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Table 1 Natural condition of the Northeast

Hi i A e g P AR
Province re;i Geographic position Solar radlatlonz density temperrature Annual precipitation
(km®) (MJ/m?) () (mm)
ngﬂg 14.59 <10 i?;é;ji;ﬁgt 4200~8400 2600~3700 600~1100
?ﬂﬂ‘ 18.74 <10 1(2)15287}153118,11;13 4500~5300 1900~3000 400~800
Heﬁing 45.4X10" 3;12?173‘:’;’588;,E 4200~5000 1600~2800 300~600
®2 RIMXRIVESRABRERZRAIH
Table 2 Emergy investment of the agro-ecosystem in the Northeast
. of‘#é;?’lla[ FALH R FHAEAE (107 sef) %mﬂmﬁgog $)
Ltem ginal data Transformity Solar emergy Macro-value
T T T A L L T — Hei T Liao % Ji Hei
KPFAAE(10™]) Solar energy 2.05 2.35  5.39 1.00 2.05 2.35  5.39  0.26  0.32  0.84
K AE(10™]) Wind energy 1.24  6.52  1.99 1.50X10°  18.60 9.79  29.90  2.39  1.32  4.68
FI#4AE(10"T) Rain potential energy 1.25  1.68 1.16 8.89X10°  11.10 14.90 10.30  1.43  2.01  1.61
FIALA2AE(10"]) Rain chemical energy 1.27 1.45  2.45 1.54X10* 19.5 22.40 37.70  2.50  3.02  5.90
HEBRHERS(10"°T) Geopotential energy 3.69  4.87  9.79 2.90Xx10* 10.70  14.08  28.40  1.37 1.89  4.44
+ 3515 (107°]) Soil loss 4.50  3.17  7.31 6.35x10* 2.86  2.01 4.64  0.37  0.27  0.73
BIRBTREEIXN Total environmental energy investment 64.81 65.53 116.33 8.32  8.83  18.20
A (10"g) Nitrogenous fertilizer 6.43  8.84  5.70 4.62X10°  29.70  40.90  26.40  3.81  5.50  4.12
BEAE(10"g) Phosphorus fertilizer 1.14  7.10  3.36 1.78X10%°  20.20 12.70 59.90  2.60  1.70  9.36
FRAE(10"g) Potassium fertilizer 9.11  9.70  1.58 1.74X10°  15.80 16.90 27.60  2.03  2.28  4.31
4 R(10"g) Compound fertilizer 3.30 5.38  3.74 2.80X10° 9.20 15.20 10.50 1.18  2.03  1.64
K 25(10"g) Pesticide 4.80  0.18  2.00 1.62X10° 0.80  0.30  0.33  0.10 0.04 0.05

.82 4.75 7.02 7.50X107 43.60 35.70  52.70 5.61 4.80 8.24

l

B ( 1013]) Machine

EUE(10'°T) Energy 5.70  0.85 1.22 1.59X10° 90.60 13.70  19.40 11.64 1.83  3.01
ST i B REMH Total non-renewable assistant energy 209.90 134.90 196.80 26.97 18.18 30.73
HHUIE(10%g) Organic fertilizer - 1.96 - 2.70X 10 - 0.53 - - 0.53 -

A (10g) Plastics 8.15  2.80  1.50 3.80X10° 0.08 0.10 0.29 0.0l 0.0l  0.05
P (10]) Seed 4.80  6.37 12.80  6.60X10" 3.20  4.20  8.47  0.41  0.57  1.33
AA1(10"]) Manpower 1.37  0.99  1.41 3.85X10° 52.61 38.10 54.16  6.75  5.14  8.48
S TEHTRE(E Total renewable energy 55.89 42.93  62.92 7.17  6.25  9.86
BRBIAE(E Total assistant energy 265.79 177.83 259.29 34.14 24.43  40.59
FREMHIZN Total energy investment 330.88 243.36 375.62 42.60 33.36 58.79

T WA = B <Al S SR Macro-value=Energy X Total agricultural output value/Total emergy
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Table 3 Energy yield analysis of the agro —ecosystem in the Northeast
% H ofﬁéﬁa Bl KBHAEME (10"se)) %X%{frﬁ(}og $)
Ltem ginal data Transf{)rmlty Solar energy Macro-value
T T T A L L T — Hei T Liao % Ji Hei
4 (107 Rice 6.07  6.62 17.1 8.30x10*  50.37 54.90 141.77 6.46  7.50  22.19
INFE (107]) Wheat 1.43  0.55 13.50  6.30X10" 0.97  0.34  9.20 0.12  0.06 1.44
EXK(10]) Corn .74 2.92  1.51 2.70X10*  47.01 78.80 40.90  6.04 10.70  6.40
JEH(10™T) Oil plants 3.22 2.67 3.23 8.60x10* 2.77 2.30 2.78 0.36 0.31 0.44
T 2(10%]) Legume 0.99 3.00 12.50 8.30x10* 8.29  24.90 103.46  1.06 3.40  16.19
2 (10]) Potato 1.81  2.34  2.34 8.30X10* 1.51  1.95 1.94  0.19  0.26  0.30
JKER(L0T) Fruit 4.30 0.22 3.16 5.30X10° 22.81 11.40 16.73 2.93 1.54 2.63
Fltt ol BEME Planting industry energy 133.74 174.60 316.79 17.16 23.78 49.59
R (10°]) Pork 1.39  7.88  7.51 1.70X10°  236.03 134.00 127.74 30.29 18.07 19.99
219 (10"°]) Beef 2.99  3.92  2.52 2.00X105  59.83 78.60 50.37  7.68 10.60 7.88
£ (10M]) Mutton 4.88  3.20  7.20 2.00X10° 9.76  6.40  14.40  1.25  0.86  2.25
B (107]) Eggs 11.50  7.60  5.90 1.71X10°  273.41 130.00 100.89 35.07 13.15 15.79
132 (10"°) Milk 499 2.08 22.70  1.71X10°  85.30 35.60 388.83 10.95 4.80  60.85
FHHOIBE(H Stockbreeding energy 664.33 384.60 682.23 85.23 47.48 106.76
#ollz (10°T) Forestry 4.07  3.29  6.58 1.20X10%  48.86 39.50 79.00  6.27  5.33 12.36
%l (10°°T) Fishery 5.64  1.20  4.30 2.00X10%  112.80 24.00 86.00 14.48 3.24  13.46
BAEMEF" ) Total energy yield 957.71 622.70 1164.02 123.14 79.83 182.17
TE b7 L SR AA 1 B 5 S 7T BEARL 540 % #0372 sej/ IT» The units of Forestry is yuan, and solar transformity is sej/yuan-
x4 FRIMRRUVESRARERAFTLLS T
Table 4 Energy input-output of the agro-ecosystem in the Northeast
KBHAEAE (107 5ej) EMME(L0°S)
moH s Solar energy Macro-value
Ttem symbal
I Liao i Hei i Liao & i Hei
T B H TR Renewale resources Eumn 61.96 63.50 111.69 7.95 8.64 17.48
ANATEEHGEJE Nonrenewable resources Emx 2.86 2.01 4.64 0.37 0.27 0.72
FFEEAEE Enviromental energy Ewnt= Enr T Emn 64.81 65.53 116.33 8.10 8.92 18.21
MBHAEH Assistant energy Eor 265.79 177.83 259.29 34.14 24.43 40.59
AT HTHEBIBE(E Non renewableassistant energy En 209.90  134.90 196.80 26.97 18.18 30.73
BABMEIN Total energy investment Ewr— En T Ene  330.88  243.36  375.62 42.60 33.36 58.79
Pl Planting industry Emy1 133.74  174.60 316.79 17.16 23.78 49.59
Mol Forest industry Eny? 46.86 39.50 79.00 6.02 5.38 12.37
Bl Stockbreeding Enys 664.33  384.60 682.23 85.23 47.48 106.76
#ill. Fishery Enyt 112.80 24.00 86.00 14.48 3.24 13.46
SUREE ™t Total energy yield Eny 957.71 622.70  1164.02  123.14 79.83 182.17
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Table 5 Energy index of the agro-ecosystem in the Northeast

W H Item Fik K Expressions R Hei iT Liao
FFEETIERZE Environment contribution ratio Ent/ Enr 26.9% 31.0% 19.4%
SBhBEME L Assistant energy ratio Ewi/ Enr 73.1% 69.0% 80.6%
AA B BE{E [L 3 Nonrenewable assistant energy ratio Eng/ Emt 63.0% 55.4% 52.4%
AEAE ™ tH % Net energy yield ration( EYR) Ewy/ Enr 2.56 3.10 2.89
RE{EE N Energy investment ration( EIR) Evp/ EnL 2.72 2.22 4.10
FRBE 12,2 Environment loading ratio( ELR) (Empt Enn)/ Enr 2.83 2.36 4.33
BEfH 25 HE (10 sej/m”) Energy density Ent/ A 1.96 3.75 8.91
A BEAE AN (10" sej/ A ) Energy inputs per capita Enr/ P 4.71 1.86 5.31
NIREAE 8 (10" sej/ A ) Energy yield per capita Eny/ P 1.25 1.29 1.65
A RESE K EYEREFE bR Sustainability index EYR/ELR 0.94 1.31 0.70

TE: A RFE X, P AMEEE— AT, A is planting area,

P is the total workers of the first industry -
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Energy analysis of the agro-ecosystem in the northeast of China

WANG Ming‘quanl’z, WANG Jinda', LIU Jing‘shuangl, SUN Zhi‘gaol’2
(1. Northeast Institute of Geography and Agricultural Ecology, CAS- Changchun, 130012;
2. Graduate school, CAS- Beijing, 100039)

Abstract . This article systematically evaluates the input-output condition, work efficiency and environmen-
tal loading ratio of the Agro-ecosystem in the Northeast of China on the basis of energy theory- It is shown that
large part of man made energy flow such as chemical fertilizers have been inputted to the Agro-ecosystem. The
index of sustainability of the three provinces Hei, Ji» Liao, are 1.31, 0.94 and 0.70, respectively: indicating
that the Agro-ecosystem in this area runs well and is sustainable with a higher energy yield ratio and lower envi-
ronmental loading ratio- Because of the highest energy investment ratio and environmental loading ratio, Liaon-
ing has the lowest sustainable index: while Heilongjiang has the highest- From the perspective of energy analy -
sis> high quality energy investments such as science should be increased to improve the quality of the farm prod-
ucts and the people here should conserve their resource and utilize it efficiently to keep it sustainable-
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