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Abstract; Employing the emergy analytical method and taking Beijing, Tianjin and Tangshan of the “ Beijing-Tianjin-
Hebei” region as the research objects, this paper establishes the emergy indexes of complex ecosystem and sustainable
development, and conducts the comparative analysis of natural environments and socioeconomic sustainable development in
these three cities from the year 1991 to 2005. The results show that, from 1991 to 2005, since local resources emergy in
Beijing and Tianjin has provided insufficient driving forces to regional economic development, urban development of these
two cities has seen increasing independence on external resources; the emergy indexes of social subsystem in these three
cities are on the rise, indicating the steadily improved both living standards for urban residents and economic development
levels; and the indexes of economic development level in Beijing are superior to those of Tianjin and Tangshan, but the
emergy indexes of environment subsystem and sustainable development suggest that Beijing has the heaviest environmental
pressure among these three cities, and its sustainable development capacities are lower than those of Tianjin and Tangshan.
Based on this analysis of the three cities, several proposals concerning the sustainable development of Beijing, Tianjin and
Tangshan are put forward to provide scientific grounds for formulation of urban development strategies and industrial

restructuring.
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Table 1 Emergy evaluation of resource basis for Beijing area in 2004
P M T e
%"= Note i H Item . Solar emergy Em $ values Reference of
Row data transformity R .
( sej/unit) (s€j) (US $) Transformity
W] A YRR K PBH#E Sunlight (J) 7.02 x10% 1 7.02x10°  1.14x107 [9]
Renewable sources  XLBE Wind, kinetic (J) 4.87 x10'%  2.45x10° 1.19x10®  1.94 x107 [9]
M7k #fE Rain, geopotential (J) 1.91 x10%  4.70 x10*  8.96 x10  1.46 x10’ [9]
7K 4k~ Rain, chemical (J) 3.92x10®  3.05x10*  1.19 x10* 1.95 x 108 (9]
HBRTEIRE Earth cycle (J) 1.81x10%  5.80x10*  1.05x10%'  1.71 x10® [10]
[ Stream flow (J) 4.05x10%  3.05x10*  1.24x10%®  2.01 x10’ [9]
AATEH =N KF &k E Hydroelectricity (J) 2.16 x10"*  2.77x10°  5.98 x10"  9.75x10° [11]
Indigenous 4 7= \fh Agriculture Production (J) 1.65 x10% 1.98 x10° 3.27 x10% 5.33 x108 [12]
Renewable Energy % (/i Livestock Production (J) 1.13 x10% 3.42 x10° 3.88 x10% 6.32 x108 [12]
Ya7= i Fisheries Production (J) 3.14x10™*  5.04x10°  1.58 x10**  2.58 x10% [12]
AHU AT AR YRR BRBL Fuels (J) 2.66 x107  3.98x10*  1.06 x10% 1.73 x10° [11]
Non-renewable F #8372 Soil losses (g) 1.58 x10?  1.71x10°  2.70x10*  4.40x108 [13]
sources from FiJKA Limestone (g) 1.35x10°  1.68x10°  2.27x102  3.70x10° [14]
within Beijing
A Sand and gravel (g) 3.00 x10% 1.68x10°  5.04 x102  8.21 x10° [12]
k" Tron ore (g) 1.78 x10®  1.44x10°  2.55x102  4.16 x10° [11]
LPN g T YI% Goods (US §) 4.41 x10°  6.44x102  1.08 x10®  1.76 x10'° [15]
Imports and M4 Services (US ) 5.91x10°  5.72x102  3.38x102  5.51x10° [15]
outside sources HREL Fuels (J) 1.11x10®  5.65x10*  6.25x10%2  1.02 x10% [11]
LR e T YI% Goods (US §) 3.75x101°  6.44x10™  1.21 x10®  1.97 x10% [15]
Exports JIK4% Services (US $ ) 3.17x10°  5.72x102?  1.81x10%2  2.96 x10° [15]
BEURIE AR JKYE IR Water use (J) 1.71 x10'  3.05x10*  5.21 x10®  8.48 x10’ [9]
Resource BAE} Fuels (J) 1.30 x10'®  4.74x10*  6.16 x102  1.00 x10'° [11]
consumed 1 J) Electricity (J) 1.84 x 10" 1.59x10° 2.92x10%2  4.76 x10° [11]
E3Y) [ B354 Solid waste (J) 5.79 x10®  1.80x10°  1.04x10®  1.70 x10% [13]
Waste produced 7K Waste water (J) 7.27x10%  6.66 x10°  4.84 x10'  7.88 x10® [13]
% Dollar flow GDP (US § ) 5.17x10°  6.14x10  3.18 x10®  5.17 x10%
F2 2004 EXREHEMBFREETMHE
Table 2 Emergy evaluation of resource basis for Tianjin area in 2004
o TR R (BRSO BRSO
Note i H Item Row data ransformity Solar er.nergy Em $ values Reference.of
( sej/unit) (s€j) (US $) Transformity
B AR B K PBHAE Sunlight (J) 3.78 x 10" 1 3.78 x10¥  2.87 x10° [9]
Renewable XfE Wind, kinetic (J) 9.20 x10®  2.45x10°  2.25x10®  1.71x10’ (9]
sources M7k #fE Rain, geopotential (J) 2.67 x10®% 4,70 x10* 1.25x10® 9,52 x10* [9]
M7k 4k2~6E Rain, chemical (J) 2.93x10  3.05x10*  8.94x10*°  6.78 x10’ [9]
HBRTEIRE Earth cycle (J) 2.33x10'®  5.80x10*  1.35x10®  1.03 x10® [10]
i Stream flow (J) 4,84 x10%  3.05x10*  1.48x10*  1.12x107 (9]
AATEH =N KF &k E Hydroelectricity (J) 7.20x10%  2.77x10°  1.99x10"®  1.51x10° [11]
Indigenous 47 i Agriculture Production (J) 2.69 x10% 1.98 x10°  5.33x10*'  4.05x10% [12]
Renewable Energy % (/i Livestock Production (J) 1.03 x10% 3.42 x10° 3.53 x10% 2.68 x 108 [12]
#ay= i Fisheries Production (J) 1.46 x10%  5.04x10°  7.34x10®  5.57 x10® [12]
AHU AT AR YRR BRBL Fuels (J) 5.53x107  6.50x10*  3.60 x102  2.73 x10° [11]
Non-renewable F 432k Soil losses (g) 3.70x102  1.71x10°  6.33 x10*'  4.80 x10® [13]
sources from 1 JK £ Limestone (g) 6.25 x10%2 1.68 x10° 1.05 x 102 7.96 x 108 [14]
within Tianjin >4 Sand and gravel (g) 1.56 x10°®  1.68x10°  2.62x102  1.99 x10° [12]
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SR
- i TR R (BRSO BRSO
Note Ui H Item Row data yransformity Solar emergy Em $ values Reference‘of
( sej/unit) (sej) (US $) Transformity
k" Tron ore (g) 1.56 x10* 1.44x10°  2.24x10®  1.70 x10%° [11]
WA R YI%E Goods (US $) 4.89 x10%  1.75x10®  1.35x10®  1.02 x10" [15]
Imports and iK% Services (US $ ) 3.01 x10°  6.31x10?  1.90x10%2  1.44x10° [15]
outside sources WK} Fuels (J) 9.60 x107  3.84x10*  3.69x10%2  2.80x10° [11]
R T YI% Goods (US §) 8.89x10°  1.75x10®  4.68 x102  3.55x10° [15]
Exports iK% Services (US $ ) 4.13x108  6.31x102  2.60 x10* 1.98 x108 [15]
BEURI#E JK¥EUE Water use (J) 1.08 x10  3.05x10*  3.31x10%®  2.51x10’ [9]
Resource consumed #R%} Fuels (J) 1.51 x10® 4,79 x10*  5.22x102  3.96 x10° [11]
H3, 77 Electricity (J) 1.26 x 10" 1.59x10°  2.01 x10% 1.52x10° [11]
EFY 44 B 754 Solid waste (J) 3.66 x10'®  1.80x10°  6.60 x102  5.00 x10° [13]
Waste produced K Waste water (J) 3.61 x10°  6.66 x10°  2.40 x10* 1.82 x108 [13]
% Dollar flow GDP (US § ) 3.76 x101°  1.32x10"®  4.95x10®  3.76 x 10" -
£3 2004 FELTEMBREETHR
Table 3 Emergy evaluation of resource basis for Tangshan area in 2004
o R LT
Note i H Item Row data ransformity Solar er.nergy Em $ values Reference.of
( sej/unit) (s€j) (US $) Transformity
A FA BER KPBHAE Sunlight (J) 6.04 x10" 1 6.04 x10¥  7.04 x10° [9]
Renewable sources  JAfiE Wind, kinetic (J) 2.05 x 10 2.45 x10° 5.01 x10%° 5.84 x10° [9]
M7k #fE Rain, geopotential (J) 7.12x10*  4.70x10*  3.34x10®  3.90 x10° [9]
M7k 4k2~6E Rain, chemical (J) 4.26 x10'  3.05x10*  1.30 x10* 1.51 x108 [9]
HBRTEIRE Earth cycle (J) 2.06 x10'®  5.80 x10*  1.20 x10*'  1.40 x 108 [10]
i Stream flow (J) 7.22x10%  3.05x10*  2.20x10%®  2.57 x10’ (9]
AATEH =N KF &k E Hydroelectricity (J) 4.84x10"  2.77x10°  1.34x10®°  1.56 x107 [11]
Indigenous 47 i Agriculture Production (J) 4,43 x10'  1.98x10°  8.76 x10* 1.02 x10° [12]
Renewable Energy % (/i Livestock Production (J) 8.91 x10% 3.42 x10° 3.05 x 10 3.55 x 108 [12]
Ya7= i Fisheries Production (J) 2.26 x10% 5,04 x10°  1.14 x10% 1.33 x10° [12]
AHU AT AR YRR BRBL Fuels (J) 9.31 x107  4.09x10*  3.81x102  4.44x10° [11]
Non-renewable F #8372 Soil losses (g) 2.88x102  1.71x10°  4.93x10*"  5.74 x10% [13]
sources from 1 JK £ Limestone (g) 3.37 x10%3 1.68 x10° 5.67 x10% 6.60 x 10° [14]
within Tangshan 4 Sand and gravel (g) 3.51 x10% 1.68 x10°  5.90 x10**  6.88 x10® [12]
k" Tron ore (g) 4.01 x101 1.44x10°  5.76 x102  6.72x10° [11]
WA R YI%E Goods (US $) 3.14x10° 5.76 x10?  3.62x10*  4.22x108 [15]
Imports and iK% Services (US $ ) 4.13x10%8  1.12x10?  4.63x10®  5.39x107 [15]
outside sources WK} Fuels (J) 4.13 x10% 5.00x10*  2.07 x10® 2.41 [11]
B T YI% Goods (US §) 8.26 x10%  5.76 x10?  2.38 x10*  2.77 x10® [15]
Exports iK% Services (US $ ) 7.13x10%8  1.12x10”  7.98x10%®  9.30 x 10’ [15]
BEURI#E JK¥EYE Water use (J) 9.63x10"  3.05x10*  2.94x102  3.42x10° [9]
Resource BAE} Fuels (J) 1.35x10® 4,01 x10*  5.40x102  6.29 x10° [11]
consumed H1, 77 Electricity (J) 1.07 x107  1.59x10°  1.71 x102  1.99 x10° [11]
JEY] 44 B F54) Solid waste (J) 7.84 x10%  1.80x10%°  1.41x10%®  1.64 x10'° [13]
Waste produced K Waste water (J) 3.78 x10%  6.66 x10°  2.52x10*'  2.93 x10% [13]
% Dollar flow GDP (US § ) 1.96 x10°  8.58 x102  1.69 x10%®  1.96 x10'° -
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