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Urban Induced Rainfall Modifications on
Urban Hydrologic Response
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Potential effects of urban areas on rainfall patterns have been increasingly
studied, debated and recorded in the archived literature since 1921, when
Horton observed rainstorm development over two cities, Albany, New York,
and Providence, Rhode Island, which he attributed to the presence of the
urban areas. Temperature is the most commonly studied climate variable
influenced by urbanization, but other components of the water cycle studied
include rainfall, infiltration, runoff, and evaporation. Generally scientists
agree that urbanization affects spatial and temporal (diurnal) temperature
patterns in cities. The science behind the effect is fairly well defined.
However, urbanization effects on rainfall are not as well defined and
consensus has not been reached among scientists regarding the existence and
importance of the effect and the contributing factors. Although numerous
studies of urban impacts on rainfall have been performed including
comprehensive field monitoring campaigns, sophisticated numerical
modeling studies, and innovative data analyses, certainty has not been
achieved. Defensible certainty is difficult to achieve because field
experiments are uncontrolled, data analysis relies on limited data resources,
and modeling and computational limitations have prevented comprehensive
analysis of all influencing factors. As advances in technology and the
availability of large volumes of rainfall data progress, this obstacle
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diminishes. Computer programs are becoming increasingly capable of
handling massive amounts of data input, facilitating the use of high-
resolution data necessary to accurately depict spatial rainfall patterns and
urban land surfaces.

7.1 Problem Statement

7.1.1 Previous Studies

Recent studies have focused on verifying the effect and understanding the
synergistic influence of enhanced atmospheric turbulence, heat, aerosols,
and moisture present in most urban environments that are suspected of
influencing rainfall patterns over, and downwind of, cities as illustrated in
Figure 7.1. Buildings, trees, and other roughness elements in an urban
environment create atmospheric turbulence due to the increased surface
roughness. The presence of heat-absorbing impervious surfaces (e.g.
concrete and pavement) combined with the trapping effect of urban street
canyons has been shown to cause increased surface temperatures in cities
during the daytime and increased air temperatures at night (i.e. the urban
heat island (Shepherd 2005)). Aerosols, contributed to the urban
environment by the combustion of fossil fuels (e.g. vehicle exhaust), interact
with the atmosphere to create cloud condensation nuclei (CCN), which
influence rainfall within and downwind of cities. Sources of low-level
moisture in cities including landscape irrigation, cooling towers and vehicle
exhaust are also influencing factors in the development and characteristics of
precipitation events. Urban areas may also affect the response of existing
storms by processes known as splitting or bifurcation, which is the division
of a storm at its focal point due to urban generated influences (Bornstein and
Lin 2000). The precise combination of the four factors with synoptic
meteorological conditions that causes the rainfall modification to occur is
still unknown. In some cases, evidence has suggested cities may act as a
pump powered by the urban heat island.

The pump effect is initiated from the instability caused by the urban
environment through turbulence-induced convergence and heat causing
moisture-rich air to rise. As the moisture rises, it cools and condenses onto
cloud condensation nuclei produced from aerosols, dust and other particles
present within the atmosphere (Shepherd et al. 2005; Orville et al. 2001).
The condensed moisture accumulates and eventually falls, over and
downwind of the urban area.
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Another area of significant uncertainty is the precise role of aerosols in
the rainfall modification. Some research has shown aerosols to suppress
rainfall (Rosenfeld 2000), whereas other studies have quantified an
enhancing influence from aerosols (Mélders and Olsen 2004).
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Figure 7.1 Representation of the urban-climate interaction and the
four factors synergistically influencing rainfall patterns within and
downwind of urban areas.

Shepherd (2005) has presented a plausible explanation of the effect of
aerosols, termed the force-restore. Initially, the governing dynamics for
convective precipitation development are surface fluxes, but the aerosols
produced from the urban environment mediate precipitation occurrence.

Although it is uncertain what meteorological circumstances and
combination of influencing factors will cause rainfall modification, it is well
agreed by scientists that urban areas influence rainfall in some manner. This
introduces an area of concern for water resources engineers charged with the
management of urban water, the provision of water supply, stormwater
quality management, and flood control.

Further, it presents additional urban-planning implications in terms of
ecological impacts (e.g. impact on urban forest), human comfort, and safety.
These implications may increase costs due to increased flooding, as one
example, for damages to buildings or stormwater infrastructure and risk to
human life and well-being. It is increasingly evident that as cities grow and
densify and stormwater infrastructure ages, the safe and efficient control of
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urban area impacts on rainfall and runoff patterns becomes more difficult.
The outcome of increases to intensity and volumes of stormwater runoff
could be nuisance flooding or enhancement of extreme flood events.
Therefore, a pressing need exists to step beyond the debate of urban impacts
on rainfall and begin to focus on the ramifications for other parts of the
urban water cycle and what it means for engineering design and analysis.

7.1.2 Problem Statement

Rainfall manipulation by urban environments is only one component of the
broader scope of urban impacts on the hydrologic cycle. Other studies have
attempted to quantify urban effects on other components of the hydrologic
cycle, most notably runoff (e.g. Hernandez et al. 2000), infiltration (e.g., Pitt
and Lantrip 2000), and evapotranspiration (e.g. Dow and Dewalle 2000).
Most studies have isolated one component of the hydrologic cycle to
ascertain urbanization impacts, although effects on infiltration have been
translated to runoff because infiltration excess models can directly represent
infiltration modification effects on runoff. Further, infiltration and runoff
have similar scales of effect with local effects cascading downstream to the
watershed outlet.

The research described here moves beyond a single hydrologic cycle
component and the infiltration-to-runoff link to include the precipitation
component in a study of urbanization effects on runoff. The different scales
of the precipitation, infiltration, and runoff processes stress the importance
of scale differences. Climate elements, such as rainfall, are associated with
larger scale (mesoscale) forcings compared to the fine-scale forcings of
infiltration and runoff. Considering this scale difference from a modeling
perspective, it is feasible (and rather straightforward) to simulate (and
measure) the change in runoff from a single residential lot given different
soil compaction densities, but the effect of a single developed lot on rainfall
is not measurable and cannot be simulated. Rather, the changes at the land
surface must be represented with fine-scale resolution for the infiltration and
runoff analyses, but to assess impacts on rainfall the fine-scale resolution
must be aggregated to a mesoscale resolution. Scale is also an issue when in
the opposite direction (rainfall-to-runoff), and disaggregation will be
necessary. Analyzing multiple components of the hydrologic cycle permits
the study of feed-forward and feedback effects that might not be noticed
with single component studies. This has been identified as an important area
of water cycle research by NSF and other national/international research
agencies.
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Although researchers agree that urban environments affect rainfall
patterns there is still uncertainty regarding the magnitude of the effects and
the causes. This uncertainty transfers directly from urban-induced rainfall to
urban hydrologic response. Modification of rainfall patterns certainly will
change the hydrologic response of the urban area, which poses a potentially
significant issue to urban stormwater managers and local design engineers. It
is necessary to understand and quantify the potential impacts of urban-
induced rainfall on urban runoff response, even if the urban effects on
rainfall are not completely understood. This type of study is analogous to
analyses of impacts to infrastructure, natural resources, etc. from projected
climate change scenarios. The study of rainfall modification on runoff
response has possible implications for flood control and design criteria
depending on the magnitude of urban-induced manipulations to the rainfall-
runoff interaction.

A technical challenge of studying urban impacts on rainfall and runoff is
the inability to accurately measure the effects of urbanization on rainfall and
subsequently isolating the effect of the modified rainfall on runoff. A
modeling study is feasible but difficult because simulations of several
hydrologic cycle components require a wide range of data and crosses of
spatial and temporal scales. Rainfall is simulated at the mesoscale, whereas
runoff will be simulated at a much smaller scale. The downscaling and
spatial organization effort required is compounded by the potentially
massive amount of data produced by the meteorological model for input to
the watershed model. Manually processing the data can be costly, thus the
need for an automated approach to link a rainfall model with a runoff model.

7.1.3 Research Description

A macro was programmed in the Environmental Systems Research Institute
(ESRI) ArcGIS software package using the Visual Basic for Applications
(VBA) programming language. The macro capitalized on the spatial
processing capabilities of ArcGIS to efficiently import, spatially associate,
and export simulated rainfall fields for use in the U.S. Environmental
Protection Agency’s (EPA) Storm Water Management Model (SWMM).
The macro can import gridded precipitation data at any resolution and
spatially allocates the rainfall based on the relationship between the
meteorological model grid cell and the SWMM subcatchment (see
Figure 7.2).

The macro was used to link simulated effects of an urban area on rainfall
to the runoff response simulated by SWMM. The objective of this phase was
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to quantify the relative importance of the indirect urban-modified rainfall
effects on runoff compared to the direct land surface modification effects on
runoff. The mesoscale meteorological model, version 5 (MMS5) was used to
simulate the rainfall. Two land surface conditions were used in the model,
one representing the current urban conditions and the other representing the
historical preurban conditions (Waclaw 2003).
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Figure 7.2  Example of a SWMM subcatchment from Greens Bayou

Watershed near Houston, Texas having multiple meteorological model

grid cells (pixels), which required an area-weighted averaging technique
to determine the rainfall over the subcatchment.

N

Similar to the MMS5 simulations, one model represented current fully
urbanized conditions and the other represented past preurban conditions. A
set of simulations was run using the urban and preurban rainfall in both the
urban and preurban SWMM to quantify the relative effects of urban-
modified rainfall changes versus land surface changes on runoff.
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7.2 Methodology

Linking precipitation fields from a meteorological model to a hydrologic
model is required to simultaneously study the atmospheric and land surface
components of the hydrologic cycle and, from a practical perspective, to
provide insight into urban stormwater management. The precipitation output
can be voluminous if the watershed is medium-sized or larger containing
numerous grid cells and if the temporal resolution is on the order of minutes
for a duration of many hours. Providing a roadmap for the data transfer and
managing large amounts of data are required to link a mesoscale
meteorological model to a hydrologic model of a large urban watershed. A
manual linkage is not desirable because of excessive processing time and
increased potential for error. An automated process to link the
meteorological model and the hydrologic model via the precipitation fields
is the most appropriate option for efficiency and practicality. The goal of
research presented in this project is to quantify the hydrologic impact of
urban-induced rainfall modification. To accomplish this goal a modeling
framework has been established by which hundreds of binary files
containing simulated precipitation fields are imported and processed for use
in SWMM. The use of a geospatial processor, developed during the course
of this project, facilitated the use of gridded precipitation fields (both
simulated and radar observations) in SWMM.

The meteorological model output used in this research was generated
from MMS5. The MMS5 precipitation fields are stored in gridded format at a
designated time interval for a specified storm duration. Each data file
represents a single time interval and contains the gridded precipitation
values for the entire modeling domain. For example, a 42-h storm event with
a time step of 5 min would generate 504 binary files containing the
precipitation fields. The processor imports and spatially analyzes the binary
files in the order displayed in Figure 7.3. The output files generated may be
copy and pasted into the SWMM input file. A more detailed description of
the automated processing tool may be found in Reynolds (2007).

7.3 Case Study and Results

An analysis has been performed to better determine the relative importance
of urban-induced rainfall on urban hydrologic response. To facilitate the
analysis an automated tool was generated and used in the study to link the
rainfall data sets produced from a mesoscale meteorological model (MMS5)
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to an urban hydrologic model (SWMM). The chosen case study area of
Greens Bayou, located in Houston, Texas, provides a highly urbanized
environment subject to periodic large-scale flood events. Identifying the
significance of urban-induced rainfall modification will lead to necessarily
factoring this effect into drainage design and flood control similar to the
incorporation of land surface alteration.
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Figure 7.3  Processing order of major components carried out with the
automated gridded rainfall processor.
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7.3.1 Case Study Watershed: Greens Bayou Houston, Texas

Greens Bayou (Figure 7.4), located northeast of the Houston metropolitan
area, has a humid, subtropical climate with storms generally consisting of
high intensity, short duration events. May and June register the greatest
precipitation values, receiving over 5 in. (127 mm) per month on average,
and the drier months of January to April only receive 3 in. (76 mm) per
month on average (Waclaw 2003).
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Figure 7.4 Location of Greens Bayou watershed relative to Houston,
Texas, and Galveston Bay

Large amounts of urban area located within the watershed increase the
amount of impervious surface, in turn increasing runoff velocity and volume
(Table 7.1). Its flat topography combined with these increases of impervious
surface contributes to the watershed’s flood propensity. Greens Bayou has a
long history of damages reported due to severe storm events, ranking third
on the List of Repetitive Loss Communities, which documents communities
based on payments from the National Flood Insurance Program (Waclaw
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2003). Greens Bayou drains an approximate area of 196 mi* (506 km?). The
northwest end of the watershed sits 425 ft (130 m) above mean sea level
with the elevation dropping to roughly 25 ft (7.6 m) above mean sea level at
the outlet.

Table 7.1 Percentages of the current land use within Greens Bayou.

Area Percentage of

Land Cover Type (mi?) Total Area
Commercial, Industrial, Residential, Transportation 65.4 333
Cropland, Pasture, Forest Land, Strip Mines 129.8 66
Transitional Areas 1.3 0.7

Three main channels receive runoff from tributaries located throughout
the watershed, conveying water to the watershed outlet located at the west
end. The main channel that runs through the watershed is Greens, which
converges with Garners Bayou approximately 10 km (6.2 mi) before
reaching the outlet.

Halls Bayou drains the southern portion of the watershed and the
confluence with Greens Bayou a few hundred meters upstream of the stream
gauge marking the watershed outlet.

7.3.2 Rainfall and Runoff Simulation Models

Two models were used to quantify the urban land surface effects on rainfall.
The MM5 model was used to generate two rainfall fields using two different
land uses. The SWMM model used the precipitation files generated by MMS5
as input to generate urban and preurban land surface runoff results. The data
processing required for the data transfer from the MMS5 model to SWMM
was facilitated by the macro developed for this project (Reynolds 2007).

Mesoscale meteorological model (MM35)

A mesoscale meteorological model (MMS, release 3-6-3) with sophisticated
precipitation microphysics (e.g. three class-one moment ice microphysics)
was joined with the NOAH land surface model for this study. Coupling of
the models simulated the sea-breeze-urban heat island circulation and
subsequent interactions and influence on convection.
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MMS5 originated at Pennsylvania State University in cooperation with the
University Corporation for Atmospheric Research (UCAR) (Grell et al.
1995). MMS5 was designed to simulate or predict mesoscale atmospheric
circulation and is a limited-area, non-hydrostatic, terrain-following sigma
circulation model.

For the purposes of this project, MMS5 was configured with three nested
grid domains. It uses two-way interactive grid nesting, meaning the coarser
supplies input data to the finer resolution grids and then the finer grid feeds
back information into the coarser grid. The MMS5 model consisted of 23
vertical layers, a horizontal outer grid, and two horizontal nested grids
centered over Houston, Texas. The vertical layers produced a modeled
atmosphere depth of 14.6 km (9 mi). The outer grid (coarse) consisted of a
68 x 68 cell dimension with a 13.5 km (8.4 mi) resolution. The nested grids
were two-way interactive, which allows for overlapping and conversion of
rectangular grids of different resolutions. The first nested grid had a 100 x
100 cell dimension with a 4.5 km (2.8 mi) resolution with the second nested
grid consisting of a 151 x 151 cell dimension and a 1.5 km (0.9 mi)
resolution. The time steps for the first, second, and third grids were 30, 10,
and 3.33 seconds, respectively. Each grid received its initial boundary
conditions, including data for atmospheric fields, sea surface temperatures
and soil data, with gridded data obtained from the Eta-model. The grids were
initialized with their own specific data as opposed to interpolating data from
the outer grid, reducing the error produced from the interpolation.

Storm Water Management Model (SWMM)

The US EPA SWMMS5, released in 2004, was the urban runoff model used
for this study. SWMM’s runoff model uses a group of subcatchment areas to
ingest precipitation data and calculate runoff hydrographs for each area. The
hydraulic portion tracks and transports the calculated runoff through a
conveyance system consisting of pipes or channels at various time steps
throughout the simulation, providing depth and flow rate information for
each segment (Rossman 2004). SWMM makes use of watershed information
such as slope, impervious area, and infiltration trends to estimate hydrologic
response. SWMM is a lumped model where model input parameters are
averaged over subcatchments. It's advantage is its ability to simulate both
land surface response and conveyance system response, simultaneously.
SWMM comprises four input compartments: atmosphere, land surface,
groundwater, and transport. The atmosphere compartment holds
precipitation data in the form of pseudo-rain gages. These data may be
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entered manually using the interface or by attaching an external file. The
land surface compartment represents the watershed with subcatchments.
This compartment receives data from the atmospheric compartment then
calculates runoff values based on the subcatchment input characteristics. The
infiltration computed in the land surface compartment serves as input to the
groundwater compartment. The transport compartment encompasses all
conduit, node, and conveyance networks for the watershed.

In all, 477 subcatchments comprise the Greens Bayou watershed. Aerial
photos, land use, soil, and topography were used to derive the subcatchment
parameters and to define subcatchment boundary lines. Subcatchment
delineations were based on land surface similarities. A more detailed
account of subcatchment delineations may be found in Waclaw (2003). For
the purposes of this project, Greens Bayou SWMM routes all runoff from
pervious and impervious surfaces to the outlet and does not take into account
subarea routing between these surfaces. Impervious and pervious
percentages of subcatchments were determined from aerial photos and
information presented by the USGS. Channel cross-section geometry data
were available from the Harris County Flood Control District for 499
segments. The model was successfully calibrated for peak discharge and
runoff volume prediction to three storms and validated with two additional
storms. Further details of data acquisition and development of the first
version of the Greens Bayou watershed model may be found in Waclaw
(2003).

7.3.3 Numerical Experiments

This study uses a smaller scale storm event starting on July 26, 2001, to
isolate the rainfall-runoff effects that may be linked to changes in the land
surface. Two sets of simulated rainfall are used within the study: one
simulated using an urban land surface within MMS5, and the other replacing
the urban areas with crop and pasture lands to simulate preurban conditions
The rainfall modifications are analyzed by using the simulated rainfall
datasets as input to a SWMM model developed to simulate Greens Bayou’s
hydrologic response.

Urban land use versus preurban land use simulated rainfall

The MM5 model was used to generate an urban land use rainfall response
over the Greens Bayou watershed. The urban land use coverage simulates
the current urban area coverage for the Greens Bayou watershed. The
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preurban land use scenario was simulated within MMS5 by replacing the
urban areas with a vegetated land use. For this particular project, the urban
area was replaced with cropland and pasture. This land use scenario is meant
to provide a rainfall dataset to determine the magnitude to which the urban
surfaces are manipulating rainfall patterns. Spatial comparisons of the
rainfall datasets and precipitation totals are compared and quantified to
determine the dynamics of each storm event and to draw conclusions on the
urban environment impact.

7.3.4 Rainfall Assessment

Differences in precipitation between simulated rainfall datasets indicate a
spatial shift of rainfall across the watershed (Figure 7.5). Precipitation totals
increase in the west portion of the watershed from the urban-simulated
rainfall fields whereas subcatchments located within the middle section of
the watershed have reduced precipitation totals, with minimal to no increase
occurring over the eastern watershed subcatchments.

Table 7.2 provides area weighted average precipitation totals over the
watershed area for both urban and preurban rainfall simulations. The amount
of total precipitation from the preurban rainfall is found to be greater than
that produced by the urban rainfall (Table 7.2). Figure 7.5 and Table 7.2
suggest urban effects may not contribute to more rainfall falling over urban
areas but possibly affect the location of storm formation and the intensity.

Table 7.2 Comparison of total precipitation values for each rainfall
simulation.

Value Pre-Development Urban

Rainfall

Maximum (in) 3.19 4.32

Area Weighted Average

Total Precipitation (in) 0.479 0.39

The rainfall simulations presented in Figure 7.6 provide a spatial
comparison of the resulting rainfall patterns produced by different
manipulations to the land surface within the MM5 model. The notable
spatial difference between the urban rainfall and the preurban rainfall
simulations is the shift of precipitation intensity.
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Figure 7.5 Scatter plot of rainfall depths for all subcatchments (x-axis)
discretized by geographic location. Each point represents a
subcatchment with its location identified by its symbol. This figure shows
the location of the greatest rainfall depths, which is in the west end of
the watershed.
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Figure 7.6  Spatial storm comparison between unadjusted preurban
and urban simulated total rainfall.
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Looking at Figure 7.6(a), the higher intensity is located in the western
portion of the watershed and distributed broadly throughout the western
region. Comparing (a) with the western region in (b), the spatial shift of east
to west is apparent. The intensity has increased and localized in the furthest
portion of the western region. The apparent shift of the urban storm from the
simulated rainfall fields may be an indication of a sea-breeze effect on the
watershed, pushing the rainfall downwind of the urban area.

This hypothesis is further supported with Figure 7.7, which shows the
cumulative frequency distribution (CFD) of urban and preurban-simulated
peak rainfall values for each subcatchment and the percentage of peak
rainfall values exceeded. This chart shows a divergence of the two CFD
lines around the 95 percentile, where an obvious increase in peak rainfall is
shown for the urban rainfall simulation. The CFD also shows a discrepancy
between median rainfall values (around the 60-85 percentiles).
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Figure 7.7 CFD showing the percent of maximum rainfall depth
exceeded versus the maximum rainfall depth in inches.

The CFD lines diverge here, also, showing a decrease in the magnitude
of the median rainfall values for the urban rainfall simulation as compared to
the preurban rainfall simulation. A review of Figure 7.5 shows the greatest
rainfall depths to be from the west end of the watershed and from relatively
small watersheds (approx. 1000-2000 acres or 407-813 ha) when compared
to other larger subcatchments within the watershed (approx. 15000 acres or
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610 ha). With the decrease in value of median rainfall and increase in peak
rainfall values, these results imply increased intensity and storm shifting to
the west end of the watershed may be due to urban surfaces.

Figure 7.8 presents the outlet hydrographs resulting from using urban and
preurban simulated rainfall as input to the urban SWMM. Interestingly, the
first peak produced from the urban rainfall/ urban SWMM is decreased and
arrives later compared to the preurban rainfall/urban SWMM hydrograph.
This may be attributed to the shifting of the storm center further west,
ultimately farther from the outlet, which would increase the travel time and
the opportunity for infiltration.

Looking at the second peak for both hydrographs it is apparent that the
complex hydrograph existing in the preurban rainfall/urban SWMM
hydrograph has been eliminated in the urban rainfall/'urban SWMM
hydrograph. Instead the peak arrives sooner and with a greater magnitude.
The decrease in pervious surfaces combined with saturated soil conditions
may be contributing to the early peak.
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Figure 7.8 Outlet hydrograph comparisons of urban and preurban
runoff responses for urban land surface condtitons in SWMM.

7.3.5 Hydrologic Response Assessment

Looking at Figure 7.8, the second peaks of the hydrographs present an
important implication for urban stormwater management. The time to peak
is shorter, the peak discharge is higher, and the tail is less pronounced for the
urban hydrograph. This indicates that a larger volume of the runoff is
contained within the peak (faster response) runoff rather than in the tail
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(slower response) of the hydrograph, basically supplying stormwater to the
conveyance system at a quicker pace and with more volume. The width of
the urban hydrograph second peak is thinner, which correlates to the
previous thoughts of a larger volume being redistributed into the peak. The
decrease in width may also be an indication of a change in land cover type.
Specifically, the increased impervious surface allows runoff to travel faster
over the watershed by decreasing the roughness and removing the ability of
the water to infiltrate, lowering the time to peak of the hydrograph.

This is also depicted in the scatter plot of Figure 7.9 and further
supported with Table 7.3, which contains the preurban peak discharges
plotted against the urban peak discharge and peak discharge numbers,
respectively. Figure 7.9 has the geographic location of peak discharges
shown with varying symbols. Increases are evident in the western region
(stars) with decreases in peak discharges for subcatchments in the middle
region (circles). This affects stormwater management by producing a larger
amount of runoff initially instead of distributing it over a longer period of
time (more pronounced tail), which may overwhelm the capacity of existing
conveyance systems and/or treatment plants. Table 7.3 reinforces this by
showing a substantially greater maximum peak discharge while not
producing a significant difference in area weighted average depth of runoff
over the watershed area. A sample of the Horton infiltration parameters used
in both the preurban and urban simulations is presented in Table 7.4.
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Figure 7.9 Urban vs preurban peak discharges for each subcatchment.
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Table 7.3 Maximum values and area weighted averages of peak
discharges and precipitation for preurban and urban simulations simulated
over the entire watershed area for urban and pre-developed SWMM.

Pre-
Urban SWMM Development
SWMM
Value Pre- Pre-
Urban
Development Rainfall Development
Rainfall Rainfall
Peak Discharge
Maximum (cfs) 516.41 712.41 23791
Area Weighted Average
Total Discharge (in) 0.09 0.08 0.024
Rainfall
Maximum (in) 3.19 432 3.19
Area Weighted Average 0479 039 0.479

Total Precipitation (in)

Table 7.4 Sample of Horton Infiltration Parameters used for both
SWMMS5 simulations.

Subcatchment Maximum Minimum Decay
D Infiltration Infiltration Constant

Rate (in/hr) Rate (in/hr) (1/hr)

11011 30 10 36000
11009 30 10 36000
11013 30 10 36000
11027 24 8 28800
11029 18 5 18000
11030 19 5 18000
11031 18 5 18000
11003 23 7 25200
11032 19 5 18000
11352 29 10 36000

7.3.6 SWMM Preurban Land Surface Conditions Assessment

To assess the impact of the urban land surface on hydrologic response
SWMM simulations depicting preurban land surface conditions were run.
The assessment attempts to quantify more substantially the subsequent
impacts due to increased surface roughness and decreased pervious cover. In
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order to simulate preurban land surface conditions, variables presented in
Table 7.5 were manipulated. Resulting hydrologic responses are shown in
Figure 7.10

Table 7.5 Variables modified to represent preurban land surface
conditions in SWMM.

Variable Modified Changed To From
% Impervious 1 Varied
% Pervious 99 Varied
Manning's n 0.025 Conduits <
0.025

350

— Urban Rainfall/ Urban
SWMM

250 - —— Pre-Development Rainfall/
Urban SWMM

200 1 —Pre-Development Rainfall/

Pre-Development SWMM

Flow (cfs)

150 4

100

50 A

0 T T

7/26/2001 0:00 7/29/2001 0:00 8/1/2001 0:00 8/4/2001 0:00
Date/Time

Figure 7.10 Outlet hydrographs of urban and preurban runoff
responses for urban land surface condtitons compared to pre-developed
rainfall over pre-developed land surface conditions in SWMM.

As stated previously, the urban spatial storm is showing increased
intensity over the western-most part of the watershed whereas the preurban
rainfall simulation has a broader spatial footprint of high precipitation. The
flow from the urban rainfall simulations has a greater distance to travel and
may be in contact with a greater amount of pervious surface. A notable
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characteristic about the preurban rainfall/preurban SWMM hydrograph is the
magnitude of difference between the runoff volumes as compared to the
hydrologic response flows generated from depicting urban land surface
within SWMM (Figure 7.10). The shapes of the runoff responses are quite
different, also. The preurban rainfall/preurban SWMM land surface runoff
has an extremely extended tail (slow response) in relation to its peak
discharge. The urban SWMM hydrographs have a pronounced bump and a
shorter tail as compared to the respective peak discharges. The increase in
tail and minimization of the peak discharge may be attributed to increased
areas of pervious surface allowing for greater volumes of water to be
infiltrated. The urban land surface, due to decreased pervious surfaces, does
not allow the runoff to infiltrate causing infiltration capacity to be reached
faster and larger volumes of runoff to be produced.

800
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w
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ol » Pre-Developed: Middle <
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Figure 7.11 Scatter plot of peak discharge versus rainfall for each
subcatchment for both urban and pre-developed rainfall over an urban
land surface in SWMM.

The scatter plot of Figure 7.11 shows the resulting increasing in peak
discharges produced from the urban-induced rainfall increases grouped by
geographic location. Again, there is a strong presence of increased rainfall
for the urban rainfall/lurban SWMM and, therefore, increased peak
discharges present in the western portion of the watershed and decreases.
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The magnitude of difference when comparing the runoff volumes of the pre-
developed scenario to the urban simulations supports previous studies
indicating the contribution of increased impervious surfaces to large
increases in stormwater runoff volumes. The contribution of urban induced
rainfall pattern modifications to hydrologic responses alone are
overshadowed by the contribution created by the urban land surface in
stormwater management, purely due to the volume of runoff produced.

7.4 Summary and Conclusions

The case study presented herein produced evidence that urban land surfaces
are affecting rainfall by the location of storm generation and not by
increasing volume within the watershed area. It should be noted that, overall,
the storm produced much more rainfall for the urban scenario, but the
changes within the watershed boundary are mostly realized in rain intensity,
not volume. The urban induced rainfall modified the shape of the
hydrograph, also, essentially decreasing the initial response and increasing
the peak and decreasing the recession limb of the second peak.

A hydrologic analysis showed that urban land surfaces distribute
stormwater to conveyance systems with more volume over a shorter amount
of time, increasing risk of overwhelming conveyance system capacity. There
was not a statistically significant difference between the pre-developed and
urban-land-surface-area-weighted-average-discharge-depth. This indicates
that the urban environment did not produce more runoff, but that the
conveyance system or land surface manipulates the manner in which it loads
runoff to and through the system.
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