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Determining the effect of the Land Consolidation Project on the Cropland

ecosystem based on the ecological flow method
GUO Beibei, JIN Xiaobin™, LIN Yinan, YANG Xuhong, ZHOU Yinkang

School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China

Abstract: Ecological flows reflect the relationships among metabolism, energy conversion, information exchange, and so
forth. A quantitative analysis of the development of ecological flow patterns of various parameters was performed. Based on
existing exergy accounting, ecological flow networks in a typical semi—natural cropland ecosystem were analyzed, with five
ecological indicators being used to evaluate the ecological effectiveness of these networks. Exergy buffers the capacity and
environmental impact on cropland ecosystems. Previous studies have examined exergy effectiveness in a variety of fields, but
exergy analysis has rarely been applied to assess cropland ecosystems. Research time is significant because ecosystem
stability varies in different periods; hence, ecological flow results will differ. In the cropland ecosystem used for this study,
we chose the time period from planting to harvest to determine eco-flows based on the life-cycle theory, and set the land
consolidation project edge as the boundary. This study only considered crop growth and the impacts of human-assisted

primary production. As a sudden short-term external incentive of the project cropland ecosystem area, land consolidation
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activities influenced ecological flow changes after land consolidation project implementation ( LCPI), which included
material, energy, and information flow changes. A land consolidation ecological conceptual model was built and reflected
ecological flow direction and path. It used exergy and emergy accounting methods to study the external input, output, and
ecological products. The study used a land consolidation project in Fengxiang County of Shaanxi Province as a case study,
and applied ecological flow analysis to it to determine the intensity of ecological flow and system efficiency. Using different
land consolidation project terms, this study evaluated net ecological value, natural resource dependency, renewability
dependency, ecosystem productivity, ecological capacity, and ecological sustainability after LCPI. The exergy and emergy
accounting methods presentedchanges to the ecological benefits process as a steep negative decline at the preliminary stage,
followed by an exponential increase, and finally leveled off. Second, the exergy accounting method traced the ecological
benefit losses and profit over the 29 years after LCPI in the study area was initiated, and manifested the system process
recovery from chaos to natural balance. Third, the emergy accounting method demonstrated that, in the fourth year after
LCPI, the ecosystem tended toward a state of relative balance, with an increase in ecological productivity and potential
investment demands. Fourth, the economic benefits of the land consolidation project were negative and leveled off after 3
years, reflecting an annual agricultural production investment of 78.35%. Through the combination of exergy and emergy,
the system stability was quantified and calculated. This study can be used as a reference for deciding input material , labor,

capital, etc. for use in future land consolidation project planning.

Key Words: Land consolidation; cropland ecosystem; ecological flow; exergy; emergy; Fengxiang County
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Table 1 The index system of land consolidation on ecological flow effect

TiH JRIGEE kRS2 i ip R ATHIRR REfH (sej)  BEBW( )
I[tem Raw data  Exergy transformity ~Emergy transformity ~ (J) Exergy Emergy Capital flow
A H AR BEURE A Annual natural resources input

1 SEHE Sunlight(]) 5.51x10" 1.02x1073 1.00 5.62x10" 5.51x10"

2 X, 3fE Wind, kinetic energy(J) 9.48% 10" 3.12x1072 2.45x10° 2.96x10' 2.32x10"

3 BEW Rain(]) 1.57x10"2 6.08x107" 3.06x10* 9.56x10" 4.81x10'

4 HERPEIAHE Earth cycle(]) 1.55x10" 7.82x1073 5.80x10* 1.21x10% 8.99x10'0

AE L BE T A Annual purchase resources input

5 FfF Seeds(g) 1.32x107 1.44x10" 2.00x10" 1.90x10" 2.64x10' 7.13x10°
6 AR HL 1 Agricultural Electricity(J) 1.03x10" 3.76x10! 2.00x10° 3.85x10" 2.05%10"7 2.85%10°
7 424 Pesticides(g) 2.00x10° 4.20x10° 1.48x10" 8.40x10"! 2.96x10' 1.05x10°
8 LMK Mechanical equipment(g) 1.59%107 2.13x10* 6.79%10° 3.40x10" 1.08x10"7 6.07x107
9 HEME/K Irrigation water(g) 2.03x10" 9.09%x107! 8.80x10° 1.85%10" 1.79x10' 1.58x10°
10 N JI& Nitrogen fertilizer( g) 4.06x10° 3.28x10* 3.80x10° 1.33x10" 1.54x10'® 7.51x10°
11 P JE Phosphate fertilizer( g) 7.97x107 7.52x10* 3.90x10° 5.99x10" 3.11x10"7 2.07x10°
12 K JIE Potash fertilizer(g) 3.41x108 4.56x10* 1.10x10° 1.55x10" 3.75%10"7 6.99x10°
13 A5 Plastic mulch(g) 2.81x107 1.50%x10° 2.80x10° 4.22x10" 7.87x10' 3.49x10°
— WA B AR FEURE A One-off natural resources input

14 ¥+ 755 Net earthwork (g) 8.24x10% 1.55x10° 2.00x10° 1.28x10" 1.65x10' 3.43x10°
— WA L FEURER A One-off purchase resources input

15 358171 Labour( ) 1.77x10° 5.25x108 2.38x10" 9.31x10™ 4.22x10" 1.77x10°

http ; //www.ecologica.cn



8 S % 358

T H FIRAE ORI el LRI AT ATRE REfE (sej)  BERWM(C )
Ttem Raw data Exergy transformity ~ Emergy transformity (J) Exergy Emergy Capital flow
16 KM Gas(g) 8.46x10* 4.70x10* 2.92x10° 3.98x10° 2.47x10" 4.31x10?
17 47 Diesel(g) 7.80x107 4.49x10* 2.83%10° 3.50x10" 2.21x10"7 3.98x10°
18 Jifi T.HL /] Construction electricity(J) 6.25%x10° 3.76x10" 2.00x10° 2.35x10" 1.25x10" 1.30x10°
19 7K Water(g) 1.20x10° 9.09x107! 9.36x10° 1.09x10° 1.12x10% 1.20x10°
20 ¥ Sand(g) 6.28%10° 2.11x10° 1.00x10° 1.33x10"° 6.28x10" 1.26x10°
21 WA Stone(g) 9.80x10° 2.10x10° 1.00x10° 2.06x10" 9.80x10" 3.38x10°
22 7K Cement(g) 2.77x10° 1.03x10° 2.07x10° 2.86x10™ 5.74x10"® 9.36x10°
23 Ik Steel(g) 2.74x10° 8.00x10° 1.40x10° 2.20x10" 3.84x10" 9.93x10°
24 PVC 4 PVC pipe(g) 3.36x10° 8.28x10° 1.25%x10" 2.78x10" 4.20x10" 3.50x10°
25 B Tree(g) 7.81x10% 6.45x10° 2.44x10% 5.04x10" 1.91x10" 3.50x10°
AR 254 Annual ecological output

26 /A Wheat(t) 2.41x10° 1.53%10'° 1.23x10" 3.68x10" 2.96x10'* 6.02x10°
27 EK Corn(t) 1.87x10° 8.60x10° 1.17x10" 1.61x10" 2.20x10"7 7.31x10°
28 JH3E Rape(t) 2.28x10? 3.70x 10" 2.65x10" 8.42x10" 6.04x10"7 1.37x10°
29 i Pepper(t) 3.77x10° 3.50x10° 4.81x10" 1.32x10" 1.81x10"7 3.40x10°
30 #3E Vegetable(t) 5.15x10° 1.90x10° 4.52x10" 9.78x10"? 2.33x10"7 7.27x10°
31 KR Fruit(t) 2.05%10" 1.89x10° 6.61x10™ 3.87x10" 1.35x10' 1.23x10°
— R MA A ) One-off ecological output

32 B W AN Land cover area(m?) 1.22x10° 5.36x10° 1.97x10" 6.55x10" 2.41x10"7 1.22x10°
33 KR Ecological water amount(m®)  1.69x10° 1.74x10% 4.32x10" 2.94x10" 7.30x10'® 1.69x107

R2 IHERETAFTMRUESEXSH

Table 2 Relevant parameters of land consolidation construction and agricultural inputs

2% H Ttem 28 Parameters

i T B A PVC 4 110 mm BEJE 6.6 mm 2% H i 3.343 kg/m

Construction material inputs PVC 4 75 mm BEJEL 2.9 mm 2% & i 1.072 kg/m
b 1500 kg/m?
A 1450 kg/m®
L NE R 0.04 m
B 1o 4m

Al A=A K AL AR (F > t) 15a

Agricultural inputs ANEIPUE AR (R <1 1) 10 a
¥k 75 kg/hm?

TE: (1) AL AU FRRE R AL W EIHL IEHILSE
(2) ABIEAR HS 5 R M A2 R G0 AR IE PR X 2256 1 Bt Bl T i /N s 4
(3) AR 7 i SR TR By 7 de B EL R B4 st ) 7 Bt S A

P T HIRE BEAE 98 B R 5 VR A A AW A 2 DR AR b A T H L, AT A5 s B s s R AR 25 R
G 04 A AN [+ P )5 T PAY AR, 23 S [) b e 3 i 8 TR R R AR BR R R A S R G i AR 25
(B ST | A ORGSR B2 A A AT R B 2 BRSE SR ANIE] 4 Rk 3 Fw,
3.1 ATHIRERE AR

WA A7 A B, 6 A i SRS AT o0 i B R IR E T, NPT T RE AR BE 20 i AR A 25
ARG A IR N TR AR S RS, EAON AR 7 B A 82 AL B AR S MEA R B RT3 T, A3 1
TG XA A R GRS Y A AR IR 29 4R b+ bR I H RS A 1A 0 AR 2 6 TR
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Fig. 4 Changes of net ecological efficiency in different project usage term of exergy, emergy and currency
*3 ARAIRERAERNESTIERTHE
Table 3 Values changes of different project usage term of eco—flow indicators
TiH Item 4 4 (4-th a) 15 4E(15-th a) 29 4E(29-th a)
H AT Feo-flo e BE Pearm FIHIRE fEE WEAW RIJHRE fg BEA I
UL Beoriow /1) /(Psej) /FIC M/TY /(Psej) /G M/TY /(Psej) /T
AE T T AR SRR A 105 146
Annual renewable natural resource input ’
Wy SIZ AT B S 0 VR
AP TSSO , 0.19 2640  71.30
Annual purchase renewable resource input
W S AN R
ARSI AN W] BT B A - 19 4440 6330
Annual purchase non-renewable resource input
— U AT R U
UCHERTERT AR A 631 1840 6930
One-off renewable natural resource input
— VAN T B T A S B VR K
YR AN RT3 A S B 5 A . 6300 26300 1700
One-off purchase non-renewable resource input
AR Annual ecological output 84.40 4210 2550
— R MEA S One-off ecological output 301 7540 1810
H A B AR Ecological indicators
H A8 Ecological output 385 11800 43.60 385 11800 43.60 385 11800 43.60
H 5 A Ecological input 1980 11600 68.40 615 6490 65.20 376 5580 64.60
i A F SR PEUR Natural resource input 33 558 0.09 9.57 256 0.02 442 5830 0.01
] BT B R4 A Renewable resource input 33.20 584 0.80 9.76 282 0.74 5.65 229 0.73
i A SE R Purchase resource input 1940 11100 68.30 606 6230 65.20 371 5380 64.60
A 254 Net ecological value -1590 103 -24.80 -230 5260 -21.60 8.96 6170 -21
SR B2 IR B Natural resource dependency 1.67%  4.79%  0.13%  1.56%  3.94% 0.04% 1.45%  3.63% 0.02%
A HEE G AR R B Renewable resource dependency 8.04% 5.42% 1.30% 7.04% 4.54% 1.17% 6.12% 4.22% 1.14%
A7 K Ecological yield ratio 21.17% 106.41% 63.90% 67.30% 188.97% 66.96%  109% 218.76% 67.52%
A5 7R3 J) Ecological load ratio 11.43 1748  77.00 1320  21.09 8577 1535 2280  87.62
HEBTTHELEE Ecological sustainable index 1.85% 6.09% 0.83% 5.10% 896% 0.78%  7.10%  9.60%  0.77%
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