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Research progress on the effects of land consolidation on ecosystem services

LIU Shiliang', AN Nannan', WANG Jun’

(1. State Key Jiont Laboratory of Environmental Simulation and Pollution Control/School of Environment, Beijing Normal
University, Beijing 100875, China; 2. Key Laboratory of Land Consolidation and Rehabilitation, Ministry of Land and Resources,
Beijing 100812, China)

Abstract Land consolidation has been a vital process of realizing the intensive use of land resources and improving land
productivity and utilization rate. Regional economic output and level of protection have been improved through land consolidation.
However, land consolidation has also influenced regional ecological environment. With growing attention to the ecological effects of
land consolidation, evaluation of ecological benefits of land consolidation has gained significant momentum in recent years. In this
paper, we analyzed the economic valuation models of the ecological benefits of regional land consolidation based on the theories of
ecosystem services value. Then in view of different land consolidation projects, the features and ecological effects of the projects
were discussed and the influences of land consolidation on different ecosystem services highlighted. Energy analysis of current
research progress and ecosystem services were compared with material and value assessment methods for different land
consolidation projects. Furthermore, different quantitative methods corresponding to the land consolidation projects were discussed
and their strengths and weaknesses analyzed. Meanwhile, the paper showed the application of the assessment methods in land
consolidation along with different cases of land consolidation projects. Based on the introduction of the importance of ecological
assessment and the application of landscape ecological design in land consolidation, we put forward the problems of ecosystem
services valuation in the present land consolidation systems and the future development trends.
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Table 1 Different ecosystem services, values and examples
Services type Services value Examples of services function
Material production Providing raw materials, fuel, food, et al. Production of timber, fuel; gaining food through farming, fishing
Ecosystem S€rvices and gathering, et al.
services > ,

Regulation services Climate regulation, flood regulation, disease Regulating the global temperature, precipitation and other cli-

control, water purification, et al. mate processes; regulating the water flow, storing and keeping

water, et al.

Support services Nutrient cycling, soil formation, primary pro- Storage and internal cycle of nutrient, et al.

duction, et al.

Culture services Entertainment, aesthetics, culture, tourism, et al.

Spirit and scientific values of aesthetics, art, education of eco-
system; ecological tourism, and other activities, et al.
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Table 2 Ecological effects of different land consolidation projects

Ecological effect

Land consolidation project Positive Negative

Land leveling

Land Good for irrigation, increasing the effective area;
levc?ling imPrOVing productivity and ability to withstand pegtroying surface vegetation and soil seed bank directly;
project natural disasters heavy machinery may cause soil harden, topsoil destruction,

and soil quality decreasing; inducing soil loss

> >

Landfill of Changing landscape and increasing available land Surface soil loss, soil hardening due to soil pressing
abandoned ditches

and pits

Terraces built Good for farming, changing landform; enhancing Loss of vegetation, landscapes change

conservation ability of soil and water
Agricultural , s ; R
hydraulic engineering Increasing cultivated land, improving traffic con- ,
venience; farmland design suitable for irrigation and pegjon ditch made water loss and fragmentation of biology
drainage, as well as rational utilization of water papitats; the extensive use of cement affected biological diver-
resources sity and block species migration; structure of underground
hydrology was changed; the water cycle was affected leading
to soil secondary salinization
Country road engineering
Improving farmland small environment and traffic
convenience; constructed road corridor good for the
space motion, existence and continuity of species

During construction period, soil and water lost, soil environ-
ment was destructed; fragmentation of biological habitats was
bad for the species diffusion; people trample made soil harden
and vegetation reduction; increased human activities changed
landscape pattern and process, damaged species and rare spe-
cies within patches, decreased biological diversity finally

Soil and water conservation
and ecological shelter forest

. Conservation of soil and water, improving environ-

project mental landscape and maintaining ecological bal-
ance; windbreak and sand-fixation; adjusting and
purifying air; providing habitat for animals

Merging of residential areas Changing land use type, reducing environmental Unreasonable towns and rural merger led to increased water

pollution, improving life quality consumption and water pollution
2 b 2
b b
28] [30]
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b b
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Table 3 Comparison of 3 evaluation methods of ecological services

Evaluation method

Advantage

Disadvantage

Indicator system

Reference

Emergy analysis

Material assessment

Value assessment

The important role of natural re-
sources on the ecosystem was fully
considered; Consistent energy stan-
dard was adopted to avoid the bi-
ased ecology or the routine defi-
ciency of economics

Evaluation was objective; Dynamic
process of ecosystem service function
and sustainability was reflected

Total value of ecosystem services
function was counted and compared
directly; The value was expressed in
monetary, easily to be accepted; The
results could promote the value
evaluation of ecological resources
and provided the reference

Hard to get the product conversion, no
unified translation standards; abundant,
comprehensive, and continuous data was
needed as support, time-consuming

>
Unit dimensions of different ecosystem
service functions were different, it was
difficult to summary; Difference in
materials and dimensions led to diffi-
culty of direct judgment direct

Market failure and the subjectivity
greatly affected monetization; Different
service function evaluation method had
different effects

>

Land consolidation energy chart;
input energy including renewable
and nonrenewable factors; output
energy including economic, social,
and ecological factors such as at-
mosphere, soil, water, biodiversity

Comparing all kinds of ecosystem
services before and after the land
consolidation

The changes of ecological service
functions was calculated and mone-
tized according to market price

[39]

[35]

[7-8,16]
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Table 4 Quantitative methods of evaluation of different service functions of ecosystem
Primary Secondary Main method Computa- Parameter
function function and reference tional formula description
] W81 p=35, Y, P; v
Material Products [49] s S i s Y i ;
production  production Biomass Method™*), P i V: material products values,
Market Vz'ilue Appr[?‘;;i]‘;hmim > including values of aquatic products and raw material produc-
Shadow Project Method tion; i: material; S;: harvest area of i; Y;: per unit yield of i; P;:
market price of 7.
7 W Uy=Sy4 Up: 5 Spe
Willingness to Pay™*”), oy ; A: U,: value of protection biodiversity; Sj:
Biodiversity Opportunity Cost Method opportunity cost of species loss per unit area; 4: area of every
maintenance type of land.
e B3I p=(B/BP,  P: i ;
Regulation  Climatic Alternative Cost Method[m*, P;: ; B . B:
function regulation Benefit Transfer Method"?! P corrected eco-
system service value per unit area; i: ecosystem type; P;
benchmark price of the ecosystem services value; B;: ecosys-
tem biomass; B: average biomass per unit area in China.
1501 61 Uw= Uy: ; Ko ; P ; E
Water Lo 10K-A(P=E) ;A U,: water quality purification value
purification Alternative Project Method"®", of vegetation; K: water purification cost; P: precipitation; E:
Product Cost Method™®, vegetation evaporation; 4: vegetation area.
Shadow Value Method™*”!
1“7 W Us=4,Co Us: ; A ; C
Soil Opportunity Cost Method™7), (X=X1)/lp C X s X
. . [501*
conservation Shadow Project Method . Us: value of vegetation fixing soil; 4;:
area; C: cost of excavating and transporting unit volume soil;
Xi: erosion modulus with vegetation; X>: erosion modulus
without vegetation; p: soil bulk density.
61 ey V,=ZNPP; Vp: ; NPP;: ;0
Carbon ‘ B 1.62P, ;P CO, V,: value of fixed
sequestration  Carbon Tax Law!*, carbon; NPP;: net primary productivity; i: land use type; P:
Afforestation Cost Method!*®) s market price of CO,.
Emergy Analysis®'
[46] R Uo= GoCo Uo: ; Go: ; Co: ;A
Production [45-46]* =1.19Co4B, ; By Uo: value of oxygen released
of oxygen Afforestation Cost Method!*®!, by vegetation per year; Go: value of oxygen released by forest
Industrial Oxygen Generation per year; Co: oxygen price; 4: vegetation area; B,: vegetation
Method, Shadow Cost net productivity.
Method!**~#¢V"
[47,50] @1 p=w- C V. ;W ; C: V:
Water 1481 value of pond impoundment; W: capacity of pond; C: reservoir
conservation Alternative Project Method[“’sol, water storage cost.
Water Quantity Balance Method!*®!,
Shadow Project Method!**!
[48] [50] V=C-Q v e ;O
Air Market Valuation Method!*®!, V: value of air purification; C: cost of governing harmful sub-
purification Shadow Cost Method™"! stance; Q: gas volume.
[46,52-53] * U =tPN Uy: st ; P: ;
Cultqre N: U,: tourism value of a region; #: average
function ) Travel Consume Method*®32%3 residence time per person; P: travel cost per person; N: yearly
Entertainment

Cost Method”, Industry Association
Method, Consumer Surplus Value
Method

total number of visitors.

* indicates the method from which the computational formula in the next column comes.
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Table 5 Case study of ecological benefits in land consolidation project area according to different evaluation methods

Evaluation method Project Benefit Reference
[16]
Calculation of regulation service function Land consolidation of Muer Village in Chongqing City Increase
(8]
Non-market value method Land consolidation project of Jiawang County in Xuzhou City Decrease
. Land consolidation projects of Nanhe County in Hebei Province [12,33]
Formula computation . . . Increase
and Zhijiang City in Hubei Province
Costanza Land consolidation project of Nanhu Village of Xuancheng Ci (39]
Corrected Costanza service value estimation model and conso1 ation project of Nanhu Village of Xuancheng City, Decrease
Anhui Province
Costanza  ESV [22]
Ecosystem services value formula of Costanza Land consolidation project of Lin’an County, Zhejiang Province Decrease
R Journal of Applied Ecology, 2010, 21(3): 723-733
(6] , ; .
b
[J]. ,2011, 27( 1): 340-345

[54-55]

2 2% Rk

(1]

[2]

[3]

[4]

[5]

, . J1. ,
2009, 37(8): 3680-3683
Zheng Y J, Sun P J. A review on land consolidation[J]. Journal
of Anhui Agricultural Science, 2009, 37(8): 3680-3683

[J1. , 2008, 15(6): 167-169
Tian H W, Meng Q X, Qu C X, et al. Impact of regional eco-
system service value on land consolidation[J]. Research of
Soil and Water Conservation, 2008, 15(6): 167-169
[J11.
,2008(7): 15-17
Sun Y M. Review on the effect of the biodiversity by the land
consolidation[J]. Natural Resource Economics of China,
2008(7): 15-17
[
,2010(13): 70

Zhang X F. Impact of regional ecosystem service value on
land consolidation[J]. Heilongjiang Science and Technology
Information, 2010(13): 70
[J]. , 2010, 21(3):
723-733
Zhang Z, Gao J Q, Yang W, et al. Changes of agroecosystem
services value under effects of land consolidation[J]. Chinese
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(9]

[10]
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Wang J, Li Z, Bai Z K, et al. Progress and prospect of eco-
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tions of the Chinese Society of Agricultural Engineering,
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