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Moving beyond the Udorthent-A Proposed Protocol 
for Assessing Urban Soils to Service Data Needs for 
Contemporary Urban Ecosystem Management 
W.D. Shuster, A. Barkasi, P. Clark, S. Dadio, Drohan, 8. Furio, T. Gerber, 
T. Houser, A. Kelty, R. Losco, K. Reinbold, J. Shaffer, and J. Wander 

t a time when post-industrial U.S. cities struggle to mitigate com- Ab ined sewer overflows (CSO) as a part of long-term control plans 
negotiated or settled under the Clean Water Act (CWA) of 1972, these 
same cities are also rapidly accumulating vacant properties due to legacy 
blight, and unprecedented foreclosure on residential, commercial, and 
industrial properties (Goodman, 2005). These properties find their way 
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into the inventory of city-run land banks where the disposition of vacant 
land can be stabilized, the title cleared, and demolition and site closure 
can be performed, ac which point properties await repurposing. Since 
there is a concomitant need for detention of stormwater runoff and an 
availability of land mass, this arrangement suggests opportunities for 
this land to be used as a sink for excess stormwater runoff, urban agricul- 
ture, green space, expansion of city parks, and other uses that foster social 
equity, economic stabilization, and environmental quality in traditionally 
underserved locations. 

The practical issue with CSO mitigation is to prevent excess stormwater 
runoff volume from entering into the sewer system. The idea of capturing 
excess runoff at the parcel level is relatively new, and capitalizes on cap- 
turing modest runoff volumes in economical parcel-level facilities that are 
spread around a sewer drainage area. This approach can address runoff 
production at smaller scales and involves storage and redistribution of 
runoff in connected plant-soil systems generally known as green infra- 
structure (GI) (e.g., bioswales, bioretention cells, pocket wetlands, rain 
gardens, green roofs, reforestation). There is a critical need to determine 
whether the type and storage capacity provided by green infrastructure 
techniques is adequate to mitigate CSOs and contribute to the restora- 
tion of degraded urban ecosystems. At the foundation of this issue is the 
nature of soils that underlay urban areas. 



'The spatial distribution, characteristics, and condition of urban soils 
are largely unknown. ?he common county survey lacks resolution and 
accuracy for urban soils, and there are good reasons for this shortcom- 
ing. Histo-rically, the primary emphasis of soil surveys was to map soil 
distribution in rural areas where agriculture was a dominant driver of 
local economies. The onset of suburban sprawl in  the 1950s required 
information on the suitability of soils for housing and development. 
Therefore, urban areas were still not a high priority, and considerittion 
was limited to areas set aside for suburban development. As compared 
to soil in a nonanthropogenic environment, the urban landscape can 
exhibit an extraordinary range of soils within a relatively small area. 
Although many urban areas have received a great deal of imported fill 
soil material, there are also situations where parks, backyards, and other 
undisturbed neighborhood right of ways (e.g., under aboveground util- 
ity lines) may exhibit relatively low disturbance and may retain theix 
native soils md preserved layering. 

From approximately 1965 to the mid-1980s, the mapping of soils in 
urban areas relied on gross differences in landscape and geologic maps to 
differentiate the geography of parent material. The lack of spatial sample 
data, the high levels of disturbance to urban soils, and limited nomen- 
clature to describe these unique features all contributed to an inability 
to completely resolve or identify soil series with any confidence. Urban- 
ized areas were commonly mapped and identified as "complex" map units 
consisting of two or more dissimilar components, with one of the com- 
ponents being "Urban land," or land mostly covered by streets, parking 
lots, buildings, and other structures of urban areas (Soil Survey Staff, 
1993; USDA, 2010). One or more soil series were commonly identified 
in the map unit name to represent the predevelopment soil, even though 
the upper horizons are often altered within the delineated areas. In typi- 
cal practice, if the predevelopment soil was buried with fill material or 
removed, then the soil component was identified as an Udorthent, a soil 
taxon three levels higher than a soil series in U.S. soil taxonomy. The 
present vocabulary of taxonomy serves to truncate the extraordinary vari- 
ability of urban soils into colorless, undifferentiated generic soil map 
units. Therein lies the challenge of surveying, describing, and organizing 
these soils into meaningful phases and series. 

There are practical reasons for the lack of detail in soil mapping across 
urban areas. Primarily, the USDA-NRCS does not map parcels, but 
rather landscapes. Urban soils and their inherent complexity due to dis- 
turbance make it very hard to map recognizable features repeatedly in a 
consistent, meaningful way, much less to yield a useful soil map. Given 
the complexity of these disturbance patterns, costs for mapping at an 
Order 1 level could be exorbitant for a client, as they would be extremely 
time-consuming to complete. There has also been a lack of need for 
detailed maps of urban soils. Urban soils traditionally were not consid- 
ered a resource for anything other than to support urban development. 

However, now that large areas of post-industrial cities are abandoned, 
and local governance is looking for new uses for this land, there is 
increased interest in the nature and properties of these largely unclassi- 
fied urban soils. To successfully meet this new need and meaningfully 
capture the variation in urban soils, the spatial scale of preliminary (or 
pilot) urban soil surveys should be focused at Order 1 mapping and to 
service very specific objectives. Anderson et al. (2006) suggested that 
digital soil maps (e.g., the USDA-NRCS Soil Survey Geographic Data- 
base [SSURGO], wherein data is Order 2 or 3 resolution) can be used to 

improve the performance of distributed rainfall-runoff models, many of 
which are used for urban stormwater and wastewater management. Yet, 
without extensive ground-uuthing and other enhancements or datm- 
ets (such as LIDAIL), SSURGO always provide less detail than that 
needed in many new uses for urban soils, su& as hydrologic 
planning the implementation of green infrastructure (e.g., plant-soil sys- 
tems that leverage infiltration and mpoumsplration losses to manage 
stormwater runoff). 

Ironically, much of the literature on urban soils is focused on issues dl 
beyond the Order 2, or p d a p s  even Order 1 scale, includin 
ity assessment, Brvwnfield restoration, urban environmental 
focused on toxic pollutams (panicularly metal chemistry), hordculture, 
and integrative asessmentr, of soil quality or soil health. For example, 
SchindeltYedc et al, (2008) used a soil quality assessment protocol &at 
measured physical, biological, and chemical atrributes to compare soil 
health among a vegetable farm, town park, and urban vacant lot sites. 
note that this work offered a comprehensive overview of site 
and showed contrasts ostensibly due to differences in land 
although it did not include assessment of soil 
erties. Lorenz and Kandeler (2005) pointed out that h 
urban sails show surprising variability in physical, 
cal attributes with depth. They also recommended 
topsoils should be sampled and properties used to 
and judge the potential different types of land management. Soil phase . 
is a subdivision within a soil series that is differentiated on the basis d a  
significant deviation in texture, slope, staniness, or other surface prop- 
em and we would expect to see numerous phases (i,e., heterogeneity) in 
urban soils. 

- 
The conditiongf existing urban soils may restrict their potential for 
riculture and horticulture (Jim, 1998). These highly disturbed soils 
lack a cohesive structure, have Iittle 
are not appropriate hr landscape planting. Lkewise, Godefroid et 

ties. Pouyat et al. (2007) included the identification of key chemical, 
physical, and biological aspects of soils and discussed the integration of 
these facrors and how 

where relationships among seemingly disparate factors can be explored 
and confirmed. In spite ofthere being few resources to support urban s 

tie together the implications of 
contemporary urban environmental challenges. We therefore attempt to ' 
pi& up where Effland and Pouyat (1997), the Soil Survey Staff (2005) of 
New York Ciry, and other notable efforts left off. 

Researchers from the Baltimore Ecosystem Study proposed to modify 
current U.S. soil taxonomy to reflect and specify anthropogenic activities 
as a factor in soil formation (Effland and Pouyat, 1997). They further- 
more proposed soil properties that may be used to effectively describe 
the unique aspects of urban soils (Pouyat et d., 2007). Without specific 
information about urban soils, it is difficult to predict or properly account 
for the potential of soils to play a role in urban ecosystem restoration and 
management and the provision of ecosystem services. Our survey expe- 
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rience highlighted the need for soil data required for planning urban 
stormwater management through green infrastructure. Here we report on 
the design of this pilot study, methods, and practical advice on logistics 
and site access in core inner-city vacant areas of the United States. 

This work was designated as a pilot study to explore variability in tax- 
onomic properties and gross hydraulic properties in urban soils. The 
objectives of this pilot study are to: (1) identify sampling areas in vacant 
lots located within small CSO drainage areas, (2) develop a parallel set of 
reference sites (city parks and cemeteries), (3) use standard soil taxonomic 
methods to describe these urban soils, and (4) assess surface soil and sub- 
soil hydraulic properties in native and a1 areas within a site. The goals of 
this research were to better understand the potential for vacant lot soils 
to support detention of stormwater quantity, to determine soil restoration 
needs (for soils often left in an unworkable condition by demolition activ- 
ities), and to develop a method to assess the distribution of soil series or 
phases and their properties in urban core areas. 

Materials and Methods 
To demonstrate one avenue of potential Order 1 site investigation, research 
work was performed by an interdisciplinary team of scientists across the 
Cleveland, O H  area. The study area was in the Northeast Ohio Regional 
Sewer District (NEORSD) service area, which has combined sewer over- 
flows (i.e., stormwater and sewer flows are combined in a single pipe and 
can have flows that exceed treatment facility capacity). The goal of the 
city-wide site investigation was to evaluate soils in abandoned lots for their 
suitability to receive local stormwater flow. The universe of all potential 
sample areas was the intersection between relatively low annual volume 
(<60 ML, or million liters), high-frequency (>5 activations) m b i n e d  
sewers and vacant land parcels that resided either in the city or county 
land banks (Fig. 1 and 2). Geospatial data for approximate drainage areas 
of the relatively small volume, high-frequency CSOs were obtained from 
the sewer district, and the location and disposition of land bank vacant 
properties were obtained through the City of Cleveland Department of 
Community Development. Based on conversations with city property 
managers and initial scouring of vacant sites, soils in each vacant lot were 

a 

mapped as probable fill (i.e., imported soil material) and possible rem- 
nant native soil areas. Although demolition records were incomplete, it 
was straightforward to differentiate fill versus native soil areas. We sampled 
both fill and native soils in two types of sites: (1) sites with vacant lots left 
by demolitions before 1996, wherein the demolition contractor was allowed 
to bulldoze house debris into the basement of the house, versus (2) demo- 
lition sites after 1996, at which time demolition debris was collected and 
hauled away, with grass planted on the vacant site. Fill areas were gener- 
ally found within the footprint of the former structure, and native areas 
were typically found to be the vegetated areas that at one time had been 
backyards or utility right-of-ways along the rear boundary of the prop- 
erty. Undisturbed reference soil pedons were sampled from city parks and 
unoccupied areas within cemeteries. It was hypothesized that the older city 
parks in the sampling area exhibited soils that had not been disturbed or 
appreciably changed by urban development. 

Arranging for site access was a significant issue for the project and 
required a high level of effort not only to construct a list of accessible 
vacant properties, but to determine the disposition of these lots and actu- 
ally locate them in the field. To start, work was initiated with city-level 
departments for community development and parks, and site access 

'ig. 1. Greater Cleveland, OH metropolitan area with vacant, park 
xnd, and cemetery sites indicated as triangles superimposed onto 
treets (light gray lines) and streams (thicker, irregular gray lines). 
'he Cuyahoga River (center-left of the figure) runs northward and 

mg. 2. Detailed map showing the location of several soil sampling 1 
1 sites (black triangles) on the east side of Cleveland, OH within 

I several combined sewer overflow drainage areas (darker gray 
polygon outlines), otherwise known as "sewersheds". 
lines are city streets. 

Light 

I 

agreements were developed for city land bank vacant lots, along with a 
separate agreement for parks. We recommend that this process be started 
at least 6 months before fieldwork and to initiate the site access agree- 
ment process with a solidified list of vacant properties. City departments 
with jurisdiction over vacant land are spread thin, and Cleveland was 
no exception. With thousands of properties to track, this poses a major 
administrative challenge for any organization. A combination of tax 
records, plat maps, and GIs data for vacant lots was used for site loca- 
tion. However, different sources of this data from different departments 
each had slightly different representations of what was a vacant lot, and 
what was not. In short, it was difficult to find an absolutely reliable source 
for the most current portfolio of vacant lots. Moreover, the true disposi- 
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tion of vacant property was found to be fluid. The matter of utilities was 
largely taken care of by requesting inspections from the Ohio Utility Pro- 
tection Service. The city disclosed that utilities are cut off at the curb at 
the time of demolition. The utility markings usually indicated that pipes 
or cables ran along the right-of-way, and never in the vacant lot itself. In 
summary, it is advisable to visit each site mice, 6 wk apart, and on the 
second visit, disseminate informational flyers and have direct, verbal con- 
tact with neighbors to communicate project goals and time line. Utility 
markers should also be contacted with a list of properties to be marked 
within a reasonable time period. 

Upon arriving at each site, a banner was erected to identify the project 
and state its purpose in dear, proactive terms (Fig. 3). Next, a picture 
of the site was taken from front and rear vantage points. A site descrip- 
tion was written, and the layout of the site was sketched. The amount of 
canopy in n o d ,  south, east, and west directions was measured with a 
spherical densitometer. Native and fill sites were identified, and a set of 
coordinates were determined in the center of the site with a handheld 
global positioning system unit (Garmin Rino 520; Kansas City, KS). 

Soil Physical and Hydraulic Measumments 
A comprehensive approach to the assessment of soils and soil-water 
relationships in vacant properties was undertaken. A truck-mounted' 
Geoprobe 5400 (Fig. 4; Geoprobe Systems, Salina KS) was employed to 
take soil cores to a maximum depth of 4 m (1.3 m at a time) in each fill 
and native soil area. Samples were nominal 6-an-diameter cores extend- 
ing from the ground surface to a depth of 1 meter, with the steel corer 
advanced to the 1.3-m depth by rapid percussion with the hydraulic 
hammer. The corer consisted of a steel cylinder equipped with a threaded 
cutting shoe, transparent plastic liner, and drive head. The corer was 
deaned and fitted with a new liner between samplings. The liner con- 
taining the soil sample was removed from the corer, labeled, and the 
ends sealed with vinyl caps. Core samples were inspected to qualitatively 
locate the transition between soil diagnostic horizons or layers by visual 
cues (e.g., change in color, texture, location of impeding layer). Benton- 

Fig. 3. Geoprobe unit p a w  at m e  ofthe parksitesin PheTmmmt 
area of Gl9velandi O K  The banper was wwterlnn anjuJ @t cmh 
site and w w e d  b invite qfWmsC learn about fhe ihipa&nt role 
that soils play in emr%Dnmen&l management. m 

ite day pellets were used to seal the bottom and top of the boreholes, with 
excess fill soil from borehoIe drilling used to pack the intervening layers. 
Then, a second hole was bored to the depth of transition, and hydraulic 
conductivity in the subsoil transition zone was measured with a compact 
constant head permmeter (CCHP) (Fig. 5; Ksat, Inc., Raleigh, NC). 
Per Amoozegar (1989), the data collected from the CCHP was used to 
calculate Kmt with Eq. [I]: 

K- = AQ 

where K- is the calculated hydraulic conductivity, A is a constant based 
on the radius and head of water in the borehole, and Q is the steady- , 
state rate of water flow into the borehole. The hydraulic conductivity of 
surface soils at each of the native and fill positions (Fig. 6) was assessed 
with double-ring infiltrometers (Turf-Tec portable idtrometer; Turf 
International, Tallahassee, FL) run to saturation in Ming-head mode 
Adjacent to each side of each ring indtrometer, matrix flow at the sur 
was also assessed with tension indtrometers run at a suction head of 2 
(Mini-Disk Infiltrometers; Decagon Devices, Pullman, WA). A modifi 
van Genuchten method based on Zhang (1997) and soil texture data 
used to calculate matrix hydraulic conductivity from the mini-disk i d - ,  
trometer data. 

The soil cores were retained in sample sleeves br subsequent morphologi 
description and subsampling horizons for basic physicochemical charac- 
terization. Partide-size analysis was conducted using the pipette method , 

(Gee and Bauder, 1986); soil pH was measured using a Ross combination 
glass electrode (Thermo Fisher Scientific, Beverly, MA) with a 1:l suspen- 
sion (Edcert q d  Sims, 1995). Available Ca, Cu, Mg, P, K, S, and Zn were , 

measured us@ the Mehlich 3 extraction with inductively coupled plasma 
atomic emission spectroscopy (Varian 730-EOS; Agilent Corp., Satm Bar- 
bara, CAI quantification (Wolf and Beegle, 1995), with cation exchange 
capacity (CEC) subsequently calculated by summation (Ross, 1995). Igni- . 
tion methods were used to determine total C (Nelson and Somrners, 1996) 

Fig. 4. Geoprobe sail core 
a hydrtlic hammer (MI! v 
simuItsn8oursfy pushes anul p 
ground. T h m  personnel a@ g the clear liner sontd 
the saMpM soil core Srom ne b%rVel. The dear ' 
faoil- qdck identification of transitions in mils. 
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and total N (Bremner, 1996) with a CE Instruments (VPigan, UK) EAlllO 
CHNS-0 analyzer. Partide-size data were used to select the texture-depen- 
dent constant in the tension infltrometer data. 

'The relative degree of compaction and presence or absence of impeding 
soil layers was evaluated with a portable, automatic penetrometer (built in 
1986 at Ohio State University) at points along an X" transect set across 
the site to account for variation in topography and the relative response 
from 611 or native soils. However, due to mechanical failure of the auto- 
matic penetrometer after completing the fourth site, a manual method 
was developed based on recommendations on dynamic penetrometer 
design given by Lowery and Morrison (2002), wherein an individual used 
a 5 Ib. hammer to drive a length of steel reinforcing bar to refusal or 0.66 
m depth (the maximum working depth of the automatic penetrometer), 
or whichever came &st, recording the number of blows to refusal, and 
depth of refusal. To promote consistency, the same person performed the 
manual penetrometry through the course of the project. 

Results and Discussion 
Initially, 60 sires were chosen throughout the inner city areas of Cleve- 
land, from East Cleveland to the Bellaire-Puritas neighborhood (far 
western side). A total of 17 sites were eliminated due to physical barriers 
(e.g., recent changes to fencing) or safety considerations (e.g., unleashed 
dogs, proximity to significant distribution locations for illicit drugs). Of 
the remaining 43 sites (Fig. I), 12 were in parks or cemeteries, and all 
were situated within CSO drainage areas (example given in Fig. 2). 'The 
condition of the 31 vacant lots was found to be highly variable, although 
each site exhibited a visible separation between native and fill subareas. 
Although members of the team had scouted each site 6 to 8 Gk earlier, 

the disposition of some of the sites was dynamic, such that neighbors 
variously utilized a given site as a community picnic area, a neighbor- 
hood pet cemetery, an improvised basketball court. ?he vacant land was 
often used as an extension of an adjacent landowner's (or renters) resi- 
dential lot. 'These same citizens (or groups of citizens) often took care of 
the vacant property by mowing and otherwise managing vegetation, and 
therefore felt some sense of ownership. At times, the neighbors' sense of 
ownership impeded or prevented access for sampling. Frequently, neigh- 
bors residing on either side of the vacant lot were approached to make 
sure that they understood the purpose of the study. More often than not, 
the research team was the first representatives of governance that citizens 
in these inner city areas had seen in some time. Therefore, team mem- 
bers were taken as de facto representatives of the city, county, or other 
agency. Explanation as to why a given site was chosen and a simplified 
summary of project objectives was provided. Emphasis in the explanation 
was placed on how the research work could connect U.S. citizens to their 
environment. Generally, landowners on either side of a given vacant lot 
were interested in purchasing the vacant lot. In these instances, informa- 
tion was provided to the neighbor about the lot, including the city land 
bank phone number, thereby facilitating the renewal of an acquisition 
process that had begun earlier, sometimes several years ago. 

It was difficult to obtain current information on the status (in particu- 
lar, crime rates) of the neighborhoods selected for the study. While it was 
obvious in some cases that the research team was not particularly wel- 
come, the nature of our mission was so unique that this generated some 
social or cultural capital with citizens, at least to the extent that the team 
was allowed to complete the work at a given site. By the end of the first 
week of sampling, however, it became apparent that utility inspectors had 
perhaps the most integrated and comprehensive sense of neighborhoods. 
These generally conscientious employees helped to anticipate site condi- 
tions, scope safety issues, and identified any utility issues present at the 
selected sampling lots. Local noise ordinances were reviewed, and as a 
general rule, Geoprobe work did not start until 8:30 a.m. After the first 

I Fig. 6. A eingle falling 
was wed tu mkhEYtB g 
fill areas in Chdand, 
adjacent to the elcnrb 
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week of the survey, and based on perceptions of safety at a given site detc- 
riorating later in the day, work was completed by 3:30 p.m. 

Costs, personnel, and logistics are important considerations for a novel 
project such as this. In this case, the project was undertaken by a federal 
organization, an Ohio EPA Geoprobe, and one crew member for 3 wk of 
work. The project was assembled as: an existing cooperative agreement 
with USEPA Regional partners ($18,000), an openly competed contract 
for field description of soils and basic chemical analysis ($50,000), and 
in-house technical support staff (two B.S. level technicians) for about 4 
wk of work and travel ($17,000). From the federal side, there was a GS14 
principal investigator (dose to 8 wk to account for both field work and 
administrative and coordination matters), a GS12 field health and safety 
officer (for the first week only), a GS13 field scientist with substantial 
Geoprobe experience (4 wk), and a GS4 federal student intern (2 wk). 
Few consumables (e.g., Geoprobe drive tube liners) were used, and dura- 
ble goods like the hydraulic characterization gear and penetrometer were 
already in the USEPA-Sustainable Environments Branch inventory. By 
the end of the 3-week field deployment, the research team averaged four 
to five sites per day, wirh 1.5-2 h spent at each site. Much of this rate of 
completion had to do with the amount of time it took for the CCHP to 
equilibrate, and whether the crew felt it was prudent (from a safety per- 
spective) to split the team and have the Geoprobe unit go forward to the 
next site. Given the changing circumstances, the team remained together 
after the first week and traveled and worked as a full team at each of the 
remaining sites. Periodic field visits from county, state, and federal soil 
scientists (some of whom served on surveys from the 1970s) helped to 
add value to the field work, turning it into a forum for sharing knowl- 
edge and discovery of previously unknown soils, making spot checks, and 
comparing what was found in the present study with original soil survey 
documents from the 1970s and prior. 

Example of Site Assessment Data 
The assessment protocol produced a comprehensive dataset describing 
the situational, physical, and pedological influences on the chemical (i.e., 

Table 1. An example of soil physical, chemical, and hydraulic 
assessment data collected from the surface and most hydrauli- 
calty restrictive portion of the soil profile for native and fill s u b a ~  
eas of a residential vacant lot in the Forest Hills neighborhood of 
Cleveland, OH. 

Data Field Native Fill 

Surface Subsurface Surface Subsurface 
Texture 
pH 
CEC, meq per 

100 g 
Base saturation, 

% Ca, K, Mg 
C % (wlw) 
N, m&g 
P, mgkg 
K, mw'kg 
Mg, m&g 
zn. msnc9 
Cu, mgkg 
s, msncg 
K, (most restric- 

tiveit 

Sandy loam 
5.3 
16.9 

Silty clay loam Loamy sand 
7.1 8.2 
12.2 16.8 

Silt loam 
7.7 
12 

77.2'21 

0.99 
0.07 
3 
74 
298 
3.1 
2.5 
88 
0.03 

, . 
K, (surface) 32.1 UIA 1.3 M A  
K=, (matrix) 0.27 N/A 2.2 WA 

soil fertility) and hydraulic setting of vacant lots in urban core areas of 
Cleveland. An example of data generated from our protocols for a single 
vacant lot is given in Table 1 for the Forest Hills neighborhood of Cleve- 
land (Fig. 7 and 8). In its post-demolition phase, the lot was used for 
parking, recreational basketball, and some grassy cover persisted in spite 
of these disturbances (Fig. 7). The canopy cover measured in the north, 
south, east, and west directions was 86,0, 20, and 5296, respectively. This 
lot could reasonably be used for gardening and other agriculture given its 
favorable south-facing exposure. The right-of-way canopy limited expo- 
sure from the rear of the lot, and the eastern and western exposures were 
limited by the exterior walls of the adjacent residential houses. 

Yet any favorable setting in terms of exposure still must contend with 
estimates that -50% of the lot is unsuitable even for shallow tillage 

pical vacant lot used for assessment in the 
ood of Mewland OH. N&e the Ss;ientM. 

t Units for hydraulic measurements are in cm/h - :. 
-5 



due to the presence of debris, compacted soils, and 
other influences leading to penetrometer refusal at 
nominal depths. 

The prospects for developing vegetative cover or 
crops in the area was further limited in the native 
area by its relatively small proportional area as total 
lot size, and the predominance of dense shade. How- 
ever, soil fertility was quite high, as the first 30 cm 
of the soil profile was a mull, with an organic mat- 
ter-enriched sandy loam developed from years of leaf 
matter being stored in this area and casually com- 
posted along the right-of-way and fence line (Tables 
1 and 2, Fig. 9). The soil reaction was fairly acidic, 
CEC moderate to high, and the native surface soil 
was not only high in P and K, but also apparently 
enriched in Cu and Zn (Table l), which may be 
attributed to dumping of metal household and auto- 
motive parts over the long term, some examples of 
which were strewn along the fence line. The high 
saturated hydraulic conductivity measured at the 
surface was apparently due to the predominance of 
macropores in this well-structured epipedon, which 
supports the observation of a much lower matrix 
conductivity at saturation. The most hydraulically 
restrictive zone in the native subarea was identi- 
fied at the 1.2-m depth and composed of a silty clay 
loam. Soil in this part of the profile had markedly 
lower fertility and much less metal content than the 
surface soil. Given the shift in texture, a predict- 
ably lower saturated hydraulic conductiviry (0.6 
cmlh) was observed. Data on the most hydrauli- 
cally restrictive part of the profile serves as a limiting 
factor in the design of a rain garden, swale, or infil- 
tration bed, and the values can be used to scale 
design parameters for water management practices 
that rely on the redistribution of soil water to create 
pore space for subsequent storms. 

The fill subarea was sampled near the center of the 
footprint of the original residential structure, and 
since this was a post-1996 demolition, we did not 
encounter large debris, nor have to bore through a 
basement floor. The surface of the fill subarea was 
composed of a relatively alkaline loamy sand (Tables 
1 and 2) with overall lower fertility than its native 
counterpart, though with higher K and S concen- 
trations (Fig. 10). Although the surface soils were 
coarsely textured, it was clear that the exposed soil 
surface areas were sealed, with no observable sur- 
face-connected macropores. Qualitative observations 
were confirmed by surface hydraulic measurements, 

Table 2. Selected data for soil taxonomic data for native (fine-loamy, mixed mesic Aquic 
Udorthent) and fill (Udorthent) soils sampled from a vacant lot site located in the Forest 
Park area of Cleveland OH. Note differences in the number of diagnostic horizons 
between the two subareas. The fill area was composed largely of anthropogenic, non- 
soil material underlain by soil material that is similar to native at similar depth. Depth 
distribution detail allows for an objective approach to judging degree of disturbance 
and what might actually qualify as a native, pre-development pedon. 

Horizon Depth Texture Rock fragment type Matrix, redox feature color 
cm % (wh) 

Native 
Au 0-1 2 loamy sand concrete, slag (25) lOYR4L3, N/A 
C l  u 1 2-34 loam charcoal, gravel (15) lOYR 4/4, N/A 
C2u 34-105 fine sandy loam sandstone fragments (20) 2.5Y 514, N/A 
2C3 105-150 sandy loam N/A IOYR 6/6, IOYR 711 and 518 
2C4 150-185 silt loam N/A 2.5Y 514.5G 6/1 

Fill 
A 0-23 sandy loam N/A 1 OYR 3/3, N/A 
C 23-37 loarnysand N/A 10YR 4/6, N/A 
2% 37-53 silty clay loam N/A 1 OY R 7/1, N/A 
2C 53-71 fine sandy loam N/A 1 OYR 5/6, 1 OYR 5/8 
2cg 71-90 silty clay loam N/A 58 711, N/A 
3Cl 90-160 silty clay loam N/A 1 OYR U 4 , l  OYR 5/8 
3C2 160-1 90 sandy loam N/A 1 OYR 6/2. 58 711 
3cg 190-1 98 clay loam N/A 58 5/1, 7.5YR 5/6 

which indicated that, at saturation, the gross infil- 
tration was limited to 1.3 cmlh, and matrix flow was comparatively seems that the transition to subsoil occurred at a shallower depth in the 
dominant at 2.2 cmlh. The transition to subsoil (the hydraulically restric- native than the fill area, which is understandable in the context of the fill 
tive zone) in the fill subarea was identilied at the 1.8-m depth, where fill area being disturbed to a greater depth. The slight difference in texture 
soil transitioned to what was assumed to be the original silt loam sub- between native and fill subsoil may be attributed to mixing or dilution of 
soil. Subsoil fertility was similar among native and fill subareas, and it fill subarea soils with imported soil. 
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The high concentration of S is somewhat anomalous compared to that 
observed in native soil subareas. The reason for this may be due to the 
widely varying types of debris found in older residential homes. This debris 
sometimes included pieces of coal and coal dust as artifacts from past use 
in fueling coal-fired furnaces, and therefore, could explain the higher S 
concentrations. The most hydraulically restrictive zone in the fill subarea 
was identified at 1.8 m where the saturated hydraulic conductivity was esti- 
mated to be 0.03 cmlh. This may be partly due to the fine texture of this 
soil and its assumed compaction and consequent pore restriction during 
construction (circa 1920), and demolition operations in more recent times. 
Although non-zero, the very low hydraulic conductivity would permit some 
redistribution of water in the deep subsoil. However in this case, an infiltra- 
tion stormwater management practice would require (for reliable operation) 
more surface area or greater residence time in the surface soils, or both fea- 
tures would be needed to pass an acceptable amount of water through the 
system and not restrict overall effectiveness of the practice. 

Conclusions 
Successful and sustainable ecosystem management requires the inte- 
gration of the ecological, economic, and social influences that jointly 
determine the sustainability of human communities. Integration of 
these sustainability concepts was attempted through a unique type'of . 
soil survey-hydraulic assessment in Cleveland, OH. Although rural soil 
surveys are well documented and offer a high level of detail, urban sur- 
veys are quite the opposite. Also, the logistics and practicalities involved 
in urban soil assessment are unique. This research sets forth the meth- 
ods and experiences as a proposed protocol for urban soil survey and 
hydraulic assessment work. These assessment protocols were developed 
as a response to earlier (if only conceptual) attempts to apply traditional 
soil survey concepts to the different questions and challenges in urban 
settings. The issue with this approach is that it is limited to giving land 
managers an idea of what the parent material might be, and how the 
urban soil could be imprinted by the native parent material. Adaptation 
and change from the current soil survey model are compulsory for gener- 
ating data at the site level in urban environments. Site-specific mapping 
of nearly all urban soils could facilitate geodatabase development with 
sufficient resolution so that the context specificity and high spatial vari- 
ability of urban soils could be visualized. If there were any patterns in 
soil properties, these could be scaled to the needs of environmental man- 
agers at the local and neighborhood levels, and soils thereby managed to 
improve ecosystem service to citizens, especially for decentralizing storm- 
water management through an infiltration-based paradigm. 

A major goal of this work was to stimulate dialog on the matter of develop- 
ing useful approaches to urban soil assessment and taxonomy. Carrying out 
an effort such as this takes an interdisciplinary team to fully understand 
the various connections among soils, stormwater, and human impacts on 
managed ecosystems. The long list of authors for this paper illustrates that 
such an effort takes cooperation and input from many levels of soil science 
that typically resides at several different levels of governance. 

This type of activity can also create connections between different gen- 
erations of soil surveyors, and clearly demonstrates the new roles that 
modified soil assessment and survey protocols may serve in the public 

interest. Yet, there are increasingly fewer soil scientists actively involved 
or experienced in soil survey planning, execution, and management. It 
would appear that the theme of an urban soil survey, when taken in the 
context of contributing to a comprehensive urban environmental man- 
agement and restoration plan, may lend itself to a renewed sense of soil 
survey purpose and vision. 
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