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Abstract
Operators of municipal sewer systems are among many who depend on precipitation
measurements for proper system evaluation and problem solving. The Metropolitan Sewer
District of Greater Cincinnati (MSDGC) has incorporated radar rainfall data with their
GIS and successfully implemented a web-based solution to access this precipitation data
in real-time.  GIS integration allows display and spatial analysis of the precipitation that is
otherwise not possible, while ArcIMS enables remote, multi-user access to quickly
changing data.  This paper will present the multi-faceted uses of integrating real-time
radar rainfall data across a large urban area with a GIS.

Introduction
Nested in the southwestern most corner of Ohio, Hamilton County encompasses
approximately 440 square miles and is home to over 800,000 residents. The Metropolitan
Sewer District of Greater Cincinnati (MSDGC) maintains and operates over 3000 miles of
separate and combined sewers in the County.  Of paramount concern to the District is
mitigating rain induced sewer overflows, a task that remains challenging because of the
age, size, and complexity of the system.

For over 25 years precipitation data has been collected by MSDGC and is believed to be a
key element to sewer system analysis and problem solving.  Increasing regulatory
requirements underscore the need for this information to be accurate and readily available.
Traditionally, MSDGC has relied on radio reporting rain gauges throughout the service
area to access rainfall data, although this data is not easily ported to an external customer
base.  Additionally, because of the spatial variation between gauges, the resulting point
measurements do not lend themselves to providing the most accurate rainfall estimates for
a sewer network.

The integration of state-of-the-art radar rainfall technology alleviates the impact of spatial
variability, while calibration of these radar derived rainfall estimates to rain gauges
provides a level of accuracy greater than either system alone.  GIS processed radar grids,
offering complete precipitation coverage, and real-time radar rainfall data propose an
excellent foundation for web-based distribution.

This paper will describe the development and utilization of a high performance ArcIMS
and Active Server Page (ASP) based website for real-time precipitation analysis. Access
to high resolution precipitation data, for real-time, as well as post-event analysis, affords
MSDGC with the tools needed and information necessary to make well-informed
decisions.
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GIS for Rainfall Analysis

A well-established GIS in Hamilton County, Cincinnati Area GIS (CAGIS), has enabled
MSDGC to build one of the largest sewer network hydraulic models ever constructed.
Utilizing the U.S. EPA’s Storm Water Management Model (SWMM) software, this
system wide model is a critical tool in evaluating and addressing wet-weather capacity
constraints in the system that cause overflows and operational problems at treatment
plants and pump stations.

The precision of the model is highly dependent on accurate precipitation data, the primary
and most important input.  Figure 1 illustrates the enhanced precipitation coverage
achieved by the approximately one square kilometer radar grids.  Rainfall depth (in
inches) is reported every five minutes for each of the more than 1000 grid cells.

Over a three year period, MSDGC purchased high quality, high resolution radar rainfall
data for over 54 rainfall events to calibrate and validate the model.  Sewershed averaged
rainfall amounts (Figure 2) are utilized by MSDDG in the system wide model and
provided in the same five minute time intervals.  The sustainability of the model
necessitates continued use of radar rainfall data.

Figure 1
Storm total accumulations over Hamilton County using radar rainfall
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Figure 2
Sewershed averaged radar rainfall

Real-Time Radar Rainfall Data

The successful application of radar rainfall data for model calibration and for post-event
system analysis led to the procurement of real-time radar rainfall to support other
operations.  In preparation for a real-time data feed, initial steps included settling on data
file formats, data transfer methods, and database upload procedures.  Once these details
were ironed out and the real-time data transfer was in place and fully operational, work
began on web-based distribution.

Web Site Development

The website was developed in an iterative fashion with a strong focus on understanding
user requirements and selecting the optimal architecture. The templates from Microsoft®
Analyzing Requirements and Defining Solution Architectures (ARDSA) were used to
drive the development process (Wilson, 1999). For example, the functional specification
document contains sections on Vision Summary, Design Goals, Requirements, Usage
Summary, Features, Dependencies, Schedule Summary, Risks and Appendixes. The
design document contains sections on Conceptual Design, Logical Design, and Physical
Design.  Each development iteration was carefully managed through the use of the
ARDSA framework.

∂ Rain Gauge

Unsewered Areas



Early Prototype Creation

Initially, a prototype website was developed using existing desktop resources.  The goal at
this time was to determine whether ArcIMS 4.0 based viewers could effectively display
the rainfall information, and to determine what type of viewer would be best for the user
environment.  The desktop resources consisted of an NT 4.0 workstation running Personal
Web Server (PWS), Servlet Exec 4.1.1 and JRE 1.3.1.  Both rainfall grids and sewershed
polygons were available as shapefiles, with the attribute data in a DBF file.  Additional
base features, such as roads and streams, were also in the shapefile format, and published
through ArcIMS using standard ArcIMS functions. A web browser (Internet Explorer) on
the PWS was used to test the website first, and then additional clients were added to
further monitor and stress the site.  Microsoft® Access 2000 was used to store the rainfall
data and a Visual Basic software component was developed to update the appropriate
DBF file with the results of the user defined time period.  The entire process flow is
shown in Figure 3.

Figure 3
Process Flow of Prototype

This first trial demonstrated that html viewers could render the rainfall information
effectively, and the relational design of the Access tables was adequate to handle the
incoming rainfall data. The next challenge was to modify the design to allow for multiple
concurrent users, and support on-the-fly rainfall calculations for each user.

Building the Active Server Page (ASP) Website

The next prototype was constructed using the Active Server Pages (ASP) technology
support by a Microsoft Internet Information Server (IIS 5.0) on a Windows 2000
Professional Workstation.  The decision to switch to ASP instead of the pure html was



based on the fact that the target production web server was running IIS.  It was assumed
that no degradation of performance would take place by this change, and that assumption
was subsequently borne out.  The use of custom viewers was avoided to keep the clients
fairly thin.

In this second prototype, the user provided start date-time and the end date-time for the
time period of interest. Based on that input, the software component DLL obtained the
total rainfall for each grid (or sewershed) for the specified time period, and then updated
the RAINFALL attribute column in the appropriate DBF file. After the update, the
ArcIMS map display was triggered that displayed the grids in graduated colors using the
RAINFALL column.  It was assumed the users would be served through the use of the
same RAINFALL column in a round-robin fashion, and that the native database record-
locking would prevent the users from stepping on each others toes.  During the testing of
the prototype, it was discovered that the DBF file update through the FoxPro ODBC
driver was not going well. The programming call for update reported complete success
even before the update was finished, which led to a mixing of rainfall values requested by
different users.  Although a workaround was discovered that forced the update to
complete properly, a similar issue was discovered in displaying the RAINFALL column
through ArcIMS.  Namely, there was no way to ensure that one ArcIMS user finished
reading the RAINFALL column before a second ArcIMS user started to read the
RAINFALL column.  This dilemma led to the creation of the third prototype that
addressed these problems.

Finalizing the Production Website

In the third prototype, each user was allocated his/her own rainfall column as they log into
the web-site.  These columns are reused as the users log out or as the session disconnects.
This ‘take-a-column’ functionality was implemented through the Application Variable
capabilities of ASP, and was fairly straightforward to implement. Subsequently, the grid
and sewershed DBF files were modified to include these columns. The number of
columns needed equals the maximum number of users expected to be active at the same
time.  ArcIMS performance did not seem to degrade with the new columns, but it became
necessary to designate the column to be used for color graduation on-the-fly instead of
using the static definition in the AXL file.  Although this was more difficult to
accomplish, the available ArcIMS sample websites provided a good starting point.

Once the final prototype architecture was functioning well, minor web page layout issues
were resolved quickly, and design of the production site was completed.  This design
included porting the data from Access to Oracle 8, a decision that was made due to the
anticipated growth of the database.  The Oracle Migration Workbench was used to
achieve that goal.  Changing the DLL to use Oracle instead of Access proved to be
challenging due to the slight inconsistencies between the SQL handling provided by each
database.  However, the debugger in Visual Studio proved to be useful, and programming
modifications were made to handle the Oracle connection correctly.

The production web site, in use today, is shown in Figure 4, illustrating both grid and
sewershed displays.  Utilization of this site for uncalibrated radar rainfall is described in
the following pages.



Figure 4
MSDGC web site with grid and sewershed displayed radar rainfall



Overflow Sampling and Reporting

Despite significant progress by the District to reduce and eliminate wet-weather
overflows in Hamilton County, many still remain.   MSDGC is obligated to monitor and
report this overflow activity to regulatory agencies.

Accessibility to real-time radar rainfall enables personnel to quickly determine the
overflow sites that warrant a site visit and dispatch crews to appropriate locations.  In
addition to concluding whether an overflow has occurred, retrieving water quality
samples of the receiving stream are oftentimes necessary.  A critical window of time
exists for response, sample retrieval, lab analysis, and reporting.

As shown in Figure 5, decisions to mobilize a response crew can be made based on the
rainfall that is tributary to the overflow site, and not simply based on measurements at the
nearest rain gauges, feasibly over 2 miles away.  Real-time accessibility to this
precipitation data allows for a more effective utilization of personnel, thereby minimizing
cost, and increases the ability to meet regulatory sampling and reporting deadlines.

Figure 5
MSDGC web site enables rapid crew mobilization decisions
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Real Time Control (RTC) 

While complete elimination of wet weather problems is an ideal end goal, it is one that is
neither feasible nor possible.  RTC invokes a more cost effective short term approach to
overflow reduction.  Through the automatic operation of gates and dams, flow can be
diverted or stored in-line to capitalize on existing capacities elsewhere in the system.
Level sensors are installed in key locations throughout the sewer system, enabling control
structures to be adjusted based on observed or predicted conditions.

Level readings tend to be used solely in RTC operating algorithms.  Although for simple
statistical models, real-time precipitation may in some cases, improve operations by
enhancing predicted conditions.  For example, correlations can be developed based on
historical rain events and real time operational experience.  Once these statistics are fed
into the algorithms, alarms can be utilized at selected control structures to alert the
operator to situations that may warrant a manual override of the system.

Real-time web access of graphically displayed precipitation data provides a much needed
visual observation of storm tracking and totals.

Real-Time System Assessment

Proper evaluation of basement backups and flooding requires access to a variety of
information in addition to field recognizance.  Of significant importance is the ability to
relate precipitation data to the area experiencing problems.

Figure 6 illustrates the value in being able to geographically view and analyze rainfall
totals.  In this particular case, the need arose to quickly determine peak storm intensities,
based on the most accurate data available.  Because of the immediate need, the utilization
of post-event calibrated data was not an option.  Three rain gauges, each approximately
two miles from the site of flooding, were looked at as potential data sources.  Although
these gauges appeared to have no obvious failures or reporting problems, the total amount
and temporal distribution of the rainfall was very different for each.

Quick access to the radar rainfall data enabled MSDGC to determine that the
northwestern-most gauge was closely representative of the rainfall characteristics for the
area in question.  Subsequently, rainfall data from this gauge was used in the analysis.



Figure 6
Web based access to precipitation data can identify areas of isolated heavy rainfall
that can otherwise be missed by rain gauges

Conclusions

It is fair to say that the time, effort, and investment expended on this project exceeded
conceptual phase estimates.  An ArcIMS implementation is by no means an overnight
creation and deployment, but through proper planning and well laid out processes,
development problems, unforeseen hurdles, and cost increases can be minimized.

MSDGC has realized success with the launching of the production web site.  Access to
high resolution precipitation data affords MSDGC with the information necessary to
make well-informed and sometimes rapid decisions.  Web-based distribution has proven
to be an excellent foundation for real-time, as well as post-event system analysis.

Development of the web site is not seen by MSDGC as an end result, but the forging of a
new multi-purpose tool, able to transform and mature as the District’s needs evolve.  The
move toward real-time calibrated precipitation data is one such example that is currently
under evaluation.

Localized
Flooding
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