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Research on the dynamic coupling of environmental load with
economy growth in the industry of livestock and poultry breeding:
Based on the time-series data of Zhejiang in 1978 —2012
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(School of Economics, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract It is increasingly not allowed to ignore the heavy environmental load with a rapid growth in the industry of
livestock and poultry breeding. With the time-series data of Zhejiang during 1978 — 2012, first the bearing capacity of
livestock and poultry breeding environment in Zhejiang was evaluated. Then based on the experience of a theory of
system science,a model was built to analyze the dynamic coupling of environmental load with economy growth in the
industry of livestock and poultry breeding. With this model.the trend of the dynamic coupling of environmental load with
economy growth was calculated in the industry of livestock and poultry breeding under “Zero solution” in Zhejiang till
2050. The findings indicated that the dynamic coupling of environmental load with economy growth in the industry of
livestock and poultry breeding in Zhejiang was in an antagonism state during 2006 — 2012, and under “Zero solution”, it
would be held in the same state till 2050. Through the forecast, the sole inflection point of the inverted U-shaped curve
presented in the trend of the dynamic coupling of environmental load with economy growth in the industry of livestock
and poultry breeding in Zhejiang, will appear in 2036 with its dynamic coupling number 124.011 7.
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Table 1 Annual discharge coefficient of the dung,urine and all kinds of pollutants in livestock and poultry

breeding recommended by the State Environmental Protection Administration of China kg/3k
HERE S R 5 HAEML k¥ HRER AR oy BAE
Species of livestock Dung Urine AR CODc, NH;-N TP TN
and poultry BOD;
4 Cattle 7 300. 00 3 650. 00 193.70 248. 20 25.15 10. 07 61.10
2£ Sheep 950. 00 — 2.70 4,40 0.57 0.45 2.28
H: 5% Pig 398. 00 656. 70 25.98 26.61 2.07 1.70 4.51

TE  BERORIESCIRL6 ], — 7R m U e 4 Bk

Note:Data from the literature [ 6]. “—"means the data is vacant.
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Table 2 Conversion factor of the pig manure equivalent for the dung and urine of all kinds of
livestock and poultry in the nitrogen content standard
it B B IR 43 4 IR FI
Index Pig dung Pig urine Cattle dung Cattle urine Sheep dung
AN 0. 65 0.33 0.45 0. 80 0. 80
Nitrogen
R UERB R 1. 00 0. 57 0.69 1.23 1.23
Conversion factor of
pig manure equivalent
R R SCHRLT ],
Note;Data from the literature[ 7.
F3 198202 EHIIEE(F . F AR FEBLELUETELERETRTLYTELRE
Table 3 Total amount of the pig manure equivalent and all kinds of pollutants in livestock and poultry
(cattle,sheep and pig) breeding from 1978 to 2012 in Zhejiang Province Jit
Ay bicEh S HAEMAF AT R A ey BAE
Year  Pig manure equivalent BOD; CODy, NH;-N TP TN
1978 2 162.293 7 51.471 57.315 2 5.008 3 3.2335 11.738 7
1979 2 408.775 3 57.627 63.813 5 5.538 2 3.644 5 12.959 7
1980 2 253.474 9 53.422 59.381 3 5.178 0 3.368 1 12.141 2
1981 2 163.530 8 51.730 57.575 8 5.027 17 3.248 5 11.775 1
1982 2 162.961 3 52.663 ¢ 58.488 5 5.092 8 3.302 4 11.889 9
1983 2107.211 1 52.273 57.929 9 5.029 5 3.273 2 11.704 2
1984 2 002.373 2 50. 175 55.619 8 4.829 8 3.133 1 11.222 6
1985 1 988.006 6 50. 777 56.087 1 4,847 8 3.172 6 11.224 7
1986 2 007.234 3 51.607 56.915 8 4.909 6 3.226 5 11.353 6
1987 1 905.104 6 48.170 53.348 2 4.626 7 3.005 5 10.734 1
1988 1 836.229 1 46. 164 51.120 0 4,433 1 2.884 8 10.293 8
1989 1 816.119 6 45. 446 50.305 6 4.360 8 2.844°5 10.132 5
1990 1767.764 8 44. 069 48.828 1 4,237 8 2.757 1 9.854 1
1991 1 708.578 5 42.589 47.158 8 4,089 8 2.667 0 9.509 1
1992 1708.756 7 43.103 47.460 9 4,087 2 2.713 0 9.476 6
1993 1 558.186 7 38. 555 42.496 5 3.665 3 2.434 4 8.525 3
1994 1 488.343 9 36.096 39.834 7 3.442 0 2.286 2 8.032 8
1995 1479.589 8 35. 389 39.111 4 3.386 3 2.244 4 7.922 0
1996 1419.405 7 33.373 37.008 9 3.218 4 2.115 4 7.553 8
1997 1472.4387 35. 800 39.328 3 3.379 1 2.280 5 7.877 1
1998 1 460.794 8 36.024 39.404 3 3.366 8 2.300 6 7.825 3
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Year  Pig manure equivalent BOD; COD, NH,-N p TN

1999 1434.132 7 35.076 0 38.308 4 3.267 3 2.249 2 7.602 2
2000 1529.670 8 37.971 0 41.213 3 3.486 7 2.447 0 8.084 7
2001 1567.773 1 38.793 4 42.089 3 3.559 3 2.503 2 8.256 5
2002 1 559.523 6 37.970 2 41.287 4 3.502 2 2.452 0 8.148 7
2003 1552.338 1 37.664 0 40. 944 4 3.472 2 2.435 1 8.083 2
2004 1542.959 8 37.530 4 40.814 9 3.462 8 2.423 17 8.058 5
2005 1 535.326 6 39.002 1 42,081 3 3.5318 2.520 3 8.149 8
2006 1 138.236 8 30. 841 8 32.936 1 2.724°5 1.992 2 6.209 5
2007 1 130.851 4 31.315 3 33.290 5 2.736 3 2.025 7 6.208 7
2008 1224.248 8 34.487 4 36.534 6 2.988 1 2.2333 6.756 1
2009 1271.109 6 36.093 1 38.165 2 3.113 3 2.339 2 7.027 3
2010 1284.1315 36.587 6 38.648 0 3.148 1 2.372 8 7.100 2
2011 1 300.193 2 37.305 5 39.341 8 3.197 1 2.421 2 7.199 9
2012 1 327.453 4 38.486 9 40. 476 9 3.276 5 2.501 6 7.3616

TE = JC R R AR A [ SR BR 08 B J 2 1 B 5 7R A 38 DR B L A5 25 Qe AR R R A LU R O AR HE R A5 K R SR IS M B R AL

DL KWL G 1 H AR %5 (2013) ) A S B B B L (R 1.R 2

Note:Data related to the original data in Zhejiang Statistical Yearbook (2013) is calculated on Table 1 and Table 2.
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Table 4 Environmental load of the pig manure equivalent and all kinds of pollutants in livestock and poultry

(cattle,sheep and pig) breeding from 1978 to 2012 in Zhejiang Province t/hm?

B 1 fif & Environmental load

Ve AN
;Fezjr iECRE 5 HALT A A 2E T i AR B BA
Pig manure equivalent BOD, CODg, NH,-N TP TN

1978 11.764 4 0.280 0 0.3118 0.027 2 0.017 6 0.063 9
1979 13.149 1 0.314 6 0.348 3 0.030 2 0.019 9 0.070 7
1980 12.361 2 0.293 0 0.325 7 0.028 4 0.018 5 0.066 6
1981 11. 888 4 0.284 3 0.316 4 0.027 6 0.017 9 0.064 7
1982 11.898 8 0.289 7 0.321 8 0.028 0 0.018 2 0.065 4
1983 11.599 8 0.287 8 0.318 9 0.027 7 0.018 0 0.064 4
1984 11.087 5 0.277 8 0.308 0 0.026 7 0.017 3 0.062 1
1985 11.189 3 0.2858 0.315 7 0.027 3 0.017 9 0.063 2
1986 11.446 8 0.294 3 0.324 6 0.028 0 0.018 4 0.064 7
1987 10.917 9 0.276 1 0.305 7 0.026 5 0.017 2 0.0615
1988 10.574 5 0.265 9 0.294 4 0.025 5 0.016 6 0.059 3
1989 10. 490 0 0.262 5 0.290 6 0.025 2 0.016 4 0.058 5
1990 10. 256 7 0.255 7 0.2833 0.024 6 0.016 0 0.057 2
1991 9.962 5 0.2418 3 0.275 0 0.023 8 0.015 6 0.055 4
1992 10.103 7 0.254 9 0.280 6 0.024 2 0.016 0 0.056 0
1993 9.379 8 0.232 1 0.255 8 0.022 1 0.014 7 0.0513
1994 9.100 4 0.220 7 0.243 6 0.021 0 0.014 0 0.049 1
1995 9.145 7 0.218 8 0.2418 0.020 9 0.013 9 0.049 0
1996 8.795 5 0.206 8 0.229 3 0.019 9 0.013 1 0.046 8
1997 9.131 9 0.222 0 0.243 9 0.021 0 0.014 1 0.048 9
1998 9.053 9 0.223 3 0.244 2 0.020 9 0.014 3 0.048 5
1999 8.912°8 0.218 0 0.238 1 0.020 3 0.014 0 0.047 2
2000 9.515 5 0.236 2 0.256 4 0.0217 0.015 2 0.050 3
2001 9.789 6 0.242 2 0.262 8 0.022 2 0.015 6 0.051 6
2002 9.752 4 0.237 4 0.258 2 0.0219 0.015 3 0.051 0
2003 9.750 0 0.236 6 0.257 2 0.021 8 0.015 3 0.050 8
2004 9.674 2 0.235 3 0.2559 0.0217 0.015 2 0.050 5
2005 9.634 6 0.244 7 0.264 1 0.022 2 0.015 8 0.051 1
2006 7.138 8 0.193 4 0. 206 6 0.017 1 0.012 5 0.038 9
2007 7.079 6 0.196 0 0.208 4 0.017 1 0.012 7 0.038 9
2008 7.701 4 0.216 9 0.229 8 0.018 8 0.014 0 0.042 5
2009 8.0318 0.228 1 0.241 2 0.019 7 0.014 8 0.044 4
2010 8.156 4 0.232 4 0.245 5 0.020 0 0.015 1 0.045 1
2011 8.298 3 0.238 1 0.251 1 0.020 4 0.015 5 0.046 0
2012 8.513 3 0.246 8 0.259 6 0.021 0 0.016 0 0. 047 2

TE B R R AR R B MR SR 105 & IR A SR S oA 2835 e W AR R R B L & A B O AR A 2R B S I S B AR
DA B S BT IT e 147 % (2013) ) v B AR DGR Hs B B A (R 1. 2.
Note:Data related to the original data in Zhejiang Statistical Yearbook (2013) is calculated on Table 1 and Table 2.
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Table 5 Weight of index for the pig manure equivalent

Wk:

and all kinds of pollutants in livestock and

poultry (cattle,sheep and pig) breeding

I tb a
No. Index Weight
1 A E 0.198 0
2 BOD; 0.152 3
3 CODy, 0.156 7
4 NH;-N 0.167 0
5 TP 0.150 1
6 TN 0.175 9

TE B U, AR A0 ) G BR OR BJR M A5 1 7 8 AR G R T A 2
V5 Y AR HEME R B LS AR AR A 2R H B AR Y
T R DL R LG AR 45 (2013) ) e (8 G 50 4 3
NN

Note: Data related to the original data in Zhejiang Statistical

Yearbook (2013) is calculated on Table 1 and Table 2.
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Table 6 Environmental load composite index of livestock and poultry (cattle,sheep and pig)

farming from 1978 to 2012 in Zhejiang Province

A0y Lt iH A0y LGt fH A0y LA fH Ay LG H A0y LG fH
Year Value Year Value Year Value Year Value Year Value
1978 0.716 2 1985 0.723 5 1992 0.806 6 1999 0.904 9 2006 0.846 6
1979 0.624 8 1986 0.703 1 1993 0.864 1 2000 0.8615 2007 0.997 4
1980 0.679 8 1987 0.745 9 1994 0.890 7 2001 0.844 7 2008 0.948 3
1981 0.705 9 1988 0.772 6 1995 0.892 6 2002 0.853 0 2009 0.9221
1982 0.696 9 1989 0.780 9 1996 0.920 9 2003 0.854 8 2010 0.912 4
1983 0.708 6 1990 0.798 1 1997 0.889 8 2004 0.858 6 2011 0.900 1
1984 0.738°3 1991 0.818 7 1998 0.891 4 2005 0.846 6 2012 0.8815

ol EAE N 0.578 6, AL N 0. KA W ARYE B R IR MR R HELE A B & 52 00 28 IR S HL A 2805 e W AR HE I R AL LS AR M R 45
KB BRI I B R DT IT G847 % (2013) ) (440 36 S a3 4,

Note:Good value is 0. 578 6 and alert value is 0. The data related to the original data in Zhejiang Statistical Yearbook (2013) is calculated

on Table 1 and Table 2.
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Fig. 1 Environmental load composite index of livestock
and poultry (cattle,sheep and pig) farming from
1978 to 2012 in Zhejiang Province
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Table 7

=®7

1978—2012 FHFT ABB U =ESEEFRALEFIERKEH

Animal husbandry output values per capita and economic growth index of livestock and

poultry farming from 1978 to 2012 in Zhejiang Province

i H Ay Year
Item 1978 1979 1980 1981 1982 1983 1984
A YOl =18 /7T 25.113 6 41.003 8 50,6719 42,489 9 58.303 1 59.069 9  67.641 9
B SR L KSR 0 0.014 2 0.022 8 0.015 5 0.029 7 0.030 3 0.038 0
W H Ay Year
Item 1985 1986 1987 1988 1989 1990 1991
N B0l ™= fH /ot 93. 906 0 98.499 5  117.8543  168.663 1 179.8103 177.524 4 180.176 8
0 R R 4 0.061 5 0.065 6 0.082 9 0.128 3 0.138 3 0.136 2 0.138 6
i H Ay Year
Item 1992 1993 1994 1995 1996 1997 1998
NGB =18 / 9T 198.860 9  213.548 8  310.467 2  325.0390 354.2655 429.7105  372.959 8
B S K S B 0.155 3 0.168 4 0.255 0 0.268 1 0.294 2 0.361 6 0.310 9
i H 4y Year
Item 1999 2000 2001 2002 2003 2004 2005
NGB P8 / I 351.430 1  408.644 8  433.5109 452,140 4  511.9321 607.1152  621.345 4
BB IR & P K S B 0.291 6 0.342 8 0.365 0 0.3817 0.435 1 0.520 2 0.5329
T § 4R Year
Item 2006 2007 2008 2009 2010 2011 2012
NGB 7 1E /9T 602.687 6  788.952 9  893.501 3  858.491 4  944.449 7 1142.636 6 1143.990 6
B E IR SRR AR5 0.516 2 0.682 7 0.776 1 0.744 8 0.8217 0.998 8 1.000 0

TE B0 S U AR A CHT VL BE 141 4 (2013) ) v (¥ 4H G B 3f 4 B3

Note:Data is calculated on the original data in Zhejiang Statistical Yearbook (2013).
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1= D IVW.E (B) i = 1.2,++.7 (8)
k=1

f(EI) :EI,ai:1’2""97 (9)
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V=Egl=mPL+mEI (10)
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tanf = % (14)
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Fig. 2 Rectangular coordinates of the dynamic
coupling evolutionary trajectory of
environment load and economic growth

in livestock and poultry farming
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Pl = ¢ 02 (16)
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orfroe XNk 2006—2012 4R, [ 2K BB 1
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£8 2006202 FHIIEEFAUTEATESEHMEFERKENHEBAMALER

Table 8 Fitting regression results for the environment load composite index and the economic growth

composite index in livestock and poultry farming from 2006 to 2012 in Zhejiang Province

O35 00 2555 46 B0 BOeR B0 A [0 )3 45
Exponential function fitting regression results for

environment load composite index

250 WK 8 BIORE SR B G A 2
Power function fitting regression results for

economic growth composite index

W B A8 B InPI.R?=0. 947 3

W FRAR B InELL R =0. 929 9

A EYEPS P A & EYEE¥ 0 P i
! —0.022 076 9 % 0. 000 Ins 0.322 911 8" 0. 000
W B 0.022 438 9 0.084 I —0.648 788 5~ 0. 000

TE o« RoRTE SY MG TP T 3. B fumr 45 & 18 4i0Hs 450 oR 25048l & 1ul 05 43 958 48 T Breusch-Godfrey H A SCH 5 (P {H 2l 0. 997 0.k
F 5% 04 3 MKV 322 R 5O I Breusch-Pagan 505 22 4 56 (P {2 0. 420 2, KF 5% 09 i 3 M KF 332 R 8D 5 2 P 3 K 45 5L
T PR B A B A 4 5158 13 T Breusch-Godfrey H A &K K (P H 4 0. 953 6, KT 5% A9 i 3 MK F . 8 52 JR R %) Ml Breusch-Pagan
5 ZERS (P HN 0,511 9. KF 5% 19 & MK 2 IR B0 .

Note: * represents the estimation or test statistics are statistically significant at the significance level of 5%. Exponential function fitting

regression for environment load composite index passes respectively Breusch-Godfrey autocorrelation test ( P-value is 0. 997 0, more

than 5% significance level,accepting the null hypothesis) and Breusch-Pagan heteroscedasticity test ( P-value is 0. 420 2, more than

5% significance level,accepting the null hypothesis). Power function fitting regression for economic growth composite index passes

respectively Breusch-Godfrey autocorrelation test ( P-value is 0. 953 6 ,more than 5% significance level,accepting the null hypothesis)

and Breusch-Pagan heteroscedasticity test (P-value is 0. 511 9, more than 5% significance level,accepting the null hypothesis).

mE2) . A3DRE GG, N

G, = % =—0.022 le 02211 (18)
G, = %J = 0.168 8¢ """ (19)

PG (18) 219 A (1) Azl (15) 4 7k 15
2006—2012 4E G, .G, tand F1 0 BIME . Fovh ¢ %7y
2006—2012 4F B, HARBUOBRE G L1, 7], it
IR (R 9 KRF 20062012 AR WL & & FR 4
BT i 5 2 B K 0 s S A B R B0 e
ORI E (A B 3) . H b T A, R ok B — A
) P i Rl i Y Bl A R /Y iy IV TR 2V 7
Ko AR A K ¢ f D 2 IR Y 2006—
2012 AFJEFE A 2 20062050 4F JF, [ 4R BB T
FEl (1,451 AR (9 PR 5 67 fof 55 2 BP 8 K 3h B &
R ARk 9 fron. Bl E 9 /EH 2006—
2050 AEWIVL AR BRI AR A m 5 & K&
A E kL, g 3 prs.

2.4 LAEEMS

W 9 R, 20062012 AEWT VL5 & 55 58 L 36
355 S5 Ao A B Ol B, SR I R A BT &
T B Ak B N IE (E . B B4R R R 3
BFE N IASE AT S LT K WSS A B 0 B

EI 7N B A AL bR 28 1 55 1T 52 B 15 T 3 — Ik 30 4
L& B IR IE AT 5 25 KN SHE 4T
EEURINAP
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Fig. 3 Dynamic coupling evolution trend of the environment
load and the economic growth in livestock and
poultry farming from 2006 to 2050 in

Zhejiang Province
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9 20062050 EFTEEFAEALABEATERZFERNESEESE
Table 9 Dynamic coupling number of the environment load and the economic growth in livestock and

poultry farming from 2006 to 2050 in Zhejiang Province

EER0N Ay Year

Index 2006 2007 2008 2009 2010 2011 2012 2013 2014

! 1 2 3 4 5 6 7 8 9

G, —0.0216 —0.0211 —0.0207 —0.0202 —0.0198 —0.0193 —0.0189 —0.0185 —0.0181
G, 0.168 8 0.105 6 0.080 2 0.066 0 0.056 8 0. 050 2 0.045 2 0.041 3 0.038 1
tang ~ —7.8157 —4.9973 —3.8823 —3.2665 —2.8711 —2.5944 —2.3894 —2.2316 —2.1065
9 97.291 2 101.316 0 104.444 2 107.021 3 109.2029 111.079 2 112.7100 114.137 8 115.394 5
=KD Ay Year

Index 2015 2016 2017 2018 2019 2020 2021 2022 2023

t 10 11 12 13 14 15 16 17 18

G, —0.0177 —0.0173 —0.0169 —0.0166 —0.0162 —0.0159 —0.0155 —0.0152 —0.01438
G, 0.035 5 0.033 3 0.031 4 0.029 7 0.028 3 0.027 0 0.025 8 0.024 8 0.023 8
tang ~ —2.0053 —1.9219 —1.8524 —1.7938 —1.7441 —1.7017 —1.6653 —1.6340 —1.6071
9 116.504 9 117.488 7 118.3620 119.138 0 119.827 8 120.440 6 120.984 6 121.466 4 121.892 1
Br Ay Year

Index 2024 2025 2026 2027 2028 2029 2030 2031 2032

t 19 20 21 22 23 24 25 26 27

G, —0.0145 —0.0142 —0.0139 —0.0136 —0.0133 —0.0130 —0.0127 —0.0124 —0.0122
G, 0.023 0 0.022 2 0.021 5 0.020 8 0.020 2 0.019 6 0.019 1 0.018 6 0.018 1
tand  —1.5839 —1.5640 —1.5469 —1.5324 —1.5202 —1.5100 —1.5016 —1.4949 —1.4897
9 122.266 8 122.594 9 122.8805 123.127 1 123.337 8 123.5153 123.6622 123.7807 123.8728
EiEE Ay Year

Index 2033 2034 2035 2036 2037 2038 2039 2040 2041

L 28 29 30 31 32 33 34 35 36

G, —0.0119 —0.0116 —0.0114 —0.0111 —0.0109 —0.0107 —0.0104 —0.0102 —0.0100
G, 0.017 7 0.017 3 0.016 9 0.016 5 0.016 2 0.015 8 0.015 5 0.015 2 0.014 9
tang  —1.4859 —1.4834 —1.4821 —1.4819 —1.4828 —1.4846 —1.4874 —1.4910 —1.4955
0 123.940 4 123.9851 124.008 4 124.011 7 123.996 3 123.963 3 123.913 8 123.848 9 123.769 3
18 b 4y Year

Index 2042 2043 2044 2045 2046 2047 2048 2049 2050

t 37 38 39 40 41 42 43 44 45

G, —0.0098 —0.0095 —0.0093 —0.0091 —0.0089 —0.0087 —0.0085 —0.0084 —0.0082
G, 0.014 6 0.014 4 0.014 1 0.013 9 0.013 7 0.013 4 0.013 2 0.013 0 0.012 8
tand ~ —1.5008 —1.5068 —1.5136 —1.5211 —1.5293 —1.5381 —1.5476 —1.5577 —1.5684
9 123.676 1 123.569 9 123.4515 123.3216 123.1808 123.029 8 122.869 1 122.699 3 122.520 8

RV AR R BRI B B A2 IR R A S P AR HE I R A DS AR AR A 2R S R RS 2 M BT R AL
P UV 42 1 4E 55 (2013) ) H B AH S S04 a0

Note: The data related to the original data in Zhejiang Statistical Yearbook (2013) is calculated on Table 1 and Table 2.
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