types in the Yangtze River Basin, 2015—2017
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Fig.5 Spatial distribution of per capita ecological carrying capacity in the Yangtze River Basin, 2015—2017
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INZ A AR P A M2 R BOZ h GDP HEATIEIE R, R e F 9 T A9 A3 A A AN Tk e, PR A
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Table 6 Ecological security index of each administrative region in the Yangtze River Basin, 2015—2017

\
¥ B A WAT kB R T wm o WHe wm TR
2015 32.5281 4.7809 11.8145 2.7596 7.9934 3.8333 2.2234 3.7644 3.6672 9.3443
2016 33.0230 4.8667 12.7501 2.9524 7.9821 3.8973 2.2308 3.8384 3.7017 9.3583
2017 35.3242 5.0194 12.9463 3.0117 7.9007 3.9919 2.2460 3.6942 3.8044 9.3364
Ay - — - s
Vear i) R i Bt =M [LF: By ol it
2015 2.8703 6.9312 5.1414 5.6795 3.7703 10.1784 6.7469 5.0690 9.3852
2016 2.6552 6.9229 4.9561 5.2458 3.6799 9.6080 6.4576 5.1408 9.3091
2017 2.6883 7.2689 5.1420 5.2292 3.5094 9.4514 7.0314 5.0318 10.1853
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Fig.6 Spatial distribution of ecological security index in the Yangtze River Basin, 2015—2017
R7T 2015—2017 EKITREB R TBX NS ESIMEEGE/ T
Table 7 Per capita ecological compensation of each administrative region in the Yangtze River Basin, 2015—2017

KR ¥ b Y sy i v v b W
Vear R DN WiiT Y 18 AN’ R k4 SR R
2015 421.8879  253.7020  213.8100 79.6479 174.4682 63.5474 99.1667 111.5545 73.9591 132.7189
2016 385.5115  261.7536  209.2620 77.9889 172.0654 63.8385 98.9155 111.5602 75.1137 133.0596
2017 382.9957  272.0955  208.1362 77.5889 168.0571 64.5236 96.7747 107.6306 72.8413 136.7248
) , s ~ #;
YVear ] K | B =M [iF:4 By Hw itk
2015 68.5920 123.4004 71.8951 59.7242 44.7152 31.9891 134.6078 56.1167 126.5920
2016 70.4367 125.7230 69.8353 58.4511 41.5564 34.8879 128.8677 53.0390 115.4532
2017 65.9099 126.6404 71.9069 63.1817 41.2434 34.2764 136.4737 47.6037 112.9290
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Fig.11 Division of urban agglomerations in the Yangtze River Basin and ecological compensation for different cities
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