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Abstract. Coping with various ecological risks caused by extreme weather events of
global climate change has become an important issue in regional planning, and storm
water management for sustainable development. In this paper, taking Shanghai, China
as a case study, four potential ecological risks were identified including flood disaster,
sea-source disaster, urban heat island effect, and land subsidence. Based on spatial
database, the spatial variation of these four ecological risks was evaluated, and the
planning area was divided into seven responding regions with different green
infrastructure strategy. The methodology developed in this study combining ecological
risk evaluation with spatial regionalization planning could contribute to coping with
global climate change.

1. Introduction

Global climate change, which caused temperature rise, sea level rise, rainfall imbalance and other
phenomenons, has become an important topic [1]. And there are increasing extreme weather events
caused by these phenomenons, for example, frequently extreme rainfall and heatwave [2, 3], with long
term and aggravating impacts [4, 5], can lead to enormous economic losses [6], and cause serious
impact on human society. However, in developing countries, due to the limited economic power, and
scientific and technological level, it would be more vulnerable when facing with extreme climate
events [7]. In the process of rapid urbanization in China, green infrastructure, especially lakes,
floodplains, arable land, woodland, and wetland, is reducing by large areas. As thus, the regional
resilience is deteriorating. According to the data from Ministry of Construction [8], during 2007-2015,
More than 360 cities in China suffered from water logging, one-sixth of these last for over 12 hours,
with the depth of flood over 0.5 m. For coping with global climate change in urban development,
compared with blindly focusing on infrastructure construction and post-disaster recovery, it will be
more efficient to practice antecedent planning, [7].

There are mitigation and adaptation measures for coping with global climate change [9]. Mitigation
measures depends on land use adjustment and carbon capturing to reduce the emission of greenhouse
gas, which is a fundamental way but take a long time to come into effect. Adaptation measures, aiming
at certain disaster prevention, is a targeted way. Green infrastructure, a regional life-support system, is
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a spatial network forming by green and blue space of urban, rural, and natural area [10]. It depends on
spatial pattern optimization, and ecological engineering integrated with mitigation and adaptation
measures, to improve ecosystem resilience and management at multi-scale for coping with global
climate change.

To deal with extreme weather events of global climate change, European Union has launched green
infrastructure planning since 2010 [11]. The major cities in the UK have carried out spatial planning
focusing on green infrastructure to prevent various potential disasters. Among these, the coastal cities
attached great importance to extreme rainfall, typhoon, high temperature, and urban heat island effects
related to global climate change [12]. In China, the impact of global climate change on ecological and
hydrological processes, such as surface water quality [13] and wetland hydrology [14], is also getting
an increasing attention from scholars and government sectors. It has become an important part of
regional planning to strengthen disaster control, and water resources management. Since the State
Council promulgated the “Opinions on Promoting Sponge City Construction” in 2015 [15], China has
launched 30 pilot sponge city projects (a common use term in China, internationally known as low
impact development of rainwater systems), aiming at consuming or utilizing 70% of the rainfall
locally, and minimizing the impact of urban development on the ecological environment through green
infrastructure.

Although there have been plenty of researches and practices on ecological risk responding in urban
planning [16,17], the fundamental mitigation of climate change and its impact has always been
ignored. Josef Jabareen (2013), developed a conceptual framework for coping with climate change and
environmental risk [18], but an operational spatial analysis and planning methodology for big cities in
developing countries is still not reported. Hence, there is a strong desire to identify and evaluate
ecological risks from the perspective of global climate change to promote regionalization planning of
green infrastructure. And measures system with both mitigation and adaptation ones is the key to deal
with ecological risks caused by global climate change. The objective of this research is to develop a
methodology combining ecological risk evaluation and spatial regionalization planning, to provide an
approach for the current sponge city construction in China, and to promote sustainable development
under the background of global climate change. Taking Shanghai, China as a case study, based on
main impacts of global climate change, we identified and evaluated the major ecological risks of
Shanghai, and then developed spatial strategic planning for green infrastructure.

2. Materials and methods

2.1. Study area

Shanghai, is located in the Middle-Lower Yangtze River Plain, east part of China, with flat terrain.
With Yangtze River to the north, East China Sea to the east, and Hangzhou Bay to the south, it is not
only the boundary between the sea and land, but also the border of salt and fresh water. As the biggest
economic center in China, Shanghai is proceeding to be one of international centers for economic,
finance, trade and shipping. However, under the background of global climate change, due to
simultaneous rainfall and heat, centralized storm surges, and unorderly spreading of built-up area,
potential ecological risks could threaten its sustainable development. Green infrastructure planning can
contribute to coping with various ecological risks, and increasing the potential of city development.
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Figure 1. Location of Study Area.
2.2. ldentification and Evaluation of Ecological Risks

2.2.1. Flood disaster. With simultaneous rainfall and heat, and centralized storm surges, Shanghai
faces a great risk of flood disaster. And the damage could expand in a large area because of the flat
terrain, and the lack of valley catchment. Moreover, under the effect of global climate change, rain fall
in monsoons in Shanghai is increasing [7, 14]. As a result, flood disaster risk is one of the serious
extreme weather events in Shanghai.

In order to avoid the occasional factors in single time rainfall, we adopt Yong Shi’s research results
[19]. Based on the statistical data, the risk of flood disaster risk was evaluated by rainfall frequency,
intensity and affected area.

2.2.2. Sea-source disaster. The sea-source disaster refers to various disasters, such as waves, tsunamis,
and seawater intrusions. Global climate change causes temperature rise, which triggered the sea-level
rise. The global average sea level witnesses an average annual growth of about 3.1 (2.4 to 3.8) mm
from 1993 to 2003 [20]. Sea level of Shanghai have rose by 115mm from 1978 to 2007, far higher
than other coastal areas in East China [21]. And seawater intrusion accelerates coastal salinization [22],
followed by ecosystem degradation. As a coastal city, Shanghai faces a great threat of soil salinization
and erosion [23] caused by sea level rise, even worse, land subsidence will exacerbate the impact of
disasters [24].

Although damage scale of waves and tsunamis invasion is usually uncertain [25], through plenty of
exist research results, we determined high-risk region within 600 m from the coastline, and the sub-
high-risk region of 600-1500 m from the coastline.

2.2.3. Urban heat island effect. In the context of the greenhouse effect and global warming, as
Shanghai is one of the several metropolises in China, built-up area is highly concentrated, the urban
heat island phenomenon in Shanghai has expanded and strengthened rapidly since 1980s [26], with an
annual occurrence rate of 87.8% [27]. With the global climate change, the continuously increasing
average temperature [28] and the frequent heat waves [7] will make Shanghai face a more severe heat
island effect. During 1961-2013, the high temperature heat waves in central urban area of Shanghai
increased 0.8 times every 10 years on average [29]. At the same time, heat island effect promotes
climate warming in turn. In the last 50 years, China’s urban heat island effect contributes about 30% to
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climate warming [30,31]. Thus, the vicious circle of heat island effect and climate change is one of the
major problems in the development of metropolises like Shanghai.

The evaluation of urban heat island effect is generally conducted by remote sensing calculation and
surface temperature correction method [32]. In this study, research results of Rui Chen [33] was
integrated. To mitigate the heat island effect, potential ventilation corridor should be identified. The
heat island effect is closely related to the land use type [32]. Vegetation and water areas are effective
in controlling heat island effect [34,35]. However, because of the high level of city development in
Shanghai, the potential to enlarge urban green space at large area is relatively low. Hence the potential
ventilation corridor was identified based on the main rivers and wind direction in Shanghai.

2.2.4. Land subsidence. Although land subsidence is not caused by global climate change, it will
exacerbate the impact of related extreme weather events. In Shanghai, due to overdrawn groundwater
and highly concentrated built-up areas, land subsidence has lead to the elevation of main urban area
lower than the average high tide level of the Huangpu Park Coastal Observation Station in Shanghai
for many years. It aggravates the damage of floods, reduces the urban drainage capacity, brings
various secondary disasters [36], and directly hinders the sustainable development of the city.
Evaluation of land subsidence generally depends on the detection of relevant data. Here we
integrated the research results of Han-Mei Wang [24] to assess the risk and vulnerability of land
subsidence. The risk of land subsidence is evaluated according to its occurrence rate and impact extent.
The vulnerability is evaluated according to the probability and degree of the damage of suffering area.

2.3. Integration and Analysis of Spatial Data

Spatial database of the above four ecological risks in Shanghai was established, based on ArcGIS 10.2,
and integrated with existing research results. Through spatial superposition analysis and spatial
dominance technology, spatial variation of overall ecological risks is evaluated. And then green
infrastructure strategy plan was developed based on the evaluation results, and responding mitigation
and adaptation measures were suggested.

3. Results

3.1. Individual Risk Evaluation

Flood disaster risk (Figure 2. a). Among the districts in Shanghai, Minhang District faces with the
lowest flooding risk, while Qingpu District, Songjiang District, Baoshan District, and south part of
Pudong New District face with the highest. In the other part of Shanghai, flooding risk is medium.

Sea-source disaster risk (Figure 2. b). As the land subsidence is relatively serious in Pudong New
District, the risk of tidal intrusions is aggravated. The high risk area locates in the coastal area south of
the Huangpu River Estuary, while the sub-high risk area is distributed across the water and land
boundary line between the Yangtze River and the coast.

Urban heat island effect risk (Figure 2. ¢). Due to the highly concentrated built-up area in the main
urban area, high risk of heat island effect is also concentrated here, including Minhang District,
Jiading District, south part of Baoshan District, and west part of Pudong New District.

Land subsidence risk (Figure 1. d). High risk of land subsidence is inside and surrounding the main
urban area. Eastern coastal areas present a higher risk of land subsidence than the west. And the risk is
relatively low at the Yangtze islands.
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Figure 2. Individual evaluation of climate disaster risk of Shanghai.

3.2. Spatial regionalization planning of Green infrastructure

Based on the individual risk evaluation, through spatial superposition analysis, spatial variation of
requirement for coping with global climate change is evaluated, and the planning area is divided into
responding regions (Figure 3.). At the same time, for each region, the main ecological risks were
presented, and the responding measures (Appendix) of green infrastructure was suggested (Table 1.).

3.2.1. Sea-source disaster region. 1) Sea-source disaster high-risk region is within 600 m from the
coastal line. As land subsidence exacerbates the risk of sea-source disaster, these two risks are both
key responding objects in this region. It is necessary to enhance the resilience of built-up area, and
strengthen vegetation carbon sinks dominated by coastal shelterbelts. 2) Sea-source disaster sub-high-
risk region is 600-1500 m from the coastal line. In this region, vegetation carbon sinks should be
strengthened, with multifunction of not only controlling soil salinization, but also taken as flood
discharge areas to reduce the effect of seawater intrusion.

3.2.2. Intensive built-up region. It is located in Minhang District and the surrounding, where heat
island effect and land subsidence is aggravating as a result of dense built-up area. Green infrastructure
strategy involves enlarging vegetation carbon sinks especially through vertical greening, setting up
flood discharge area, and improving the ventilation function of green space.

3.2.3. Comprehensive region. Located in the main urban area and north part of Pudong New District,
it is an important region for urban development. Directly affected by flooding, there is heat island
effect and land subsidence, facing with a comprehensive requirement of disaster prevention. Thus in
this region, various forms of vegetation carbon storage, ecological restoration of wasteland, multi-
scale flood storage system, sustainable storm water management, resilience improvement of built-up
area, and maintenance of ventilation corridors are strongly required.

3.2.4. Flood disaster region. 1) Flood disaster high-risk region, located in Qingpu District, Songjiang
District, and Baoshan District, is the most import region to control flood disaster in Shanghai. 2) Flood
disaster sub-high-risk region, located in Jiading District and south part of Pudong New District, is a
less but still important region to control flood disaster. To increase the responding capacity of flood
disaster, the current water system should be improved and further multi-scale flood storage system and
sustainable storm water management should be established.

3.2.5. Main rivers region. Composed by Huangpu River, Suzhou River, and other main rivers in
Shanghai, it is the most important thorough open space in main urban area, playing a significant role
as corridors to maintain the ventilation between inside and outside of the urban area. In order to better
cope with the urban heat effect, the ventilation function of these main rivers should be improved
through riverside buffers and open space.
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3.2.6. Low risk region. There is relatively low degree of disaster impact in this region. Despite there is
no urgent requirement of disaster control, it is meaningful to maintain regional ecological healthy and
sustainable development through mitigation measures when coping with global climate change.
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Figure 3. Spatial strategic plan of Green Infrastructure.

Table 1. Main risk types and suggested measures of each green infrastructure strategic region. (Risk
types, R1=flood disaster risk, R2=sea-source disaster risk, R3=urban heat effect risk, R4=land
subsidence risk. Mitigation measures, M 1=vegetation carbon sinks [37,38], M2=ecological restoration
of wasteland. Adaptation measures [39,40], Al=multi-level flood storage system [41,42], A2=
sustainable storm water management [43], A3=resilience improvement of built-up area [44,45], Ad=
ventilation corridors [46,47].)

Green Infrastructure Strategic Regions Risk Types Responding Measures
Sea-source disaster region R2, R4 M1, A1, A2, A3
Intensive built-up region R3, R4 M1, M2, Al, A2, A3, A4
Comprehensive region R1, R3,R4 M1, M2, Al, A2, A3, A4
Flood disaster high-risk region R1, R4 M1, Al, A2,
Main rivers region R3 M1, A4
Low risk region MI, M2

4. Discussion and conclusion
The results of this study indicated that the methodology we developed in this research provides an
approach for regional green infrastructure planning in coping with global climate change. By focusing
on identification and evaluation of potential ecological risks caused by global climate change, spatial
regionalization planning of green infrastructure involving with measures both mitigation and
adaptation ones can be developed. Except for directly disaster control, it allows the fundamental
mitigation of climate change which is crucial for long term sustainable development, however, has
always been ignored among exist research results [16, 17].

In the case study of Shanghai, China, we identified four ecological risks, seven responding regions,
and six responding measures for green infrastructure focusing on global climate change. Although it is
just the first step for coping with global climate change, this methodology combining ecological risk
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evaluation and spatial regionalization planning, provides a basis for a further comprehensive and
operational tool for green infrastructure planning and implementation. In the practice of current
sponge city construction in China, the emphasis of coping with climate change through green

infrastructure will contribute to sustainable development.
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Appendix. Responding measures toward global climate change

Measures | Principles

| Targeted risks

Approaches

Mitigation measures

-To enhance the

capacity of -All of the -To expand vegetation cover by the
MI1. Vegetation | vegetation carbon | identified 4 risks, means of coastal shelter forest, urban
carbon pool; esp. sea-source green space, and vertical greening;
sinks[37,38] -To improve other | disaster, and heat | -To increase vegetation greenness by
ecosystem island effect multi-layered plant communities.
services;
M2. Eco.loglcal “To improve All of the -Soil restoration provides foundation
restoration of . . . . for vegetation carbon storage;
various ecosystem | identified 4 risks , . .
wasteland [39, services esp. flood disaster -Wetland Restoration contributes to
40] ) p- flood disaster control.
Adaptation measures
-To enhance the
responding ability -To optimize city spatial pattern;
Al Multi-scale towar@s extreme Flood disaster, -To explore flood storage cqltwated
rainfall; land and wood land surrounding urban

flood storage -To promote the

-Land subsidence

area on city scale, urban parks on

system . . -Sea-source .
Y surface infiltration . district scale, ponds and wetland on
[41,42] disaster .
and underground town scale, and greening on the
water recharge; community scale.
-Locally rainwater infiltration, through
the non-concreted ground to facilitate
. surface water infiltration and
-To utilize roundwater recharge;
A2. Sustainable | rainwater resource; -Flood disaster grou . &8¢
-Separation drainage system of
storm water -To return -Urban heat .
. . rainwater and sewage, to promote
management [43] | rainwater back to island effect . o ]
respective utilization and treatment;
ecosystem. . .
-Decentralized processing, to focus on
sub-systems of storm water
management at a smaller scale.
-To improve -Comprehensive planning and design to
. ilding standar . mbine with the construction of
A3. Resilience build g5 dard -Flood disaster, - o b ew ¢ construction o
. of disaster vegetation carbon storage, multi-scale
improvement of . Sea-source
. prevention; . flood storage system, and other
built-up area disaster,

—To increase
resilience of built-
up area.

[44,45]

-Land subsidence

ecological measures, to enhance
disaster prevention capabilities of built-
up area.
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-To Promote
ventilation

-Alon th si f rivers, to maintain
between urban and ong both sides o °rs, to

buffer area with a width of 100-200 m

A4. Ventilation rural area; -Urban heat in rural area. and 50-100 m in urban
corridors [46,47] -To reduce island effect . ’ o g .
temperature area with a low building density and

through vegetation certain proportion of green belt.

and waters areas

References

[1] Core Writing Team, R.K. Pachauri, A. Reisinger (Eds.), Assessment Report of the
Intergovernmental Panel on Climate Change. Climate Change 2007: Synthesis Report.
Geneva, Switzerland, IPCC, 2007, pp. 4-5.

[2] N.S. Diffenbaugh, J. Bell, L. Sloan. Simulated changes in extreme temperature and precipitation
events at 6 ka. Palacogeography Palacoclimatology Palacoecology. 236.2(2006) 151-168.

[3] M. Beniston, D.B. Stephenson, Extreme climatic events and their evolution under changing
climatic conditions. Global and Planetary Change. 2004 (44) 1-9.

[4] K. Goubanova, & L. Li, Extremes in temperature and precipitation around the mediterranean
basin in an ensemble of future climate scenario simulations. Global & Planetary Change.
57(1) 27-42.

[5] V.V. Kharin, F.W. Zwiers, Estimating Extremes in Transient Climate Change Simulations.
Journal of Climate. 2005 (18) 1156-1173.

[6] C. Rosenzweig, F.N. Tubiello, R. Goldberg, et al., Increased crop damage in the US from
excess precipitation under climate change. Global Environmental Change. 2002 (12) 197-
202.

[7] Mirza, M.Q. M., Climate change and extreme weather events: can developing countries adapt?
Climate Policy. 2003, 3 (3) 233-248.

[8] Information on http://www.mohurd.gov.cn/

[9] Eales. Ric, Climate Change Mitigation and Adaptation Implementation Plan for the draft South
East Plan[R]. London: Collingwood Environmental Planning. 2011 10.

[10] M.A. Benedict, E. Mcmahon, Green Infrastructure: Linking Landscapes and Communities.
Natural Areas Journal, 2006(3):282-283.

[11] European Commission, Green Infrastructure implementation. Proceedings of the EC conference,
Brussels, Belgium, 19 November 2010.

[12] J.B. Ellis. Sustainable surface water management and green infrastructure in UK urban
catchment planning. Journal of Environmental Planning & Management. 2013, 56 (1) 24-41.

[13] X.H. Xia, Q. Wu, X.L. Mu, Advances in impacts of climate change on surface water quality.
Advanced in Water Science. 2012 23(1) 124-133.

[14] L.Q. Dong, G.X. Zhang, Review of the impacts of climate change on wetland ecohydrology.
Advanced in Water Science, 2011, 22(3) 429-436.

[15] The State Council of China, Opinions on Promoting Sponge City Construction. The State
Council of China. 2015, N.75.

[16] Y. Zhou, M. Liu, Risk assessment of major hazards and its application in urban planning: a case
study. Risk Analysis. 2012, 32 (3) 566-577.

[17] S. Albanese, B.D. Vivo, A. Lima, et al., Prioritising environmental risk at the regional scale by a
GIS aided technique: The Zambian Copperbelt Province case study. Journal of Geochemical
Exploration. 2014, 144 433-442.

[18] Y. Jabareen, Planning the resilient city: Concepts and strategies for coping with climate change
and environmental risk. Cities, 2013, 31 (2) 220-229.

[19] Y. Shi. Research on Vulnerability Assessment of Cities on the Disaster Scenario A Case

study of Shanghai City. East China Normal University, Shanghai, 2010.




ESMA 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 108 (2018) 042077  doi:10.1088/1755-1315/108/4/042077

[20]

21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]

M.L. Parry, O.F. Canziani, J.P. Palutikof, et al. (Eds.), Contribution of Working Group II to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, 2007, pp. 976.

W.G. Wang, G.G. Zheng. Green paper on climate change: report on climate change. Social
Sciences Academic Press, Beijing, 2013, pp. 1-371.

L. Kouzana, A.B. Mammou, M.S. Felfoul, Seawater intrusion and associated processes: Case of
the Korba aquifer (Cap-Bon, Tunisia). Comptes Rendus Geoscience. 2009 (341) 21-35.

M. Li, B.S. Duan, Risk Analysis on Flood Disaster of Shanghai Ecology Environment.
Shanghai Environmental Science.1996, 15(12) 45-47.

H.M. Wang, Study on Risk Evaluation and Control Schemes of Land Subsidence in Shanghai
City. Shanghai Geology, 2010 (4) 7-11.

Z K. Zhang, L. Xie, D.Y. Yang, et al., Progress in the Study of Tsunami Deposits in the Past 20
Years. Marine Geology & Quaternary Geology. 2010, 30 (6) 133-140.

C. Zhang, Multiple Time Scales Analysis of Urban Heat Island and Numerical tests in Shanghai.
East China Normal University, Shanghai, 2011.

L.T. Deng, J. Shu, C.Y. Li, Character Analysis of Shanghai Urban Heat Island. Journal of
Tropical Meteorology. 2001, 17(3) 273-280.

World Meteorological Organization (WMO), WMO statement on the status of the global
climate in 2009. Switzerland, 2010, pp. 4-5.

Shanghai climate center, Shanghai climate change monitoring bulletin (2013). Shanghai, 2014,
pp. 1-35.

G. Ren, Y. Gu, Z.Y. Chu, J.X. Zhou, et al., Urbanization effects on observed surface air
temperature in North China. Journal of Climate. 2008, (21) 1333-1348.

P.D. Jones, D.H. Lister, L. Qingxiang. Urbanization effects in large-scale temperature records,
with an emphasis on China. Journal of Geophysical Research. 2008, pp. 113.

F. Chen, B.Y. He, Z.Y. Long, et al., A Spatial Analysis of Urban Heat Island and Underlying
Surface Using LANDSAT ETM +. Remote Sensing for Land & Resource. 2008, 2 (76) 56-
60.

R. Cheng, Research on methods of thermal environment monitoring and heat island effect of
urban residential district in Shanghai City. East China Normal University, Shanghai, 2009.
X.L. Chen, H.M. Zhao, P.X. Li, et al., Remote sensing image-based analysis of the relationship
between urban heat island and land use/cover changes. Remote Sensing of Environment.

2006, (104) 133-146.

J.X. Li, C.H. Song, L. Cao, et al., Impacts of landscape structure on surface urban heat islands:
A case study of Shanghai, China. Remote Sensing of Environment. 2011, (115) 3249-3263.

W.R. Zhang, Z.L. Duan, Z.Q. Zeng, et al., Feature of Shanghai Land Subsidence and Its
Damage to Social- economic System. Journal of Tongji University, 2002, 30 (9) 1129-1133.

J. Kang, X.F. Meng, Y.Y. Xu, et al., Effects of different vegetation types on soil organic carbon
pool in costal saline-alkali soils of Jiangsu Province. Soils. 2012, 44 (2) 260-266.

T. Ma, Development dilemma and countermeasures of carbon sequestration in forest land and
green land in Shanghai. Journal of Chinese Urban Forestry. 2011, (2) 23-25.

Z. Yang, Studies on Enhanced Techniques of Phytoremediating Cinnamon Soil Contaminated
with Cadmium, Lead and Zinc. Agriculture University of Hebei, Shijiazhuang, 2009.

XY. Liu, Y.L. Li, Research on wetland ecological restoration and landscape planning —with
the ecological restoration project of Qingxi wetland of Shanghai as the example. Chinese
Landscape Architecture. 2009, (8) 75-78.

Q. Jian, Promoting the research and practice of rainwater harvesting green space construction in
Beijing. Chinese Landscape Architecture. 2015, (06) 5-10.

7.Q. Xu, Z.Q. Qin, HW. Du, et al., Integrated constructed wetland for treatment of initial
rainwater and micro-polluted river water in coastal saline-alkali area. China Water &
Wastewater. 2016, (13) 6-9.



ESMA 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 108 (2018) 042077  doi:10.1088/1755-1315/108/4/042077

[43] A. Zameer, D.R.M. Rao, K.R.M. Reddy. Sustainable storm water management - An evaluation
of depression storage effect on peak flow. International Conference on Green Technology
and Environmental Conservation IEEE. 2012 336-340.

[44] R. Leichenko, Climate change and urban resilience. Current Opinion in Environmental
Sustainability. 2011, 3 (3) 164-168.

[45] M. Alberti, J.M. Marzluff, Ecological resilience in urban ecosystems: Linking urban patterns to
human and ecological functions. Urban Ecosystems. 2004, 7 (3) 241-265.

[46] O.E. Abiye, O.E. Akinola, L.A. Sunmonu, et al., Atmospheric ventilation corridors and
coefficients for pollution plume released from an Industrial Facility in Ile-Ife Suburb,
Nigeria. 2016, 10(10):338-349.

[47] M. Wicht, A. Wicht, K. Osinska-Skotak, Detection of ventilation corridors using a spatio-
temporal approach aided by remote sensing data. European Journal of Remote Sensing. 2017,
50 (1) 254-267.

10



