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Spatial variation in agro-ecosystem based on county level emergy
analysis in Fujian Province

HU Xiao-Hui, HUANG Min-Sheng, ZHANG Hong, REN Chan-Juan
(College of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China)

Abstract This paper used emergy analysis method at unit county scale to study the spatial variation in agro-ecosystem in Fujian
Province. The paper established 13 emergy indicators grouped into 4 levels of agro-ecological economic systems, and selected major
emergy evaluation indices by component analysis. Indices and ranks were created for agro-ecosystem development at different as-
pects for the 67 counties using GIS platform. The result shows clear spatial variations in the agro-ecosystems. These variations are
driven by geographical and hypsographical factors. Low-lying coastal counties / cities have absolute advantage in agro-economic
development and farmers’ living standards. These advantages are, however weak and can therefore be hardly sustainable. Some
inland mountainous counties / cites have obvious regional comparative advantage in natural agro-environmental condition and sus-
tainable development capacity. Based on the results, these are spatially classified into 4 groups. The study provides scientific bases
for regional agro-ecological planning and management decisions at all ranks.
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Tab.1 Emergy investment and yield analysis of the agro-ecosystem in Xiamen (2005)

Emergy input Emergy output
tem Data 'Ijrainlsform. it)i 1 Emergy tem Data 'I.'rainsform.ityi Emergy
(Jorg) (sej-J"* or sej-g™) (sej) (or ) (sej-J* or sej-g™) (sej)
(R) Renewable resource input (Y1) Crop production

1 Sunlight (J) 8.49x10™ 1 8.49x10"® 1 Rice (J) 1.53x10" 8.30x10* 1.27x10%
2 Wind (J) 1.21x10% 1.50x10° 1.82x10° 2 Fruit (J) 1.26x10% 5.30x10° 6.66x10"
3 Rain geopotencial energy (J) 1.30x10" 8.89x10° 1.16x10° 3 Fungus (J) 3.57x10" 2.70x10* 9.62x10
4 Rain chemical energy (J) 1.05x10' 1.54x10* 1.61x10%° 4 Oil plants (J) 6.86x10" 6.90x10° 4.73x10%
5 Earth cycle (J) 2.27x10™ 2.90x10* 6.58x10¥ 5 Sugarcane (J) 8.08x10" 8.49x10* 6.86x10"®

(N) Nonrenewable resource input 6 Vegetable (J) 1.51x10% 2.70x10* 4.08x10"
6 Soil loss (J) 6.93x10™ 6.35x10" 4.40x10¥ 7 Tea (J) 1.85x10" 2.00x10° 3.70x10"

(F) Nonrenewable purchases 8 Tobacco (J) - 2.00x10° -
7 N fertilizer (g) 3.85x10° 4.62x10° 1.78x10" (Y2) Livestock production
8 P fertilizer (g) 2.25x10" 1.78x10% 4.00x10° 9 Meat (J) 7.20x10 2.00x10° 1.44x10%
9 K fertilizer (g) 1.44x10% 1.74x10° 250x10" 10 Milks (J) 5.78x10" 1.71x10° 9.89x10"
10 Compound fertilizer (g) 2.33x10% 2.80x10° 6.51x10" 11 Eggs (J) 3.09x10" 1.71x10° 5.28x10%
11 Pesticides (g) 9.14x10° 1.62x10° 1.48x10'® (Y3) Forest production
12 Plastic film (g) 7.92x10° 3.80x10° 3.01x10 12 Forestry () 1.43x107 1.20x10% 1.71x10%°
13 Equipment (J) 1.71x10% 7.50x107 1.28x10% (Y4) Fishery production
14 Electricity (J) 1.41x10% 1.59%10° 2.24x10° 13 Fishes (J) 6.79x10 1.96x10° 1.33x10%
15 Diesel (J) 4.86x10" 6.60x10" 3.21x10%

(T) Subsidiary resources input
16 Organic fertilizer (g) 1.00x10™ 2.70x10* 2.70x10"
17 Seed (J) 3.02x10" 6.60x10* 1.99x10%
18 Human labor (J) 6.63x10 3.80x10° 2.52x10%
(1) Totol emergy input 1.46x10% (Y) Totol emergy output 3.57x10%
, sej - %, Y=Y1+Y,+Yg+Y,. The transformity of gain is the average of agricultural products, the transformity unit of

forest product is sej - yuan’l, Y is equal to Y1+Y,+Y3+Y,.
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Tab.2 Emergy indice of county agro-ecosystem
( )
Emergy indices (contraction) Formula Significance
Agriculture resource status
! i (R+N)/Area . .
Resource emergy density (RED) Natural resource emergy input density
2
RI(R+N+F+T
Fraction of renewable emergy used (FRR, %) ( ) The condition of soil and rain
3 _ (RANYRNAF+T)
Environment support ratio (ESR, %) Resource status and grade of resource support to economy
4 . . . (F+N)/R - ) i .
Environment loading ratio (ELR) Efficiency of resource using and environment capacity
Economy development level
5 . . (F+T)/(R+N) . .
Emergy investment ratio (EIR) Degree of agriculture economy development and ecological pressure
6 _ _ YI(F+T) A . -
Emergy yield ratio (EYR) Competition ability of primary products and efficiency of system run
! . (R+N+F+T)/Area
Emergy density (ED) Degree of agro-ecosystem network development
8y 1 _ YI(R+N+F+T) - i )
Fraction of total emergy output and input (Y/I) Efficiency of primary production and trade status
o . (R+N+F+T)/GDP . o
Emergy-dollar ratio (EDR) Level of agriculture economy development and modernization
Level of farmer living
o (R+N-+F+T)/P _ . .
Per capita emergy uesd (EUPP) Quality of farmer living and rank of agriculture development
11
Y/P

Emergy yield of per capita(EYP)

12

Fuel and electricity used per capita (FEUP)
Capacity of sustainable development

13

Emergy index of sustainable development (EISD)

(Fuel+Elec)/P

(EYRXEER)/ELR

Efficiency of labor force and ability of true welfare gain

Modernization of agriculture and level of farmer living

Ability of agro-ecosystem sustainable development

Area

, P

3 EZXNNETERERAHT

ArcMap

3.1

(ELR)

, ARC/INFO
, 5
, (FRR)
1
, FRR 50%
2 000 mm

Area expresses the local crop production area, P expresses the agricultural population.

3.2

, ELR

(EIR) (EYR)
 EIR 6.58~19.50
,EIR



3 () (2005)
Tab.3 Summary of major emergy indic of county agroecosystem in Fujian (2005)

Y o
cOunt(y (c)ity) o D ESR e e s sl FEUP
(10*%sejm™?)  FRR (%) %) ELR EIR EYR (10™sej-m™) Y/ (10%%sej$7hy  (107sej- ) (10%sej - ) (10%sej ) EISD
Fuzhou 3.88 24.60 26.00 2.85 2.56 2.54 15.00 1.88 6.42 5.47 10.30 23.30 2.28
Fuging 1.45 16.50 19.20 421 4.00 3.21 7.54 2.59 4.42 4.03 10.40 13.30 3.05
Changle 1.20 8.14 9.79 921 10.10 1.54 12.30 1.39 6.67 7.02 9.77 45.20 1.69
Luoyuan 2.56 41.70 45.20 121 117 3.82 5.66 2.09 4.96 7.40 15.50 16.60 3.70
Pingtan 117 15.80 19.10 422 3.42 9.47 6.11 7.66 2.20 2.26 17.30 8.13 7.66
Xiamen 1.42 16.40 19.10 4.23 4.13 2.73 7.45 2.21 6.32 4.33 9.56 10.30 2.67
Putian 1.49 22.10 25.50 2.92 2.35 5.79 5.84 431 4.46 2.65 11.40 4.46 4.67
Sanming 5.96 64.80 67.10 0.49 0.48 4.16 8.89 1.37 7.23 16.20 22.30 6.62 4.04
Yong’an 6.19 54.90 56.70 0.76 0.74 2.19 10.90 0.95 1150 15.90 15.10 24.40 2.13
Mingxi 413 62.40 65.60 0.53 0.52 2.46 6.29 0.85 12.10 14.10 11.90 3.82 2.44
Qingliu 5.06 62.30 64.90 0.54 0.52 253 7.80 0.88 11.80 14.20 12.60 4.45 2.45
Ninghua 2.23 50.50 55.60 0.80 0.84 2.27 4.02 1.01 11.00 10.20 10.30 2.74 2.39
Youxi 4.26 52.80 55.40 0.80 0.76 2.45 7.68 1.09 7.28 9.68 10.60 8.08 2.31
Taining 417 66.90 70.30 0.42 0.41 3.63 5.92 1.08 8.01 11.80 12.70 4.62 3.48
Quanzhou 1.75 17.10 19.30 419 3.46 351 9.09 2.83 492 2.85 8.07 8.66 2.89
Shishi 0.96 5.90 7.47 1240 1260 1.74 12.90 161 3.58 3.50 5.63 16.50 177
Jinjiang 0.85 4.36 5.71 1650 1950 0.90 15.00 0.86 21.90 6.36 5.37 48.90 1.06
Anxi 3.39 32.80 34.90 1.86 1.65 0.88 9.72 0.58 13,50 5.28 3.04 2.73 0.78
Zhangzhou 1.47 15.50 18.00 4.56 4.24 4.00 8.20 3.28 5.78 3.69 12.10 4.27 3.72
Longhai 1.70 1450 16.50 5.06 4.96 2.69 10.30 2.24 5.94 5.12 11.50 15.30 2.63
Pinghe 3.01 21.50 23.10 3.34 3.36 1.10 13.00 0.85 1150 10.90 9.24 2.23 111
Hua’an 5.23 32.20 33.50 1.98 1.95 1.28 15.60 0.85 10.60 14.30 12.10 14.40 1.26
Nanping 2.59 39.20 42.50 1.35 1.29 4.15 6.09 2.39 5.88 6.85 16.30 9.78 3.96
Wuyishan 456 70.30 73.60 0.36 0.35 2,97 6.19 0.78 14.60 15.00 11.70 5.37 2.93
Guangze 4.94 67.80 70.60 0.42 0.41 3.97 6.99 1.17 13.60 15.50 18.00 4.78 3.90
Songxi 2.99 46.50 49.80 1.01 0.98 1.68 5.99 0.84 10.90 8.69 7.32 6.19 1.64
Zhenghe 4.08 58.30 61.30 0.63 0.59 1.60 6.66 0.62 16.10 9.60 5.93 3.05 150
Longyan 5.32 52.10 54.10 0.85 0.81 4.07 9.83 1.87 9.09 12.11 22.70 29.10 3.87
Zhangping 6.96 64.20 66.20 0.51 0.45 2.34 10.50 0.79 11.30 10.40 8.26 3.86 2.07
Changting 411 49.30 51.80 0.93 0.82 2.42 7.92 117 1150 6.77 7.90 211 2.14
Yongding 3.02 45.60 48.90 1.05 0.91 2.88 6.19 147 8.41 5.39 7.94 5.44 2,51
Xiapu 1.91 33.10 37.00 1.70 1.54 5.63 5.17 3.55 4.57 431 15.30 7.91 5.08
Shouning 5.01 68.40 71.30 0.40 0.34 1.59 7.03 0.46 1250 8.59 3.92 3.90 1.36
Zhouning 4.06 61.60 64.90 0.54 0.49 1.21 6.26 0.43 18.20 8.23 3.51 3.22 1.09

Zherong 3.90 62.60 66.00 0.51 0.43 2.62 5.90 0.89 8.30 6.64 5.92 3.30 2.20
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Fig. 1 Classification maps of fraction of renewable emergy used and environment loading ratio
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