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PROJECT SUMMARY

In order to provide decision makers with effective tools to expose the widest array of options to
ameliorate water quality, social, ecological, and hydrologic processes must be integrated.
Therefore, the first goal of the proposed research is to develop a novel hydro-ecological model
that integrates key social drivers at various scales. The model will be used to test whether social
processes affect watershed dynamics and water quality, and whether any such effects act directly
through pollutant loadings, or indirectly through the ecological structure and dynamics of the
watershed. Furthermore, the model will be developed into a decision making tool by discovering
how to interact with the existing decision structure, how to relate ecological variables to the
spatial units of land use planning, and the hydrological implications of scenarios of change that
decision makers propose.

To develop the new model, modules will be taken from two existing hydrologic models, HPSF
and REHSSys. These models have complementary strengths, so that the new model can
effectively simulate natural surfaces, built surfaces, and source areas of various spatial scales. In
order to construct and calibrate the new model, the proposed research will collect high resolution
data on soil, vegetation structure, and impervious surfaces, in fine scale spatial patches within
subwatersheds of the Gwynns Falls watershed, a 17,150 ha area draining into the Chesapeake
Bay. Data on water chemistry and benthic invertebrates will be collected to indicate the water
quality of subwatersheds representing contrasting land use and land covers.

Social area analysis will be conducted at fine spatial scales, corresponding to neighborhoods, in
order to provide the data on potential socio-economic drivers of water quality, stream biota, and
watershed structure. Social data will include a variety of factors representing key resources of
wealth, community structure, and access to social power, as well as specific actions that may
affect water quality at the neighborhood level. The relationship of the social factors to specific
land cover mosaics will be determined to provide the basis of assessing land use changes. Past
land use changes will serve as the validation of the model.

The new model and the spatially explicit and temporal data bases used to construct and test the
model will be used to assist decision makers who influence the management of the hydrologic
system. By interacting with planners, managers, policy makers, community organizations, and
local leaders, the proposed research will discover how management decisions are currently made,
and how the hydro-ecological model might best be related to that structure. Input from decision
makers will be important throughout the research to assure that the model, the scales it addresses,
and the scenarios it can develop, are relevant to the user community.

The proposed research is significant because it can provide information that can help managers to
modify social and landscape structure to reduce non-point pollution to the Chesapeake Bay, and
because it will contribute to the theoretical integration of physical, social, and ecological sciences
within a shared framework of hierarchically subdivided watersheds and ecologically functional
land cover classes.
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INTRODUCTION

Decision makers, planners, and managers need sound models to assess water yield and quality,
and aquatic biodiversity in human-dominated landscapes. Such needs can be met through an
integrated approach to watershed dynamics. Both the needs and the components of the
integration are illustrated by the strategies for managing water quality. Water quality can be
ameliorated 1) at the "end of the pipe;" 2) through land use changes that reduce non-point inputs;
and 3) by modifying polluting actions of people through socio-economic influences. The second
and third options can be exploited more effectively to improve water quality.

The proposed research develops a model to test whether socio-economic factors act as strong
controls over water quality, watershed dynamics, and stream biota. The model also will test to
what degree the socio-economic factors act through modifying ecological factors (e.g., clearing
or planting forest patches), as opposed to acting directly through people's actions (e.g., dumping
waste). The research will be conducted in the 17,150 ha Gwynns Falls watershed which runs
through metropolitan Baltimore, and empties into the Chesapeake Bay.

An integrated approach to watershed dynamics and water quality is needed for several reasons.
First, the Environmental Protection Agency has mandated a 40% reduction in nitrogen loading to
the Chesapeake Bay. Controlling point sources of pollution has not met this mandate. Second,
forest conversion and suburbanization are proceeding rapidly. This change leaves few options to
mitigate water quality. Thus, a model of the interaction of the ecological and physical features of
the landscape with socio-economic factors is a potential tool for managing the water quality in
the Chesapeake region.

The integration of physical, ecological, and socio-economic factors required by managers also
has important scientific benefits, such as linking processes across scales. Water quality may
depend on processes at coarse scales, e.g., the Baltimore metropolitan region to the fine scale,
such as a neighborhood. Furthermore, information gathered in the contrasting environments of a
metropolitan region can help reveal causal relationships among the ecological, physical, and
social factors. The control of ecosystem function and biodiversity by heterogeneity iﬁ another
major ecological issue that the integration can be used to address (Huston 1994). Combining the
needs of decision makers, managers, and planners with the opportunity to improve ecological
understanding of watershed dynamics suggests three goals for the proposed research:

1. Build a novel physical-ecological watershed model to predict responses of hydrology and
stream biota to changes in social patterns and processes at scales relevant to decision makers.

2. Discover the relationships between the ecological variables that are required to model the
effect of the current and historical patterns of socio-economic factors on hydrology.

3. Convert the model to a practical decision making tool in collaboration with policy makers,
planners, and managers.

The integration is based on fundamental concepts in ecology and hydrology. The watershed
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approach is common to both of these disciplines (e.g. Likens 1992). From hydrology comes the
theory that cover types in a watershed influence flow path and flow rate, the runoff to
precipitation ratio, and the degree of saturation (Band et al. 1993). Runoff depends on the
characteristics and arrangement of patch types (Fig 1). From ecology comes the theory that the

flow and water quality

be regulated by vegetation in watersheds (Malanson 1993). The
watershed can be divides into patches that have different ecological and physical structures

(Doppelt et al. 1993). The hierarchical nature of watersheds prompts two important questions: Is
the hierarchy of patch types developed in rural watersheds effective in urban and developing
regions? Does the hydrological hierarchy correspond to the hierarchy of units used by decision

makers (Fig 2)?

RUNOFF/PRECIPITATION

Figure 1. Prediction of runoff/precipitation ratio asa
function of the permeability or flow rate and path, and
saturation of substrate.

©

SOCIO-POLITICAL

HIERARCHY
POLITICAL UNITS '/\J(Q))
LAND USE

_MEIGHBORHOCD L\y
LAND COVER-ECOLOGICAL WATERSHED
HIERARCHY HYDR?éECAOléO"C:’ICAL
HIERAR
LAND COVER TYPE ———
PATCH CONFIGURATION WATERSHED
YEQETATION SUB-WATERSHED
PERMEABILITY CLASS B e MENT
FLOODPLAIN
CHANNEL

Figure 2. The three hierarchies of patch or land wits to
be integrated in the proposed research. Socio-political
units are those defined by political or administrative
entities. Watershed hydro-ecological units are those
deliminated by decomposing large watersheds into
smaller units that contribute runoff. The land cover-
ecological hiararchy describes the specific surface
features that govern the flow rate and pathway of
runoff, and the degree of saturation of the substrate (cf
“Fig ). “The hiararchical ordering of land cover-
ecological patches, vegetation, soil, and permeability
'classes is site specific. -

S

The hierarchy used in planning reflects the needs of decision makers. It starts with large political
units and can be decomposed into "land use" classes, neighborhoods, census block groups, and
households (Fig 2). However, the patches in the socio-political hierarchy are composed of
complex mosaics of land cover types that have specific hydrologic and ecological functions. The
surface cover or land cover hierarchy can also be termed an ecological hierarchy, because of the






By working with decision makers in the City and County of Baltimore, the State of Maryland,
the Revitalizing Baltimore Program, and other organizations (I 1-3) we will determine how to
best use the model in planning, management, and restoration. We will conduct workshops
throughouth the development of the model to discover what parameters and relationships
between socio-political, ecological, and hydrological data decision makers actually need. Based
on input from potential users, we will adjust the developing model if necessary, and determine
how the simulations can be used to explore process response to past environments or
development scenarios. The scenarios will address changes in capital behavior, patch tenure,
spatial sensitivity or behaviors on scales from subwatershed to the whole Gwynns Falls basin.

Existing Partnerships. The principal investigators represent an ongoing collaboration between
several institutions and disciplines (social ecology, plant ecology, landscape ecology, soil
science, and hydrology). Working relationships with aquatic ecologists and geomorphologists
will be exercised in the proposed research (I 4-5). In addition, these researchers have worked
extensively with policy makers, planners, and managers from federal, state, and city agencies and
from non-profit organizations and community groups (I 1-3) through both the Yale Urban
Resources Initiative (8 yr) and the Revitalizing Baltimore Program (3 yr). In particular, the
Revitalizing Baltimore project has built upon the Yale Urban Resources initiative to develop
projects that link environmental restoration with urban revitalization on a local, watershed and
regional basis and that are related ultimately to the Chesapeake Bay.

LITERATURE REVIEW

Our approach links 1) the hydrological, 2) ecological, and 3) social-economic controls on water
and watersheds.

Heterogeneity and Spatial Patchiness

Watershed function depends on heterogeneity of the three controlling factors. Therefore, the first
step in linking hydrological, ecological, and social phenomena in a watershed model is to
discover comparable patterns within the three realms (e.g., McDonnell & Pickett 1993). Natural
and social scientists independently developed systems for identifying and mapping recognizable
units in their disciplines (Zonneveld 1989; Kuchler & Zonneveld 1988; Bailey 1983; Bailey
1985; Rowntree 1981). Such systems can be used to assess heterogeneity and to link comparable
social and ecological units (Bailey & Mulcahy 1972); scales (Johnson 1993; Burch & Grove
1993; Daniel et al. 1993; Thompson & Warburton 1985b; Allen et al. 1984); and classification
systems (Zonneveld 1989, Grove 1996).

Hydrological Heterogeneity The Variable Source Area (VSA) approach incorporates
heterogeneity. Different areas, or patches, contribute variable amounts of water and nutrients to
stream flow, depending upon location in the watershed and physical attributes of the soil
(Hewlett 1982; Dunne and Leopold 1978). This approach represents a dynamic model of the
abiotic attributes of the watershed, including seasonal fluctuations, topography, physical
properties of the soil, water table, and antecedent soil moisture (Dunne and Leopold 1978).
However, this model does not include regulation of the hydrologic cycles by the biotic attributes
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human ecological systems because it affects the allocation or distribution of critical resources
(natural, socioeconomic, and cultural) within a human ecological system (e.g., Lenski 1966;
Burch and DeLuca 1984; Parker and Burch 1992, Machlis et al. 1995). This distribution of
critical resources is rarely equitable.

SOCIAL INSTITUTIONS SOCIAL DYNAMICS SOCIAL ORDER
IDENTITY
HEALTH PHYSIOLOGICAL
JUSTICE INDIVIDUAL NoRts O ENDER.CLASS
FAITH _— ORGANIZATIONAL  emmmmndie INFORMAL
COMMERCE — INSTITUTIONAL i
EDUCATION ENVIRONMENTAL meni?tzm"
LEISURE WEALTH
GOVERNMENT POWER
i
STATUS
. KNOWLEDGE
HUMAN SOCIAL SYSTEM - TERRITORY
SOCIO-ECONOMIC RESOURCES RESOURCE CULTURAL RESOURCES
INFORMATION SYSTEM ORGANIZATION
POPULATION | BELIEFS
LABOR MYTH
_
ECOSYSTEMS
ENERGY WATER NUTRIENTS MATERIALS SPECIES VEGETATION LAND MOSAIC

Figure 3. A human ecological systems model adapted from Machlis et al. 1995.

Processes of social differentiation of human ecological systems also have a spatial dimension
that is characterized by patterns of territoriality and spatial heterogeneity (Morrill 1974; van den
Berghe 1975; Agnew 1987; Burch 1988; Agnew and Duncan 1989). Further, various processes
of social differentiation occur at different hierarchical scales and have corresponding spatial
patterns (Grove and Hohmann 1992). Some examples of these patterns and processes include:
urban-rural hierarchies (Morrill 1974; Cronon 1991; Rusk 1993), the distribution of land uses
within urban areas (Burgess 1925; Hoyt 1939; Harris and Uliman 1945; Guest 1977, Clarke
1996), social stratification within residential areas (Shevky and Bell 1955; Timms 1971;
Johnston 1976; Agnew 1987; Logan and Molotch 1987; Harvey 1989, Grove 1996), and social
differentiation within individual neighborhoods (Fox 1992; Grove and Hohmann 1992; Burch
and Grove 1993, Grove et al. 1995).






METHODS

Study Location

The metropolitan area of Baltimore, Maryland, will serve as the study region for this research.
The region comprises three watersheds -- the Gwynns Falls, Jones Falls, and Herring Run -- and
the Gywnns Falls will serve as the pilot area in which to develop and test techniques and
approaches to evaluate ecological and social patterns and processes and their interactions. This
watershed was chosen because of the existence of extensive field and remote sensing (satellite
and aerial) data over the range of ecological and socio-economic scales collected for the
Revitalizing Baltimore Project.

Gywnns Falls (76°30", 39°15") is 17,150 ha in size and contains 16 subwatersheds ranging from
460 to 1850 ha. Resident population has declined from 406,000 in 1970 to 356,000 in 1990;
while urban area increased from 66.3% in 1973 to 74.3% in 1990. Population densities of sub-
watersheds range from 2.5 to 19.8 people/ha. Land use variés from predominately
residential/commercial/industrial at the bottom of the waterslied to agriculture/forest/open space
in upper proportion.

Objective 1 Construct a new physical-ecological model that assesses hydrological and biotic
stream response to heterogeneity of land cover and ecological processes in metropolitan regions.
In addition to constructing the model, empirical data on soils and vegetation components of the
watershed landscape and their configuration are required, along with data on water quality,
runoff, and stream macroinvertebrates.

Model Construction

We will develop a novel hydroecological model by hybridizing HSPF with RHESSys. HSPF
model uses vegetation canopy and cover data at scales adequate to delineate minimum patch size
of 900 m? and soil data acquired from soil surveys at a scale of 1:15,840. RHESSys uses a
catenary or patch based model in which internal variance of subcatchments is represented as a
drainage sequence associating soil, vegetation and topographic variables. The sequences are
combined from overlay of remotely sensed canopy variables, DEM derived terrain variables, and
local soil measurements or maps. We expect that the spatial heterogeneity of vegetation and
soils within urban landscapes will be greater than in rural areas, which will necessitate acquiring
data at higher resolutions. Moreover, within urban landscapes, rather than associating vegetation
and other land cover variables at the level of land use categories, we will sample the variance
and covariance of required terrain and land cover variables at high resolution. Soil variables
cannot be continuously imaged as can land cover, requiring that we establish a network of field
plots to characterize soil/vegetation conditions, and to observe dynamic phenology, wetness and
runoff processes. Therefore, for six subwatersheds, we will deliminate vegetation patches using
high resolution data in combination with digital terrain data, soil map units and land use
categories, and develop functional hydrologic patches, to serve as Hydrologic Response Units
(HRU’s). Within these patch types soil hydrologic and chemical properties, vegetation structure,
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and runoff will be measured. In addition, stream physical and ecological characteristics will be
measured to determine relationships among spatial patterns of human activity, the physcial
structure and dynamics of stream networks, and the spatial structure and functioning of lotic and
riparian ecosystems.

Delimiting Hydrologic Units

The Gwynns Falls watershed currently has ten gauging stations operated by Baltimore City and
County, in which continuous discharge data is measured along with regular sampling of N and P.
The sampling scheme was set up in 1994 in response to an EPA Clean Water Act mandate, and
will serve as the watershed wide quantity and quality data we will scale to. Our strategy will be
to sample land surface conditions at two levels - the first to delimit HRU’s, and the second to
determine internal, or subgrid, variability within the HRU’s. Within each gauged watershed and
subwatershed, land use, as determined by Anderson Level-3 (Anderson et al. 1976) maps, soil
map units (Baltimore County Soil Survey Maps), topography (DEM), and vegetation cover will
be overlaid using GIS to determine hydrologic units with a minimum size of 10 ha. L.R. Neville
(pers. com.) found 30 categories based on soil permeability, land use, and canopy cover to
adequately describe samples of the Gwynns Falls watershed. Six subwatersheds, two urban, two
suburban, and two rural (defined by amount of urban land cover types) will be selected to collect
higher resolution data to deliminate patch configuration to a minimum of 0.01 ha. This higher
resolution sampling will provide internal HRU variance and covariance of critical terrain and
land cover variables for our simulation approach. We will attempt to select subwatersheds
containing at least one city and county stream gauging station.

Vegetation in Hydrologic Response Units. Plots of 0.04 ha will be established in a subsample
of hydrologic patch types. Sample plots (ca. 250) will be allocated among patch types
proportional to the amount of area delineated for each category in the entire Gwynns Falls
watershed. The surface area occupied by various human made materials, grass, shrubs, soil,
herbaceous, rock, litter type and depth. water. and wood will be measured in each plot. The size
and species of individual shrub masses will be recorded (length, width, height). Stem diameters
of individual shrubs at 15 cm above groundline will be measured. Trees will be identified to
species and measured for d.b.h., total tree height, height to base of crown, crown width, crown
shape, percent of crown occupied by leaves, tree location (street-tree, yard, forest stand etc.), and
condition. Estimates of tree condition will be based on foliage characteristics modified from
Nowak (1994). LAI will be measured by collecting litter fall in fixed-area collectors and
measuring area using a LICOR leaf area meter (Aber 1978). :

Soils and Runoff. Soil samples will be taken in areas of each plot devoid of impervious
materials. Infiltration rates will be determined in three locations within each plot using the ring
infiltrometer method (Bertrand 1965). In addition, six undisturbed cores will be taken to a 30 cm
depth from each plot. Three of the six cores will be used to determine bulk density and soil
porosity at 10 cm intervals of each core. The undisturbed soil cores will be also used to measure
hydraulic conductivity and permeability using the constant-head method (Klute 1965). The three
remaining cores will be separated into 10 cm sections and utilized for soil textural analysis by the
hydrometer method (Wilde et al. 1972). In addition to the undisturbed cores, a composite sample
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collected to a 15 cm depth will be used to measure soil pH, electrical conductivity, total C and N
concentrations, and heavy metal and base cation concentrations.

We will sample to augment existing runoff quantity and quality data collected in larger sub-
catchments by collecting more localized information on the behavior of the distinct land cover
components of the HRU’s. This work will concentrate on sampling within the 0.04 ha plots
described above and from small drainage lines integrating over areas one to two orders of
magnitude larger (e.g. curb runoff, drainage ditches). These data will be used for a combination
of model diagnostics and calibration for the simulations operated at high resolution (distributed
patch model described below) and lower resolution (more spatially lumped models). In each
0.04 ha plot, runoff plots of 5 to 10 m* will be delimited with garden edging material to collect
storm totalized runoff, nitrate. total phosphorus, chloride, sulfate, and total particulates. Similar
water quality measures will be taken within given storm events from curb and drainage ditch
flow, depending on accessibility and storm timing. Gravimetric soil moisture and soil
temperature sampling from the area surrounding the plots will be carried out weekly through the
spring, summer and fall. The effectiveness of vegetation canopies in reducing net precipitation
through interception will be measured by arraying 5-6 manually read gauges within each plot,
along with two in a nearby clearing.

Stream Characteristics. In-channel and riparian habitat conditions will be assessed
qualitatively and quantitatively throughout the watershed. Sub-basins and channel reaches within
the sub-basins will be designated on the basis of land use, riparian vegetation. channel
morphology, substrate characteristics, and degree of direct human modification (e.g.
channelization or effluent input). Standard surveying and sedimentologic (e.g. Wolman, 1954)
techniques will be employed. Hydrologic regimes, the degree of channel-floodplain connectivity,
and the magnitude and frequency of disturbance by extreme flows will be assessed using
available stream gage data and hydraulic modeling (HEC-2) for a sub-sample of channel reaches.
All hydraulic and stream channel data will be included in the GIS database for
comparison/correlation with the spatial distribution of hydrological, ecological and social factors.

The benthic macroinvertebrate community will be sampled in channel reaches selected to cover a
broad range of substrate types and hydraulic conditions. Pool, riffle, littoral, and hyporheic
habitats will be systematically sampled within each channel reach (Cummins, 1962). Quantitative
samples will be collected using appropriate techniques for each habitat type (Merritt et al. 1984)
and the sediments and animals retained for subsequent grain size analysis and taxonomic
identification. Sampling will continue over a period of at least one year in order to characterize
and account for seasonal variability in community composition. To augment these data,
biomonitoring data from volunteer groups (e.g. Maryland Save our Streams) and government
agencies (e.g. Baltimore County Department of Environmental Protection and Resource
Management, Maryland Department of Natural Resources) will be used to provide additional
information on recent biotic and water quality conditions. Water quality at each sampling station
will be assessed. Nitrate, phosphate, chloride, sulfates, and total particulates will be analyzed.

Development of an Urban Hydroecological Index Model
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The hydroecological simulation will estimate absolute or relative stormwater quantity and quality
from different hydrologic patch types. High accuracy estimates of absolute discharge quantities
and quality parameters at the high resolution of individual land use planning units may not be
achievable for the full watershed due to limited data availability and computational capacity.
Instead, we will concentrate on simulation strategies to produce quantity and quality indices so
that different patch types can be ranked in order of stormwater loading.

Runoff Generation. In urban areas, the local production of runoff depends on the surface cover.
The surface can be considered to be composed of hydrologic “end members” or pure patch types
of such materials as concrete, bare soil, lawns, rooftops, wooded and other vegetation canopies,
etc. These end members can be arranged along an axis representing relative infiltration capacity
and flow-path partitioning, with an orthogonal axis of surface wetness, we can view a runoff
coefficient (Rc = runoff/pcp) to be a function of static (material) and dynamic (wetness)
properties (Fig. 1). The partitioning of storm events into stormflow runoff and soil and
groundwater recharge is primarily dependent on the land cover materials (e.g. % impermeable
surface) and the human management of more permeable materials.

Any land segment or real patch is a mixture of the static properties, and in an urban-
suburban-rural landscape, the dynamic states of the surface patches are influenced by both
climatic and human activities (e.g., irrigation, lawn watering, vegetation management). Very
localized applications require high resolution information on surface cover and on human tenure
of the patch distribution. RHESSys (Band et al. 1993) simulates a hydrologic unit (catchment,
hillslope) by integrating over the distribution of distinct patches within the unit. This strategy
will be extended here. Patch hydrologic process modules will be continuously operated for
hydrologic balance and runoff production, including canopy interception, evaporation,
transpiration, soil water redistribution and runoff, with different algorithms called for distinct
hydrologic patch types. Many of the algorithms exist in RHESSys (Band et al. 1993) and HPSF
(Lumb et al. 1990, DeVries and Hromadka 1993) and are being augmented for urban and
agricultural conditions. A composite (areally weighted) Re will be generated for each hydrologic
unit for each storm event. Generation of runoff from irrigation (largely lawns, golf courses,
fields) and other sources of applied water will be incorporated, along with a unit integrated
baseflow.

Runoff Routing. In addition to surface composition, local runoff patterns can be very sensitive
to the spatial configuration of patches, due to their hydrologic connectivity or drainage sequence.
Runoff can be minimized in urban areas by routing water from impermeable surfaces to more
permeable surfaces or detention stores where run-on infiltration or ponding can occur. Therefore,
for very local applications, the high resolution information may need to incorporate the drainage
connectivity of the surface through the set of patches. Information can probably only be known
in detail at the landscape architecture scale (household to block or neighborhood). However, this
is the scale at which community planning and redevelopment occurs, and it is also a scale at
which hydrologic flowpaths, runoff generation and water quality modification can be resolved.

We will operate one set of models for the six subwatersheds (see above) at this level. This
requires high resolution digital terrain information which from large scale topographic

C-11



information available for much of the watershed. Drainage routing, given appropriate resolution
and quality DEM is a straightforward procedure and our group has made a number of advances in
this area to handle flat areas in the landscape, as well as steeper terrain (Mackay and Band 1994,
1996). Storm sewer infrastructure will also be incorporated in this system.

Index Integration, Over larger areas, our ability to route water over the set of end member
patches is limited by data availability and computational capacity. We will use the higher
resolution simulations just described to calibrate the Runoff Delivery Efficiency (RDE = storm
runoff delivered to streams or storm sewers divided by total runoff production over all
hydrologic patch types). This measure is also conditioned by the semi-permanent patch
structure, and the wetness state of the system. It can be altered by human tenure of patches (e.g.
lawn watering, vegetation management, drainage system maintenance, placement of coarse fill at
curb overflows), and so we can incorporate alteration due to non-capital management. The RDE
is also conditional on runoff magnitude as hydrologic connections may change at different water
levels (curb overflow). The product of Rc and RDE can be considered an Urbanizing Hydrologic
Pathway Index (UHPI) which categorizes a region in terms of its position on a gradient from
recharge, slowflow dominated to surface, quickflow dominated conditions. Much of the drainage
infrastructure (with the exception of detention stores and spreading basins) tends to maximize the
UHPI and rapidly discharge precipitation from the basin. Note that the UHPI, as a product of Rc
and RDE, is also a complex function of semi(permanent) patch structure (including storm sewer
infrastructure), and dynamic wetness and storm conditions.

Water Quality Modules from HPSF will be incorporated to estimate water quality parameters of
the runoff. HPSF is not specifically designed to operate at the patch level, as it uses land use
averaged loading factors for sediment and pollutants. Our approach will be to use modules of
HPSF to estimate relative amounts of different water quality components based on patch
characteristics and the simulated hydrologic flux. We will use runoff plot measurements to
provide local patch loading factors which then may be integrated to larger area loading factors
based on land cover and tenure conditions. The plot measurements will expose the local
conditions controlling the major variations in water quality loadings. Because our goal is to
better understand the urbanizing hydrologic system to design methods to reduce contaminant
loading, estimates of relative, rather than absolute, loadings should be sufficient to target
landscape components and treatment strategies to achieve reductions. Convolution of the UHPI
with indices of relative sediment, nutrient and contaminant loadings can be used to estimate an
ordering of landscape structure and management conditions that tend to maximize or minimize
stormwater export and quality under different meteorological conditions.

Extension to Larger Areas

HPSF has been successfully operated over the Gwynns Falls watershed at the low resolution at
significantly larger scales (Neville 1996). The work we plan at higher resolution and within
smaller, distinct subcatchments can be compared to the larger scale simulations which make use
of land-use averaged loading factors and areally lumped runoff production processes.
Comparison of hydrologic behavior integrated from observation and simulation over a set of
smaller, distributed plot to catchment areas with lumped basin simulations which have been
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calibrated to the full watershed response can be used to test the internal consistency and improve
the process representation of the full watershed model.

Objective 2: Incorporate the socio-economic pattern and process into the new
physical-ecological model of watershed hydrology.

Social Area Analysis

Since much of the social analysis required has been conducted by Grove (1996), we will use his
analysis as a foundation for this objective. Census block groups will be used as the social unit of
analysis. These can be aggregated to yield higher hierarchical unity of analysis and comparison
with ecological and hydrological functions. Residential areas have been identified using land use
classification (above) to select all block groups lying in residential areas (Grove 1996). Census
block group boundaries were obtained from the U.S. Census and digitized for 1970 and 1980.
Census block group boundaries for 1990 are available in a GIS format from the US Census
Bureau. Demographic and socioeconomic data from the US Census Bureau from 1970, 1980 and
1990 were matched to the block group areas as attribute data (Garson and Biggs 1992; Daniel
and others 1993; Grove 1996). In 1990, there were approximately 895 block groups which
averaged 9.23 hectares in size. ARC/INFO will generate social area maps and overlay maps with
ecological and physical maps.

The selection of variables and indices for the classification of block groups in residential areas
will use the theoretical parameters identified by Logan and Molotch (1987), Choldin (1984) and
Bullard (1990) in addition to adjustments recommended by Johnston (1976), Murdie (1976) and
Hamm (1982). This approach has been applied and tested previously for a number of cities in
the United States (Johnston 1976; Bogue 1984; and Frisbie and Kasarda 1988). The four indices
of patterns and processes of residential social stratification will include a socio-economic index,
a household index, an ethnicity index and a social area index (a composite of the first three
indices). The Socio-economic Index evaluates percentage of workers in professional/managerial
occupations aged 16 and over; Percentage of households earning $12,500 per year or more; and
Percentage of persons 25 years and over with at least a college degree. The Household Index
accounts for Percentage of those aged 15 and over who are married; Percentage of households
that are one-family households; and Percentage of dwellings that are owner-occupied. The
Ethnicity Index includes Percentage of the population who are “black”; or “other races;” and
Percentage of the population who are “foreign-bon.” Each index is standardized to a maximum
of 100. The social area index for each block group/social area is the total of the three separate

indices (Grove 1996).
Testing the importance of Social-Economic System

Our hypothesis is that human behavior, independent of the semipermanent patch configuration,
may exert a significant influence on hydrologic behavior in terms of runoff quantity and quality.
We will assess whether this operates at very local levels through the influence of common lawn
management (irrigation and fertilization practices), salting of roads, street sweeping, etc. We
will test this hypothesis through a combination of empirical observation using measured water
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can be modified to reduce impacts, and what information is needed for policy decisions.

Management Decisions To incorporate our model into the decision making process, we will
identify the legislative mandates and regulations, and the institutional histories that influence
land use decisions. Through interviews with key individuals, we will determine what
mandates and regulations are implemented, how they are implemented, and what are the
potential benefits and impacts to the hydrologic systems. In addition, we will be able to
determine what hydrological and ecological as well as other information is used in the process
and what factors influence decisions.

Scale of decision Management decisions are made at different scales. These decisions will be
used as categories based on scales of influence and cross-referenced to our hierarchical structure
(Fig 2) thereby placing different management processes within the framework of our model. By
placing existing management decision processes within the context of the model, we will be able
to conduct “what if” scenarios by altering model parameters for projected or desired conditions,
thus assessing the effect of the decision on the hydrologic system at different scales and
providing insights into alternative decisions or mechanisms. -

Developing a management tool In addition to the insights gained from the previous steps on
how the model may be used for making management decision, we will work with small groups
of potential users and conduct workshops to demonstrate the use of the model. We will solicit
input from attendants on how the model needs to be modified to ease its usage and to create
the necessary data out puts for policy decisions.
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Results from Prior NSF Research

PI: Steward T.A. Pickett, Chris J. Peterson

Award #: BSR 91-07243; Amount $131,000; Period of support:2/1/91-3-31/93

Title: “Tests of the equivalence of competitors and asymmerry of competition hypotheses in multispecies woody
communides. "

This project continued and extended work begun under BSR 89-06135 (PI: Pickett, D.R. Foster, G.G.
Parker), "Catastrophic disturbance, patch dynamics and recovery of old growth forest™ (1989-1990). This work
documented the components of heterogeneity that persist from the undisturbed forest and the physical environment
created by the catastrophic blowdown, and tested the interacton of advanced regeneration with invaders, new
physical patch types, and herbivory by deer. Regeneration of certain species was limited in different patches by
soil erosion (pits and mounds), grazing by deer, and physical environment. The presence of different kinds and
amounts of debris and litter differentially limited various species. The changes in the size and quality of patch
types affect the invasion, persistence and turnover of survivors and advanced regeneration. The work
demonstrates the differences between regeneradon in large, infrequent events that generate great heterogeneity,
compared to the smaller and more frequent small gaps. Competitive equivalence was mitigated by origin and
neighborhood of specific individuals. Dr. Chris J. Peterson was trained with this support.

Maior publicas ling from thi :

Foster, D.R., P.K. Schoonmaker, and S.T.A. Pickett. 1990. Insights from paleoecology to community ecology.
Trends Ecol. Evol. 5:119-122.

Peterson, C.J., W.P. Carson, B.C. McCarthy, and S.T.A. Pickett. 1990. Microsite variation and soil dynamics
within newly created treefall pits and mounds. Oikos 58:39-46.

Peterson, C. J. and S. T. A. Pickett. 1990. Microsite and elevational influences on early forest regeneration
after catastrophic windthrow. J. of Veg. Sci. 1:657-662.

Peterson, C.J. and S.T.A. Pickett. 1991. Treefall and resprouting following a catastrophic windthrow in an old
growth hemlock-hardwoods forest. For. Ecol. Manage. 42:205-217.

Peterson, C.J. and S.T.A. Pickett. 1995. Evaluadon of alternadve models of forest regeneration: a case study in an
old-growth forest catastrophic blowdown. Ecology 76:763-774.

Peterson, C.J. and S.T.A. Pickett. Tornado windthrow damage and initial revegetation of Cathedral Pines, an old-
growth hemlock-white pine forest. Submitted to Oikos.

Peterson, C.J. and S.T.A. Pickett. Experimental patch dynamics: Patch type influences on components of
regeneration in a catastrophic windthrow. Sumbitted to Ecology.

Pis: Steward T.A. Pickett, M.J. McDonnell, and Daniel Wartenberg
Award #: BSR 89-18551 (LTREB); Amount: $145,000; Duration: 2/1/93 - 12/31/95
Title: Patterns of community and population change in oldfields at the Hutcheson Memorial Forest

This project continues and analyzes the data from the Buell-Small Succession Study at the Hutcheson
Memorial Forest Center. This long-term data set, begun in 1958, is the longest, continuous yearly record of oldfield
vegetation change in North America. The award has perminted stabilizing plot marking, assembly of data from the
13,920 plot-years as a computerized data set on which spatial and temporal analyses are under way. Current
findings are that the initial condition has persistent effects through the first decade of succession, and that novel
patterns of spatial and temporal patchiness, based on life form and growth strategy determine community structure.
The training of Dr. Randall W. Myster and Mr. James W. Baxter has resulted from this award.

Pickett, S.T.A. and J. Kolasa. 1989. Structure of theory in vegetation science. Vegetado 83:7-15.
Pickett, S.T.A. and M.J. McDonnell. 1989. Changing perspectives in community dynamics: A theory of
successional forces. Trends Ecol. Evol. 4:241-245.
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Pickett, S.T.A. and M.J. McDonnell. 1989. Seed bank dynamics in temperate deciduous forest. pp 123-147 In
Ecology of Seed Banks. R.L. Simpson, M.A. Leck and V.T. Parker, eds. Academic Press, Orlando.

Pickett, S.T.A. 1989. Space-for-time substitution as an alternative to long-term studies. pp 110-135 In Long-term
Studies in Ecology: Approaches and Alternatives

Armest, J.J., S.T.A. Pickett, and M.J. McDoanell. 1991. The relationship of spatial heterogeneity to plant
community organization and dynamics. pp 256-269 Ip, J. Kolasa and S.T.A. Pickett, eds. Ecological
Heterogeneity. Springer-Verlag, New York

Myster, R.W. and S.T.A. Pickett. 1990. Initial conditions, history and successional pathways in ten contrasting
oldfields. Am. Midl. Nat. 124:231-238.

Facelli, J.M. and S.T.A. Pickett. 1991. The dynmamics of litter. Bot. Rev. 57:1-32.

Pickett, S.T.A. 1991. Long-term studies: Past experience and recommendations for the future. Pp. 71-88. In P.G.
Risser, ed. Long-Term Ecological Research. SCOPE 47. Wiley, Chichester.

Myster, R.W. and S.T.A. Pickett. 1992. Association analysis and pathways of old field succession at the Hutcheson
Memorial Forest Center. Jour. Ecol. 80:291-302.

Myster, R.W. and S.T.A. Pickett. 1992. Effects of palatability and dispersal mode on spatial patterns of trees in
oldfields. Bull. Torrey Bot. Club 119:145-151.

Myster, R.W. and S.T.A. Pickewt. 1993. Effects of litter, distance, density and vegetation patch type on
postdispersal tree seed predadon in old fields. Oikos 66:381-388.

Myster. R.W. and S.T.A. Pickett. 1994. A comparison of rate of succession over 18 yr in 10 contrasting old fields.
Ecology 75:387-392.
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