Urbanization Affects Air and Water in Italy’s Po Plain

Teaser: Satellite and ground-based measurements show a correlation between urban growth
and increased levels of pollutants.
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Urbanization of a natural landscape can lead to increased levels of pollution—this is well known.
However, haphazard development may also produce far-reaching effects, not only in the
immediate vicinity, but also across regional and perhaps global scales. This presents a potential
problem for several eastern and western European countries, where the urbanization rate is three
times greater than their population growth rate [EEA, 2006]. Such disproportional changes may

have major environmental, socioeconomic, and geopolitical impacts.

We studied the Po Plain region in northern Italy, one of the most populated and urbanized areas
in Europe, as a “pilot area” to investigate the environmental effects of urbanization. The Po Plain
region (47,000 km?) covers the 15% of the surface of Italy and hosts the 34% of the country’s

total population.

Mountainous topography around the Po Plain limits air circulation with the surroundings. The
region is one of the most polluted in Europe, with the city of Milan being a major “hot spot” of
atmospheric nitrogen dioxide (NO,) in the world [NASA, 2014]. Groundwater in the region also

suffers: the Po Plain is classified in the European Community Nitrate Directive 91/676/EC as one

of Europe's most vulnerable areas to nitrate contamination.

To investigate urban change and its effects, we conducted the PO PLain EXperiment (POPLEX)
in May 2014 within the central-eastern part of the Po Plain (Figure 1), with an extension to
Florence in Tuscany. We used data from multiple satellites, collected over a span of decades. We
also used data from on-the-ground networks, together with hydrologic, geologic, demographic,

and socioeconomic data and model estimates.


http://ec.europa.eu/environment/water/water-nitrates/report.html
http://urban.jpl.nasa.gov/poplex/description.html
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Fig. 1. Description of the Po Plain Experiment (POPLEX) field campaign. This 3D representation of
the study area with a translucent QuiIkSCAT-DSM overlay shows four satellites and five monitoring
stations, representing the many others used for POPLEX. Air (A), groundwater (G), and river (R)
discharge stations are marked with map pins. The graphs show examples of groundwater quality, air
quality, and river discharge. The black path represents the POPLEX itinerary. Urban areas, field
sites, monitoring instruments, and activities are also depicted in the insets. Coordinates refer to CGS
WGS 1984. Credit: NASA Jet Propulsion Lab and POPLEX Team



Eyes in the sky

In addition to using traditional methods for land use and land change observations, we applied an
innovative mathematical approach to process scatterometer data from NASA’s QuikSCAT
satellite, observing and analyzing urban patterns and changes at a scale of ~1 km, throughout the
2000s [Nghiem et al., 2009]. The new method, called the Dense Sampling Method (DSM),
enabled us to understand the spatial and temporal evolution of environmental features with a
combination of both anthropogenic and natural factors—including atmospheric, geophysical, and

hydrogeological characteristics.

The objective of POPLEX is to investigate patterns of urban and population changes,
groundwater quality, air quality, and changes of stream flow along the Po River. The project
involved 27 participants from 15 institutions, located in 5 countries (Italy, USA, England,
Belgium, and Germany). The Regional Agency for Environmental Protection of Emilia-

Romagna represented a key stakeholder

The campaign used data from 12 satellites and extensive field networks with 220 meteorological
stations, 170 air monitoring stations, 500 groundwater monitoring wells, and 20 river gauges,

together with census data and survey maps of land cover and land use change.

POPLEX is a pilot campaign, but it was designed to be applicable to other study areas, so that
similar campaigns can be conducted in different regions of the world. Many countries already
maintain public monitoring networks that provide relevant environmental measurements. The
satellite data used for POPLEX were acquired globally, and temporal data analyses can be
replicated and updated as new data become available. Where environmental data are limited or
unavailable, proxies can be derived from multiple satellite datasets representing environmental

changes.

POPLEX methodologies and results are being published in scientific journals and made available
through its website to make the campaign more visible and to encourage a wider community to
make use of the newly developed approaches and findings. (More information on this study is

available here.)

Water Quality and Quantity


http://urban.jpl.nasa.gov/images/Table-S1.pdf
http://urban.jpl.nasa.gov/publications/EOS_supp.html

Using the QuikSCAT-DSM satellite data, we were able to detect various urban changes—even in
areas where urban growth occurred at a relatively low rate. When we used QuikSCAT-DSM data
to analyze nitrate in groundwater, we were able to identify a clear, direct relationship between

urbanization and nitrate contamination trends.

An analysis of urban and agricultural nitrate sources indicates urban non-point sources of
contamination as the main cause of groundwater quality deterioration in the area. The data
enable a suitable approach to identify and characterize areas showing groundwater quality

deterioration—a requirement of the European Union Groundwater Directive 2006/118/EC

[Stevenazzi et al., 2015a]. On a local scale, we looked for impacts on water quality and water
quantity in two case studies in an urbanized area of the Eastern Po Plain. The city of Ferrara

shows scattered groundwater contamination by chlorinated aliphatic hydrocarbons, caused by

improper disposal of petrochemical wastes during the 1970s. We found groundwater
contamination below newly developed neighborhoods as a result of the urban sprawling that

occurred during the last decade.

These findings help to address human health problems in several ways. For example, deep
aquifers used for drinking water can be contaminated because dense non-aqueous phase liquids
tend to migrate through hydraulic barriers like aquitards (underground water barriers made of
clay, silt or rock). Contaminated groundwater can also emit volatile compounds into the air,

which can affect indoor air quality of the buildings above the contaminated area.

The Euganean Geothermal Field, one of the largest thermal areas in Europe, demonstrates effects

of urban sprawl on water demand. Since the 1950s, more than 400 wells, some as deep as 1000
m, have been drilled to exploit the warm groundwater for therapeutic and recreational tourism.
Increasing demand by spa facilities in the last 40 years has proportionally stressed the thermal

groundwater quantity in the region.
Urbanization and air pollution

We also investigated how urbanization affects air quality. We carried out analyses to cross-
compare NO;, levels taken by the Ozone Monitoring Instrument (OMI) observations aboard the
NASA Aura satellite with ground-based measurements. [Stevenazzi et al., 2015b].


http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:372:0019:0031:EN:PDF
http://chemistry.about.com/od/chemistryglossary/g/Aliphatic-Hydrocarbon-Definition.htm
http://chemistry.elmhurst.edu/vchembook/325petrochem.html
http://www.connectedwaters.unsw.edu.au/schools-resources/fact-sheets/understanding-aquitards-and-aquicludes
http://www.cprm.gov.br/33IGC/1321230.html

Air pollution seems to be less affected by the growth of urban areas, indicating the efficacy of
environmental policies adopted in the last 20 years to improve air quality. On a large scale, we
observed a fair agreement between satellite NO, data and observations taken from ground
stations far from NO, point sources that measured the background value.

On a local scale, areas characterized by the most extensive sprawl showed an increase of air
pollution along main roads, related to the increase in vehicle traffic. On weekdays, the highest
pollution values are around large cities, where many industries are located, people go to work,
and freight traffic is heavy. During weekends and holidays, when commercial activities and

traffic are reduced, NO, concentration decreases, especially around large cities.
What'’s next?

We plan to use satellite and on-the-ground measurements of river discharge along the Po River
to investigate how changes in land use influence surface water availability and river regime (a
measure of the changes in river discharge). This knowledge could improve our ability to forecast

flood hazards exacerbated by urban change.

We will use QuikSCAT-DSM observations and field survey in the Florence-Prato Plain (Figure
2) to characterize the pattern of newly built-up pockets of urbanization. We believe that our
study is a successful example of how satellite data tracking land surface changes can be used
innovatively in assessing many environmental issues such as groundwater quality and quantity

and air quality.
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Fig. 2. The POPLEX study covered the central-eastern part of the Po Plain, with an extension to
Florence in Tuscany (shown here). We plan to use QuikSCAT-DSM observations and field
survey in the Florence-Prato Plain to characterize the pattern of newly built-up pockets of
urbanization. Credit: NASA Jet Propulsion Lab and POPLEX
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Main:

Urbanization has increased the upward building in Milan, which may significantly increase the
working population. This urbanization could harm groundwater quality by exerting excessive
loading on the city's old basic infrastructures, including the water and sewage systems. Credit:
Photo by Son V. Nghiem.



