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Abstract  14 

Over the few last decades, increasing population and expansion of urban areas has triggered 15 

faster land degradation. This manuscript reviews the most significant soil and water 16 

degradation processes in urban areas and their environmental impacts. Urban soils are 17 

partially sealed and subject to severe compaction, erosion and contamination from several 18 

sources (e.g. vehicular traffic and inappropriate waste disposal), which restrict their ability 19 

to provide ecosystem services. Water resources are also under great urban pressure, due to 20 
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changes in flow processes, namely increasing runoff and flashiness linked to enhanced 21 

flood hazard, and decreasing water quality and degradation of aquatic ecosystems. 22 

Persistent pollutants such as heavy metals and polycyclic aromatic hydrocarbons have been 23 

found in urban environments. Long-term monitoring programs to quantify better the 24 

magnitude of degradation processes and their environmental impacts are still required. 25 

Runoff, erosion and pollutant sources as well as their transport within the landscape are 26 

highly variable, and the impact of distinct urban patterns on water, sediment and pollutant 27 

connectivity between the sources and water bodies remains a research challenge. 28 

Information regarding land degradation processes and their spatio-temporal dynamics 29 

within urban catchments will help to guide decision-makers and policy actors towards 30 

sustainable solutions to achieve urban sustainability and the good ecological status of 31 

aquatic ecosystems. 32 

 33 

Keywords: urbanization, land degradation, soil, water resources, contaminants  34 

  35 

1. Introduction  36 

World population has increased exponentially over the last few decades and is expected to 37 

reach 10 billion by 2056 [1]. Currently 54.9% of total population lives in urban areas [1], 38 

but by 2050 the urban fraction will have reached 66% of world population and 82% of 39 

European population [2]. Since 1950s the urban surface area in Europe has expanded by 40 

78%, while the urban population has grown by just 33% [3]; this is due to much of the 41 

expansion being in peri-urban areas (transition zones between urban and rural areas) where 42 
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population densities tend to be lower [4]. Urban areas occupy around 3% of the world’s 43 

surface [5] and are currently growing relatively slowly (0.5–0.6% per year), whereas peri-44 

urban areas are expanding at four times this rate [6]. In 2012, the land taken for urban 45 

development in 39 countries of Europe exceeded 1000 km2 per year, which is an area three 46 

times the size of Malta [4]. 47 

Land is a complex resource composed primarily of soil, water and biodiversity [4]. It is also 48 

a finite resource providing important ecosystem goods and services to society [7]. Land 49 

consumption through urbanization and peri-urbanization has adverse environmental effects, 50 

such as (i) climatic change, primarily via the urban heat island [8]; (ii) loss of biodiversity 51 

due to vegetation removal and landscape fragmentation, which in turn increase endangered 52 

species and the spread of invasive species [4]; and (iii) soil, water and air contamination 53 

[9,10], with negative impacts on human health.  54 

Soil degradation in urban areas, including sealing, compaction and erosion, has several 55 

detrimental impacts on urban welfare and sustainability. For example, urbanization of steep 56 

slopes has been responsible for many landslides, some of them causing human fatalities, as 57 

well as economic and property damage [11]. Soil degradation also impairs ecosystem 58 

services provision [7], enhances the vulnerability of urban communities to natural hazards 59 

and climate change impacts, with consequences for water, energy and food availability 60 

[11]. For example, inadequate urban planning and management enhances flood hazard [12]. 61 

Floods are among the most common, dangerous and costly of all natural disasters, affecting 62 

the livelihoods of millions every year [13]. In the European Union, annual estimated costs 63 

of floods averaged €4.9 billion between 2000 and 2012, but may increase to €23.5 billion 64 
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by 2050 with climate change [14]. Coastal and fluvial flooding costs over the world could 65 

increase from about €21.8 trillion in 2010 to €64.4 trillion in 2050 [15].  66 

It is important that processes of soil and water degradation associated with urbanization are 67 

understood and considered when formulating planning and adaptation strategies to achieve 68 

more sustainable urban development. This manuscript reviews recent literature on soil and 69 

water degradation processes in urban and peri-urban areas, highlighting research gaps and 70 

proposing ways forward to mitigate land degradation due to urbanization.  71 

 72 

2. Soil degradation 73 

Soils are an important part of the urban ecosystem, but they are highly susceptible to 74 

sealing, compaction, erosion and contamination (Figure 1), which are recognized as some 75 

of the main threats to European soils [16].  76 

 77 

2.1 Physical degradation 78 

Sealing is the covering of soil by artificial materials of limited permeability (e.g. asphalt 79 

and concrete). Soil sealing is effectively irreversible and affects ecosystem services, such as 80 

water infiltration and groundwater recharge [17], carbon sequestration [18], habitat 81 

fragmentation and loss of soil biodiversity [16], which in turn inhibits or slows down 82 

nutrient cycles [19]. In EU27, up to 35% of biodiversity is expected to be lost from 2000 to 83 

2030 due to soil sealing [20]. Sealing also affects the scale of heat island effects [8], since 84 

highly sealed areas can be up to 20°C hotter than green shaded surfaces [21].  85 

In the EU, the area of artificial surfaces increased from 4.1% in 1990 to 4.4% in 2006 [22]. 86 

Soil sealing is not regulated at the European level, but guidelines to reduce the percentage 87 
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of sealed surfaces within urban areas have been published by the European Commission 88 

[20].  89 

Soil compaction is a form of physical degradation resulting from human and animal 90 

trampling (including in gardens) and vehicular traffic, particularly of heavy machinery 91 

during construction work. It involves the degradation of soil biological activity and soil 92 

productivity of food and biomass, and leads to reductions in water infiltration and the 93 

storage capacity of soils, and resultant increases in erosion risk on sloping ground [16]. Soil 94 

compaction is linked to higher bulk density, reported to be 30% greater in urban than 95 

agriculture areas, and 60-90% higher than in forest soils [17].  96 

In urban environments, soil erosion is prone to occur in areas of bare soil, in construction 97 

sites and along road edges [22,23], due to disturbed soil profiles and low organic matter 98 

content, which enhance soil susceptibility to erosion by rainsplash and overland flow 99 

during rainfall events [24]. Types of soil erosion by water include sheet erosion (also called 100 

slopewash), rill erosion and gully erosion. Gullies represent the most severe form of 101 

erosion, and although physical processes leading to gully initiation and evolution are 102 

similar in urban and rural areas, the development of urban gullies is closely related to 103 

construction activities, road development and inadequate planning of the urban drainage 104 

system [25]. 105 

Erosion depletes fertile topsoil, leading to land degradation and off-site problems such as 106 

siltation of surface water bodies. Furthermore, it is often linked to reduced environmental 107 

quality due to potential contamination from urban eroded soils.    108 

Soil erosion is one of the greatest worldwide environmental concerns [26]. In the EU28, 109 

around 11.4% of territory is characterized by a moderate to high soil erosion rate (>5 Mg 110 

ha-1 per year) and 0.4% of land suffers from extreme erosion (>50 Mg ha-1 per year) [4]. 111 
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Line and White [27] reported sediment losses from an area undergoing construction about 112 

95% greater than in forested and agricultural areas. This highlights the relevance of 113 

sediment control measures as important aspects of catchment management [26].  114 

 115 

2.2 Chemical degradation 116 

Soil contamination is prone to occur in urban areas as a result of excessive amounts of 117 

contaminants released by industrial, domestic and commercial activities, transport and 118 

inadequate waste disposal, from both proximal (e.g. vehicle emissions and domestic 119 

heating) and more distal (e.g. atmospheric transport) sources [28]. Pollutants found in urban 120 

soils include heavy metals, polychlorinated biphenyls (PCBs), polycyclic aromatic 121 

hydrocarbons (PAHs) and phthalate esters/phthalic acid esters (PAEs) [8,29]. 122 

Soil contamination by heavy metals can arise from the use of wastewater for irrigation in 123 

parks, road traffic and the use of sewage sludge [30]. Sites close to traffic routes are 124 

typically enriched with heavy metals, directly related to the frequency of vehicles, as a 125 

result of tyre wear particles and weathered street surfaces [31]. Heavy metals have been 126 

subject to increasing attention because they persist in the environment [32]. Thus they may 127 

cause adverse ecological effects through their impact on activities of soil organisms, 128 

disruption of biogeochemical cycles and changes on foodweb functioning [16]. Heavy 129 

metals can come into contact with humans as suspended dust or by ingestion in soils of 130 

kindergarten [33], urban parks and lawns [34] and urban woodland soils [30], thus causing 131 

human health effects [33].  132 

PAHs in urban soils result from long-term deposition of contaminated particulates [29]. 133 

They primarily originate from anthropogenic sources such as vehicular emissions, fossil 134 

fuel combustion and chemical manufacturing [29,35]. PAEs, in turn, have been attributed to 135 
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the application of plasticizers or additives, emissions of construction materials and home 136 

furnishings, industrial processes, utilization of cosmetics and personal care products, and 137 

atmospheric deposition [29]. PAHs and PAEs represent major groups of toxic pollutants 138 

that can be found in urban soils at potentially hazard levels.  139 

Urban soils are considered to be regional sinks of chemical emissions [34], with higher 140 

background contents of pollutants, although not necessarily exceeding risk levels. The 141 

Directive 2010/75/EU [36] provides a list of human activities posing a risk of contaminant 142 

emissions. In 2011-12, the European Soil Data Centre identified 2.5 million contaminated 143 

sites by point pollution and estimated 11.7 million potentially contaminated sites across 144 

Europe [37]. Annual management of contaminated sites are estimated to cost around €6 145 

billion [37].  146 

 147 

3. Water resources degradation 148 

3.1 Hydrological changes driven by urbanization 149 

Urbanization modifies the rainfall paths of the natural water cycle, through (1) the 150 

replacement of vegetation by sealed surfaces, (2) changes in soil physical properties driven 151 

by urbanization, such as aggregate arrangement, pore space and soil hydraulic properties 152 

[38], and (3) the use of artificial drainage systems, which collect excess runoff from urban 153 

surfaces and convey it to stream channels.  154 

Significant impacts of urbanization on the water cycle, and particularly on streamflow, have 155 

been reported since the 1960s, but there are differences between research studies. These 156 

differences reflect the influence of a number of biophysical catchment properties on 157 

rainfall-runoff processes, including (i) mean slope and mean elevation [39], (ii) lithology 158 
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and soil properties (such as texture) influencing infiltration capacity [40]; (iii) previous 159 

land-use [41]; (iv) type of storm drainage system [19] and urban pattern [42]. 160 

Compared with agriculture and forest land-uses, urbanization decreases evapotranspiration 161 

[38] and groundwater recharge [38,43], and increases overland flow and stream runoff [44] 162 

(Figure 1). Decreased groundwater recharge often results from reduced infiltration in urban 163 

areas, but some studies report increases in groundwater recharge rates due to reductions in 164 

evapotranspiration linked to surface sealing or simply to reduced vegetation [45]. Increased 165 

runoff would have distinct impacts according with the catchment size. In small catchments, 166 

surface runoff is mostly driven by infiltration excess mechanisms linked to soil 167 

compaction/sealing, as a result of high intensity, short duration storms, thus leading to 168 

major impacts on flood peaks. In large catchments, however, the impact of soil 169 

compaction/sealing on floods is not so evident, since floods are often produced by 170 

saturation excess mechanisms, driven by extensive duration storms of lower intensity [46]. 171 

Urbanization reduces surface roughness of paved surfaces and usually comprises runoff 172 

piping through artificial systems, which favour flashiness and enhance hydrograph 173 

recession constant [43]. Urban streams, however, typically display reduced baseflow due to 174 

lower groundwater contributions [38,43], although sometimes water and sewer leakages 175 

within artificial drainage systems may enhance this streamflow component [44].  176 

Urban areas comprise varying spatial mosaics of paved/sealed surfaces and green areas. 177 

Different combinations and spatial arrangements of impervious and pervious surfaces 178 

greatly affect the rainfall-runoff process, as well as the connectivity between land surface 179 

and the drainage network, and thus the speed and magnitude of runoff delivery to the 180 

stream [17,42]. For example, Ferreira et al. [47] recorded response times three times shorter 181 

in urban sub-catchments with continuously built-up areas located downslope, than with 182 
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dispersed urban patterns, due to the greater opportunities for abstraction or storage over the 183 

hillslope. Direct piping of runoff into the stream network also provides greater streamflow 184 

peaks and total streamflow than piping into adjacent areas of permeable soil [40]. 185 

Conventional piped drainage leads to four times greater runoff than a swale drainage 186 

system [19]. 187 

 188 

3.2 Deterioration of water quality and impacts on aquatic ecosystems  189 

Pollutants deriving from urban areas include heavy metals [31], PCBs [47], nutrients [48], 190 

pesticides [44], pharmaceuticals [49] and faecal coliforms [50]. Sources of water pollution 191 

in urban areas can include (i) industrial processes and spills [51], (ii) untreated solid waste 192 

disposal and leachate from landfills [52], (iii) wastewater contamination from septic tanks, 193 

leakages in sewage systems and inefficient wastewater treatment [53], (iv) stormwater 194 

runoff [31,54], (v) lawns and gardens maintenance due to inappropriate fertilization and 195 

irrigation [55], (vi) soil erosion [56], and (vii) atmospheric deposition [30].   196 

Runoff from urban areas has been considered a major non-point source of pollutants, 197 

namely due to high loads of heavy metals from roads [35] and rooftops [59]. The type of 198 

paving material (e.g. roads and roofs), the age and its conservation status influence the 199 

runoff composition and pollutant loads [60]. Spatio-temporal differences in road runoff 200 

composition are also driven by vehicular traffic, due to wear of vehicles components, such 201 

as tyres and brakes, as well as fluid losses [31], and gas exhaustion which can be 202 

transported and settled to urban surfaces through dry and/or wet deposition [35].  203 

The type of urban pattern (e.g. isolated houses with gardens versus townhouses), including 204 

the presence or absence of urban drainage system, as well as the location  of urban areas 205 
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and the spatial distribution of different land-uses within catchments, have been recognised 206 

as important parameters affecting pollutant transport and water quality impacts [48,51]. 207 

Detached houses generate greater pollutant loads than high-density residential 208 

developments, due to greater extent of road surface and garden maintenance [55]. Main 209 

roads and industrial areas have been also associated with greater suspended sediments and 210 

heavy metals than residential and commercial areas [51]. 211 

Pollutants due to urbanization may decrease surface water and groundwater quality [44], 212 

and impair aquatic ecosystems [57,59] and water use for human consumption, irrigation 213 

and recreation [48]. Fine sediment has been considered a diffuse source of pollution due to 214 

its absorptive properties for several inorganic pollutants, such as phosphorus, heavy metals 215 

and PAHs in fluvial systems [53,56]. High sediment concentrations from urban areas may 216 

also increase surface water turbidity and reduce light penetration, with detrimental impacts 217 

on photosynthesis and, as a consequence, on dissolved oxygen and food availability to 218 

aquatic life in surface water bodies [60]. Sediment yields from newly urbanizing 219 

catchments tend to be 60 times higher than forest sediment yields and 11 times than 220 

agricultural sediment yields [58].  221 

It is usually accepted that pollutant concentrations increase with percentage urban surface 222 

[54], thus urban cover has been used as an indicator of the ecological and environmental 223 

conditions of an aquatic system [48]. Generally, thresholds of 10% to 30% of impervious 224 

surface cover have been recorded to impair macroinvertebrate communities [59], which are 225 

widely used to assess the ecological status of the urban streams [56]. Nevertheless, some 226 

authors have been arguing that connectivity issues in urban catchments can be far more 227 

important for water quality than percentage of impervious surface [48]. In the context of the 228 
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European Water Framework Directive [62], the mitigation of diffuse urban pollution is one 229 

of the main objectives that requires further investigation. 230 

 231 

4. Research challenges   232 

Land degradation is a worldwide concern. Although there is a considerable research on the 233 

impacts of urban development on impairment of physical, chemical and biological soil and 234 

water properties and their impacts on ecosystem services, cause–effect relationships are not 235 

fully identified. Over the last decade, the role of hydrological connectivity has become a 236 

key issue in catchment hydrology, but the spatio-temporal variation of hydrological 237 

processes is not well understood [55]. The impacts of distinct urban patterns, characterized 238 

by different land-uses (e.g. residential, commercial, industrial) and varying mosaics of 239 

permeable and impermeable surfaces, on land degradation processes are rather complex. 240 

Outcomes to date have been inconclusive, particularly because of relatively scarce within-241 

catchment data on erosion, hydrology and pollutant sources and processes. Further 242 

knowledge on the ability of distinct land-uses to absorb, release and/or transport different 243 

pollutants, and the connectivity between pollutant sources and water bodies requires further 244 

investigation. Knowledge on spatio-temporal dynamics of runoff and pollutant sources, as 245 

well as how connectivity governs water, sediment and pollutant flows within urban areas 246 

(site-scale) and catchment scale is a key research need. 247 

Sediments may have negative consequences on aquatic ecosystems, but the impact of 248 

urbanization on sediment yields of urban catchments is poorly understood [61]. Long-term 249 

monitoring programs and complete national databases of soil erosion and contamination are 250 

required, together with long-term contamination risk assessments. Additional research on 251 
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contamination by emerging pollutants (synthetic or natural chemicals or microorganisms 252 

not usually monitored, such as pharmaceuticals and disinfection by-products) and priority 253 

substances [63] is also required. 254 

Recently, there has been a rising concern to integrate both grey and green infrastructures in 255 

urban areas, aiming to restore pre-development erosion, water and pollutant fluxes, as well 256 

as streamflow regimes and water quality. Nevertheless, implementation of nature-based 257 

solutions to enhance urban sustainability need to be supported by knowledge on land 258 

degradation processes at different scales.  259 

Information on erosion, runoff and pollutant sources and pathways in different types of 260 

urban areas is fundamental to develop and implement cost-efficient strategies to improve 261 

streamflow regime and water quality. This knowledge is needed to guide policy actors, 262 

decision-makers and urban planners in developing more resilient cities and in implementing 263 

the most suitable solutions to achieve good ecological status of aquatic ecosystems. 264 

 265 

Acknowledgements 266 

This work was supported by the Portuguese Science and Tecnhology Foundation through 267 

the Pos-Doctoral Grant SFRH/BPD/120093/2016. Authors are grateful to the two 268 

anonymous reviewers for their contribution.  269 

 270 

References 271 

[1] United Nation (UN): World Population Prospects: The 2017 Revision. Department of 272 

Economic and Social Affairs, Population Division 2017. Available at 273 

www.Worldometers.info. 274 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 13

 275 

 [2] Eurostat: Urban Europe - Statistics on cities, towns and suburbs. Eurostat 2016. 276 

Available at http://ec.europa.eu/ eurostat/documents/3217494/7596823/KS-01-16-691-EN-277 

N.pdf/0abf140c-ccc7-4a7f-b236-682effcde10f. 278 

 279 

 [3] EEA (European Environment Agency): Urban sprawl in Europe - The ignored 280 

challenge. European Environment Agency 2006, Report No 10/2006. 281 

 282 

 [4] EEA (European Environment Agency): Landscapes in transition - An account of 25 283 

years of land cover change in Europe. European Environment Agency 2017, Report No 284 

10/2017. 285 

* This study is the first one to investigate land cover changes in Europe, particularly the 286 

increase in urban land-use between 1990 and 2012. 287 

 288 

 [5] UNEP (United Nations Environment Programme): Global Environmental Outlook: 289 

Environment for the future we want. UNEP 2012. Available at 290 

http://www.unep.org/geo/sites/unep.org.geo/files/documents/geo5 frontmatter.pdf.  291 

 292 

 [6] Piorr A, Ravetz J, Tosics I: Peri-Urbanization in Europe – Towards European 293 

Policies to Sustain Urban-Rural Futures. Synthesis Report 2015. Available at 294 

http://www.openspace.eca.ed.ac.uk/pdf/appendixf/Peri_Urbanisation_in_Europe_printversi295 

on.pdf. 296 

 297 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 14

 [7] Pereira P, Bogunovic I, Munoz-Rojas M, Brevik E: Soil ecosystem services, 298 

sustainability, valuation and management. Current Opinion in Environmental Science & 299 

Health 2017, in press. 300 

 301 

 [8] Huber S, Prokop G, Arrouays D, Banko G, Bispo A, Jones RJA, Kibblewhite MG, 302 

Lexer W, Möller A, Rickson RJ, Shishkov T, Stephens M, Toth G, Van den Akker JJH, 303 

Varallyay G, Verheijen FGA, Jones AR: Environmental Assessment of Soil for 304 

Monitoring - Volume I: Indicators & Criteria . European Commission, Joint Research 305 

Centre, Institute for Environment and Sustainability 2008, EUR 23490 EN/1 – 2008. 306 

 307 

 [9] Coulon F, Jones K, Li H, Hu Q, Gao J, Li F., Chen M, Zhu Y-G, Liu R, Liu M, Cannin 308 

K, Harries N, Bardos P, Nathanail P, Sweeney R, Middleton D, Charnley M, Randall J, 309 

Richell M, Howard t, Martin I, Spooner S, Weeks J, Cave M, Yu F, Zhang F, Jiang Y, 310 

Longhurst P, Prpich G, Bewley R, Abra J, Pollard S: China's soil and groundwater 311 

management challenges: Lessons from the UK's experience and opportunities for 312 

China. Environ Int 2016, 91:196–200. 313 

 314 

 [10] Yao Y: Pollution: spend more on soil clean-up in China. Nature 2016, 533:469. 315 

 316 

[11] Guerra AJT, Fullen MA, Jorge MCO, Bezerra JFR, Shokr MS: Slope Processes, Mass 317 

Movement and Soil Erosion: A Review. Pedosphere 2017, 27(1):27–41. 318 

 319 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 15

 [12] Martínez CIP, Piña WHA, Moreno SF: Prevention, mitigation and adaptation to 320 

climate change from perspectives of urban population in an emerging economy. J 321 

Cleaner Prod 2018, in press. 322 

 323 

 [13] Guneralp B, Guneralp I, Liu Y: Changing global patterns of urban exposure to 324 

flood and drought hazards. Global Environ, 2015. 31:217–225. 325 

 326 

 [14] Jongman B, Hochrainer-Stigler S, Feyen L,Aerts JCJH, Mechler R, Botzen WJW, 327 

Bouwer LM, Pflug G, Rojas R, Ward P: Increasing stress on disaster-risk finance due to 328 

large floods. Nat Clim Chang 2014, 4:264–268.  329 

 330 

 [15] Jongman B, Ward PJ, Aerts JCJH: Global exposure to river and coastal flooding: 331 

long term trends and changes. Global Environ Change 2012, 22(4):823– 835. 332 

 333 

 [16] Stolte J, tesfai M, Øygarden L, Kværnø S, Keizer J, Verheijen F, Panagos P, Ballabio 334 

C, Hessel R: Soil threats in Europe: status, methods, drivers and effects on ecosystem 335 

services. A review report, deliverable 2.1 of the RECARE project 2016. Available at 336 

https://esdac.jrc.ec.europa.eu/public_path/shared_folder/doc_pub/EUR27607.pdf 337 

** This publication is a Technical report by the Joint Research Centre, providing scientific 338 

evidence-base on soil threats, namely causes and consequences. 339 

 [17] Ferreira CSS, Walsh RPD, Steenhuis TS, Shakesby RA, Nunes JPN, Coelho COA, 340 

Ferreira AJD: Spatiotemporal variability of hydrologic soil properties and the 341 

implications for overland flow and land management in a peri-urban Mediterranean 342 

catchment. J Hydrol 2015, 525:249-263.  343 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 16

** This manuscript assesses the physical-chemical soil properties differences between 344 

urban, agriculture and forest soils, under dry and wet settings, and investigates how their 345 

spatiotemporal variability can influence runoff processes and should be considered in urban 346 

planning to break flow connectivity in peri-urban catchments.     347 

 348 

 [18] Liu R, Wang M, Chen W: The influence of urbanization on organic carbon 349 

sequestration and cycling in soils of Beijing. Landscape Urban Plann 2018, 169: 241–350 

249. 351 

 352 

 [19] European Commission: Guidelines on best practice to limit, mitigate or 353 

compensate soil sealing. European Commission 2012, SWD (2012) 101 final/2.  354 

 355 

 [20] Verzandvoort AH, Lesschen JP, Bowyer C: Soil sealing: Trends, projections, policy 356 

instruments and likely impacts on land services. Reflecting environmental land use needs 357 

into EU policy. In Preserving and enhancing the environmental benefits of "Land services": 358 

Soil sealing, biodiversity corridors, intensification - marginalisation of land-use and 359 

permanent grassland. Edited by Tucker GE, Braat LC, Institute for European 360 

Environmental Policy; 2010:87–184. 361 

 362 

[21] Prokop G, Jobstmann H, Schonbauer A: Report on best practices for limiting soil 363 

sealing and mitigating its effects. European Commission 2011, Technical Report-2011–364 

050. 365 

 366 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 17

[22] Ferreira CSS, Walsh RPD, Blake WH, Kikuchi R, Ferreira AJD: Temporal dynamics 367 

of sediment sources in an urbanizing Mediterranean catchment. Land Degrad Dev 368 

2017, in press. 369 

 370 

[23] Zare M, Panagopoulos T, Loures L: Simulating the impacts of future land use 371 

change on soil erosion in the Kasilian watershed, Iran. Land Use Policy 2017, 67:558–372 

572. 373 

 374 

 [24] Verheijen FGA, Jones RJA, Rickson RJ, Smith CJ: Tolerable versus actual soil 375 

erosion rates in Europe. Earth Sci Rev 2009, 94:23–38. 376 

* This is a review manuscript focusing on erosion of European soils, providing tolerable 377 

and current erosion rates, as well as types of soil erosion.  378 

 379 

 [25] Zolezzi G, Bezzi M, Spada D, Bozzarelli E: Urban gully erosion in sub-Saharan 380 

Africa: A case study from Uganda. Land Degrad Dev 2017, in press. 381 

 382 

[26] Issaka S, Ashraf MA: Impact of soil erosion and degradation on water quality: a 383 

review. Geol Ecol Landscapes 2017, 1:1:1-11. 384 

 385 

[27] Line DE, White NM: Effects of development on runoff and pollutant export . Water 386 

Environ Res 2007, 79:185–190.  387 

 388 

 [28] Galitskova Y, Murzayeva A: Urban soil contamination. Procedia Eng 2016, 389 

153:162–166.   390 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 18

 391 

[29] Wang C, Zhou S, Song J, Wu S: Human health risks of polycyclic aromatic 392 

hydrocarbons in the urban soils of Nanjing, China. Sci Total Environ 2018, 612:750–393 

757. 394 

 395 

[30] Foti L, Dubs F, Gignoux J, Lata J-C, Lerch TZ, Mathieu J, Nold F, Nunan N, Raynaud 396 

X, Abbadie L, Barot S: Trace element concentrations along a gradient of urban 397 

pressure in forest and lawn soils of the Paris region (France). Sci Total Environ 2017, 398 

598:938–948. 399 

 400 

[31] Ferreira AJD, Soares D, Serrano LMV, Walsh RPD, Ferreira CMD, Ferreira CSS: 401 

Roads as sources of heavy metals in urban areas. The Covões Catchment experiment, 402 

Coimbra, Portugal. J Soils Sediments 2016, 16:2622-2639.  403 

 404 

[32] Gu YG, Gao YP, Lin Q: Contamination, bioaccessibility and human health risk of 405 

heavy metals in exposed-lawn soils from 28 urban parks in southern China's largest 406 

city, Guangzhou. Appl Geochem 2016, 67:52-58. 407 

 408 

[33] Tepanosyan G, Sahakyan L, Belyaeva O, Maghakyan N, Saghatelyan A: Human 409 

health risk assessment and riskiest heavy metal origin identification in urban soils of 410 

Yerevan, Armenia. Chemosphere 2017, 184:1230-1240. 411 

 412 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 19

[34] Gąsiorek M, Kowalska J, Mazurek R, Paja M: Comprehensive assessment of heavy 413 

metal pollution in topsoil of historical urban park on an example of the Planty Park in 414 

Krakow (Poland). Chemosphere 2017, 179:148-158. 415 

 416 

[35] Hong Y, Bonhomme C, den Bout BV, Jetten v, Chebbo G: Integrating atmospheric 417 

deposition, soil erosion and sewer transport models to assess the transfer of traffic-418 

related pollutants in urban areas. Environ Modell Software 2017, 96:158-171. 419 

 420 

[36] Directive 2010/75/EU on industrial emissions (integrated pollution prevention 421 

and control). European Parliament 2010, L 334/17. 422 

 423 

[37] Panagos P, Liedekerke MV, Yigini Y, Montanarella L: Contaminated sites in 424 

Europe: review of the current situation based on data collected through a European 425 

network. J Environ Public Health 2013, Article ID 158764. 426 

 427 

 [38] Kalantari Z, Ferreira CSS, Walsh RPD, Ferreira AJD, Destouni G: Urbanization 428 

development under climate change: hydrological responses in a peri-urban 429 

Mediterranean catchment. Land Degrad Dev 2017, 28(7):2207-2221.  430 

 431 

[39] Tetzlaff D, Grottker M, Leibundgut C: Hydrological criteria to assess changes of 432 

flow dynamic in urban impacted catchments. Phys Chem Earth 2005, 30:426–431. 433 

 434 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 20

 [40] Ferreira CSS, Walsh RPD, Steenhuis TS, Ferreira AJD: Effect of Peri-urban 435 

Development and Lithology on Streamflow in a Mediterranean Catchment. Land 436 

Degrad Develop 2017, in press.  437 

 438 

[41] Diem, JE, Hill TC, Milligan RA: Diverse multi-decadal changes in streamflow 439 

within a rapidly urbanizing region . J Hydro 2017,in press.  440 

 441 

[42] Zhang Y, Shuster W: Impacts of Spatial Distribution of Impervious Areas on 442 

Runoff Response of Hillslope Catchments: Simulation Study. J Hydrol Engin 2014, 443 

19(6): 1089–1100. 444 

* This manuscript provides scientific evidence of the impact of spatial distribution of 445 

impervious areas in catchment runoff response after urbanization.  446 

 447 

[43] Rose S, Peters NE: Effects of urbanization on streamflow in the Atlanta area 448 

(Georgia, USA): a comparative hydrological approach. Hydrol Process 2001, 15:1441–449 

1457. 450 

** This manuscript provides scientific evidence of the effects of urbanization on distinct 451 

streamflow parameters over a 38 year period, in an urbanized watershed comprising several 452 

sub-watersheds with distinct urban cover. 453 

 454 

[44] Bonneau J, Fletcher TD, Costelloe JF, Burns MJ: Stormwater infiltration and the 455 

‘urban karst’ – A review . J Hydrol 2017, 552:141–150. 456 

 457 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 21

[45] Minnig M, Moeck C, Radny D, Schirmer M: Impact of urbanization on 458 

groundwater 459 

recharge rates in Dübendorf, Switzerland. J Hydro 2017, in press. 460 

 461 

 [46] Alaoui A, Rogger M, Peth S, Blöschl G: oes soil compaction increase floods? A 462 

review. J Hydrol 2018, 557:631–642.  463 

  464 

[47] Dias-Ferreira C, Pato RL, Silva H, Varejão JB, Tavares A, Ferreira AJD: Heavy metal 465 

and PCB spatial distribution pattern in sediments within an urban catchment - 466 

Contribution of historical pollution sources. J Soils Sediments 2016, 16(11):2594–2605. 467 

 468 

 [48] Ferreira CSS, Walsh RPD, Costa ML, Coelho COA, Ferreira AJD: Dynamics of 469 

surface water quality driven by distinct urbanization patterns and storms in a 470 

Portuguese peri-urban catchment. J Soils Sediments 2016, 16:2606-2621.  471 

 472 

[49] Deshayes S, Eudes V, Droguet C, Bigourie M, Gasperi J, Moilleron R: Alkylphenols 473 

and phthalates in greywater from showers and washing machines. Water Air Soil 474 

Pollut 2015, 226:388. 475 

 476 

[50] Mallin MA, Wheeler TL: Nutrient and faecal coliform discharge fromcoastal 477 

North Carolina golf courses. J Environ Qual 2000, 29:979–986. 478 

 479 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 22

[51] Pitt RE, Maestre A: Stormwater quality as described in the National Stormwater 480 

Quality Database (NSQD). 10th International Conference on Urban Drainage, 481 

Copenhagen/Denmark 2005. 482 

 483 

 [52] Zhang W-H, Wu Y-X, Simonnot MO: Soil Contamination due to E-Waste Disposal 484 

and Recycling Activities: A Review with Special Focus on China. Pedosphere 2012, 485 

22(4): 434-455. 486 

 487 

 [53] Le Pape P, Ayrault S, Michelot JL, Monvoisin G, Noret A, Quantin C: Building an 488 

isotopic hydrogeochemical indicator of anthropogenic pressure on urban rivers. Chem 489 

Geol 2013, 344:63–72.  490 

 491 

 [54] Yu S, Yu GB, Liu Y, Li GL, Feng S, Wu SC: Urbanization impairs surface water 492 

quality: eutrophication and metal stress in the Grand Canal of China. River Res Appl 493 

2012, 28:1135–48.  494 

 495 

 [55] Goonetilleke A, Thomas E, Ginn S, Gilbert D: Understanding the role of land use 496 

in urban stormwater quality management. J Environ Manage 2005, 74:31–42. 497 

 498 

[56] Guerra AJT, Fullen MA, Jorge MCO, Bezerra JFR, Shokr MS: Slope Processes, Mass 499 

Movement and Soil Erosion: A Review. Pedosphere 2017, 27(1):27–41. 500 

 501 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 23

 [57] Lye DJ: Rooftop runoff as a source of contamination: A review. Sc Total Env 502 

2009, 407:5429-5434. 503 

* This manuscript revises the literature regarding chemical and microbiological 504 

contamination levels of runoff from rooftops in urban and rural areas.   505 

 506 

 [58] Adeniyi IF, Olabanji IO: The physico-chemical and bacteriological quality of 507 

rainwater collected over different roofing materials in Ile-Ife, southwestern Nigeria. 508 

Chem Ecol 2005, 21(3):149–166. 509 

 510 

[59] Luo J, Zhang X, Wua Y, Shena J, Shend J, Shend L, Xing X: Urban land expansion 511 

and the floating population in China: For production or for living? . Cities 2017, in 512 

press. 513 

 514 

[60] Atasoy M, Palmquist RB, Phaneuf DJ: Estimating the effects of urban residential 515 

development on water quality using microdata. J Environ Manage 2006, 79:399-408. 516 

 517 

 [61] Russell K, Vietz GJ, Fletcher TD: Global sediment yields from urban and 518 

urbanizing watersheds. Earth Sci Rev 2017, 168:73–80. 519 

 520 

[62] Water Framework Directive, Directive 2000/60/CE. European Parliament and of the 521 

Council of 23 October 2000. Official Journal of the European Communities. 522 

 523 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 24

[63] ATSDR (Agency for Toxic Substances and Disease Registry: Substance Priority List 524 

Dates and Notices. Available at 525 

https://www.atsdr.cdc.gov/spl/resources/ATSDR_2017_SPL_Dates_and_Notices.pdf 526 

 527 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Figures 

 

 

Figure 1 – Processes and variables influencing soil and water degradation in urban 

areas.  
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Highlights 

- Rapid land degradation is recorded in urban areas 
- Urban soils are subject to sealing, compaction, erosion and contamination 
- Urbanization changes the hydrological processes and degrade water quality 
- Urban patterns affect sediment and pollutants connectivity between sources and 

water bodies 

 
 
 

    


