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What Do Soils Do for the Urban Environment?

• Provides a growth medium for plants
• Stores water and nutrients
• Recycles organic litter
• Provides home for microorganisms

• Regulates and partitions the flow of
water
• Controls infiltration and runoff
• Governs water retention and recharge
• Determines water residence times

• Buffers environmental change
• Recycles waste
• Filters groundwater
• Absorbs atmospheric C → SOC
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(Mis)Conceptualizing the Soil

Brady and Weil (2000)

• Composition
• Mineral fine-earth (sand, silt,

and clay) and coarse fraction
(rock fragments >2 mm)

• Organic matter (living and
decaying)

• Pore space (water or air)

• Architecture
• It is easy to conceptualize the

soil as a material where these
components are well-mixed
(random)

However, the reality is that soil particles are most often arranged into
clusters (aggregates and peds). This arrangement is called soil structure.
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Soil Structure
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What Difference Does Soil Structure Make?

• Water retention and pore-size distribution
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What Difference Does Soil Structure Make?

• Infiltration, water flux, and groundwater recharge rates

Q =
∆PπR4

8Lη

Q = volumetric discharge
R4 = pore radius
∆P = pressure difference
η = dynamic viscosity of water
L = pore length

• Soil biogeochemistry
• Anoxic or suboxic domains control redox reactions including

denitrification, heavy metal toxicity, carbon mineralization
• Aggregates affect accessibility of organic matter to microorganisms
• Water flux controls contaminant transport
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Urban Soils and Climate Change

• Soil structure appears to be changing in response to climate on a
timescale of years to decades with negative hydrological implications
for areas projected to receive more yearly rainfall

Hirmas et al. (2018)
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Current Methods in Characterizing Soil Structure

• Physical methods (e.g., water retention, aggregate size/stability)

• Field-based morphological descriptions

• Imaging approaches
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Emerging Technologies

• Current methods are inadequate because they only indirectly examine
structure or are severely limited by scale

“Soil structure is one thing soil physicists all talk about but no one
seems to know what it means.” -S.J. Richards

“...almost every U.S. soil physicist somewhere in their career
undertakes research related to soil structure with the expectation of
making a meaningful contribution to the topic, only to give up in
dismay after one or two studies.” -W.D. Kemper

• Despite these problems, several technologies are emerging that appear
to overcome previous limitations
• Multistripe Laser Triangulation
• Hyperspectral Imaging
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Multistripe Laser Triangulation
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Multistripe Laser Triangulation

Ect et al. (2013)
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Hyperspectral Imaging
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Hyperspectral Imaging
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Conclusions

• Urban communities and ecosystems depend on the
services that soils provide

• Soil functioning and soil ecosystem services
strongly depend on soil structure

• Beyond direct effects from urban and peri-urban
land use and management, climate change is
changing soil structure

• Given its importance and the rate at which it’s
changing, there is an urgent need to directly
characterize soil structure and better incorporate it
into soil health assessments

MLT and HSI provide new exciting opportunities to
study and characterize soil structure at field scales
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