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Study: Environmental policies
matter for growing megacities
WEST LAFAYETTE, Ind. – A new study shows clean-air regulations
have dramatically reduced acid rain in the United States, Europe,
Japan and South Korea over the past 30 years, but the opposite is true
in fast-growing East Asian megacities, possibly due to lax antipollution
rules or lack of enforcement.
The U.S. Clean Air Act began requiring regulatory controls for vehicle
emissions in the 1970s, and 1990 amendments addressed issues
including acid rain. Similar steps in the European Union, Japan and
South Korea over the past three decades have reduced nitrate and
sulfate in rain - components contributing to acid rain, said Suresh Rao,
Lee A. Reith Distinguished Professor of Civil Engineering and
Agronomy at Purdue University.
The effects of acid rain can propagate through aquatic ecosystems
such as lakes, rivers and wetlands and terrestrial ecosystems including
forests and soils, negatively impacting ecological health.
Researchers have now used publicly accessible data, collected weekly
or monthly at numerous monitoring sites during the period from 19802010, to track "wet deposition" of nitrate and sulfate near several U.S.
and East Asian cities. The pollutants, products of fossil fuel
combustion, are emitted by cars, trucks and buses. Pollutants rise up
into the atmosphere and accumulate until being washed down as wet
deposition by rain or snow or as "dry deposition" between rain events.
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Fast-growing cities in East Asia that lack regulations or enforcement
show a dramatic rise in acid rain, according to the new study
completed by Purdue researchers.
"Our analysis of wet deposition (acid rain) data provides compelling
evidence that clean-air policies and enforcement of environmental
regulations are profoundly important," Rao said.
The findings of the study are detailed in a research paper published in
the journal Atmospheric Environment. The article is accessible online
http://www.purdue.edu/newsroom/releases/2013/Q2/study-environmental-policies-matter-for-growing-megacities.html[4-17-2013 8:24:54 AM]
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and will appear in the May issue. It was co-authored by civil
engineering postdoctoral researchers Jeryang Park and Heather Gall
and by Rao and Dev Niyogi, Indiana state climatologist and an
associate professor in the Purdue Department of Agronomy and the
Department of Earth, Atmospheric and Planetary Sciences.
Severe problems with air pollution also are evident in particulate matter
(PM) concentrations contributing to smog. In a recent study published
in the Lancet journal, PM pollution was the fourth-leading risk factor for
death in China and may be linked to 1.2 million premature deaths in
2010. Similar problems exist in cities in India, where air pollution is
estimated to contribute to about 600,000 premature deaths, according
to the Lancet study.
"We are in an urban era with more people staying in cities than ever
before in the history of mankind," Niyogi said. "The impact cities can
have on the environment we find is a function of growing population
and affluence, and more importantly how regulations are shaped and
implemented. As a result of regulations and enforcement, what goes
up as emissions is now much smaller, and that means what comes
down as acid rain also is much smaller. Every car now has a catalytic
converter that reduces tailpipe emissions. So, adoption of highly
efficient control technologies, as uniformly as we do across the United
States, has resulted in lower emissions. In essence, we've solved the
acid rain problem through good environmental regulations and wide
adoption of mitigation technologies."
The Purdue study findings show that even though rainfall patterns vary
widely from one city to another, the annual average rate of nitrate and
sulfate found in wet deposition is essentially the same across the
United States.
"That was a surprise," Rao said. "Because rainfall patterns vary so
much from one location to another, you would think wet deposition also
would vary. Yet, it's the same across the United States, and that's
because we have regulations and enforcement and engineering
solutions to control emissions."
However, the same homogeneity is not seen in several large fastgrowing cities in East Asia, where high wet deposition rates match
high, unregulated emissions.
"This is the same thing that transpired in the United States in the
period leading up to the 1970s," Rao said. "We had rapid urban
growth, rising emissions and rising wet deposition, which is analogous
to what's happening now in places like Beijing and New Delhi."
For example, the concentration of nitrate and sulfate in rainwater in the
Chinese city of Xi'an is 10 times greater than in New York City.
The reduction in wet deposition in U.S. cities is especially significant
http://www.purdue.edu/newsroom/releases/2013/Q2/study-environmental-policies-matter-for-growing-megacities.html[4-17-2013 8:24:54 AM]
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considering that the time period also was marked by dramatic growth
in gross domestic product, urban population and the number of
vehicles.
"This is encouraging," Gall said. "When mitigation strategies are widely
adapted, it is possible for cost-effective engineering solutions to protect
the environment while simultaneously allowing people to maintain the
same quality of life."
The researchers have developed a model that can be used to simulate
and predict how wet deposition rates vary across megacities located in
diverse climatic regions, such as arid or humid.
"Given certain emissions and rainfall patterns, we can now project how
wet deposition rates would increase initially and then decrease when
and if regulations are in place," Rao said. "Additionally, the model can
be used to examine wet deposition rates under climate-change
scenarios."
The study findings also have implications for variations in wet
deposition rates under shifting weather resulting from climate-change
scenarios, as well as rapid urbanization in emerging economies.
Although annual wet deposition patterns are influenced by variability in
rainfall amounts both within a year and from year to year, the effects
are much greater when pollutant-emission regulation is weak. For
example, even though Xi'an, China, is predicted to become drier in the
future due to climate changes, the data and modeling analysis
revealed that long-term climate oscillations – like El Nino and La Nina
cycles – could induce dramatic increases in the concentration of
pollutants in rainfall, ultimately leading to increased wet deposition of
pollutants.
"This implies that when regulations are inadequately implemented,
climate change could result in much larger impacts on the
environment," said Park, the article's lead author.
Future work will shift focus to sub-Saharan Africa, where major growth
is anticipated later in the century.
"The majority of the newest megacities will be in Asia and sub-Saharan
Africa, and that's where the biggest economic development will be,"
Park said.
Writer: Emil Venere, 765-494-4709, venere@purdue.edu
Sources: Suresh Rao, 765-496-6554, pscr@purdue.edu
Dev Niyogi, 765-494-6574, climate@purdue.edu
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ABSTRACT
Temporal Trajectories of Wet Deposition Across HydroClimatic Regimes: Role of Urbanization and Regulations
at U.S. and East Asia Sites
Jeryang Parka, Heather E. Galla, Dev Niyogib,c, P. Suresh C.
Raoa,c,*
a School of Civil Engineering, Purdue University
b Department of Earth and Atmospheric Science
c Agronomy Department
Dominant global patterns of urbanization and industrialization
contribute to large-scale modification of the drivers for hydrologic and
biogeochemical processes, as evident in Asia, Africa and South
America, which are experiencing rapid population and economic
growth. One manifestation of urbanization and economic development
is decreases in air quality, increases in dry/wet deposition fluxes, and
growing adverse impacts on public health and ecosystem integrity. We
examined available long-term (1980-2010) observational data,
gathered at weekly intervals, for wet deposition at 19 urban sites in the
U.S., and monitoring data (2000-2009) available for 17 urban sites at a
monthly scale in East Asia. Our analyses are based on data for four
constituents (SO4, NO3, Ca2+, and Mg2+); differences in atmospheric
chemistry and terrestrial sources of these constituents enabled a
robust comparative analysis. We examined intra-annual variability and
the long-term temporal trajectories of wet deposition fluxes to discern
the relative role of anthropogenic and stochastic hydro-climatic forcing.
Here, we show that: (1) temporal variability in wet deposition fluxes
follows an exponential probability density function at all sites, evidence
that stochasticity of rainfall is the dominant control of wet deposition
variability; (2) the mean wet deposition flux, μ (M/L2/T), has decreased
in the U.S. over time since enactment of the Clean Air Act, with μ
having become homogenized across varying hydro-climatic regimes;
and (3) in contrast, μ values for East Asian cities are 3-10 times higher
than U.S. cities, attributed to lax regulatory enforcement. Based on the
observed patterns, we suggest a stochastic model that generates
ellipses within which the μ temporal trajectories are inscribed. In the
U.S., anthropogenic forcing (regulations) is dominant in the humid
regions, while variability in hydro-climatic forcing explains inter-annual
variability in arid regions. Our stochastic analysis facilitates projections
of the temporal trajectory shifts in wet deposition fluxes as a result of
urbanization and other land-use changes, climate change, and
regulatory enforcement.
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