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Overall Context

A wide range of city, county and state-level agencies and organizations are involved in
work that generates scientific and technica questions concerning water resources that
their saff are not trained to answer. For example a planning department might develop a
new need for a new water resources impact model, or amayor's office might need to find
out about the latest research in wetland hydrology to drive new policy directions. In
theory there are awide range of federd and state sources for some of this information and
advice, but in practice many departments and agencies either are unaware of these, or do
not make use of them for avariety of paliticd, historica or other reasons.

The faculty and students of the universities provide avast intellectua resource thet is
underutilized by city, county and state-level agencies and organizations. The universities
aretypicaly held in high regard, and can provide objective research and andysis, aswell
as access to people knowledgeable about the newest work and thinking in water
resources. However, there istypicaly alack of contact between the universities and these
agencies and organizations, despite the fact that these agencies and organi zations include
large numbers of university graduates.

The god of this proposd isto provide specific research in to the hydrologic and
geomorphic impacts of urban development in Indianapalis, and thisis described in more
detall below. However, the broader context of this effort isthat this research will
integrate with and complement efforts being undertaken to provide specific research
needs of the City of Indianapolis, and is of considerable interest not only to the City's
watershed management team, but also the County Soil and Water Conservation Didtrict
and agrass roots environmenta group, the Indian Creek Watershed Alliance (ICWA).
Because of this, the project will provide ademondration of the way in which university
water resources research can fruitfully respond to the information needs of grass roots,
city, county and state-level agencies and organizations. Thus alarger goa of the project



isto demondrate and facilitate water resources research focused on important
information and knowledge needs of the citizens and government organizations of the
State of Indiana.

Resear ch Project Background

Purdue faculty, gaff and students are currently working with the City of Indiangpolis
inter-departmental Watershed Management Teams. Purdue's Department of Earth and
Atmospheric Sciences was approached by the City of Indiangpolis watershed team
coordinator initialy because of their interest in finding out more about aland use change
impact assessment model we are developing. Faculty and student willingness to present
information on the modd, and to St in on watershed team mesetings as away of providing
additiond scientific advice, has led to the beginning of an expanded relationship with city
groups. Thisincludes providing research that is of vaue to the scientific research
community, but is aso motivated by the need to solve specific problemsin the
Indianapolis area.

The work proposed here is an outgrowth of this process. Asis the case for many other
communities, the City of Indianapolisis struggling to ded with environmental impacts
asociated with urban sprawl. The range of issues surrounding urban sprawl have been
highlighted in recent speeches and policy statements by individuas and groups such as
Vice-Presdent Gore, nationa environmenta and farm organizations, and local level
politicians and grass-roots organizations. The particular focus of the research proposed
here are the impacts of land use change and development in disturbing the hydrologic and
sediment load characterigtics of streams. Although much has been written in generd

about the hydrologic and geomorphic impacts of land use change, very little research has
been directed towards devel oping tools that can be used to evauate both impacts and
proposed management options, making use only of readily available data. Although there
have been consderable advances in understanding the details of the physical processes
that operate in hydrologic and geomorphic disturbance, these have led to the devel opment
of highly complex models that require input data thet are rardly avallable (both in terms
of the parameters needed, and the spatial and temporal resolution of the data).

Over the past 8 years we have progressively developed amodd, cdled L-THIA (Long-
Term Hydrologic Impact Assessment ), that makes use of readily available data for land
use, oilsand climate to assess the impact of past and proposed future land use change. A
proto-type web-based version of this method can be found at
http://danpatch.ecn.purdue.edw/~napralLTHIA/. L-THIA has asits core adaily
smulaion of runoff for the loca 30-year climate record, usng a distributed rainfal-

runoff model, and is able to ded with awide range of soils and land use conditions.
Recent work has added nonpoint source pollution loadings to the modd. However, it is
important to note that the input data are restricted to the types of information that alocal
planning agency, soil and water conservation didtrict, or engineer would have easy access
to. This of course raises a number of issues with respect to modd reiability, problems of
gpatia and tempora resolution, and modd sensitivity. These issues have been addressed
progressively for LTHIA in aseries of graduate theses:



Keth McClintock (MS, 1993): Assessing and managing the impacts of development and
land use change on sediment and water supplied to awetland: Hudson Township, Summit
County, Ohio. Matt Grove (MS, 1997): Development of a GIS modd for assessing the
long-term hydrologic impact of land use change. Marie Minner (MS, 1998): Senditivity
andysis and advanced gpplications of L-THIA. Budhendra Bhaduri (Ph.D., 1998): A
GIS-based model to assess the long-term impacts of land use change on hydrology and
nonpoint source pollution.

Research Project Description

One limitation of the LTHIA gpproach asit is gpplied a present isthe falure to include
point sources of pollution. This makes it hard to compare mode output with empirical
data, because the modd smply predicts the nonpoint source component of the pollutant
load in the stream or river, whereas most empirica datainclude both point and non point
sources. In the work proposed here we will develop an additiona ability in the model to
alow the user to enter data on point source pollution loadings to the watershed. In many
urban areas there are monitoring data available from major point sources of pollution, as
areault of regulatory requirements for data collection and reporting. We will develop the
LTHIA modd to dlow for input of point source pollution loadings, with two gods. Firs,
to dlow better testing and verification of the model against observationd data, and; 2, to
alow mode-based assessment of the relative roles of point and nonpoint sourcesin urban
water quality degradation. This later capability will dlow consderable flexibility in
evaudaing ways in which dternate management srategies will actudly effect overdl

water quality. The City of Indiangpalis has agreed to fund acquigtion of relevant land use
data, and basic LTHIA setup for astudy area (thisis part of the cost-share on the project),
and thisis the basis for the exapnsion to include point sources of pollution. In practical
terms, the inclusion of point source pollution will involve expanding the program code to
dlow the user to enter time variant pollutant loadings a specified pointsin the watershed,
which will then be added to the ca culated nonpoint source pollution loadings during the
daly smulaion caculations. Where long-term daily data are available, these will be
used. If long-term averages are available we will develop a scheme to dlow the user
ether to select use of average vaues, or to control time-variant loadings around the
average (eg seasond or monthly variation).

In developing the research plan, we have identified sediment as a particularly important
potentia pollutant. However thisis one areain which relevant local data for major
sources are not widely available. Congtruction Sites are widdly believed to be respongble
for enhanced sediment loadings in urbanizing watersheds, yet thereislittle actud
empirical data available on sediment delivery to streams (as opposed to erosion rates at
study plots on congtruction Sites). Thus a second god of the project is to collect empirica
datain a study watershed (Figure 1) to address loca rates of sediment ddlivery to streams
from congruction stes. Thiswill involve ingalation of automated flow measurement

and sample collection equipment (ISCO samplers) up and down stream of construction
Sites, with the god of collecting flow and suspended sediment load data through to the
end of the project (with an intent to continue monitoring beyond then if additiond funds
become available from other sources). Flow data will be collected a 15 minute intervas



using acdlibrated leve to flow conversion, and the samplers will be programmed to
collect samples both a aregular interva for low flow conditions, and closely spaced
samples during storm events, to alow usto characterize the total sediment load during
each storm. Sampleswill be analyzed with respect to totd sediment load and grain size
distribution. 1SCO samplers are dready available for the project, and can be used a no
cost to the grant. The difference between up and downstream sediment loads will alow
us to provide sediment loadings from construction sites, comparable to other point source
loadings available from monitoring of facilities such as factories and wastewater

treatment plants.

Outcomes

The primary outcome of the research performed under this grant will be the development
and testing of an expanded version of LTHIA which will include both nonpoint and point
source loadings. The modd will be tested in collaboration with the City of Indianapalis,
which is funding the portion of the work thet involvesinitia set up of LTHIA for
Indiangpolis watersheds. The project will make use of readily available data on point
source contributions from traditiond facilities (eg wastewater trestment plants), and will
include development of new empirica data on the sediment load input from construction
gtesin asample urbanizing sudy area. The LTHIA modd is atracting increasing
attention as an appropriate, user-friendly modd for initid estimation of the impacts of
future urban sprawl, and thus we anticipate wide interest in the expanded model both
from the scientific community and rea-world users. We would expect to publish at least
two articles on thiswork in peer-reviewed scientific journds.

A secondary outcome of thiswork will be to demondtrate city-universty collaboration in
the development of research projects geared to the red information and research needs of
government organizations. To make this more explicit, we will develop aweb page for
the project that will include space for government organizations within Indiana to post
requests for information or research assstance. These requests will be forwarded to
gppropriate faculty at Purdue and other Univergties across the state using the WRRC
database. We have dready assembled a group of faculty at Purdue interested in
expanding the role of research in service of water resources management in Indiana, and
they have committed a portion of their time to reviewing these research postings and
developing expanded contacts with state and city organizations. This group of faculty
includes Ron Turco (Agronomy, and Director, Environmental science and Engineering
Indtitute), Bernie Engdl (Agricultural and Biologica Engineering, and Director, Center

for Advanced Applications of GIS), Jane Frankenberger (Agriculturd and Biologica
Engineering and Extension), Anne Spacie (Foresiry and Natura Resources) and Guofan
Shao (Forestry and Natural Resources). This group represents expertise in diverse areas
of water resources, including watershed modeling, fluviad geomorphology, GIS, remote
sensing, wellhead protection, stream ecology, wetlands and bioremediation.



