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Abstract 
A geographic information systern (GB) interfaced with a dis- 
tributed hydrologic model for urban watershed analysis. Ba- 
sic data layers are digitized into a spatial database, and the 
system topological data structures are used to generate fea- 
ture attributes and data products necessary for modeling. 
Additional programming allows the system to use the coordi- 
nate values of features in the watershed to directly calculate 
flow-plane geometry and routing distances of overland pow 
paths, gutters, and storm sewer segments. Access to coordi- 
nate values in the coverages also allows the system to auto- 
matically determine the connecting drainage network, or the 
order and direction of pow throughout the urban drainage 
area. This is a significant improvement over other systems in 
which the order and direction of the network must be deter- 
mined and digitized by the user. The combined  modeling 
system is capable of analyses of urban drainage problems at 
a variety of scales (inlet, block, basin) and at  a level of spa- 
tial detail not heretofore accomplished. 

Introduction 
The management of spatial information has become easier 
with the arrival of geographic information systems [GI$. It 
should now be possible to model physical processes more 
accurately in a complex environment using a GIs. One area 
in which GIS may be particularly helpful is in the hydrologic 
analysis of urban watersheds. For efficient and effective de- 
sign, planning, and management purposes, the engineer or 
manager needs access to as much spatial information about 
the watershed as possible. 

This paper describes an approach where the spatial anal- 
ysis capabilities of a GIS can be used for the hydrologic anal- 
ysis of an urban watershed. The attributes of watershed 
features stored in a GIs database were used directly in a hy- 
drologic model to determine the runoff hydrograph. As a re- 
sult, the effect of any change in watershed characteristics on 
the magnitude or spatial distribution of runoff from the wa- 
tershed could be evaluated. The coordinate values that define 
the location of features in the database were used to incorpo- 
rate the spatial heterogeneity of drainage basin characteristics 
into the hydrologic analysis. 

The GIS software used for this study was ARCIINFO. In 
addition to being widely used, the ARCIINFO system is pri- 
marily a vector-based system. The system was used to de- 
velop a spatial database of the study area by digitizing the 
topography, soils, pervious and impervious areas, storm 
drain system, stream channel, and street network into sepa- 

R.G. Greene is with the Charles E. Via, Jr. Department of 
Civil Engineering, Virginia Polytechnic Institute & State Uni- 
versity, Blacksburg, VA 24061. 

J.F. Cruise is with the Department of Civil and Environmen- 
tal Engineering, Louisiana State University, Baton Rouge, LA 
70803. 

rate layers and including their respective attribute informa- 
tion into the database attribute tables. 

GIS and Hydrologic Modeling 
Simulation of hydrologic response in urban environments 
can be accomplished using either conceptual or physically 
based methods. Conceptual models simulate the response of 
a basin or a portion of a basin at the outflow point. In this 
procedure, the conceptual model is used as a "black box" to 
determine the basin response when a rainfall excess pattern 
is applied. For this reason, the spatial variability in basin 
characteristics is usually lumped into the parameters of the 
conceptual model. The unit hydrograph (Sherman, 1932) is 
one outstanding example of a conceptual model. 

On the other hand, physically based, or distributed, 
models attempt to simulate the actual physical processes in- 
volved in determining the runoff response to a given rain- 
storm. These processes are governed by the conservation 
principles of mass, momentum, and energy. Thus, the differ- 
ential equations describing these processes are solved in 
complete or simplified form. Therefore, in this method the 
spatial variability in the physical watershed characteristics 
can be included explicitly in the modeling. Thus, greater de- 
tail in these characteristics can result in a more accurate sim- 
ulation. 

For instance, Figure 1 is a drawing of a typical street 
block to be found in an urban watershed. A physically based 
distributed model of this block would consist of overland 
flow planes (lots, streets, roof tops), routing reaches (over- 
land, gutter), combining points (inlets, junctions), and storm 
sewer segments. The modeling would begin at the most up- 
stream point from where the response was desired and pro- 
ceed downstream. The rainfall is applied uniformly to the 
plane. The portion of rainfall that does not infiltrate or pond 
(rainfall excess) is calculated and routed off the plane to the 
gutter and routed on to the nearest storm sewer inlet. The 
combined flow from all contributing planes that enters the 
inlet is combined with the flow routed down from upstream 
inlets and is then routed on down the storm sewer segment. 
This procedure is symbolized in the routing schematic 
shown in Figure 2. 

In order to perform this modeling, a great deal of infor- 
mation must be known about the area, and thus can be in- 
corporated into the simulation. These data include soils 
information (infiltration rates, hydraulic conductivities, and 
storage capacities), surface characteristics (pervious, impervi- 
ous, slope, roughness), geometry and dimensions of flow 
planes, routing lengths (overland, gutter, and sewer), and the 
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Figure 1. A typical street block for the Ward Creek water- 
shed showing elements of the block. 

geometry and characteristics of routing segments. Of course, 
the drainage network, or order of the planes, routing seg- 
ments, and inlets above the most downstream point, is a cru- 
cial piece of information which determines the nature of the 
response. 

A review of the literature reveals that most applications 
of GIs technology in hydrology have been in rural or agricul- 
tural basins. However, a few studies have directly used GIs 
for hydrologic analysis of urban areas (Grayman el al., 1982; 
Johnson, 1989; Djokic and Maidment, 1991; Smith and 
Brilly, 1992; Kim and Ventura, 1993; Meyer et al., 1993; 
Ventura and Kim, 1993). Most of these studies used GIs to 
calculate the parameters of existing lumped parameter mod- 
els and to display basin characteristics. For instance, Djokic 
and Maidment (1991) used ARCIINFO with the rational 
method to determine inlet and pipe capacity of an urban 
storm sewer system. The overland flow paths were digitized 
directly and combined with a digital elevation model (DEM) 
based on the triangulated irregular network (TIN) to deter- 
mine changes in elevation, Johnson (1989) used GIs for the 
generation of input data for a digital map-based modeling 
system that supports lumped parameter models such as unit 
hydrograph, time-area, and cascade of reservoirs. Cline et al. 
(1989) and Moeller (1991) used GIs to determine input pa- 
rameters for the HEC-1 model, Sicar et al. (1991) used a GIs 
system to determine time-area curves, while Ragan and Kosi- 
cki (1991) used a GIS to define input parameters for the sCs 
hydrologic model. Kim and Ventura (1993) use a GIS system 

to manage and manipulate the land-use data for modeling 
the non-point source pollution of an urban basin using an 
empirical urban water quality model. However, it appears 
that full use of GIS capabilities in conjunction with distrib- 
uted watershed modeling has not yet been accomplished. 

Study Area 
The upper portion of the Ward Creek watershed, north of 
Government Street in the city of Baton Rouge, Louisiana was 
selected for this study. This portion of the watershed has an 
area of approximately 1212.12 hectares and is predominantly 
mixed residential with some industrial and commercial de- 
velopments (Figure 3). A fairly well developed storm drain- 
age system drains the watershed. One feature of this system 
is that, in many parts of the watershed surface, drainage is 
accomplished via unlined ditches in lieu of concrete curbs or 
street gutters. A U.S. Geological Survey continuous stream 
flow station is located on the creek at the Government Street 
bridge, the outlet of this portion of the watershed. 

Methodology 

Database Development 
The task of building a spatial database for the Ward Creek 
watershed involved the digitizing of information from vari- 
ous sources. Even though the data digitized were at different 
scales and resolutions, any effects due to those differences 
were considered to be minimal because the range of scales 
for the basic data used was small (Table 1). One exception to 
this, however, was that the soils data were digitized from 
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Figure 2. Drainage network and routing schematic for 
street block shown in Figure 1. 
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Figure 3. Land use and street network of the Upper Ward Creek watershed. 

North 

soils maps at a scale of 1:20,000. Although this scale is con- ability of soil characteristics pertinent to flow modeling in 
siderably smaller than those of the other data sources, this is the area is relatively small. 
not considered to be a major source of error because the vari- The Louisiana State Plane Coordinate System was used 

Landuse 

TABLE 1. DATA SOURCES, SCALES, AND ATTRIBUTES FOR UPPER WARD CREEK WATERSHED. 

Data Source Scale Database Attributes 

Topography Topographic map from U. S. Army Corps of En- 1:3600 Elevation (2ft contour) 
gineers, New Orleans District, Louisiana 

Soil Soil survey of East Baton Parish, Louisiana 1:20000 Soil series, area, soil type, hydrologic soil 
group, hydraulic conductivity, soil depth, soil 
thickness, available water capacity 

Zoning maps of the City-Parish Planning Com- 1:4800 Landuse code based on the Florida Land Use/ 
mission of the City of Baton Rouge and the Par- Cover Classification System (See Figure 3) 
ish of East Baton Rouge 
1992 black-and-white photographs 1:6000 
1989 NAPP color infrared photographs 1:40000 

Pervious and Impervious 1992 black-and-white photographs 1:6000 Area, Pervious (PER), Impervious (IMP), Rough- 
Areas ness 
Street Network Zoning maps from the City-Parish Planning 1:4800 Length 

Commission of the City of Baton Rouge and the 
Parish of East Baton Rouge 

Street Pavement 1992 black-and-white photographs 1:6000 Area, Pervious (PER), Impervious (IMP) 
Drainage (Storm drains Storm drains and channels project maps from 1:2400 Length, Pipe size, Shape, Roughness 
and Ward Creek) the East Baton Rouge Department of Public 

Works 
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Figure 4. Pervious and impervious areas and hydro- 
logic soil group for a two-block area of Water Creek 
watershed. 

as a reference framework for the digitized data. Wherever 
possible, the same series of control points were used to re- 
duce registration error and provide consistency among the 
various layers. Table 1 identified the basic data and their at- 
tributes that were included in the database. Impervious sur- 
faces include roads, sidewalks, parking lots, and the roofs 
of buildings. Storm drain network records from the City of 
Baton Rouge Department of Public Works were incomplete 
and had to be supplemented by field observations. 

Utilition of Spatial Database 
The GIs software selected for this study, ARCIINFO, has a 
large number of tools that can operate on spatial data. These 
tools provide the means whereby the spatial database can be 
manipulated into a preliminary form suitable for hydrologic 
applications. The tools can be used for assigning feature at- 
tribute values or create new features with appropriate attrib- 
utes suitable for hydrologic analysis. These tools can be 
applied over an entire area, or on a selected set of features 
within an area. For example, the Soil Conservation Service 
(SCS) curve number (CN) is often used in hydrologic model- 
ing to separate the infiltrated water from the direct surface 
runoff. The curve number is a function of the hydrologic soil 
characteristics and the imperviousness of the surface. The 
overlay tools within a GIS will enable the combination of the 
soil and surface layers, together with their respective attrib- 
utes, to create a new layer that is based on curve numbers, 
or to assign curve numbers to existing features. Through the 
utilization of these tools, a realistic preliminary database can 
be created for hydrologic modeling. 

The attributes for the various layers were connected by 
relational tables. As a result, item values needed for analysis 
can be extracted or assigned based on some specific criteria. 
For instance, because runoff from the surface is dependent 
on the surface and soil characteristics, the soil layer was 
overlayed on the surface layer so that the soil composition 
could be determined. The soil feature attributes were con- 
nected to the surface features attributes through a series of 
relational tables. Figure 4 is a portion of the resulting layer, 
from the topological overlay operation with the impervious- 
ness layer, and the soil layer. The relational tables are subse- 

quently used to assign curve number (cN) to various surfaces. 
For example, pervious surfaces with soils that are catego- 
rized as in hydrologic soil group D were assigned a curve 
number of 80. 

The information in the database can also be queried and 
used for various type of analyses. Values that represent at- 
tributes of features are accessed and used in numerical com- 
putations. This is facilitated by the ARC/INFO GIs through the 
programming concept known as cursor processing and the 
Arc Macro Language (AML). For example, values that repre- 
sent the curve number of the surface and the soil storage ca- 
pacity were accessed automatically by an AML program and 
used in the computation of the excess rainfall for each sur- 
face feature. 

A similar approach was taken to access and use slope- 
related information. The contour layer was used to build a 
triangulated irregular network (TIN) using a horizontal sam- 
pling interval of 100 feet along each contour line. The TIN 
was subsequently transformed into a two-dimensional layer 
in order to be used with the other layers. The resulting layer 
with corresponding attributes provided information on slope 
and aspect for each triangular facet. The surface layer is ov- 
erlayed with the TIN layer to access the slope for each sur- 
face feature. The overlay operation resulted in the calcula- 
tion of multiple slopes for each polygon in coverage (Table 
2). Depending on the requirements of the study, information 
could be obtained for each surface unit based on a unique 
soil type, slope and surface characteristics, or the surface 
slope profiles. In this study, the average slopes were used for 
every surface area with a unique soil and surface characteris- 
tics. Surface polygons with zero slope were assigned small 
non-zero values (0.001) during numerical computations. 

A similar approach was followed to acquire slope infor- 
mation for the storm drains. The design of the drains de- 
pends on gravity flow for their operation. The storm drain 
layer was overlayed by the TW layer based on the assump- 
tion that the slopes of the storm drains were similar to the 
surface. The feature attribute table that resulted from the 
overlay operation was subsequently used to create a table of 
average slope values for each storm drain segment. The rela- 
tional table approach was used to access the values for use 
in computations. Additional data pertaining to the storm 
drain segments such as length, diameter, roughness, and 
shape were also included in the database. This approach was 
also used to acquire slope information for the street pave- 
ment layer. 

Construction of Modeling Schematic 
Several programs were written in the Arc Macro Language to 
extract and use information from the spatial database. These 
programs access the values in the feature attribute tables, de- 
termine the order of the drainage network, and calculate the 
plane geometry and routing lengths. In some of these opera- 

TABLE 2. SURFACE SLOPE FROM TRIANGULATED IRREGULAR NETWORK (TIN). 

Record Polygon # Slope (%) 
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F~gure 5. Schematic of an impervious area not di- 
rectly adjacent to street gutters or ditch. 

tions, it was necessary to use the coordinate values that de- 
fine the locations of features in the watershed. This informa- 
tion was used to define the drainage network and to compute 
the plane geometry and lengths of routing segments. 

Hydrologic response units were defined as polygons rep- 
resenting unique hydrologic soil group and surface character- 
istics. These polygons might consist of one or more vegetated 
(pervious) lots or impervious areas (roof tops, streets, parking 
lots). The polygons also have additional attribute information 
in the database such as curve number, roughness coefficient, 
and slope. Using the horizontal x- and y-coordinates that de- 
fine the boundaries of polygons, the plane geometry, routing 
distances, and network ordering could be determined. 

In some GIS software, these coordinate values are gener- 
ally not readily available to the user, but are used by the sys- 
tem for feature manipulations. However, they can be ac- 
cessed through high level programming within the CIS 
environment. 

The predominant slopes directions in the study area 
were north-south (y). These north-south directions were used 
as the aspects of the polygons that comprised the hydrologic 
response units. The endpoints (nodes) of arcs and the change 
of direction along the arcs that defined the polygons are 
identified by vertices. The maximum and minimum coordi- 
nate values in the east-west (x) direction for every polygon 
were determined by comparing the x-coordinate values for 
every vertex for each arc which defined the polygon. A simi- 
lar comparison was made to determine the maximum and 
minimum y-coordinates for each polygon in the layer. The 
maximum lengths of the polygons in the north-south and 
east-west directions were calculated as the difference be- 
tween the maximuni and minimum values in each direction. 
In this study, the dimensions of the polygons were deter- 
mined only in the principal directions (north-south and east- 
west); however, a similar approach could be used to deter- 

mine the dimensions in any desired direction. The extreme 
coordinate values in both principal directions were stored in 
the feature attribute table of the arc and polygon layers for 
the watershed. 

Algorithms were also written to extract the coordinates 
of the inlets and junctions of the storm drain network. The 
inlets and junctions were represented as nodes in the storm 
drain network layers, and coordinate values were stored in 
the feature attribute table. 

The coordinate values were used to define the stream 
network ordering system and identify which polygons (or re- 
sponse units) would contribute flow to specific inlets. Fig- 
ures 1 and 2 show how runoff from each surface polygon 
was combined at the nearest inlet and the upstream flow for 
subsequent routing to the block outlet. A series of programs 
was written in the GIS environment to determine which col- 
lection of polygons would contribute to the flow at a particu- 
lar inlet. These programs were used to extract or calculate 
the attributes required to determine the discharge at the in- 
lets and outlet. 

To start the procedure, the desired inlet is specified as 
the outflow point, the nearest upstream inlet is identified by 
the program, and the coordinate values of both inlets are ex- 
tracted. The identification of the inlets also allows the attrib- 
utes associated with the connecting storm drain segment to 
be extracted from the database. Hydrologic response units 
represented by polygons whose boundaries are defined by 
coordinate values between those of the inlets are considered 
to contribute to the flow arriving at the downstream inlet. 
The next inlet upstream is then identified by the program 
and the procedure is repeated. The result of the above proce- 
dure is to identify the inlet and group all of the polygons 
contributing to that inlet and their physical attributes. The 
succession of inlets and their associated polygons determine 
the hydrologic schematic, or drainage pattern, of the urban 
watershed. 

Calculation of Flow Lengths 
Based on the coordinate values of the receiving inlet and the 
boundaries of the polygons, the overland flow and gutter 
lengths were calculated for each polygon. The maximum 
flow length was calculated as the maximum length of the in- 
dividual polygon in the direction of flow plus any additional 
overland distance the water from the polygon has to travel to 
reach the gutter. The gutter flow length was calculated as the 
distance the water must travel after it entered the gutter to 
reach the receiving inlet downstream. This process was re- 
peated for every polygon which contributed to the flow at 
the downstream inlet. 

Figure 5 can be used to illustrate this procedure. The 
maximum flow length of a polygon was calculated based on 
whether or not the polygon was directly adjacent to the 
street gutter or ditch. If it was directly adjacent, the flow 
length was calculated as the difference between the polygon 
~naximum and minimum y-coordinate values. If the re- 
sponse area was not directly adjacent to the street, the flow 
length was calculated with respect to the location of the 
street gutter and the downstream inlet. Referring to Figure 
5, the maximum length for such a polygon would be calcu- 
lated as the difference between the polygon maximum and 
minimum y-coordinate values, [Y(4) - Y(l)], plus the over- 
land routing distance to the gutter, i.e., the difference be- 
tween the polygon maximum y-coordinate value and the 
downstream inlet y-coordinate, [Y(6) - Y(4)l. This is based 
on the assumption of equality between the y-coordinate val- 
ues of points 7 and 6 on Figure 5. Alternatively, the coordi- 
nates of point 7 can be determined and used instead of the 
coordinates of point 6. This procedure allows for the two 
separate flow distances which make up the path from the 
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TABLE 3. CHARACTERISTICS OF SURFACE POLYGONS AND GUITER CONNECTING TO THE NEAREST INLET. 

-99999 
Inlet Separation Code 

xcoordinate (m) 

43 IMP 32.931 0.001 0.010 9 8 . W  0.635 28575 7.011 y-coordinate (m) 

5.979 0.002 0.05 0.0 1.0 TRLWG 

44 PEX 32.193 0.0034 0.100 74.000 3.540 57.150 20.816 Number 

76.872 0.002 0.05 0.0 1.0 TRIANG Pervious(PER),ilmperJiws <IMP) 

45 IMP 32.162 0.0014 0.010 98.000 0.635 38575 10.863 
Powlength (ni) 

30.435 0.002 0.05 0.0 1.0 TRIANG 

Roughness Cwificient 

47 PER 31.727 O.M)18 0.100 50.000 0.b35 28.575 j.641 
Curve Number - 

38.196 0 . m  0.05 0.0 1.0 TRIANG -.- Hydraulic Conductiviry (mmthr) 
- 

48 IMP 30.987 0.0033 0.010 98.000 2540 57.150 8.845 -.- Soilwater Storage fmm) 
-. 

72302 0 . W  0.05 0.0 1.0 TRIANG Equivalent Width (m) 

60 PER 11,729 0 . m  0.100 74.CCO 2540 57.150 1371 Gutter or Ditch 

38584 0 .0E 0.05 0.0 1.0 TRlANG -.- Length (m) 
-. 

Slope 
-99999 

-.- Kouthness Cwfficient 
18 626449.257 200732.496 

- 
Width or Diameter (cm) 

54 IMP 20344 0.0032 0.01 98 2540 57.150 7.019 
Side Slope - J 

10.222 0 . w  0.05 0.0 1.0 TRIAEIG -- 
Shape 

polygon to the gutter to be assigned different characteristics 
(slope and roughness) if desired. Finally, the routing dis- 
tance in the gutter or ditch (point 7 to point 6) is given by 
the difference between the polygon maximum x-coordinate 
and the inlet x-coordinate values, i.e., [X(6) - X(3)]. The 
width of the polygon (point 4 to point 3) is taken into ac- 
count in the overland flow routing scheme from the poly- 
gon. Note that the calculation of these distances does not 
depend on the shape of the polygon being rectangular as in 
Figure 5, because the coordinate values of all the vertices 
are available. However, because the predominant slope in 
this watershed was in the north-south direction, the above 
approach was used. A similar calculation can be performed 
along any direction of slope for each polygon. 

GIS Manipulation Results 
One primary focus of this study was the demonstration of an 
approach for interfacing a GIS with a hydrologic model. A 
portion of the data that resulted from the approach described 
is given in Tables 3 and 4. The data for the surface polygons 
and stom drains that resulted from the GIS manipulations 
are written to separate files that provide the interface be- 
tween the GIS and the hydrologic model. The succession of 
inlets and their associated response units (polygons) consti- 
tute the drainage network or modeling schematic of the wa- 
tershed. 

The identification of the inlet also allowed the relevant 
storm drains to be identified and their attributes to be ex- 
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1; 18 15 104519 0.0016251710057 0.015 30.k 0 CIRC 

18 19 16 11587 0.0032503420114 0.015 30.48 0 CIRC 

19 20 17 17.886 0.003250341-0114 0.015 30.48 0 C!RC 
Previous Inlet Number 

Current Inlet Number 

tracted. Typical values of calibration parameters such as 
Manning roughness coefficients and scs curve numbers were 
taken from the literature. All other data needed to run the 
model were obtained from the physical database contained 
within the GIS. 

The hydraulic routing programs read the output files and 
use the inlet numbers for the storm drains to guide the mod- 
eling to the outnow point. This approach can be used for 
every street block in the watershed. Blocks are joined to- 
gether by identification of the storm drain segment which 
connects them. Therefore, the data that resulted from the ma- 
nipulation of the GIs database plays a critical function in this 
approach for coupling the GIS to a hydrologic model. 

1 

Hydrologic Modeling 
The final output files from the GIS, as shown in Tables 3 and 
4, function as the input files to the hydrologic modeling pro- 
grams. The hydrologic model consists of three components: a 
simple water balance routine to account for soil moisture, an 
overland flow routing component, and a routine for gutter or 
storm sewer routing. All of these programs are written in the 
C language. The volume of direct runoff from a response unit 
is determined from the water balance routine, which is based 
on the SCS curve number procedure (USDA, 1986). Soil mois- 
ture accounting in the upper layer of the soil horizon is esti- 
mated using infiltration (determined from the curve number) 
as the inflow and gravitational seepage (determined from the 
saturated hydraulic conductivity) as the outflow. Direct run- 
off occurs either when the rainfall intensity exceeds the infil- 
tration capacity of the soil or the soil layer becomes satu- 
rated. This procedure is described fully by Greene and 
Cruise (1995). 

The direct runoff from each response area was routed to 
the street gutter or ditch using an overland flow routine. The 
overland flow routine was based on the kinematic wave ap- 

Shape 
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proximation to the one-dimensional shallow water flow 
equations (Singh, 1992). In this approximation, the friction 
slope is assumed equal to the bed slope, thus reducing the 
momentum equation to a simple form of the Manning resis- 
tance formula. The momentum (Manning) and continuity 
equations are solved by a finite difference technique. The 
procedure used in the U.S. Army Corps of Engineers HEC-1 
program (USACOE, 1990) for the solution of these equations 
is adopted here. Gutter and storm sewer routings are per- 
formed in the same manner, also using the finite difference 
formulation given in the HEC-1 model. 

Hydrologic Modeling Results 
A full description of the hydrologic functions of the system, 
together with responses and sensitivity analyses are given by 
Greene and Cruise (1995). Here, our only purpose is to show 
that the system results in a reasonable output when applied 
to a typical area in the watershed. 

Figure 4 shows a typical two-block area of the upper 
Ward Creek watershed. Figure 6 shows the storm drain net- 
work for this area. The two blocks are joined together in the 
system by the identification of the storm drain connecting in- 
lets 26 and 31 in Figure 6. The data shown in Tables 3 and 4 
are the output from the GIS for a portion of this area (inlets 
17 and 18). The complex hypothetical rainfall pattern ap- 
plied to this area and the outflow response from the system 
is shown in Figure 7. The hydrograph shown in the Figure 7 
represents the system response predicted at the outlet of the 
entire two block area (inlet No. 34; Figure 6). 

The hydrograph shown in Figure 7 appears to represent 
a reasonable response for this two-block area (total area 2.5 
hectares). The total volume of runoff in the hydrograph 
matches the volume of direct runoff from the hypothetical 
rainstorm, the peak magnitudes appear reasonable, and the 
shape of the hydrograph reflects the shape of the rainstorm 
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Figure 6. Drainage network for the area shown in Figure 
4. 
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Figure 7.  Hypothetical rainfall event and hydrologic simu- 
lation results for the two-block area. 

shown in Figure 7.  Therefore, it appears that the ~~s /Hydro -  
logic Modeling system results in physically plausible re- 
sponses. Additional blocks can be joined to the model 
through the identification of connecting storm drains until 
the entire watershed is completed. 

Conclusions 
A ~~s/Hydrologic Modeling system has been described which 
represents the  physical properties of an urban watershed 
more realistically than has previously been accomplished. 
The ARC/IM?O GIS performs all topological functions and data 
assignments required to build a preliminary database neces- 

sary for hydrologic modeling. However, additional program- 
ming was required in order to interface the GIs with the 
model in terms of definition of the hydrologic network and 
calculation of plane geometry and routing distances neces- 
sary for distributed watershed modeling. The resulting sys- 
tem is a fully integrated ~1~1Distributed Watershed Model 
which requires no human input once the initial raw data lay- 
ers (topography, soils, land use, etc.) are geocoded. The sys- 
tem performs all relevant computations at scales and levels 
of detail not accomplished in any previous effort. 

Hydrologic simulations with the system show that it 
does respond with physically plausible results. It is now pos- 
sible to use the system to investigate the relative effects of 
spatial heterogeneity and scale differences in urban environ- 
ments. The ability to analyze spatial impacts at a variety of 
scales is one of the most attractive features of the system. Im- 
pacts of land-use changes within an urban watershed can be 
evaluated at the polygon, block, multiblock, or basin scale. 
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