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Analysis on small water shed eco-economic sysem in Loess Hilly Area :A case sudies

in Litaiping Small Watershed o L ongde County
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Abstract : Ecologcd degeneration on the Loess Hateau generdly resulted from unreasonable land use and ecoromic activities. To
sudy ecoronic process reated to ecologica degeneretion , to regore the degenerated ecosysem are inportant i ssuesfor sudanae
development of eco-ecornomy on the Loess Hateau , and the loess hilly area is the key area to be cared on ecologcd redoration.
Integrated smell watershed management , asone of main action of ecologicd redoration , was used widdy in this regon and many
achievementswere made. In this sudy, Litaiping Smdl Watershed in Longde Gounty was used as case dudy area, the eco
ecoromic sygem gructure and its dynamic during the regoration process were andyzed from eco-ecoronic perective, and the
interactiona gpproach and manner between ecoromic and ecologicd in the sygem was explored. Based on emergy theory, an
andysson the dynamic variety o the trander dficiency of energy flow and metter flow was d s conducted to evd uate the eco
ecoromic efect of the watershed management. The results showed thet the pattern of cropland , wood and and pasture was i mproved
from6.2 2.0 1.0in 1990 to 1.9 1.4 1.0 in 2003, and the land use dructure and planting pattern became raiond. The
proportion of agricutura production in gross production value was decreased from 79 6 % in 1990 to 54. 8 % in 2003, and the
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proportions of fores and animd husbandry aswell as 5 ddine were improved from2 6 %, 9.6 % and 1. 1 %in 1990, to 22. 7 %,
15.1%and 7.4 % in 2003, repectively. The diversty index of the farmer’ s income tended to increase while a decrease was
found in Engd’ s codficient which indicated that the farmer’ s living sandard was inproved. Upon the result of emergy based
andyss, it wasfound that such land use change could increase net emergy yidd ratio (ENYR) from2.5in 1990 to 3. 41 in 2003.
This means that the dficiency of reurces utilization was inmproved. However , a decrease was observed on environment loading
ratio(BLR) whichwas 2.55, 2. 44 and 2. 11 respectively in 1990, 1995 and 2003, and emergy-based sustai nahility index(ESl)
was increased from 0. 98 in 1990 to 1. 62 in 2003. The resultsin this sudy indicated that harnony between ecorony and ecology
in the gudy area was inproved and the nmodd of Litaiping small wetershed management was successul .

Key wor ds:eco-ecoromic sysem; eco-ecoromc gructure; emergy ; small watershed

., 1980
[1 5] [6 9]
[10] _
( " ” ) ,
1
1.1
, 11. 6knT 1725 2025m, 4200t/ (knt - @)
490. 9mm, 1339. 2mm, 2.7 199  /knf 0. 19hnt , 500kg
, 1990 , 305. 3 ,
1287 902 (865 )
1.2
[11]
1990 2003 : ;
10m x 10m, 5m x5m, 1m X 1m,

(2003 )



26

3518
¢ ) (1990 2003 ) ,
20%, )
1.2.1 )
1.2.2
(D H. T. Odum ,
Odum
[12] [13 15]
, (Emergy tranformity) 2% ¥
\ ,  Slar emergy joule, 2]
2
(net emergy yidd ratio ; NEYR) (NEYR) = /
(emergy investment ratio ; EIR) (EIR) =
(emergy /dollar ratio) = / (B)
(macroecomomic vaue; MV, emdollar) (Mv) =
(environment loading ratio ; B_R) (ALR) = /
(emergy-based sugtainahility index, ESI) ™% (ESI)
(NEYR) / (ALR)
ESI
1 10
2
2.1
2.1.1

)



10 : 3519

1990 2003 ( ) 1
1 , (1990 ) , ,
. 2003 47. 9 % (556hnT) 38.8%
(450hn) : 12.99% (150hm’) 7.7 % (89hnt) 27.6 % (320hn7)  20.0%
(232hn) ; 20.6 % 47.6 %), 6.221 1.91.41
1

Table1 The variation o the landuse(hn¥)

Year CQopland Wood and Pagure Wadeland Nonproductive land Aggregate
1990 556 150 89 207 158 1160
2003 450 320 232 158 1160
1 2, < 50 1990
g 40 O 2003
(1990 ), , 5 30
20
5 \
’ - En al 0 m
<5 8.1%,5 15 gl Fi Holl st JE4 i
Cropland Pasture Nonproductive land
72.1%,15 25 19.8% 80.2% Aolk i 3t b
( Woodland Wasteland
67.6%) , : : !
.02 % 15 25° Fg.1 The change in landuse
67.7% , ; ) )
2
Table 2 The condition of landuse
Dividing grade
Dividing indicator 1 2 3 4 5
Gound dope <5 5 15 15 25 25 3 >35°
Eroson degree
il layer dgpth(cm) > 200 150 200 100 150 50 100
il texture - - -
Organism( %) 1.0 1.2 0.8 1.0 0.5 0.8 0.3 0.5
Sitahility
Area(hn?) 45 401 399 228 87
) , 2003 9%
15° , , , ) ,
) ; 15 2% ,
1.7 32 ;
159hn ( 50 %) , 25 28 , 15 25° ,
, 75 % , 5%, ,
2 , ‘ -
- 310hnT 26. 7 %; 140hnt

12 %; 232hnt, 20% ( Triticum aestivum L. ) (Zea maysL.)
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Table 3 The variation of income in Litaiping small water shed
Agricuture Foregry Animdl husbandry Sddine Aggregate ) Diversity
Year ] . \ . 7 cu‘;':)ta index of
10* yuan (%) 10* yuan (%) 10* yuan (%) 10* yuan (%) 10* yuan y incomes
1990 72.50 79.6 8.78 9.6 8.79 9.6 1.03 1.2 91.11 475 0.297
1995 83.31 70.2 13.28 11.2 16. 34 13.8 5.82 4.9 118.75 531 0.397
2003 117.2 56. 2 48.58 23.3 32.39 15.5 10.24 4.9 208. 35 902 0.478
3
(1990 ) : ,
136t , 81.9% 109.9 kg , 73 %,
5.4, 2.2t,  6.6t( =1
, " ” (
- - ) , 8a
604kg , 175kg 508 kg ,
(1990 ) 4.99x10°J ,
( ) 0.84x107, 16.8 % , ,1995
5.23x10°7, 1.21x10°J, 23.1%; 2003 6.24 x10°J ,
2.01x10°J, 32.2% , , ,
[22]
=( / ) %100 %
1990 1995 2003 2.79x10°s 4.0%x10°sy  6.68x10"
s 1.85x10°s ,2.31x10°sg  3.34x10°s , 66 % 58 %

50 %, ,

[22]
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s , 1996 (4.38x10° &/ )& 2000 (5.62x10° &/ ),
4 (2003 ) 7.8
Table 4 The analysis o input-output based on emergy in L itaiping small water shed eco-ecosystem (2003a) [17:28
Input Output
tem Energy Trandormity Emergy emdollar tem Energy  Trandormityse Emergy
(@) (s§/0) () (B) (j) (GA9) (s§)
Renewable resources Yidd
Slar 3.32x10% 1 3.32x10% 3.52x10° Whest 1.83x10® 159000 2.91 x10%
Precipitation 2.81x10% 18199 5.12x107 5.44x10* Others
Water repurces  2.62x 10 10488 2.74x10Y  2.92x10* Benne 1.79x 102 6900000 1.23x10%
Loca ronrenewable resurces Rotato 1.05 x 108 2700 2.83x10%
Topsil loss 3.80x102 62500 2.37x10Y  2.52 x10* Vegetable 8.01 x 101 2700 2.16 x 10%
Indugtrial input Fruit 8.84x10" 287000 2.54 x 10Y
Nitrogen * 8.10x10" 4.62x10° 3.74x10Y 3.98x10* Forage 6.35x10 80000 5.08 x 107
Prosphor 1.93x10° 1.78x10° 3.44x10® 3.65x10° Animd products
Fotassum 2.96 x 10° Pork 3.51x10" 1710000 6.00 x 10Y
Machanical power 2.43 x 10" 66000 1.60x10% 1.70x10° Egy 6.44 x 10°° 1710000 1.10 x 10¥
Fue 1.28 x 10" 66000 8.45x 10" 8.98 x10? Qop byproducts
Renanable organic energy Sak 2.76 x 108 4420 1. 22 x10Y
L abor 8.45x 10" 380000 3.21x10Y  3.41x10*
Livestock 3.18x 10" 146000 4.64x10"%  4.94x10°
Organiam 2.28 x10" 27000 6.16x10" 6.55%10*
Seed 1.98 x 1022 66000 1.31x10Y 1.39 x10*
[17,18]; * g; 1990 1990
4.78 |/ ; * g; , , ,
(NEYR) 1990 2.5 2003 3.41, 1,



10 3523
5
Table 5 Comparisons indices based on emergy analysis in the water shed
Year
Index
1990 1995 2003
Totd input emergy (sg) 6.23 x10% 5.89 x 10% 6.01 x 10%
Ervironmenta emergy (sg) 1. 48 x 108 1.22 x 108 1.06 x 10%
Renewable environment emergy (sg) 8.20 x 10Y 8.20 x 10Y 8.20 x 10Y
Nonrenewable environment emergy (sgj) 6. 65 x 10 4.00 x 107 2.37 x 107
Auxiliary emergy (sg) 4.75 % 10% 4.67 x10% 4.95x10%
Renewable organic emergy (sg) 9.34 x 107 8.93 x 107 1.11 x10%
Fosd| emergy () 3.81x10% 3.77 x 108 3.83x10%8
Totdl output emergy (s5) 1.19 x 10% 1.31 x10% 1.69 x 10”
Agricutura products emergy (sg) 1.17 x 10% 1.24x10% 1.62 x10%
livestock products emergy (sd) 1.98 x 107 6.59 x 107 7.10 x 107
@P(B) 292920 406564 638645
Emergy per capita(sg/cap) 3.00 x 105 2.67 x10% 2.60 x 10%
Net emergy yidd ratio 2.50 2.81 34
Emergy/noney ratio 2.13x10% 1.45 x 10% 9.41 x 107
Emergy invesment ratio 5.79 5.69 6.04
Ervironment loading ratio 2.55 2.44 2.11
Emergy sustainable index 9.80x10° 1! 1.15 1.62
Ratio of environment to input ( %) 2.38x10 2.07 x10 1.76 x 10
Ratio of fosdl to input ( %) 6.12x10 6.41x10 6.38x10
Ratio of organic to input ( %) 1.50 %10 1.52x10 1.86 x 10
Ratio of organic to renewable( %) 5.33x10 5.22x10 5.76 x 10
(EIR) 1990 1995 2003 579569 6.04, , 1996
(0.12) @ 2000 (3.87)
(emdollar)
(el 1990 1995 2003 3a 2.13x10°s/p 1.45 x
10° /B 9.41x10° /B, , 2003 2000 (11.88 x 10” s/
B, 1996 (6.54 x10” s/ )™, 2000 (2.82x10° =/ B) (3.02x
10” s/ B) = : :
(AR) 1990 1995 2003 2.55 24 211, ,
) , 2000
(3.73)” 2000 (11. 25) (23.16) ** , ,
(ES) 1990 0.98 2003 1.62, 1996
(0.91)'®
ESI 0.98<1 1.6>1,NEYR 2.5 3.41,
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