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Imperatives for 21st-Century Water 
Management and Infrastructure
Tamim Younos

FEATURE

THE 20TH CENTURY WAS THE ERA OF MODERNIZATION IN 
water resources development and water infrastructure. 
The engineers and water professionals of the past 
century built dams and reservoirs, developed 
groundwater resources, and constructed centralized 
water treatment plants and the pipelines and pumps to 
deliver tap water to homes and buildings. They installed 
sewer and stormwater pipes to move wastewater 
and stormwater away from population centers and 
eventually discharge them to surface waters. And they 
used significant amount of fossil fuel–based energy to 
meet the critical need for water source development, 
water treatment, and long-distance delivery to 
consumers. 

The combined effects 
of urbanization—land 
development and population 
concentration—have significant 
risks for water resources, as 
documented in the literature. 
Groundwater tables have 
fallen owing to excessive 
groundwater withdrawal and 
reduced natural groundwater 
recharge as the increase in 
paved areas has slowed natural 
infiltration. Saltwater intrusion 
in coastal aquifers due to 
excessive groundwater use affects groundwater quality 
where nearly 50% of the U.S. population lives. Pollution 
of rivers, tributaries, and lakes caused by stormwater 
runoff is widespread. 

Other risks arise from problems with water 
infrastructure. Overall deterioration of water 
infrastructure results in breakdowns and leakage. Lead 
(think Flint, Michigan) and emerging contaminants 
such as antibiotics and hormones are found in drinking 
water. Water distribution systems use significant 
energy and suffer from water loss. Cybersecurity risks 
to large, centralized drinking water infrastructure raise 
concerns. And infrastructure is inadequate to support 

environmental justice in low-income communities. 
These problems are exacerbated by climate change, 

a phenomenon that has accelerated largely because 
of human intervention in natural systems since the 
Industrial Revolution. The impacts of climate change on 
water resources include, but are not limited to, changes 
in precipitation patterns and intensity, longer and more 
severe droughts, and sea-level rise, with its associated 
consequences such as flooding of coastal cities and 
encroachment of saline waters into freshwater aquifers 
due to rising seawater pressure.

Obviously, technologies and strategies developed 
based on the 20th-century state of knowledge are 

no longer adequate and 
effective to meet the 
emerging challenges of 
this century, particularly in 
urban environments where 
more than 80% of the U.S. 
population lives. The water 
management strategies of 
the 20th century did not 
fully integrate social and 
anthropogenic factors into the 
planning and design of water 
management systems.

These challenges and risks 
demand a paradigm shift. 

Needed now are novel holistic approaches that integrate 
natural and engineered systems into the planning and 
design of urban water infrastructure systems, and 
solutions that recognize the nexus between water, 
energy, and food production in urban environments. 
Four major pillars of urban water management and 
water infrastructure in the 21st century are 

• green technologies and low-impact 
development—approaches that support water 
source conservation and preservation of 
ecosystems and groundwater; 

• urban aesthetics such as stream daylighting and 
artificial ponds; 

The technologies and strategies 
developed based on the 20th-

century state of knowledge 
are no longer adequate and 

effective to meet the emerging 
challenges of this century.
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• use of alternative water resources, including 
rainwater and stormwater runoff, wastewater, 
and brackish and saltwater; and 

• integration of renewable energy use into water 
infrastructure operation. 

A holistic approach can be best realized by 
incorporating small-scale, decentralized water and 
energy production systems into urban environments 
(see Figure 1). Decentralization will help maximize the 
use of locally available alternative water sources such 
as rainwater and wastewater and renewable energy 
resources such as geothermal, solar, and wind energy. 
Furthermore, integrating decentralized urban food 
production systems into the water and energy nexus can 
support sustainable living and community development 
in urban areas.

To be sure, there are major impediments to holistic 
water management approach in urban environments. 
These include traditionally conservative attitudes 
within the water resources engineering and planning 
community and siloed college curricula in water 
management and infrastructure. For example, urban 
stormwater drainage networks tend to be continually 
expanded with little consideration of alternative green 
technology approaches. To some extent, this impediment 
can be associated with siloed college curricula that 
fail to prepare future engineers and planners for 
water management approaches that integrate all 

of the relevant disciplines: engineering, hydrologic 
sciences, chemical and biological sciences, plant and 
food production sciences, geospatial technologies, 
information technologies, cyber infrastructure, and 
socioeconomic sciences. 

Regulatory and policy gaps and hurdles constitute 
another impediment. In general, policy making at state 
and local levels does not keep up with technological 
advances. There is a significant need to update policies 
and regulations, such as zoning ordinances and building 
codes, and to develop economic incentives to promote 
the application of green technologies in retrofits 
and new developments. Last, but not least, public 
perception remains a serious impediment in urban water 
management. Thus, a focus on citizen education and 
K–12 curricula should be a top priority.  ■
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Figure 1. In a holistic urban water and energy system, small-scale water treatment facilities would use renewable energy to treat locally available wastewater, 
rainwater/stormwater, and saltwater, which would be used locally for potable and nonpotable purposes. Source: Author. 
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