
 

By Joey Smith 

Making More Out Of Pores 

Urban stormwater problems, such as flooding, combined sewer overflows (CSOs), and pollutants washing into 

natural waterways, are global and ongoing. Cities have been using green infrastructure (GI) solutions to address 

urban stormwater problems. Examples of GI include engineered rain gardens, green roofs, and constructed 

wetlands. Plants, microbes, soil, soil pore spaces, and other GI features allow stormwater to be absorbed and 

filtered – similar to how a sponge absorbs and filters water. Globally, GI is primarily designed and installed in 

reaction to flooding. This policy brief uses Wuhan, Hubei, China and Columbus, Ohio, USA as case studies to 

demonstrate how current GI planning is too narrow-focused and how policies governing GI installation are too 

reactive. Proactive water quality planning, community-based social marketing, public observations, citizen science, 

volunteering, and public-private partnerships are proposed as alternative policy options, making more out of pores. 

Rethinking green infrastructure 
policy for more holistic success 

 Setting the Scene and the Anthropocene 

Urbanization has adverse effects on the natural 
environment. These include biodiversity loss, habitat 

deterioration, changes in natural hydrologic flows, 
preventing groundwater recharge, and the flux of urban 
pollutants into natural waterways (Rashid et al., 2018). 

Today, we are going to pay special attention to the 
stormwater problems caused by urbanization. As natural 
green spaces are paved over for cityscapes, stormwater 

is no longer absorbed and filtered by soil and plants. 
Instead, stormwater remains at the land’s surface, which 
causes more frequent instances of flooding. At the same 

time, stormwater washes across roofs, parking lots, and 
roads, flushing pollutants from these surfaces into 
natural waterways. Anthropogenic pollutants (i.e., trash, 

sediment, and harmful chemicals from lawns and cars, 
etc.) are carried into rivers, lakes, and oceans by 

stormwater runoff (Figure 1). 

Summary 

Figure 1: Urban pollutants wash into natural 
waterways (Fairfax County, 2018) 



Spongy Solutions to Stormwater Problems  
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In response to the stormwater problems caused by 
urbanization, cities are employing different types of 

infrastructure enhancements. With cities continuously 
expanding, sewer networks should also be continuously 
expanding. However, that is not the case. China, the USA, 

and most countries around the world use combined sewer 
systems, where stormwater runoff, sewage, and industrial 
waste are all collected in the same pipe (EPA, 2017). With 

more area contributing water to pipes, but the same size 
pipes, combined sewer overflows (CSOs) occur – where too 
much water overwhelms combined sewers, resulting in raw 

sewage dumping into natural waterways. To abate CSOs, 
cities have begun enhancing gray infrastructure (i.e., sewers, 
tunnels, etc.; Figure 2a) by building bigger pipes. To address 

the more frequent instances of flooding that result from 
paving over natural green areas, green infrastructure (GI; 
Figure 2b) enhancements are also being employed. GI 
mimics pre-development conditions by incorporating natural 

systems (i.e., rain gardens, green roofs, constructed wetlands, 
etc.) into cities. These GI enhancements decrease flooding 
frequency, improve water quality, and create habitat by 

reintroducing vegetation, microbes, soil, and soil pore spaces 
to urban areas (EPA, 2020). 

 

 

 

 

 

 

 

 

Examining our case study cities of Columbus, OH, USA and 

Wuhan, Hubei, China, it is evident that most cities are not 
willingly “nudged” into these gray and GI enhancements. 
Rather, these enhancements are more “shoved” onto cities to 

protect human and ecological health. In 2016, the City of 
Columbus began infrastructure enhancements in response to a 
2005 consent decree (OEPA, 2017). After experiencing more 

frequent CSOs than were allowed by its NPDES permit, the 
Ohio EPA sued the City of Columbus. Also in 2016, Wuhan 
began these infrastructure enhancements in response to the 

Chinese central government’s 13th five-year plan. 
Recognizing human health was at risk from frequent 
flooding, the Chinese central government, as led by President 

Xi Jinping, first proposed stormwater infrastructure 
enhancements in 2013 (Jia et al., 2017). 

Given the “shoves” from the state and central governments, 
respectively, Columbus adopted the Blueprint Columbus 

program and Wuhan adopted the “sponge city” program. 
“Sponge city” is a metaphor for the soil added to cities via 
GI, which acts like a sponge when it absorbs and filters 

stormwater (Figure 3). The Blueprint Columbus project 
allocated $1.6B USD to enhancing gray infrastructure and 
$1.7B USD to installing GI 

(Blueprint Columbus 
Overview, 2021). Wuhan is 
just one of many sponge 

cities conceived by the 
Chinese central government, 
which plans to invest a total 

of $1.5 trillion USD into 
stormwater infrastructure 
enhancements (Jia et al., 2017). 

A Narrow Water Quantity Focus 
Blueprint Columbus and Wuhan’s sponge city were initiated 

under policies with a narrow water quantity focus. For 
example, large quantities of stormwater overwhelming 
sewers led to CSOs, which are the reason the Columbus was 

sued. Vis-à-vis the consent decree, the City of Columbus 
needed to stop CSOs —meaning water quantity was the main 
driver for Blueprint Columbus. Another example, flooding in 

Wuhan was caused by large quantities of water covering the 
land. The main reason the Chinese central government stated 
conceived sponge cities was to prevent flooding—again, 

meaning water quantity was the main driver of Wuhan’s 
sponge city. To quickly meet demands to stop CSOs and 
flooding, these infrastructure enhancements projects were 
quickly implemented with a narrow water quantity focus. 

 
With pressure to resolve water quantity problems (i.e., CSOs 
and flooding), other problems capable of being resolved by 
GI were overlooked. For example, GI can be designed to 

meet water quality targets. For example, GI installed in the 
Blueprint Columbus project was designed to achieve a 20% 
reduction in total suspended solids (TSS). TSS are the 

sediment particulates that can make water murky, and TSS 
have serious implications on wildlife. This TSS target was set 
for Blueprint Columbus because areas of Columbus drain to 

the Olentangy watershed, which has a total maximum daily 
load (TMDL) for TSS (OEPA, 2007). As set by the Clean 
Water Act, TMDLs seek to restore impaired waters by setting 

a maximum pollutant discharge (Fowler & Birdsall, 2021). In 
Columbus, there is only a TMDL for TSS. GI in sponge cities 
was not designed to meet any TMDL targets (Jia et al., 2017). 

 

Figure 2a: Gray infrastructure Figure 2b: Green infrastructure  

Not a Nudge, More like a Shove 

Adopted Programs and Current Policies 

Figure 3: Sponge city metaphor 
(Apte, 2017)  

But What About Water Quality? 
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Even though time was allotted for public comments and 
suggestions, these infrastructure projects in Columbus and 

Wuhan have received mixed reactions. Research has shown 
that community members who were 1) more informed about 
stormwater infrastructure enhancement programs, 2) more 

involved with the planning process, and 3) knowledgeable 
about water quality problems were more supportive of green 
infrastructure (Provencher, 2019). Meanwhile, some 

community members have voiced their dissatisfaction with 
green infrastructure through small-scale protests, town hall 
meetings, and social 

media (Figure 4). The 
Columbus resident 
pictured to the right 

expresses her opposition 
for GI installed through 
the Blueprint Columbus 
projects using signs and 

is quoted in the 
newspaper, saying, 

 

As detailed earlier, stormwater infrastructure enhancement 

projects are billion—even trillion—dollar undertakings. So, 
who bears these high costs? In the case of the Blueprint 
Columbus project, the City of Columbus bore the costs to 

update stormwater infrastructure, meaning taxpayer dollars 
were allocated. In the case of Wuhan’s sponge city, the 
Chinese central government has borne the costs of sponge 

city construction by allocating taxpayer dollars as well. 

 

Oftentimes, GI is “retrofitted” into neighborhoods. This 
means the neighborhood was constructed first, and then GI 
was added later on. GI projects can increase property values 

(Zhang et al., 2018), which raises gentrification and social 
justice concerns. By driving up housing prices with GI 
retrofits, will residents be forced to pack up and move? 

Provided the adopted programs and current policies adopted 
in Columbus and Wuhan, it is evident that current programs 

and policies were sparked in reaction to water quantity 
problems, namely CSOs and flooding. However, this reactive 
culture and narrow focus is a lost opportunity. GI has the 

ability to not only reduce CSOs and flooding instances, but 
also to improve water quality, provide habitat space, enhance 
quality of life, promote exercise, provide educational 

opportunities, increase property values, and stimulate the 
economy. To realize these multifaceted goals, the following 
alternative policy options are recommended: 

 

The previous water quality section explains how current 
TMDLs seek to restore impaired waters by setting a 
maximum pollutant discharge. In short, TMDLs are set in 

reaction to bodies of water that are already polluted. Bodies 
of water should not need to already be polluted in order to 
deserve a TMDL. Therefore, a “proactive” TMDL alternative 
policy option is being proposed. Instead of setting TMDLs in 

reaction to a body of water already being polluted, a 
“proactive” TMDL should be set for a body of water that is 
already relatively clean. So, why does a relatively clean body 

of water need a TMDL, you may ask? Well, GI can be 
designed and installed with water quality goals in mind. By 
setting a “proactive” TMDL, GI could be designed to 

safeguard relatively clean bodies of water that face the threat 
of pollution because of continued urban development and 
anthropogenic activities. Additionally, sponge city GI should 

by designed with water quality targets in mind. For Blueprint 
Columbus, which designed GI with a TSS target in mind, 
other pollutants (i.e., nutrients, heavy metals, bacteria, etc.) 

should be considered in the design process too. 

 

Community residents live, work, and play in and around GI 
(Figure 5). This means residents are important stakeholders in 
stormwater infrastructure enhancement projects. Instead of 
just allotting time for public comments, residents should be 

intimately involved in GI planning, and the public should be 
consulted every step along the way. 

 

 

 

But What About Public Perception? 

But What About Economics? 

Alternative Policy Options 

Figure 4: Resident opposing GI  
(YouTube, 2017) 

“’Green resilient infrastructure’ may lead to 
worsened social and environmental 
vulnerabilities for marginalized groups”  

- (Shokry et al., 2020) 

“Proactive” TMDL 

But What About Social Justice? 

“We will do anything to stop this. Over my dead 
body are they going to put this thing here”  

- Karen Kennedy quoted in ThisWeek News, 2017  

“Even though China’s government has invested 
in sponge city construction, in many cities the 
funding is insufficient. ”         - (Wang et al., 2017) 

“Community-based social marketing is based 
heavily upon public consultation.”  

- Mckenzie-Mohr, 2011, page 68  

Community-Based Social Marketing 

Figure 5 :Community members and 
GI in Wuhan’s sponge city 
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After GI construction, there are still ongoing investments of 
time and money because GI requires a lot of maintenance. If 

not properly maintained, GI can clog, malfunction, fail, or 
even create hazards (i.e., clogged GI that holds water can be a 
drowning hazard or a source of mosquitoes and other pests). 

To alleviate some of the maintenance burden put on the 
owners of GI, community members can do two things: report 
observations and volunteer. Reporting observations can assist 

GI owners in addressing associated hazards. For example, if a 
community member realizes a rain garden is clogged and 
reports the clog to the city, then the city will be able to 

address the clog. For community members to effectively 
report GI problems, they need to be educated on the 
difference between functioning and malfunctioning GI. This 

public education can be achieved through public outreach 
(Figure 6) and community-based 
social marketing. Other observations 
from residents, such as wildlife and 

plant observations, can lead to the 
advancement of science and 
improvement of GI through citizen 

science. Lastly, community members 
can alleviate some of the GI 
maintenance burden by volunteering. 

 

It is clear that stormwater 
infrastructure projects are 

expensive. Since GI 
implementation is not 
economical, cities are less 

likely to willingly install 
GI—a “shove” (in the form of a consent decree or a 
directive from the central government) is needed to 

spark GI projects. If the financial burden of GI 
projects was shared between public and private 
sectors through a PPP (Figure 7), perhaps more cities 

would willingly begin installing GI. Through PPP, 
two different types of “buy ins” occur. First, private 
stakeholders (i.e., companies, investors, etc.) can “buy 

in” by investing in GI projects. This both stimulates 
the economy and alleviates some of the financial 
burden resting on the shoulders of cities. Second, with 
PPP opening GI projects to more diverse stakeholders, 

greater numbers of people have a chance to “buy in” 
by offering their input. For example, by opening a GI 
project to outside investors, those investors offer a 

unique perspective. Perhaps input from an investor 
will reveal how GI projects can be a driver of 
gentrification, and then calculated financial or other 

measures can be undertaken to avoid gentrification for 
the benefit of the community at large. By offering 
more stakeholders, with their unique upbringings and 

diverse backgrounds, a seat at the table and the chance 
to invest money and provide input for GI projects, 
mutual progress is inevitable. 

Observations, Citizen Science, and Volunteering Public-Private Partnership (PPP) 

“Collaborations between scientists and 
volunteers have the potential to broaden the 
scope of research... ”                     - Cohn, 2008 

 

Conclusion 

Figure 6: Public outreach 
focusing on GI in Columbus 

Figure 7: PPP Flowchart 
Adhikari, 2019 

Urbanization paves over soil pores, creating ecological problems that, in turn, create human health and safety problems. 
Cities around the world are investing large sums to money to bring soil pores back to urban areas through green infrastructure 

and related enhancement projects. As seen in this case study of Columbus, OH, USA and Wuhan, Hubei, China, these 
projects are often in response to water quantity problems. The narrow focus of adopted programs and current policies 
undermines the multifunctionality of green infrastructure (i.e., its ability to simultaneously improve water quality, enhance 

quality of life, stimulate the economy, etc.). The alternative policies proposed herein — “proactive” TMDL, community-
based social marketing, public observations, citizen science, volunteering, public-private partnerships — rethinks green 
infrastructure policy, planning, and implementation for more holistic success, which makes more out of pores. 
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