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Study on the value of ecological capital based on the emery theory:A case study
on the forest ecosystem in the middle part of the north slope of the Tianshan

Mountain
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Abstract: The emergy theory was founded by H. T. Odum, an American ecologist. The emergy theory is based on the theory
and methods of the System Ecology. The theory holds that the maintenance and evolution of an ecosystem depends on energy.
However, when the energy transfers from lower levels to higher ones. there will be a great loss in the process. So, forming 1]
higher quality energy will need a large amount of lower quality energy. In other words, different forms of energy have different
attributions. By dealing with the energy-value-process of ecosystem, the theory provides us with a new approach to the
economic ecology. This paper attempts to develop a new method to study the function and value of ecological capital by
focusing on the forest ecosystem in the middle part of the northern slope of the Tianshan Mountain in Fukang . Xinjiang

Autonomous Region based on the Emergy Theory. This paper deals with four aspects of ecological capital: emergy flows.,
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ecological capital deposit, ecosystem service value, and ecological safety. Emergy flows are new quantities of ecological capital
every year. Ecological capital deposit is the total capital quantity of an ecosystem. Ecosystem service value includes not only
emergy flows, but also some dummy emergy flows. Ecological safety is related to the input and output of system emergy. If
energy input into ecosystem was more than its output, the ecosystem would be safe; on the other hand, if emergy input into
ecosystem is less than the output, the ecosystem would be unsafe. Although the quantity of the energy which passes through
the system does not change, the quality may be enhanced. In other words., due to the processes in the ecosystem, lower quality
energy may become higher quality one. Following the improvement of the complexity of the ecosystem., this translation ratio is
higher and higher. This study shows that the emergy flows of the study region are about 6. 36 X 10*°sej/a, or about US §
261 000 000. The capital deposit reaches about 2.43 X 10*sej, or about US $ 997 000 000, which is mainly in soil which
accounting for about 91% of the total. The second is water. This shows that the soil and water holding are the main function
of the ecosystem. There are still two problems involved: (1) the value of the forest ecosystem services, and (2) the safety of
the ecosystem. The value of the forest ecosystem services reaches about US $ 145 000 000. The main is water holding, US §
47 800 000, which accounts for 40. 25% of the total, and soil conservation, US $ 55 800 000, which accounts for 46.99% of
the total. This study also shows that the ecosystem is safe at present, but it may be threatened when faced with tourism
exploitation.

Key words:emergy; the ecological capital value; emergy flows; ecological capital deposit; ecosystem service value; ecological
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Table 1 Basic concepts of emergy analysis 2-3]
Glossary Definitions
Emergy (emj)
Solar Emergy (sej)
Solar Transform ratio ( ) (sej/J,sej/g)
Emergy/US$ ratio ; GNP (sej/US$)

- Emdollar Value (Us$)
4
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Fig. 1 Energy system analysis of forest ecosystem in Fukang,Xinjiang Autonomous Region
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Table 2 Energy flow analysis of forest ecosystem in Fukang,Xinjiang Autonomous Region
Energy flows Transform ratio Solar Emergy Emdollar Value  Proportion
Number&.Item . . .
(Jorg) (sej/Jssej/g) (sej) (US$) %)
Flows input
(D Solar energy 6. 88X 10" 1 6. 88X 1018 2.82X10° 1.08
(2) Potential energy of rain 3.30X10% 8.89X 103 2.93X10%Y 1.20X10° 4.61
(3) Chemical energy of rain 1.11Xx10% 1. 54 10" 1.71 10" 7.01X10° 2.69
(D) Terrestrial heat 1.40X 10" 6. 06X 10° 8.48X 10" 3.48X%10° 1.33
(5) Tourism investment 1. 27X 10%° 5.21X10° 19.98
(6) Forest protection 1.20x 10" 4.92X10° 1.89
Subtotal (1) 2.01X10% 8.23X10°8 31.58
Flows deposit
D) Soil form 3.30X 10" 1. 70X 10° 5.61X10% 2.30X10° 8. 82
(8) Meadow in mountainous region 2.77X10% 2.61x10 7.23X10%Y 2.96X10°8 11.36
9) Stumpage 6.47> 10" 3.49X10! 2.26X10% 9.26X10° 3.55
(10) Other sections of trees 1.10X 10" 3.05x10* 3.36X10% 1. 38X 108 5.28
Subtotal (2) 1.85X10% 7.57X10° 29.01
Flows output
an Soil loss 2.00X 10 7.40X 10" 1.48X10% 6.07X<10° 2. 33
12) Tourism income 2.36X10% 9.67X10°8 37.08
Subtotal (3) 2.51X10% 1. 03X 107 39.41
Total 6. 36X 10%° 2.61X107 100
D = X =105745hm? X 5. 56 X 10°]/ (m? + a) =6. 88X 10'%] /a
(2 =( )X ( )X (1— )X ( )X ( )X ( )
= (105745hm? X 10*m?/hm?) (0. 53m/a) (0. 4) (10%kg/m?*) (9. 8m/s2) (1500m) =3. 30 X 10'7] /a
(3) =( )X ( )X (1— )X ( )
= (105745hm? X} 10*m?/hm?) (0. 53m/a) (0. 4) (4. 94 X 10°] /m®) =1. 11 X10%] /a
4) = X =105745hm? X 1. 32X 10°]/m?=1. 40X 10%]/a
(8 =( )X ( )X (1— )X ( )
—[(4125kg/hm?) (49733hm?) + (5633kg/hm?) (39627 hm?)](0. 4) (10%g /kg)16. 74k]/g = 2. 77X 10 /a
(€D =( )X ( )X ( )X ( )
= (1620144m®) (3. 78 %) (526kg/m®) (10°g/kg) 20. 09k] /g=6. 47 X 101*] /a
(10) =( ) X ( )X (1— )X ( )
=[(9610hm?) (110. 94t/hm?) + (6530hm?) (110. 94t/hm?) (0. 3) J(7. 8 %) (0. 6) (10°g/1)18. 42k] /g =1.10X10"%]/a
1D =( )X ( )X ( )X ( )
=[(9610hm?) (2t/Chm?® » a)) (5.39%) + (6530hm?) (2t/(hm? « a)) (1.62%) + (49733hm?) (2t/(hm? + a)) (5. 02%) +
(39627hm?) (2t/(hm? + ) (3. 29%) 1(105g/1)22. 60k] /g =2. 00X 10'*]/a
x (8) 49733hm?. 4125kg/hm?, 39627hm?, 5633kg/hm?, 60% . 16. 74k] /g

The area of subalpine meadow is 49733hm?, and output is 4125kg/hm?; The area of alpine meadow is 39627 hm?, and output is 5633kg/hm?;

water Content is 60% , and burning efficiency is 16. 74k]J/g; (9) 1345429m?, 3.78% 0. 526g/cm?®(

0. 75g/cm?, 30%), 20.09k]/g  Wood is 1345429m?®, and grow is 3. 78% each year; Density is 526kg/m?®, and burning
efficiency is 20. 09k]J/g; (10) NN s 110. 94t/hm2[2:4:51, ( )
30%, 7.8%, 40% 18. 42k]J/gl%]  Output of tree’s other sections, forest is 110. 94t/hm?,

and Sparse forest is 30% of forest; The grow of tree is 7. 8% each year., water Content is 40% , and burning efficiency is 18. 42k]/g;(11)
2t/(hm? « )7, 5.39%, ( )1.62% , 5.02%, 3.29%;
22.60k]/g®!  Eroded soil is 2t/hm? « a; Organic material in soil; forest is 5.39% ., Sparse forest is 1. 62% . alpine meadow is
5.02% » subalpine meadow is 3.29% , and burning efficiency is 22. 60k]J/g
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Table 3 Spatial analysis to Emergy flows of forest ecosystem in Fukang, Xinjiang Autonomous Region

Ttems Subtotal Forest Sparse forest Water Alpine meadow Subalpine Meadow

[@D) Area(hm?) 105745 9610 6530 245 49733 39627
@ Emergy flows (sej) 636102 1.60X10%  1.92X101  2.28X10%  9.90X 10 1. 31X 1020
(3) Emdollar value(US$ ) 2. 61X 107 6.55X10° 7.87X10° 9.33X10° 4.06X10°8 5.37 X108
) Emergy flows per . B .

, gy Hows b 6.02X10%  1.66X10%  2.94X10%  9.29%10"7  1.99X 105 3.31X10'5
area (sej/hm?)
) Emdollar value per =, 682 120 38063 82 136
area(US $ /hm?)
(6) input /output ratio 1: 1.61 1:1.28 1:0.06 1:1.86 1:0.29 1:0.87

’ 1, 3
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Fig. 2 Spatial distribution of Emdollar value of forest ecosystem in

4.2 Fukang,Xinjiang Autonomous Region(US$ /hm?)
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Table 4 Analysis of ecological capital deposit of forest ecosystem in Fukang. Xinjiang Autonomous Region

Items Energy(]) Transform re?tio of Solar emergy (sej) Emdoll?r value Proportion (%)
emergy (sej/]) (WUS$)
(@D) Fresh water 1.75X10%° 6.66><10° 1.17 X102 4.78X107 4.79
(2) Stumpage 1.71 X101 3.49X10* 5.97X10% 2.45X107 2. 45
(3 Other sections of trees 1.41X10'6 3.05X10* 4.30X10% 1. 76107 1.77
4) Meadow in mountain regions 2.77X10" 2.61Xx10* 7.23X10"Y 2.96x<106 0. 30
(5) Soil organism 2.98 X107 7.40X 10" 2.21X10% 9. 04X 10% 90. 69
Total 3.34 X107 2.43X10% 9.97X10% 100. 00
* (1) 530mm, 60% . 2.24X10%m?; ( ) 245hm?, 1. 30X 10%m?;
4.94X105]/m?, 1. 75X 10"] Rainfall is 530mm; Evaporation is 60% ; Water area (Tianchi Lake) is 245hm?;
The amount of water is 1. 30X 10%m?; Gibbs free energy is 4. 94X 10%]/m?®; Total energy is 1. 75X 10%°];(2) 1620144m3, 2
. 1.71X10']  Wood is 1620144m?®; Energy which is contained in it is 1. 71X 10']; (3)
110. 94t/hm?, ( ) 33. 3t/hm?, 1.41X10'8]  The product of other sections of trees is 110. 94t/
hm?; The product of sparse forest is 33. 3t/hm?; Energy which is contained in it is 1. 41X 10]; (4)
,  2.77X10%] Energy which is contained in meadow is 2. 77 X10'°]; (5) 30cm .,
25cm, 2 B 2.98X10'], 3.86X10'], 6.58 X107,
1.55x10'7], 9.73X10'] Energy which is contained in soil is 2. 98 X107 ; In which, forest is 3. 86X 10'%], sparse

forest is 6. 58X 10'°], alpine meadow is 1.55>X10'7], and subalpine meadow is 9. 73X 10'6]

5

Table 5 Analysis of ecological capital deposit of different forest ecosystem type in Fukang, Xinjiang Autonomous Region

Item Subtotal Forest Sparse forest water Alpine Meadow  Subalpine Meadow
(1) Area(hm?) 105745 9610 6530 245 49733 39627
(2) Fresh water (sej) 1.17X10%0  6.70X10"  4.55X 10"  4.29X10% 3.47X10% 2.76X10%°
3 Stumpage (sej) 5.97X10%°  4.96X10%°  1.01X10%
(€)) Attachments of trees(sej) 4.30X10%0  3.57xX10%°  7.29x10"Y
(5) Mountain meadow (sej) 7.23X10" 3.46X10" 3.77X10"Y
(6) Soil organism(sej) 2.21X10%  2.86X10%  4.88X10% 1. 15X10%% 7.21X10%
D) Total emergy (sej) 2.43X10%  3.78x10% 7.08X102°  4.29x10%° 1.19X102%2 7.52X10%
(8 Total emdollar value(US'$ ) 9.96X10%  1.55X10%  2.90X107  1.76x107 4.87X10% 3. 08X 108
9) Solar emergy per area (sej/hm?) 2.30X10'7  3.93X10' 1.08x10'7 1.75X10'8 2.39Xx107 1. 90X 107
ao Emdollar per area

9418 16104 4441 71763 9791 7781

(US$ /hm?)
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Table 6 The values of the forest ecosystem service functions in Fukang, Xinjiang Autonomous Region
/
It Energy/matter Transform ratio Solar emergy Emdollar value Proportion
ems
flows(J or g) (sej/Jssej/g) (sej) Us$) %
(D Organism production 1.29X10%° 5.27X10° 4. 44
(2) Water maintenance 1.75X10%° 6.66x10° 1. 17 X102 4.78 X107 40. 25
(3) Soil holding 1. 84X 10 7.40% 10" 1. 36X 102 5. 58X 107 46.99
4) 0, O, releasing 5.05X101° 5.11x107 2.58 X108 1. 06X 10° 0.09
(5) CO; CO; absorbing 6. 94X 1010 3. 78X 107 2.62X 1018 1. 08X 10° 0.09
(6) Tourism 7.08X 10" 9.67X10° 8. 14
Total 2. 74X 10% 1.19x 108 100. 00
5.2
o A} b
9 9
[12]
o b o
0 ) ’ H *
’ H ’ o
b .’
12761hm?, 6555hm?, H 666hm?*( 275hm?),
s 5540hm?,
Brown. M. T Ulgiati. S ESI.
. EYR Emy/(Em Emp _
ESI = 755 = —& o/ L - Eme) a5
ELR (Emyp + Emy)/(Emg + Emyg)
s EYR s ELR s Emy ( )=7.25X10"sej/a, Emg (

)=1.93X10"%sej/a,Emy(
)=16.83X10"%sej/a,Emy( )=6.41X10"%sej/a,
Brown.M. T  Ulgiati. S . ESI<1 s 1<<ESI<<10 ,
o ESI=0.3548<1, . , ,

)= 3.82X10"sej/a,Emz(
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