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FOREWORD

Spatial data management techniques are fast becoming an accepted way of managing data
in Expanded Flood Plain Information (XFPl), Survey and General Design Memorandum
(GDM) studies of the Corps. This report documents the basic aspects of the methodology
developed by the Hydrologic Engineering Center in September 1975, for the initial test
application of the technology to an XFPI study. Since this report was first published,
significant advances have been made in the analytic and display capabilities of the programs.
Examples of these advances are: 1) The ability to automatically interface the hydrologic
parameters and the elevation-damage functions (derived directly from the spatial data files)
3 with the HEC-1 simulation program, 2) the ability to easily evaluate structural and
' nonstructural alternatives and 3) the ability to use plotter graphics for choropleth, three
dimensional and color display techniques. These advances have occurred because the
technology is continually being improved and expanded by the Corps, universities, other
government agencies and private industry.

R

This report was originally published to document the methodology developed in the test
application study so that the techniques could easily be transferred to Corps personnel
E’ involved in XFPI studies, and so that other Corps elements could be informed of an emerging
technology which has potential use in their areas of responsibility. The major thrust of the
report has since been confirmed by further testing in Corps studies throughout the country.
This report has been reprinted to help meet the continuing demand for information about
spatial data management techniques from the Corps field offices, universities and private
industry.

The Hydrologic Engineering Center
January 1978
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CHAPTER |
INTRODUCTION

General Scope

Data management and analytical techniques have been developed by the Hydrologic
Engineering Center for application in comprehensive flood plain information studies. The
techniques make extensive use of gridded geographic data files and emphasize consistent
comprehensive assessments of the effects of alternative land use patterns on the flood
hazard, general damage potential, and environmental status of the detailed study areas. The
techniques were developed for a pilot flood plain information study that is being conducted
by the Savannah District, Corps of Engineers. This report describes and illustrates the
application of the techniques on Trail Creek, a 12 square mile test basin in the Phase |,
Oconee River Basin pilot study area that is located in Athens and Clarke County, Georgia.
The techniques are being applied to those areas where land use projections indicate
significant future development may occur. Reference (1)* defines the scope of the pilot
study and outlines the detailed study areas.

This report focuses upon techniques and their applications rather than the specific
development of the flood plain information. A variety of computer generated graphics will
be found throughout the report. It is not intended that the computer graphics necessarily
constitute the final form for reporting results of studies but instead illustrate the range of
possible display types that may be appropriate for selected aspects of the studies. The
report also includes a detailed discussion of data management, the key to the successtul
application of the techniques and assesses the degree to which the technical objective of
the investigation is accomplished.

Acknowledgements

The investigation was undertaken by the Hydrologic Engineering Center (HEC) at the
request of the Savannah District, Corps of Engineers. The project was performed under the
direction of Darryl W. Davis, Chief, Planning Analysis Branch, by Michael Burnham and R.
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for the report. Mr. Bill S. Eichert was Director of HEC during the conduct of the study.
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provided the foundation for the techniques that were developed. The computer software
AUTOMAP |l that was used for manipulating the polygon data was acquired by HEC from
Environmental Systems Research Institute, Redlands, California, Jack Dangermond
Director. The capabilities of AUTOMAP Il are a key ingredient in the techniques developed.

*References as listed in Appendix F, REFERENCES




TR g e

CHAPTER I
GENERAL OVERVIEW |

Oconee Pilot Study Objectives

The objectives of the Phase | Oconee Basin Flood Plain Information pilot study include: |
(1) a critical examination of the concept of a broadened perspective of flood plain
information (FPI), (2) a test of the capability for development of comprehensive analysis
procedures, and (3) an assessment of the planning utility of the broadened FPI study as a
framework for continued use by local planning agencies. This report concentrates primarily
on objective (2). The general concept embodied in the pilot study is to develop flood plain
information for existing and selected alternative future land use patterns and to provide
carry-on capability to perform special investigations as needs arise. Flood Plain Information
is broadened from hydrologic flood hazard, as normally developed in the past, to also
include flood damage and environmental information. The significant points of departure
that the analysis concepts were designed to be responsive to include:

i e e M A

® Broadened information perspective for existing conditions
- hydrologic, hydraulic flood hazard
- general damage potential
- environmental status

¢ Information development for alternative futures
- selected future alternative land use patterns
- assessment of specific proposals

Analysis Concepts

The analysis concepts are designed to make use of traditional methods where possible and
provided for automation of analysis and displays where appropriate, while providing the
capability of performing consistent analysis over a very broad range of detail. For instance, an
agency might wish a general assessment of the entire Trail Creek watershed for an alternative
land use pattern, and desire the analysis to be performed with a minimum of prior data
preparation, i.e., essentially only have available the land use pattern. On the other hand, an
agency may wish a specific assessment of an area of a tributary to Trail Creek where a 300-
acre shopping center with attendant surface drainage works, such as channel straightening ’
and lining and detention storage, are proposed. These extreme levels of detail are '
accommodated by providing the capability of automated computer analysis that can be
interrupted at a number of stages during the computations and more detailed, specifically
tailored data substituted for the computer generated data. The general approach to the
analysis is shown in Fig. II-1 DATA PROCESSING AND ANALYSIS PROCEDURE.

Nr——

The analysis methodologies developed center on integrated use of spatial, gridded
geographic data files. Data such as land use, topography, soil classification, and watershed
units are coded into computerized data files. Utility computer programs then access those

-1
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files, coordinate and interpret the data into specific analytical parameters that are
subsequently formatted for use by the modeling computer programs. The utility and
modeling programs perform the computations and analysis and return certain types of data
to the files for either display or further use.

The justifications for managing a significant part of the study data with a spatial gridded
data file system are that:

e |t provides a central, coordinated data set that will encourage consistent analysis in
each functional area

e |t enables consistent and expedient assessments of the effects of alternative land use
patterns

e It provides for flexibility in the scope and detail of analysis that may be performed

® |t provides a permanent data set that may serve as documentation or as a foundation
for future studies

The capability was developed that permits access to the data files and provides for semi-
automated assessments of:

e Alternative future land use patterns

- Evaluations based on sequential time periods; say, ten-year interval projections from
existing conditions to the desired future period condition

- Sensitivity assessments of the effects of future watershed development for a given time
period; say 1990, by analysis of several possible alternative future land use conditions
for the desired period

e Specific location modifications of land use or system physical configuratior

- Assessments of land development on the watershed; shopping centers, new industries,
commercial, or residential development

- Evaluations of modifications within the flood plain, flood plain fills, reservoirs, channel
improvements etc

Data Management Process

The data management process consists of assembling the necessary information (land
use, drainage basin boundaries, topography, etc.), encoding the information into a spatial
gridded form, and registering (to assure proper cell overlays) the data to a selected base
condition coordinate system. Once the data is registered, it is placed into a grid cell data
bank. Utility file programs access selected data sets from the data bank and output either
analytical results or formatted input data used by computer modeling programs.

Computerized geographic data files consist of numeric records that reference location
and characteristics of features of the landscape that have spatial variation. An example

would be a computer file of the (x,y) coordinates of the boundaries of each of the selected

land use types for the Trail Creek watershed. The entire area within a boundary then
represents the specific land use and could be subdivided into any selected grid for use in
further processing. The cataloging of data into files using the convention of x, y

11-2




coordinates of the bounded areas is referred to as the polygon system and is the primary
method adopted for the Trail Creek pilot FPI study. The grid representation (the total study
area is represented by a uniform network of small grid cells) is subsequently generated
from the polygon representation as required for computer processing.

Because of the size of the Phase | Oconee Basin pilot study area (1700 square miles total
of which 200 square miles will be studied in detail) and the grid scale that seems needed for
good resolution for damage analysis and flooded area calculations (about 1.5 acres, or
less), it is obvious that efficient overall data management is essential to the investigation. In
order to work with manageable sized units during the encoding process, the pilot study
area will be subdivided into smaller units then aggregated. A typical example of a smaller
unit is the Trail Creek watershed, about 12 square miles in size.

A grid cell data bank has been constructed by HEC for the Trail Creek test area. The data
bank consists of a complete 1.5 acre grid of the variables listed in Grid Cell Data Bank
shown on FIG. II-1. Appendix A contains computer-printer plots of the data variables shown
in FIG. lI-1. Other variables may be added to the data bank for the Phase | Oconee Basin
pilot study (or other studies) so that these should be considered the essential minimum
data bank set.

Interactive Modeling

Upon completion, the data bank (or processed derivatives of it) is available for input into
computer models that make use, to the extent possible, of traditional concepts of analysis.
The family of data management and utility computer programs and modeling and analysis
programs that comprise the operational form of the techniques developed are briefly
described in Appendix B.

Flood Hazard evaluations will be made by a modified version of the computer program
HEC-1 (2) that operates with parameters developed from the grid data file, and either the
HEC-2 program (3) (the traditional situation) or a simplified automated flooded area
computer program that has been developed.

General damage potential analysis will consist of 1) a delineation of land use, 2) single
flood event damage computations, and 3) the computation of expected annual damages.
Iltems 2) and 3) will be determined by automated analysis of land use and topographic data
from the grid file and other data developed during analysis.

The environmental status assessment will consist of tabulating land use/habitat
coincidents and specific activity locational attractiveness using the gridded data. Stream
water quality and land surface erosion analysis will also be made using the STORM (4) and
WQRRS (5) computer programs with certain parameters and information developed from
the gridded data.

Example Application
The evaluations illustrated in the report are for the following conditions:
® Existing (1975) land use and existing water management facilities
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e Existing (1975) land use and existing water management facilities plus certain
authorized U.S. Soil Conservation Service reservoirs expected to be in operation soon

e An alternative future (1990) land use pattern and existing (1975) water management
facilities

e An aiternative future (1990) land use pattern and existing water management facilities
plus certain SCS reservoirs

In addition, a problem developed for a workshop devoted to the techniques described
herein is contained in Appendix C (bound separately). The workshop problem required
essentially the complete evaluation of a hypothetical proposed planned unit development
that would be located partially within the Trail Creek basin.

i e s

"

T




h—- .

CHAPTER Il
LAND USE

General Study Focus

Land use is the key factor used in performing the analysis in that it is used as the primary
indicator of the existing and alternative future watershed conditions. The analysis methods,
therefore, interpret the hydrologic, economic, and environmental consequences of
alternative land use patterns in combination with other physical characteristics of the
watershed. The specific methods used to interpret the consequences are discussed in later
chapters. The definitions of categories and the important aspects of land use data
development are discussed below.

Land Use Categories

Because land use is such an important focal point for much of the analysis, the
development and use of a reasonable set of land use categories received special attention.
The criteria applied to determine a rational set of land use categories included the
following:

® The categories should be reasor-=oly compatible with local and other agency land use
classification schemes

® |t must be reasonably possible to classify the land use within the study area by
conventional or automated means

® The land use categories should allow rational, consistent determination of flood
hazard, economic and environmental effects of land use change

® The land use categories should be compatible with those needed by certain available
computer models

® The land use categories should provide a complete umbrella of classifications so that
further breakdown of land use within each category would be possible if deemed
necessary in future studies

The land use categories adopted for this study were eventually derived as a compromise
between the technical requirements needed to be responsive to hydrologic, economic, and
environmental analysis, and the other above criteria. For instance, from the hydrologic
viewpoint, the concern in a land use sense is with moisture retention/precipitation excess
and basin response characteristics which are related to impervious cover and land surface
management measures. From the economic viewpoint the damage potential and disruption
of community activities is a function of urban development in general and the size, density, and
type of structures and contents. From the environmental viewpoint, the concern is mostly with
the intensity of development and the potential for adverse impacts (such as pollution) that
could derive therefrom.

Table IlI-1 ADOPTED LAND USE CATEGORIES, TRAIL CREEK describes the
characteristics of each of the 10 categories adopted for test studies.
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10.

TABLE ill-1
ADOPTED LAND USE CATEGORIES TRAIL CREEK

NATURAL VEGETATION
Heavy weeds. brush. scrub areas. forest, woods

DEVELOPED OPEN SPACE
Lawns, parks. golf courses, cemeteries

LOW DENSITY RESIDENTIAL
Single Family: 1 unit per 1/2to 3 acres; average 1 unit per 1-1/2 acres. Areal Breakdown: 5%
structures; 10% pavement; 50% lawns; 37% vegetation. Proportion developed = 60%

MEDIUM DENSITY RESIDENTIAL

Single Family: typical subdivision lots; 1 unit per 1/5 to 1/2 acres; average 1 unit per 1/3
acre. Areal Breakdown: 10% structure, 15% pavement, 45% lawns, 30% vegetation.
Proportion developed = 70%

HIGH DENSITY RESIDENTIAL

Multi-Family: row houses, apartments, townhouses, etc; structures on less than 1/5 acre
lots; average 1 unit per. 1/8 per acre. Areal Breakdown: 25% structures; 15% pavement; 35%
lawns; 25% vegetation. Proportion developed = 100%

AGRICULTURAL
Cultivated land, row crops, small grain, etc.

INDUSTRIAL

Industrial centers and parks, light and heavy industry. Average 1 plant per 8 acres Areal
Breakdown: 20% pavement, 50% structures, 30% open space. Proportion developed =
100%

COMMERCIAL

Shopping centers and “strip” commercial areas. Average 3 structures per acre. Areal
Breakdown: Structures 30%, lawns 5%, vegetation 10%, pavement 55%. Proportion
developed = 80%

PASTURE
Livestock grazing areas, ranges, meadows, agricultural open areas, abandoned crop land

WATER BODIES
Lakes, large ponds, major streams, rivers
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Development of Land Use Data

The procedure for developing the necessary land use data deserves special attention
because of the necessity for consistency and rationality between present and future land
use patterns. Inconsistencies in land use changes over time become glaringly (and perhaps
embarassingly) obvious to even the casual reviewer of the output resulting from application
of the techniques developed. The consequences of inconsistencies will be pointed out as
they arise later in this report. The type of inconsistency that is referred to is, for example,
the conversion of industrial and commercial areas under existing conditions, to natural
vegetation and pasture under an assumed future. Justification of this situation would
require considerable explanation.

The most reasonable approach appears to be to develop and adopt, after considerable
review and scrutiny by the study group and local agency representatives, the existing
conditions land use pattern. This should then be used as the base from which any
alternative future pattern is developed. The existing conditions land use pattern should be
developed from a combination of local agency maps, aerial photo interpretation, field
survey data, and perhaps interpretation of remote sensing data such as ERTS (currently
known as LANDSAT). The information from all these sources should be transferred to a
good quality base map that has been selected as the common base for the study. The
classification accuracy or probably more accurately the level of detail of classification
should be determined at this stage and documented. Obviously some categories, such as
residential, commercial, and industrial uses will have varying amounts of vacant or
undeveloped areas and this data will be essential at later stages of analysis. For example,
for each category of land use, the average number of structures per acre and the average
percent area that is structures, streets, vacant lots, etc., needs to be determined.

Ideally, the alternative future land use patterns should be available from local planning
agencies and would be used for analysis after checking for consistency with the existing
conditions land use pattern and resolution of any apparent conflicts. Realistically, however,
in the general case, local agency future land use patterns will be—being updated—under
development—etc., and most likely what will be available are zoning maps that outline
potential future land use areas to which expected (or proposed) activities must be
allocated. The allocation spatially within the watershed area must be rational (consistent
with zoning and projections) and reasonable from local agency and Corps viewpoints and,
importantly, consistent with the existing land use pattern.

This discussion may appear to be belaboring the point but in the absence of sound
classification of existing land use and development of consistent, rational, alternative future
land use patterns, the application of the analysis techniques developed and reported herein
would not be useful.

Trail Creek Land Use Data

Land use data for existing conditions for Trail Creek were developed by combined use of
local agency data (Athens-Clarke County Planning Commission), aerial photo
interpretation, and field surveys. The alternative future 1990 land use pattern was developed
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by allocating projected population and manufacturing, converted to land use unit
equivalents, to available areas as defined on zoning maps. The land use maps were
constructed at a level of detail of 4-10 acre land use category polygons within the critical
flood plain area and 10-50 acre polygons for the remainder of the watershed.

The land use data was developed by Savannah District personnel with assistance from
the Athens-Clarke County Planning Commission. Fig. IllI-1 EXISTING LAND USE
PATTERN is a computer-printer plot of the Trail Creek existing 1975 land use and similarly,
Fig. 111-2 1990 ALTERNATIVE LAND USE PATTERN is an alternative future 1990 projected
land use pattern.
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CHAPTER IV
FLOOD HAZARD EVALUATION

General Approach

The objective of the flood hazard evaluations that are the usual product of FP| studies are the
spatial and elevation description of specific hazardous hydrologic events such as the 100 year
exceedance interval flood. The analysis consists of hydrologic studies to define flows and
exceedance frequencies, hydraulic studies to relate flow to stage and thus develop water
surface elevation profiles, and mapping studies to relate the water surface elevation profiles to
flooded area, usually presented as outlines of flooded area.

The methods of analysis developed for the pilot study are consistent with the objectives and
the methods that have been implemented in past studies, but the task of obtaining basic
hydrologic modeling data has been automated so that large scale, relatively rapid analysis of
future land use patterns is possible. Fig. IV-1 FLOOD HAZARD EVALUATION PROCEDURE
depicts the overall flood hazard evaluation process developed for the pilot study.

The approach is to generate HEC-1 model parameters automatically from the grid data bank,
develop routing criteria from a utility program, and execute HEC-1 for a specific synthetic
event (such as, the 100 year event) using the generated model parameters, and convert the
flows at selected control points to stage and area flooded by one or two methods:

® By conventional analysis using HEC-2 to perform water surface profile computations and
topographic map analysis to delineate flooded areas.

® By semi-automated analysis using spatial grid file analysis to automatically generate and
computer plot flooded area as an overlay to an adopted standard mapping.

The approach for developing flooded area that is selected for a particular study reach will
depend upon the degree of accuracy deemed appropriate (conventional methods are probably
more accurate), the quality of map display desired (computer maps are not precisely accurate
and are not of cartographic quality), and the time, energy and funds that can be devoted to this
component of the analysis (automated is expected to be faster, cheaper and much simpler to
perform).

Hydrologic Studies

The objectives of the hydrologic studies are the computation of streamflow hydrographs
for selected storm events and the development of exceedance frequency curves at index
locations of interest. The overall strategy adopted is based upon application of synthetic
storm precipitation to an HEC-1 model calibrated for the conditions of interest. The HEC-1
model (rainfall-runotf parameters) will be developed by semi-automated analysis using data
from the grid file and data from observed runoff events, if available, as follows:

e Select observed runoff events

® Develop U.S. Soil Conservation Service (SCS) calibration parameters by reconstitution
studies of observed runoff events and literature review
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e Generate model parameters for all subbasins using grid data and the above calibration
results

e Derive synthetic precipitation events

e Calibrate SCS antecedent moisture adjustment by reproducing an adopted exceedence
frequency curve using the synthetic precipitation events

e Operate HEC-1 for desired information using above calibrations

An HEC-1 model requires precipitation, loss rates, unit hydrographs and routing criteria
to be developed. The rainfall-runoff computation methods of the U.S. Soil Conservation
Service (SCS) have been adopted and incorporated into HEC-1 to form the basic tool for
hydrologic computations. The SCS methods were adopted because at present they are the
only general techniques available that are responsive to land use considerations that have
experienced large scale applications and could be readily automated. Within the SCS
procedures, loss rates are characterized by a curve number (CN) which is a function of land
use and soil characteristics (hydrologic soil group). The subbasin response to precipitation
excess is characterized by a unit hydrograph which is directly determined from basin “lag”
that is computed as a function of the curve number, mean land surface slope within the
subbasin and subbasin hydraulic length. The curve number, slope determination, and lag
computation are made automatically using the grid data file as shown schematically in Fig.
IV-2 HYDROLOGIC PARAMETER COMPUTATION. The technique is a modest extension
and automation of the method described by Reimer and Franzini in (6).

The respective subbasin mean curve numbers are determined by assigning the appropriate
curve number to each grid cell within each subbasin depending upon the grid cell hydrologic
soil group and grid cell land use, and computing the mean value for each subbasin. The
average subbasin land surface slope is computed in a similar manner. The lag, and thus the
unit hydrograph, is developed from an empirical lag equation containing relationships of
curve number, land surface slope and subbasin hydraulic length.

Streamflow routing criteria are needed to translate hydrographs between control points
throughout the system. A method has been developed that generates modified Puls routing
criteria and a rating curve from stream reach data consisting of a representative cross section
for the reach and reach length. This capability was developed so that routing criteria and rating
curves could be developed for situations where detailed HEC-2 studies are not warranted.

Flooded Area Mapping

The automated mapping analysis consists of (1) generating a flood elevation grid file from
point values (elevations computed by HEC-2 or from rating curves at selected index locations)
by adjusting the reference flood* grid file (data variable 13) and (2) overlaying the flood
elevation grid file with the topographic elevation grid file and subtracting to compute depth of
flooding; the zero depth of flooding line being the boundary of the flooded area. Both extent of
flooding and depth of flooding could thus be generated and graphically displayed on a

‘The reference flood development is described in Chapter V
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computer-printer plot. The present concept is to generate computer-printer plots that would
overlay some standard mapping such as USGS 7.5 minute quadrangle maps.

Trail Creek Test Application

Selected summary highlights of the application of the techniques are presented below. A
more detailed description of Trail Creek and the hydrologic study using the techniques that
were developed is contained in Appendix D.

The HEC-1 rainfall runoff model was developed by subdividing the watershed into the 21
subbasins shown on Fig. IV-3 TRAIL CREEK SUBBASINS and determining model parameters.
The loss rate functions and unit hydrograph lags were determined automatically fromthe grid
cell data file using the calibration data developed and tabulated in Table IV-1 RUNOFF
RELATION SUMMARY. The table is a printout of the hydrologic soil group-land use-curve
number data and lag equation used in the automatic computation. Fig. IV-4 HYDROLOGIC
SOIL GROUPS is a computer-printer plot of the hydrologic soil groups. Fig. IV-5 LAND
SURFACE SLOPES is a computer-printer plot of is a computer-printer plot of grid cell land
surface slopes. Figs. Ill-1 and I11-2 of Chapter Il are printouts of the existing and 1990 land use ;
patterns. Fig. IV-6 HYDROLOGIC PARAMETERS—EXISTING LAND USE and Fig. IV-7
HYDROLOGIC PARAMETERS—199C LAND USE are samples of the printout from the
3 program that automatically determines the hydrologic parameters showing a sample of the
data developed for each subbasin and summarizing curve number and lags by subbasin for
input to HEC-1. The routing criteria were developed from representative cross section and |
reach length data for each of the routing reaches.

!’ The flows for selected hydrologic events were computed by HEC-1 and converted to water

surface elevations at key index locations from rating curves developed as a by-product of the

routing criteria development. The usual means would be to use HEC-2 but the simplified

'f procedure was used here for illustration purposes. Table IV-2 HYDROLOGIC DATA

SUMMARY contains hydrologic data for the adopted evaluation conditions.

Flow-exceeaw.ice frequency curves were developed by operating HEC-1 for a range of

synthetic storm events. Fig. IV-8 DISCHARGE FREQUENCY CURVES, INDEX STATION 1

shows a plot of the exceedance frequency curve for existing and 1990 land use for index station
1, which is near the mouth of Trail Creek.
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TABLE V-2
Hydrologic Data Summary
Trail Creek Test Results

= o
Index 100-Year Discharge And W.S.E.L.'
Location | n v

Figure IV-3 | Q WSEL Q WSEL Q WSEL Q WSEL
(cfs) (msl) (cts) (msl) (cts) (msl) (cts) (msl)

1 7600 627 .1 3900 623.8 9400 628.3 5400 625.2

2 3450 656.4 1600 653.9 3800 656.7 2150 654.8

3 2600 7119 270 707.7 2900 712.2 380 708.4

4 3900 650.3 1550 648 .4 5100 651.2 2200 649.0

5 1600 694.2 1600 694 .2 1650 694.3 1650 694.3

‘. Existing land use

Il Ex'sting land use with 3 Soil Conservation Service reservoirs in operation
111, 1990 land use patte:~ - nout Soil Conservation Service reservoirs

IV. 1990 land use pattern ....n Soil Conservation Service reservoirs in operation
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CHAPTER V
ECONOMIC ANALYSIS

General Approach

The objective of the economic analysis is to present damage potential data so that a
systematic assessment of alternative land use plans and/or specific development proposals
is possible. The analysis focuses upon the damage potential consequences of these land
use patterns. The existing conditions (1975) land use pattern should be evaluated as it
exists with no assumptions as to development controls. The alternative future land use
pattern evaluation should be capable of being performed with and without policy
assumptions regarding land use development controls. The technique development
objective was therefore the creation of the capability to automatically extract information
from the data file and format it for single event evaluation (such as the 100-year event) and
expected annual (equivalent to average annual) damage assessments for the alternative
land use patterns for alternative land use development controls.

An automated method of generating damage potential functional relationships from the
grid cell data bank was developed and applied during the Trail Creek test. In general, the
method constructs a unique elevation-damage relation for each grid cell within the flood
plain (based on ground elevation, land use, and damage potential) and aggregates the
individual cell functions to the index location for each designated damage reach. The
damage functions thus constructed are subsequently merged with hydrologic (flood
frequency) and hydraulic (rating curve) data within the HEC-1 program so that expected
annual damages for each damage index location, land use category, and evaluation
condition can be computed. Fig. V-1 ECONOMIC EVALUATION PROCEDURE
schematically depicts the overall economic analysis process and identifies the various
inputs required for the economic evaluation.

Damage Function Development

The technique developed for automatically generating elevation-damage functions
extends the traditional techniques to the grid cell data bank concept. Damage reaches are
identified and catalogued into the data bank, a reference flood is selected and processed
into the data bank, composite damage functions are developed and aggregation of grid cell
damage functions to an index location is perforried by an adaption of the conventional
process. Fig. V-2 DAMAGE FUNCTION DEVELOPMENT describes the process of
automatically generating the elevation-damage functions from the grid cell data bank.

Damages Reaches: Damage reaches must be outlined to define the grid cells from which
damage data will be aggregated to an index location. The criteria for determination of the
extent of damage reaches is consistent with traditional procedures in that it includes a
balance between delineating reaches having consistent water surface profiles for a range of
flows, and preserving the desired economic detail while keeping the number of damage
reaches to a reasonable number. Because only those grid cells that may need to be
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v ~Damage Reach

Grid representation of land use

Typical Grid Cell (exhaustive for study area).

i Hegsh Grid representation of topo-

graphy (elevations).

Grid representation of reference
flood (water surface elevation

at reference flood) for each grid
cell.

Index Location for
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Grid representation of Damage
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Composite stage-damage functions
for each significant land use.

INDEX LOCATION DAMAGE FUNCTION CONSTRUCTION
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Determine land use from grid file

Retrieve appropriate composite stage damage function
Determine grid elevation of cell from grid file
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Determine index location reference flood elevation (X])
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Adjust cell elevation-damage function by (X2-X7)

Aggregate cell adjusted elevation-damage function at index station
Repeat for all grid cells

DAMAGE FUNCTION DEVELOPMENT
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analyzed are of interest, there is no need to extend the lateral definition of the damage
reaches beyond a reasonable limit (say standard project flood plus some arbitrary amount
such as the flood plain encompassed by an additional 5-feet vertical distance).

The five damage reaches defined for the Trail Creek test, shown on Fig. V-3 TRAIL
CREEK DAMAGE REACHES seems to be about the correct level of detail for aggregation
for the general type assessment appropriate for the FPI pilot study. Note that the damage
reaches extend up tributaries as well as along the main stem. This is necessary so that
potential damages that may occur on the tributaries can be accumulated in the index
location aggregate damage functions. The extension need not be done if it is desired to
confine the damage assessment to main stem only areas. The grid data bank representation
of the damage reaches is shown on Fig. A-3 TRAIL CREEK DAMAGE REACHES of
Appendix A.

Reference Flood: The reference flood is needed to properly index an arbitrarily located
grid cell to the index location so that aggregation of damage data to the index location may
be properly performed. For example, since a flood profile for a specific event will result in
different elevations along a damage reach, each cell needs to be referenced with respect to
the flood profile at the location of the cell so that the damage potential of each cell can be
correctly accumulated with that of the other cells in the reach.

An elevation of the reference flood is needed for each grid cell because each grid cell
within each damage reach will be involved in constructing the aggregate function. It should
be obvious that it would be extremely tedious to assign by manual means, a flood elevation
to each cell. To avoid this, a method was devised that generates the reference flood grid file
for subsequent placement in the data bank. The technique used is to assign reference flood
elevations along the centerline c: the reach at intervals that capture any significant variation
in profile slope, such as 5 to 10 assignments per mile of stream, and also assign similar
elevations along the boundaries of each damage reach. The elevations at the boundaries
would be identical to the centerline elevations except where tributaries enter the main
stream and the damage reach has been drawn to encompass them. The reference flood
elevation file is then generated by application of a general contouring algorithm that fills in
all vacant grid cells, e.g., those cells that are between the assigned cell values in the
previous step. The contouring is performed by the same computer program that is used to
generate the grid file for other data variables.

Ideally, the reference flood that would be used to assign the flood elevations and
generate the grid file would be a consistent profile developed by detailed water surface
profile analysis. The Trail Creek test made use of the Standard Project Flood profile
previously published in the Trail Creek FPI report (7). Based on experience in the Trail
Creek test, it seems that a less rare event, such as the 100-year or less would be more
appropriate for use. In the absence of any flood profile data, the thalweg elevation of the
main stream channel could be used as the reference flood since it would at least capture
the sloping effect of a flood profile. Fig. V-4 REFERENCE FLOOD is a computer-printer plot
of the reference flood grid file that was generated for Trail Creek.
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