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Abstract. Urban expansion in recent decades brought about profound nature environmental 
effects such as heated island, flooding, soil erosion, air pollution and biodiversity loss. 
Ignorance of these effects will lead to further irreversible destructions. it is necessary to study 
about “ how and to what aspects can land use morphology affect environmental 
performance?”. In this paper, the effects of urban expansion on environment are studied by 
morphology in order to link the knowledge of environment with   urban planning/design. 
Firstly, the relationship between urban expansion and natural environment is generally 
described by introducing some concepts of land use morphology and environmental 
performance, the significance of applying morphological study to environment is highlighted. 
Secondly, a lot of  research results  of environment problems such as carbon emission ,the  
pollution  of air , water , soil erosion, and  biodiversity loss are reviewed from the  viewpoint  
of morphology. Finally, some conclusions and discussion are remarked for future urban 
planning/ design for making contributions to environment. 

1.  Introduction 
The land on earth and its anthropogenic exploitation are crucial links between human activities and 
natural environment. Human-involved land cover , land use and land cover change  such as forest 
over-exploitation, agricultural intensification and urbanization  not only accelerate global warming via 
increasing greenhouse gas emissions [1-2], but also pervasively cause irreversible biotical diversity 
losses across the globe [3-4]. In the environmental field, a lot of papers have explained various 
consequences of natural environmental issues from traffic energy consumption, biodiversity loss, 
heated island, flooding, water pollution, soil erosion, etc. [5]. However, most of them did not link the 
change of natural environment with urban expansion comprehensively. Since urban expansion-
happened extremely nowadays can cause great destructions of natural environment by blocking series 
ecological processes such as energy flow process, material circulation process and biogeochemical 
process [6-7], this paper purposes to link the knowledge of environment and urban planning/design by 
the application of morphological study, which focus on the question “How and to what aspects can 
land use morphology affect its environmental performance?” 

For this goal, this paper is organized by following three sections. Firstly, the relationship between 
urban expansion and natural environment is generally described by introducing the relevant concepts 
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of land use morphology and environmental performance, as well as the significance of applying 
morphological study. Secondly, some cases of morphological studies are reviewed from five aspects. 
Finally, some conclusions are remarked based on perspectives of both urban planning/design and 
environmental field. 

2.  Background 

2.1.  Concepts  
Urban expansion refers to the development of new urban areas as well as their related infrastructures. 
Generally, urban expansion is based on road networks, which continuously sacrifice surrounding 
original farmland, pastures, and forests etc. In urban planning/design field, morphology refers to the 
consequence of urban expansion. It contains several indicators to measure ever-changing urban 
physical structure from dynamic interactions between human and nature [8-9]. Generally, morphology 
can be described qualitatively and quantitatively. Qualitative indicators describe the question of “How 
can urban expand?”, in which include such as  single-center expansion, multi-center expansion, linear 
expansion, network expansion and circular expansion. Quantitative indicator tries to answer the 
question of “to what extent can urban expand?”, in which include such as form, intensity, 
heterogeneity, and connectivity. 

Natural environment is the sum of all kinds of factors that surround organisms such as atmosphere, 
energy, water, soil, rock, minerals, and solar radiation. It is material basis of subsistence for human 
being. In environmental field, these factors are usually divided into five categories of natural cycles: 
atmosphere circle, energy circle, hydrosphere, biosphere, soil circle and lithosphere [10-11]. 
Environmental performance can be measured based on the knowledge of five natural cycles such as 
carbon environment generally represents energy circle, water environment represents hydrosphere, air 
environment generally represents atmosphere circle, soil environment generally represents soil circle 
and lithosphere, and biodiversity generally represents biosphere. Indicators of each kind of 
environmental performance are applied for further measurement.  

2.2.  Methodological study  
The morphological study has been established as a backbone methodology for decomposing complex 
relationship between urban expansion and natural environment. It is based on assumption that urban 
expansion will cause interactive changes in urban physical structure. This process will gradually affect 
biogeochemical process provided by natural environment [12]. Indicators in both morphology and 
environmental performance can be changed synchronously. The morphological study can elaborate the 
evolution process of both urban expansion and natural environment at various scales.   The followings 
are some important research tools: 

2.2.1.  Mapping. Mapping is an important tool for morphological study. Visualized maps can facilitate 
us to understand complexity, dynamic processes of both urban expansion and natural environment in 
various scales by multi-sources data. A series of spatially explicit maps not only reveal the quantitative 
characteristics of current regional morphological structure, but also exposit potential changes caused 
by different morphological scenarios.  

2.2.2.  Matric calculation. Matric calculation helps us to find the quantitative relationship between 
urban expansion and natural environment by establishing infer mathematical formula and graphs 
derived from data. This method is helpful in finding threshold points during evolution process from 
past experience. Several normal ways of matric calculation are usually applied including correlation 
analysis, regression analysis, cluster analysis and redundancy analysis. 

2.2.3.  Urban-rural gradient analysis. Gradient analysis is a geographic way based cross-sectional 
method. By dividing morphological sections into different samples, morphology indicators and 
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environmental performance indicators in different sections would be analysed. Its biggest advantage 
can be illustrated by comparing a sequence of different sections especially in the cross-sectional 
urban-rural interactive areas. Generally, the widespread usage of geographic information system (GIS) 
and remote sensing system (RS) have prominently promoted capability [13]. With the help of GIS and 
RS, traditional data collection can be made great breakthrough on three aspects. First, data can be 
combined from different time by directly viewing overlaying results. Second, data can be linked from 
different scales to measure the potential sequence of scale-effectiveness. Third, data can be compared 
from different environmental performance groups for discovering the results of trade-offs and 
synergies.  

3.  Study review 

3.1.  Carbon environment 
Carbon source and carbon sink are mainly concerned elements for morphological study between urban 
expansion and carbon environment. Carbon source is mainly from traffic consumption, industrial 
consumption and architectural consumption. Carbon sink mainly refers to the capacity of absorption or 
storage of carbon dioxide from its environment. When urban expansion, both carbon source and 
carbon sink are automatically shifted from its original distribution. 

Different morphologies of form, connectivity and intensity can differently influence the spatial 
distribution of carbon source. For form perspective, it had been shown that different form of urban 
expansion will cause greatly different effects on carbon emission. Single-centre expansion of urban 
area could generate less carbon emission [14] .Some studies found that higher fragmentation of green 
land with lower connection can cause more energy consumption. In another word means that single-
centre green land expansion is benefit for energy reduction [15-16]. From intensity aspect, it had been 
proved that low density urban area inducing more carbon consumption [17]. The appropriate density 
degree for the best carbon environment performance is supposed by comparing some cases [18]. 

Land use heterogeneity and form can influence the spatial distribution of carbon source. Compared 
with single-centre expansion and multi-centre expansion, multi-centre expansion will lead to less 
carbon emission situation by short travelling distance between different parallel centres [19]. In 
addition, mixed land use planning can reduce carbon emission because of its great contributions to 
positive carbon cycling process [20-21]. Land use morphology can influence the spatial distribution of 
carbon sink. For example, it is proved that carbon sink is keeping increasing from urban area to rural 
area according to its increasing green land percentage some case by gradient analysis [22]. In other 
situation, carbon sink in successive urban park is lower than that in same size of forest [23-24]. 

3.2.  Air environment 
The relationship between urban expansion and air environment mainly can be presented from the 
aspects of air quality and heat island. Land use form can influence air environment. Compared with 
multi-centre expansion, single-centre expansion is more effective on dealing with heat island. 
Connective green land is better than fragmented green land in the effects of mitigating urban heat 
island [25-26]. Also, it is found that compact cities seem to be friendlier to their air environment 
because of less ozone concentration [27-28].  Simulation of air quality in many case studies shown  
that single-centre expansion can emit less air pollution in total amount [29-30]. Meanwhile, bigger size 
green land is better performance in controlling temperature no matter what kind of expansion form 
[31]. Land use intensity can also affect air environment. When urban expansion by 30% with density 
increased by 20%, temperature will increased by 0.17℃ [32]. Green volume ratio, building density 
and building height also make effects on micro temperature. For instance, when green volume ratio is 
increased by 2 times, the surrounding nearby temperature will be decreased by 12%. Tall buildings 
could generate shadow which can cool down site temperature [33]. Higher road network density can 
make poor outdoor air temperature and air quality [34]. 
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3.3.  Water environment 
Water environment is based on the connection of surface or subsurface water flow between different 
cross-sectional hydrological units like water catchment areas [35-36]. Based on that, the mechanism of 
urban expansion on water environment can be better understood .With the development of city surface 
or subsurface, water flow will be blocked because it changes nature pathways. Surface or subsurface 
water flow is constrained in drainage pipes which are always under grid-shaped road networks. This 
will result in congestions at road junctions and lead to flooding issues in cities during peak rainfall 
times. Urban expansion can influence overall water environment by changing surface / subsurface 
water flow, changing spatial disturbances of hydrological units, changing potential green-blue 
networks.  

The land uses of different heterogeneity, form and intensity can differently affect water 
environment by changing surface or subsurface flow and the spatial distribution of hydrological units. 
For instance, it has become vulnerable for the amount of uncontrollable surface or subsurface flow 
caused by increasing impermeable coverage as well as underground drainage pipes [37]. It is also 
more vulnerable for mal-function such as water storage, water purification of hydrological units [38]. 
Quantitative measurement is helpful to discover relationship between impermeable surface connection 
and flow performance by comparing difference. For instance, when impermeable surface’s connection 
is increased from 10% to100%, peak runoff flow will synchronously increase from 200% to 500% 
[39]. However, when the surface’s connection is increased by 13%, the peak runoff flow will be 
increased by 35% [40]. The smaller of each impermeable surface, the better flow performance will be 
[41-42]. Meanwhile, some researches also make valuable contributions to explore relationship 
between density and flow performance. For example, when urban density increased from 51.6% to 
100%, peak runoff flow will increase from 45.4% to 83.3% [43].   

3.4.  Soil environment 
Urban expansion can gradually generate heavy metal gathering areas on soil surface by changing its 
beneath organic elements. Quantitatively, the soil composition remains 71.71% difference when 
comparing the situation of forest and urban [44]. The capacity of providing soil nutrient is 50% more 
efficiently in forest soil than in urban soil [45]. Since urban areas can block material cycling provided 
by soil environment, this negative process can result in soil pollution, soil erosion, etc.  

However, it is not to say that the transfer of all urban area to forest area will totally improve soil 
environment. As several case studies have been illustrated that appropriate mixed land use of farmland, 
grassland, forest and urban will bring about better soil environment because its  fast soil metabolism 
performance [46-47]. Mixed urban transportation types can improve soil environment [48-49]. 

3.5.  Bio-environment 
A healthy bio-environment requires interactive energy, material, information transformation. 
Interactive transformation requires complete nature surface and biological corridors. Like water 
environment is based on the connection of flow among different cross-sectional hydrological units, 
bio-environment is based on the connection of nature corridors between different cross-sectional 
nature habitats provided by high quality nature surface. Generally, urban expansion has negative 
impact on biodiversity via reducing coverage nature surface like forests, wetlands, water [50-51].  
Fragmented nature surface and discontinuous biological corridors are negative impacts on bio-
environment. Biodiversity is the most general indicator to measure healthy bio-environment. It is 
backbone to support our whole life system. 

Land use connectivity of nature corridors will facilitate or block transformation. Length and width 
of different nature corridors will cause different bio-environmental performance. For example, 
discontinuous nature surface and corridors which is overpassed by impermeable road networks can 
cause the decrease of biodiversity [52-53]. The wider the roads are, the less amount of types of bird 
will be [54].Appropriate nature corridors surrounded by high quality habitats is benefit for biodiversity 
[55]. Meanwhile, nature surface- fragmented changes the quality of nature habitats which cause issues 
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of species. Quantitatively, when the fragmented degree of nature surfaces are over 13.8%, the total 
amount of species would decrease by 3% [56]. When the fragmented degree of nature surfaces 
increases from 50% to 100%, the total amount of species will correspondently decrease from 5 to 10 
times [57]. 

4.  Conclusions 
Economic value once dominated in urban expansion process which left natural environment 
vulnerability when urban faces future uncertainties. In current context, urban expansion and 
environmental protection are both important. The common ground of above researches is to take 
advantage of knowledge from multidiscipline. Morphology study may become a bridge between urban 
planning/design and environmental field. Different types of morphology such as form, intensity, 
heterogeneity, and connectivity can differently affect environment qualities like carbon emission, air, 
water, soil and biodiversity etc. Among them, trade-offs arise when the change of morphology may 
enhance one service quality at the cost of another service. Synergies are needed when morphology 
may cause multiple service quality. Faced to so many indicators of environmental performances, 
morphology becomes an appropriate analysis method by cooperation of multidisciplinary efforts .In 
addition, research by design and scenario analysis is helpful to create situations for multi-stakeholders 
decision-making process that the cooperation of different departments within multiple planning scales 
should be constructed by a comprehensive framework in the future. 

Acknowledgement 
This paper is supported by The National Science Foundation of China (No.51778233, No. 
51761135025) and China Scholarship Council Foundation (No.201606150035) 

References 
[1] PIELKE R A, MARLAND G, BEETS R A, etal 2002 The influence of land-use change and 

landscape dynamics on the climate system: Relevance to climate-change policy beyond the 
radiative effect of greenhouse gases Philosophical Transaction of the Royal Society of 
London A: Mathematical Physical and Engineering Sciences 360 1705-1719 

[2] XIANG W, CLARKE K C 2016 The use of scenarios in land-use planning Environment and 
Planning B: Planning and Design 30(6) 885-909 

[3] MATSON P A, PARTON W J, POWER A G, et al 1997 Agricultural intensification and 
ecosystem properties  Science 277 504-509 

[4] VAN ASSELEN S, VERBURH P H 2013 Land cover change or land-use intensification: 
simulating land system change with a global-scale land change model Global Change 
Biology 19 3648-3667 

[5] IPCC Climate change 2013: The physical Science Basis [EB/OL] 
http://wwwclimatechange2013org/  2013 

[6] COSTANZA R, D'ARGE R, DE GROOT R, et al 1997 The value of the world's ecosystem 
services and natural capital Nature  387 (6630) 253-260 

[7] ALBERTI M 2008 Advanced in Urban ecology: Integrating Human and ecological Processes in 
Urban Ecosystems New York: Springer Science + Business Media 

[8] KUCHARIK C J, FOLEY J A, DELIRE C, et al 2000 Testing the performance of a dynamic 
global ecosystem model: water balance, carbon balance, and vegetation structure  Global 
Biogeochemical Cycles 14(3) 795-825 

[9] ALBERTI M (2005) The effects of urban patterns on ecosystem function International regional 
science review 28(2) 168-192 

[10] SZERSZYNSKI B, HEIM W, WATERTON C 2003 Nature performed: Environment, Culture 
and Performance Blackwell 

[11] Millennium Ecosystem Assessment, M E A 2005 Ecosystems and human well-being Synthesis 
[12] LIU X, LI X, CHEN Y, et al 2009 Landscape expansion index and its applications to 



EEEP2018

IOP Conf. Series: Earth and Environmental Science 227 (2019) 052004

IOP Publishing

doi:10.1088/1755-1315/227/5/052004

6

 
 
 
 
 
 

quantitative analysis of urban expansion  Acta Geographica Sinica 12 6-15 
[13] DEB D 2017 Applications of Remote Sensing and Geographical Information System (GIS) in 

Assimilation of Environmental Data  Springer 
[14] PAROLEK D G, PEROLEK K, Crawford P C 2008 Form based codes: a guide for planners, 

urban designers, municipalities, and developers  John Wiley & Sons  
[15] BALALI M H, NOURI N, OMRANI E, NASIRI A, et al 2017 An overview of the 

environmental, economic, and material developments of the solar and wind sources coupled 
with the energy storage systems International Journal of Energy Research 41(14) 1948-1962 

[16] ISHII S, TABUSHI S, ARAMAKI T, et al 2010 Impact of future urban form on the potential to 
reduce greenhouse gas emissions from residential, commercial and public buildings  in 
Utsunomiya, Japan Energy policy 38(9) 4888-4896 

[17] CHEN Y, LI X, ZHENG Y, et al 2011 Estimating the relationship between urban forms and 
energy consumption: a case study in the Pearl River Delta, 2005-2008 Landscape and urban 
planning 102 (1) 33-42 

[18] STROHBACH M W, ARNOLD E, HAASE D 2012 The carbon footprint of urban green 
space—A life cycle approach Landscape and Urban Planning 104(2) 220-229 

[19] BOWLER D E, BUYUNG-ALI L, KNIGHT T M, et al 2010 Urban greening to cool towns and 
cities: A systematic review of the empirical evidence Landscape and urban planning 97(3) 
147-155 

[20] SUSOROVA I, AZIMI P, STEPHEN B 2014 The effects of climbing vegetation on the local 
microclimate, thermal performance, and air infiltration of four building facade 
orientations Building and Environment 76 113-124 

[21] SU S, XIAO R, JIANG Z, et al 2012 Characterizing landscape pattern and ecosystem service 
value changes for urbanization impacts at an eco-regional scale Applied Geography 34 295-
305  

[22] MAES J, PARACCHINI M L, ZULIAN G, DUNBAR M B, et al 2012 Synergies and trade-offs 
between ecosystem service supply, biodiversity, and habitat conservation status in 
Europe Biological conservation 155 1-12 

[23] PEREIRA H M, LEADLEY P W, PROENÇA V, et al 2010 Scenarios for global biodiversity in 
the 21st century Science 330(6010) 1496-1501 

[24] GORDON A, SIMONDSON D, WHITE M, et al 2009 Integrating conservation planning and 
land use planning in urban landscapes Landscape and urban planning 91(4) 183- 194 

[25] HECHT A D, FIKSEL J, MOSES M 2014 Working toward a sustainable future  Sustainability: 
Science, Practice and Policy 10(2) 65-75 

[26] NAKAYAMA T, HASHIMOTO S 2011 Analysis of the ability of water resource to reduce the 
urban heat island in the Tokyo megalopolis Environmental Pollution 159 (8) 2164-2173 

[27] KRUGER E L, MINELLA F O, RASIA F 2011 Impact of urban geometry on outdoor thermal 
comfort and air quality from field measurements in Curitiba, Brazil Building and 
Environment 46(3) 621-634 

[28] STOLTEN D, ROBINIUS M, GRUBE T, et al 2014 The Potential Role of Hydrogen 
Technology for Future Mobility How Can this Improve Our Life International Federation of 
Automotive Engineering Societies 34(3) 15-22 

[29] BAKLANOV A, GRIMMOND C S B, CARLSON D, et al 2017 From urban meteorology, 
climate and environment research to integrated city services Urban Climate 42(4) 145-156 

[30] YAHIA M W, JOHANSSON E 2014 Landscape interventions in improving thermal comfort in 
the hot dry city of Damascus, Syria—The example of residential spaces with detached 
buildings Landscape and urban planning 125 (2) 1-16 

[31] TALEB H, TALEB D 2014 Enhancing the thermal comfort on urban level in a desert area: Case 
study of Dubai, United Arab Emirates Urban forestry & urban greening 13(2) 253-260 

[32] WANG G 2005 A practice on the modern urban planning concept and method: modelling 
analysis of the atmospheric environment impacts in Foshan town planning Urban Planning 



EEEP2018

IOP Conf. Series: Earth and Environmental Science 227 (2019) 052004

IOP Publishing

doi:10.1088/1755-1315/227/5/052004

7

 
 
 
 
 
 

Forum 6 18-22 
[33] WONG N H, JUSUF S K 2008 GIS- based greenery evolution on campus master plan 

Landscape and urban planning 84(2) 166-182 
[34] MILTNER R J, WHITE D, YODER C 2004 The biotic integrity of streams in urban and 

suburbanizing landscapes  Landscape and urban planning 69(1) 87-100 
[35] LEGESSE D, VALLET-COULOMB C, GASSE F 2003 Hydrological response of a catchment 

to climate and land use changes in Tropical Africa: case study South Central 
Ethiopia Journal of Hydrology, 275(1-2) 67-85 

[36] WHEATER H, Evans E 2009 Land use, water management and future flood risk Land use 
policy 26 S251-S264 

[37] ALI M, KHAN S J, ASLAM I, et al 2011 Simulation of the impacts of land-use change on 
surface runoff of Lai Nullah Basin in Islamabad, Pakistan Landscape and Urban 
Planning 102(4) 271-279 

[38] SU W C, AHERN J F, CHANG C Y 2016 Why should we pay attention to "inconsistent" land 
uses? A viewpoint on water quality Landscape and Ecological Engineering 12(2) 247-254 

[39] PAUL M, MEYER J 2001 Streams in the urban landscape Annual Review of Ecology and 
Systematic 32 333-365 

[40] PAULEIT S, DUHME F 2000 Assessing the environmental performance of land cover types for 
urban planning Landscape and Urban Planning 52(1) 1-20 

[41] FOX D M, WITZ E, BLANC V, SOULIE C, et al 2012 A case study of land cover change 
(1950–2003) and runoff in a Mediterranean catchment Applied Geography 32(2) 810-821 

[42] SANYAL J, DENSMORE A L, CARBONNEAU P 2014 Analysing the effect of land-use/cover 
changes at sub-catchment levels on downstream flood peaks: a semi-distributed modelling 
approach with sparse data Catena 118 28-40 

[43] STONE B 2016 Urban form and watershed management: how zoning influence residential 
storm water volumes Environment and Planning B: Planning and Design 33 21-37 

[44] QISHLAQI A, MOORE F, FORGHANI G characterization of metal pollution in soils under 
two land use patterns in the Angouran region, NW Iran: a study based on multivariate data 
analysis Journal of Hazardous Materials 172 (1) 374-384 

[45] OLIVER D P, BALDOCK J A, KOOKANA R S, et al 2005 The effect of landuse on soil 
organic carbon chemistry and sorption of pesticides and metabolites Chemosphere 60(4) 
531-541  

[46] POUYAT R, GROFFMAN P, YESILONIS I, et al 2002 Soil carbon pools and fluxes in urban 
ecosystems Environmental pollution 116 S107-S118 

[47] SCAlENGHE R, MARSAN F A 2009 The anthropogenic sealing of soils in urban 
areas Landscape and urban planning 90(1-2) 1-10 

[48] WEI B, YANG L 2010 Microchemical Journal 94(2) 99-107  
[49] ZHAO D, LI F, WANG Ret al 2012 Journal of soils and sediments 12(4) 519-530 
[50] ALBERTI M, BOOTH D, HILL K, et al 2007 Landscape and urban planning 80(4) 345-361 
[51] ORTEGA-ALVAREZR, MACGREGO R- FORS I 2009 Landscape and urban planning 90(3-4) 

189-195 
[52] SANG S, SEA H 2009 Landscape ecological approach to the relationships of land use patterns 

in watersheds to water quality characteristic 92 (2) 80-89 
[53] CARRUS G, SCOPELLITI M, LAFORTEZZA R, et al 2015 Landscape and Urban Planning 

134(2) 221-228 
[54] TRATALOS J, FULLER R A, WARREN P H, et al 2007 Landscape and urban planning 83(4) 

308-317 
[55] NEWBOLD T, HUDSON L N, HILL S L L, et al 2015 Nature 520(7545) 45-50 
[56] PIMM S L, JENKINS C N, Abell R, et al 2014 Science 344(6187) 987-997 
[57] SANDITER P A, SUTTON-GRIER A E, WARD B P 2015 Ecosystem Services 12 1-15 
 


