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1. Problem Statement
Continuous monitoring of urban fluxes, such as energy, water, and carbon fluxes,
is essential to understand how changing urban density influences local climate.
This is especially important in shrinking cities in the rust belt where vacant lots
are ubiquitous. Green infrastructure has also been promoted as a cost-effective
and eco-friendly alternative for replacing outdated grey infrastructure, aimed to
mitigate flooding via stormwater storage and increased evapotranspiration. These
greenspaces can provide other beneficial ecosystem services such as enhanced
evaporative cooling to mitigate an urban heat island effect. However, greenspace
is tightly linked with the climate through phenology, and the climate is changing.
Linkages between changing climate and green infrastructure are not well
understood. By looking at the ecohydrological processes associated with
phenology, we can begin to explore these linkages. As a start, we installed an
eddy covariance (EC) tower in Midtown Detroit in July 2019 to measure urban
energy, water, and carbon fluxes associated with the vegetation distribution and
phenology characteristic of shrinking cities. Next, we set Detroit’s recent climate
record in the context of a long term record. Our main objective is to understand
how urban fluxes in the shrinking city are affected by changes in greenspace,
including green infrastructure, and how this response can be linked to the changes
in local climate. These linkages are expected to help inform stakeholders of the
ecohydrological impact of green infrastructure in shrinking cities under the
pressures of climate change.

3. Recent Climatology of Detroit

4. Urban Flux Measurement

Temperature

• Detroit EC tower instrumented July 2019 on WSU Physics roof
• Urban energy, water, and carbon fluxes measured with meteorological
variables (temperature, humidity, wind speed/direction, radiation
components, precipitation, and PAR) at 10 Hz.

Precipitation

Lat: 42.353961°N
Lon: 83.069512°W
Elev: 193 m asl

Infrared gas analyzer/
3-d sonic anemometer

 Average temps generally warming
with cool periods interspersed
 1990 - 2000 relatively cool period
with 1998 warmest average year

 Wettest period was between 1970
and 2000; very dry before and after
 Data suggest we may be wetter
than normal in recent years

4-component
net radiometer
Heated rain
gage

2. Detroit Context
https://cluin.org/issues/default.focus/sec/vapor_intrusion/cat/site_investigation_tools/

 Detroit population peaked in the 1950s and has
been declining ever since
 Vacant homes and commercial buildings are
converted over time to vacant lots and greenspace
 What does this mean in terms of ecohydrological processes and
associated ecosystem services? Does climate change play a role?

 Current year minimum winter
temps appear lower than average
 Current year minimum summer
temps appear higher than average

 High precipitation years seem to
have largest accumulations in July
 Current year higher than average
with large accumulation in April

5. Changes in Greenspace
1953 – Downtown Detroit

2019 – Papuga Lab in Detroit
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 Current year maximum winter
temp lower than average in March
 But, current year maximum temps
generally higher than average

 Current year winter precipitation
drier than normal; June dry as well
 Extremely wet spring with July
approaching above normal as well

Questions resulting from climatological record:
• How might colder, drier winters impact urban phenology and how will
this translate into changes in ecohydrology and ecosystem services?
• How might hotter, wetter springs impact urban phenology and how will
this translate into changes in ecohydrology and ecosystem services?

Questions resulting from greenspace changes:
 How will these shifts in greenspace change
the ecohydrology of Detroit?
 How can we take advantage of these
greenspaces in the context of climate change
to enhance ecosystem services?

From Hoalst-Pullen et al. 2011
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