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Capstone Statement
Identify and map the riparian, wetland and lake shore areas of the Yahara River in Dane
County, Wisconsin that are most sensitive and susceptible to petroleum spills. This information
could be used to more efficiently coordinate protection and cleanup efforts.

Introduction
The British Petroleum Deepwater Horizon event of 2010 exemplified the devastating
ecological and economic effects from oil spills. Simultaneously, a less publicized spill occurred
in southern Michigan and resulted in over 1 million gallons of crude oil polluting the Kalamazoo
River. While no one could have predicted or necessarily stopped these events, knowing the areas
of highest-importance to clean up after the spill could have greatly benefited the affected
communities and the allocation of emergency resources.
Our project will identify and map the riparian, wetland and lake shore areas of the Yahara
River in Dane County, Wisconsin that are most sensitive and susceptible to petroleum spills.
This information could be used to more efficiently coordinate protection and cleanup efforts.
Specifically, our project has the following four goals: identify the most environmentally sensitive
areas of the Yahara River, identify areas of high cultural importance along the Yahara River,
combine these into an overall sensitivity map, and identify and map areas of high susceptibility
to oil spills.
The structure of this project is an adaptation of the standard Environmental Sensitivity
Index (ESI) designed by the National Oceanic and Atmospheric Association (NOAA), which
uses shoreline classification, biological resources and human-use resources to create their ESIs
(NOAA 2002). ESIs submitted to the NOAA only use shoreline classification in the ranking of
sensitivity; human-use and biological resources are merely supplemental to the map but do not
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affect the sensitivity ranking of that area. Pragmatics are an important consideration in any
Sensitivity Index. However, any cultural or natural resources designated as such, are, because
people value them. Since we are prioritizing responses and resources on the basis of local
values, these resources must be included for internal consistency. We also felt that susceptibility
to oil spilling should be included due to the fact that an area could have very high sensitivity,
however if it is not downstream of any potential oil release point there is no reason to assign
resources to protect it from oil spill damage. These factors lead to the development of the
project’s three key concepts: Environmental Sensitivity Index, Human-Value Index, and
Susceptibility Ranking. These three concepts were kept separate from each other to allow for
easy updates in the event of new oil infrastructure being built, environmental factors changing, or
human values changing over time.

Conceptualization

* For full conceptualization diagram, please see Figure 1.

Environmental Sensitivity Index
The key concept of the Environmental Sensitivity Index (ESI) was comprised of two
main variables: shoreline type and biological resources. Shoreline type was primarily ranked
according to the NOAA lacustrine and riverine shoreline classification scheme because they
developed and standardized shoreline ranking in regards to oil spills (NOAA 2002). The NOAA
scheme is based on the persistence of oil and ease of cleanup for different shoreline types. The
rankings will be numeric, rather than the NOAA’s alphanumeric rankings (NOAA 2002). Table
1 shows the ranking scheme we used for shoreline type, which was based on degree slope,
presence/absence of vegetation, soil type, presence/absence of impervious surface and wetland
presence/absence/type. Presence/absence of vegetation was classified based on land cover data.
Soil type was classified based on grain size and presence of impermeable soils. Impervious
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surface was classified based on LandSat percent - impervious surface data, using a threshold
above which areas were considered to be impervious surface.
Our wetland rankings differed from the NOAA wetland rankings. The NOAA ranking
assigns values of 10A - 10E to wetlands, primarily based on the National Wetland Inventory data
(NOAA 2002). Due to the high diversity of wetlands in Wisconsin, as well as the higher quality
wetland data provided by the Wisconsin Wetland Inventory (WDNR 1992), we decided to
institute a wetland ranking to go along with the shoreline ranking, which would assign different
ranks based on wetland type. The wetland types used in our wetland ranking are based on the
Wisconsin Wetland Inventory (WWI) by the Wisconsin Department of Natural Resources
(WDNR) because the WDNR would likely be the first responders to any oil spill until another
state or federal agency decided to take over. Even if another agency gained authority over the
clean up, the DNR would be kept "on retainer" to contribute information about environmental
sensitivity and other risks/dangers that are better understood by the local agency (WDNR 2011).
The ranking itself involved assigning a score of 10-12 for the shoreline ranking for wetland
areas, with unvegetated wetlands receiving a score of 10, forested wetlands a score of 11, aquatic
beds and emergent/wet meadows receiving a score of 12. This ranking is based on the difficulty
of cleanup and potential to cause further damage through the use of cleanup techniques.
Essentially, the cleanup techniques for flats, unvegetated wet soil and woody (forest, scrub/
shrub) wetlands generally involve flooding, scrubbing or power washing. The lower ranking for
flats and unvegetated wet soil is due to the lack of vegetation compared to the woody wetlands;
little to no vegetation means little to no potential damage to vegetation. The aforementioned
cleanup techniques have a lower potential for causing damage than do the cleanup techniques
for aquatic beds, moss wetlands and wet meadows, which generally involves removing the
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vegetation either through manual pulling or burning, which is why they have the highest
sensitivity ranking (BTC, 2004).
Unlike the NOAA ranking system, biological resource data was incorporated into the ESI
ranking system rather than simply being overlain on the map. This made the environmental
sensitivity ranking system more comprehensive, since the presence of an endangered species
along the shoreline would make the area more sensitive. Obtaining information on the actual
location of endangered/ threatened species was difficult, and beyond the abilities of this project.
Instead we used potential habitat data from the Wisconsin Gap Analysis Program (GAP).
Potential habitat for endangered species was given a score of 3, threatened species a score of 2
and special concern species a score of 1. The scores for each pixel were then added together and
classified on a scale of 0 to 6 (half the maximum score of the shoreline type rankings). A
maximum value of 6 was assigned due to the imprecise nature of the potential habitat locations.
Since it is not actually known that an important species is present at those locations, it would be
incorrect to assign a high weight to the location. The ESI will have a minimum value of 1 and a
maximum value of 18.
All variables for the ESI were calculated within the shoreline area. The values within the
shoreline area were then used to determine the ranking for each of the shoreline pixels. The
NOAA defines the shoreline as being the area between the high and low water marks (NOAA
2002). Since these locations are not defined for the Yahara River, we decided to define the
shoreline area as the area between what is normally considered the shoreline (river lines in the
DNR’s hydrogeodatabase) and the edge of the flood zone.
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Human Value Index
For the key concept of the Human Value Index (HVI) four main variables were included:
presence or absence of beaches, presence or absence of parks and managed areas, presence or
absence of dams, and presence or absence of boat launches, developed fishing access points, and
locks (we were also going to include the presence or absence of water intake points but the data
was unavailable to us). In terms of scoring, we tried to make infrastructural and economic needs
more important than recreational and aesthetic needs. The degree to which a human activity
would be hampered by oil was only given a minimal role in the decision-making process since
we also had little information with regards to the number of participants in a given activity.
The presence of a public beach contributed a value of 1. Beaches along the Yahara are
important to many Dane County residents, since they provide great recreational opportunities;
and no one wants to swim in a beach contaminated with oil. The presence of a park or a
managed area also contributed a value of 1 since they too are an important source of recreation.
Aside from the effects of oil on aesthetic beauty of a park, the presence of oil can hamper
activities like fishing from shore, duck hunting, canoeing, et cetera. We considered park
activities to mostly be recreational. The reason parks and managed areas were combined is that
they often overlap and are designated as such for similar reasons. Dams were seen as either
economically important or aesthetically important, and the presence of a dam contributed either a
value of 1 or 2, depending on the importance of the dam, and whether or not a dam’s functioning
would be affected in the clean-up process. The presence of a dam important for flood control or
electrical power generation that would need to be shut-down to clean intricate parts (with the
presence of oil) contributed a value of 2. The presence of a dam that would not need to be shut
down and / or was not important with regards to economic function contributed a value of 1.
Our last variable was the presence or absence of boat launches, locks, or fishing access points.
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All of these were seen as mostly affecting a specific group of park-users, recreators, boaters and
fishermen. These all contributed a value of 1. Like with the parks and managed areas, if there
was the presence of more than one of these in the same pixel, the total value contributed would
still be 1. This is because often the same piece of infrastructure serves more than one function
and these functions almost serve a specific group of recreators. The HVI ranking scores ranged
from 0-5.

Combined ESI - HVI Sensitivity
The HVI scale was adjusted to have a minimum score of 0 and a maximum score of 18.
The adjusted HVI was then added to the ESI to create the combined ESI -HVI sensitivity with a
minimum score of 0 and a maximum score of 36. The equal weighting for the ESI and HVI was
to avoid giving one more importance than the other.

Susceptibility Ranking
The last key concept of our project is the Susceptibility Ranking (SR) and assessed the
ordinal likelihood of oil reaching specific areas of the Yahara River. The SR did not calculate the
percentage-likelihood of where an oil spill will occur, but rather ranked the areas along the
Yahara that are most-likely to least-likely to be polluted by a spill. The following variables
increased susceptibility by either introducing oil or mixing it into the river more, thus making it
harder to block or clean: oil pipelines, railroad routes known to transport oil, hazardous material
truck routes, discharge points, dams, and tributaries that have one or more sources of oil. The
remaining variables decreased the susceptibility by either blocking the oil or were inherent to a
specific region of the river: closable dams, upstream proximity, less tributaries (closable dams
are the only variables that will directly play into our ranking system, explained below). Each
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variable mentioned required its own data layer within a GIS was clipped to our study extent
(Dane County), before the analysis was completed.
It is very important to note that closable dams were the only variable that decreased
susceptibility and prevented a steady accumulation of susceptibility downstream. We assumed
that the closable dams could stop any/all oil and that they would be closed regardless of the
administrative powers that be. Through email correspondence, Dane County engineer Robert
Davis estimated for us which dams would be capable of closing. Another assumption made was
that the shorelines of the Lakes along the Yahara were an equal-potential surface. Due to the lack
of time, resources, and funding for this project we had no way to account for the hydrology of
the lake water if oil should enter it.
Susceptibility was assessed on a zone-to-zone basis of the Yahara and the zones were
defined between intersections of the river and a variable or an intersection between the river and
a tributary (that intersects a variable upstream). The zones were scored based on the upstream
potential oil sources, mixing points, and stoppage points. Specifically, 1 point was assigned for
every upstream intersection with a railroad, truck route, non-closable dam, or discharge points.
To acknowledge the much larger volume of oil an oil pipeline can produce versus the other
variables, 2 points were assigned for an initial intersection prior to a stoppage point. Any
additional oil pipeline intersection contributed 1 point. Scoring-points accumulated downstream
into each zone until a closable dam was reached. At such time, the score was reset to 0 (zero)
(Figure 3). The final step of the SR was to rank and classify the zones based on the total-point
distribution and color code the classes on a map.
We chose this general method of operationalization instead of a more detailed for several
reasons. First, our project took an overall generalized approach to the oil-spill scenario (average
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stream flow, weather, etc.) and the susceptibility ranking system is consistent with this. Second,
a distance-decay function would require too many domain-specific variables, concepts and inputs
that are nearly impossible to predict. These include but are not limited to advanced fluiddynamics, the volume of oil spilled, seasonality and flow conditions of the Yahara and all
tributaries, etc. Because we could not predict these variables we used a ranking system that treats
all spill-scenarios equally. Identifying zones of high-to-low susceptibility allows us to
modularize and separate our three key concepts until our final-output map overlay. Finally, a
more advanced or accurate system could be developed from this general model.
Implementation *For full implementation diagram, please see Figure 2.
Environmental Sensitivity Index - Data Layer Preparation
To create the shoreline, we used the waterbodies polygon layer and the flowline layer.
The northern most portion of the river was only represented by the flowline. Thus, we expanded
this to make the river about its average width along that portion, about 5 meters wide
(determined by looking at Google Earth imagery). To do this, we converted that portion of the
flowline to raster, with a 5 meter x 5 meter cell size. This raster was then converted back to
vector as a polygon layer. This polygon was then merged with our waterbodies polygons.
Finally, the single merged water polygon was converted to polylines to create our shoreline (in
vector). For visual aide, see Figure 6.
The NOAA specifies the shoreline area as the area between the high water mark and the
low water mark (NOAA 2002). For the high water mark, we used our 100-year floodplain extent
and predicted 100-year floodplain extent; and for the low water mark, we simply used our own
shoreline layer. Only floodplains extending directly off of the Yahara were used. Using only the
floodplain areas (between the shoreline and the extent of the floodplain) would have resulted in
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few shoreline area pixels being considered in the creation of the ESI. Thus, we decided to
expand the definition of shoreline area. We created a buffer around the shoreline. The buffer
distance of 196.4 meters was sort of an average distance between floodplain extent and shoreline.
It was determined by using the flowline of the Yahara River as a center line and taking the total
area of the floodplains (excluding the water), and dividing by the length of that line. This buffer
was merged with our floodplain polygons to give us our shoreline areas. For visual aide see
Figure 7.
Shoreline type was defined by slope, vegetation, impervious surface, soil type and
wetland type. Slope, in degrees, was calculated from a 30m digital elevation model of Dane
County. Two reclassified binary slope layers were created; one with a threshold of 15 degrees
defining high slope (for vegetated areas) and one with a threshold of 30 degrees defining high
slope(for non-vegetated areas). The 30m percent impervious surface data layer was reclassified
with everything greater than or equal to 85% impervious surface given a value of 1 (impervious)
and everything below given a value of 0 (not impervious). The 85% threshold was based on the
NOAA which assumes that commercial land is approximately 85% impervious surface, and was
the only literature-reviewed value we could find. The 30m land cover data layer was reclassified
into vegetated (agriculture, grassland, forest, shrubland) or non-vegetated (urban, open water,
barren). Two binary layers were then created: vegetated (0=non-vegetated, 1 = vegetated) and
non-vegetated (0 = vegetated, 1 = non-vegetated). The soil type polygon data layer from the
NRCS was converted to a 30m raster layer and reclassified based on grain size and
impermeability using a reclassification table (Appendix 4). The Soil Survey of Dane County,
Wisconsin (Glocker 1978) and Professor William Gartner were used to aid in the classification
of the soil data. The eight basic classes for soil type included impermeable, gravel, course
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grained sand, fine/medium grain sand, well sorted sand (fine, medium or course grained),
mud/silt/clay, riprap/rocks and man-made pond/wet soil. The wetland polygon data layer was
converted to a 30m raster layer and reclassified using a reclassification table (Table 2). Many of
these derived layers were used multiple times in their original state for the creation of the ESI
shoreline type ranking layer.

Shoreline Type Layer Creation
Table 3 shows how all of the shoreline type variables were used to define the shoreline
type rank and Figure 5 is a flow chart of how the variables were combined to define the different
classes.
Vegetated pixels were combined with the 15 degree threshold slope layer and classified
as high slope (≥ 150) and low slope (<150). The high slope vegetated areas were assigned a
value of 8. The low slope vegetated layer were first combined with the binary impervious
surface data layer. Those areas which were both low slope vegetated and impervious were
assigned a value of 8. The original low slope vegetated layer was combined with the soil type
data layer and reclassified using the reclassification table in Table 4.
Non-vegetated pixels were combined with the impervious surface layer. Those areas
which were non-vegetated and impervious were combined with the 300 threshold slope layer and
classified as high slope (≥ 300) and low slope (<300). The high slope areas were assigned a
value of 2, low slope areas were assigned a value of 1. Those areas which were non-vegetated
and not-impervious were combined with the soil type data layer and reclassified using the
reclassification table in Table 5.
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A shoreline type ranking layer was created from all of these reclassified layers by
performing local cell statistics and assigning the maximum value for each cell from all of the
layers as the value for the shoreline type layer.
Species Layer Creation
Three separate folders were set up to hold the species data (endangered, threatened and
special concern). Special concern species were those that are listed as special concern (P,H,or N)
by the Wisconsin DNR. A full species list, broken down by category, can be found in Appendix
IV. Potential habitat data for each of the endangered, threatened and special concern species
which was available was downloaded as .adf files into their respective folders. A python script
(Appendix V) was then employed to sum all of the raster grids within each of the folders,
creating three intermediate grids (endangered, threatened and special concern). The script then
multiplied the endangered grid by three and the threatened grid by two. The script then summed
the three intermediate grids (now ranked) into a single species grid. ArcMap was then used to
reclassify the species grid into by equal interval to get a species grid which ranged from 0 to 6.
ESI Creation
The shoreline type grid and the species grid were then summed to create an ESI layer
which ranged from zero to eighteen. This ESI layer was then clipped to the shoreline area. For
each pixel in the clipped ESI layer the nearest pixel in the river shoreline layer was determined.
This zones of ESI pixels that were associated with each shoreline pixel. The zonal mean was
calculated for each of the ESI zones, and the resulting value was assigned to the associated
shoreline pixel. The resulting layer was then reclassified to integers such that values between 5.5
and 6.5 were assigned a value of 6, etc. Some of the shoreline pixels were not assigned a value
using the above method because they were not the nearest pixels to any of the ESI pixels
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Human Value Index
*For full pseudo-coding see Figure 5
To begin, we had to gather or create our original layers for our different variables. The
parks and managed layers each came in the form of a vector shapefiles (polygons), already
clipped to Dane County. The dams also came as a vector shapefile (points) clipped to Dane
County. The beaches had to be digitized in Google Earth. A list of public beaches in Dane
County (and their addresses) was used to find the locations of beaches along the Yahara. Boat
launches came in the form of a vector shapefile (points), clipped to Dane County. A list of
places to fish in Dane County was used to find developed fishing access points along the Yahara.
Using this list for reference, and Google Earth again, points were plotted where fishing piers
were located. The locks layer was derived from the dams layer mentioned earlier.
The parks and managed areas were merged. Then, they were clipped to the shoreline
areas. The new clipped layer was converted to raster. This layer was then converted to vector
points. From here, for each “park” (or managed area) point, the point on the shoreline nearest to
it was determined (the vector shoreline had been converted to vector points); and each result was
stored in the “parks” attribute table. Using a spatial join, this table was joined to the shoreline
points’ table. Shoreline points considered nearest to any “park” point were selected and exported
to a separate layer. This new points layer was converted to a polylines layer, which was then
converted to raster.
Dams along the Yahara River were selected manually. These dams were exported to a
separate layer, and then classified as either important or less-important. A duplicate of this layer
was created. Of these two identical layers, one layer’s points were snapped manually to the right
shoreline, and one layer’s points were snapped to the left shoreline. These points were then
converted to raster. The same process was used for the locks; except, only dams with locks
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along the Yahara River were included, there was no classification step, and the locks were
instead snapped to the already snapped dam points.
Like the dams and the locks, the boat launches and the fishing access points were snapped
to the shoreline; and then they were converted to raster. Polyline segments intersecting with
beaches were selected and exported to a new layer. The new polylines layer was then converted
to raster.
The locks, boat launches, and fishing access grids were combined to create one binary
raster layer. Similarly, the beaches, “parks,” and dams grids were also made binary and set to
the same extent (that of a raster shoreline layer). With all layers having the appropriate
“presence” and “absence” values, they were summed to produce the final HVI with scores of 0
through 4 (there were no scores of 5). Please note that many shoreline pixels ended up with
values of 0 (they were not the location of, or near the location of any parks, beaches, dams, et
cetera).

Combined ESI - HVI Sensitivity
The ESI and HVI pixels did not line up correctly, so the HVI was resampled to match the
ESI pixels*. The HVI was then reclassified to have a range from 0-18 to match the ESI scores.
Since the highest score actually assigned in the HVI was a 4, the original scores were multiplied
by 4.5 and rounded up to integers to yield scores of 0, 5, 9, 14, and 18. The ESI and HVI were
then added together to create the combined sensitivity layer.
We realize that the most appropriate way to have handled this problem would have been
to make sure that the layers lined up exactly at the beginning of the project. However, since this
was not done properly, we were forced to implement a resampling method. It is believed that the
resampling did not significantly alter the overall trend of the HVI.
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Susceptibility Ranking
Before any analysis could begin all data layers had to be brought into a GIS and clipped
to our study area. The truck routes, railroads, Yahara River and tributaries, and dams layers
merely had to be reduced to those within Dane County. The point data for the water discharge
points had to be created from known latitude/longitude values attained from the WDNR’s online
surface water data viewer. The oil pipelines required significant effort because the data was only
available online from the US Department of Trans portion. In total, we had to take 16 screencapture shots of the online pipeline viewer (from the internet) and geo-reference them using our
water and road data as the base-reference, and combine them into one image. From that
mosaicked image we then manually digitized the pipeline and created the final oil pipeline layer.
Once the data layers required for the SR were prepared we identified the potential sources
of oil, mixing points, and stoppage points along the Yahara. This was accomplished by
intersecting the Yahara River and tributaries layer with the other layers individually and saving
the intersection points. The stretches of river between each intersection point also defined each
unique scoring-zone, which were extracted from the Yahara river layer. From here, points had to
be assigned to each zone based on what variables (intersection points of each variable) are
upstream of it. This was final step was done manually with the aid of a geometric network within
the river and tributaries layer (it defined flow direction so we knew exactly the summed points
per confluence of the Yahara). Starting at the headwaters, we traced the Yahara River
downstream and paused at the first intersection point. The first stretch had a score of zero
obviously, since nothing is upstream of it. From there we continued tracing downstream and
stopped at each intersection point. The intersection-types upstream of each zone were summed
and recorded in the attribute table and this process continued for the whole river (see Table 6 for
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scoring rubric and Figure 3 for visual aide). When a closable dam encountered, the score was
reset to zero, as we assumed all oil would be captured there and the only way more oil could
reach the downstream zones was through additional intersections. For the sake of accuracy and
thoroughness this process was independently repeated three times (with the same points
resulting)
With the point-scores assigned for each river zone we finally had to classify the values.
Ultimately we chose a manual (non-systematic) classification which can be seen on Table 7. The
unique values and distribution of the points lent itself well to this scheme because we wanted to
focus on the riskiest areas and have flexibility in our classification based on the distribution of
the values. The implementation process just described is how we started with individual pieces
of data and manipulated them into a map that helps answer “What areas of the Yahara River are
relatively most likely to be polluted by an oil spill”.

Results and Discussion
ESI: Shoreline Type
The shoreline type portion of the ESI is shown in Figure 8, and looks pretty much as
expected based on the ranking scheme. Values range from 1-12 with wetland areas having the
highest scores. The percent of shoreline which falls into each of the classes can be found in
Table 8. The shoreline of the Yahara River did not have any pixels which fell into classes 2 (nonvegetated, solid impermeable substrate with slope > 30 degrees) or 5 (non-vegetated, gravel/sand
mix substrate). The class which covers the most area is class 9 (vegetated, silty substrate with
slope < 15 degrees) at 36.3%, followed by class 12 (herbaceous wetland) at 23.3% and class 3
(non-vegetated, fine sand substrate) at 22.9%. Class 11 (woody wetlands) makes up 8.7% of the
Yahara shoreline; the remaining classes each comprise less than 3% of the Yahara shoreline.
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This means that nearly 40% of the Yahara shoreline area is comprised of wetlands, which are
the most sensitive shoreline types, and over 75% of the shoreline area falls into the top four most
sensitive classes. Therefore, based solely on shoreline type, the vast majority of the Yahara
River shoreline is highly sensitive to oil.
ESI: Species
The species portion of the ESI is shown in Figure 9. Many of the highest ranking species
areas correspond to the highest ranking shoreline type areas. This is likely because many of the
species mapped are found in wetland areas, and wetland areas are the highest ranked shoreline
type areas. This reinforces the idea that wetlands are most sensitive to oil, since many of the
most at-risk species are found in wetlands. The vast majority of pixels, nearly 80%, have species
rankings of either 1, at 39%, or 4, at 40% (Table 9).
Environmental Sensitivity Index
The final ESI rankings (Map 1) show wetland areas having the highest scores. This
relationship is even more obvious in Figure 10 which shows only the highest ranked 10% of
pixels. This corresponds to the fact that the highest rankings in both the shoreline type and
species sections were in wetlands areas. The scoring for the ESI is much more evenly spread
than either the shoreline type or species sections, as Table 10 shows. There are only two classes,
12 and 13, which have more than 10% of the area in them. Also, less than 1% of the area is in
the highest ranking class. Although this differs from what was expected based on the shoreline
type layer, it may actually be a good thing. This is because having a smaller amount of very high
sensitive areas could make it easier to decide which areas to allocate cleanup and protection
resources to in the event of an oil spill.
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It is important to note that the methods for creating this ESI do not directly correspond to
the methods suggested by the NOAA. Due to time and money constraints, the ESI was created
using existing spatial data rather than exhaustive examination of aerial photographs and field
work. This could reduce the predictive power of our ESI. Given more time and money a more
thorough investigation is recommended.
Human Value Index

*See Map 2 for Final HVI Output

Most of the values along the shoreline with a value above 0 had a value of 1. These
pixels were usually driven by the presence of a park or managed area. Nearly all values above 1
existed as lone pixels. There were many pixels with a value of 2. There were only three pixels
with a value of 3 or 4-- they were located at Tenney Park (4), Fish Camp Park (3), and Mendota
Park (3). All pixels with a value above 1 had to have more than one variable category present
within (or in the case of parks, near) the 30 meter by 30 meter pixel. Since only beaches, parks,
and managed areas originally existed as polygons, most of the single pixels were (at least
partially) the result of dams, locks, fishing access points, or boat launches (which initially came
from point data). Thus, to rack up scores like 2, 3, or 4 usually required the overlapping of
point-generated pixels--not necessarily something likely to happen.
It must be noted that there were several issues with the HVI. One of those was the fact
that we simplified things like dams, locks, fishing access points, and boat launches by treating
them simply as points. Ultimately, those points would be converted into 30 meter by 30 meter
pixels; but the actual items that those pixels represent are likely not 30 meter by 30 meter pixels.
Another issue was that we only took into account public property in accessing human value, not
private. Also, our choice of what “shoreline area” was impacted the designation of shoreline as
“park” or not. Lastly, our scoring system was merely ordinal, reflecting whether value was due
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to recreational activity (1) or economic activity (2). Perhaps a more sophisticated scoring system
could have been used that took into account things like the number of users of a cultural resource
for example.
Combined ESI - HVI Sensitivity
Although the final sensitivity rankings in Map 3 may be difficult to interpret at this scale,
Figure 11 identifies the top 10% ranked areas for combined sensitivity. One of the most obvious
things in this image is the fact that the highest ranked areas correspond to areas that were highly
ranked in both the ESI and HVI. We believe this may be due to the fact that many of the parks
and managed areas are made such in order to protect environmentally sensitive habitats. This
suggests to us that neither the ESI nor HVI contributes more to the final sensitivity ranking than
the other. It also suggests that it may not be necessary to include parks and managed areas in the
determination of sensitivity since most of those areas are identified by the ESI rankings.
For this project equal weight was given to both the ESI and HVI. It would be interesting
to see how different weights might affect the final sensitivity rankings; specifically whether the
areas that were identified as most sensitive would change.
Susceptibility Ranking
Of all the variables and decisions that were part of the SR, closable dams had the largest
effect on the results by far. This was only under the assumption that they would stop all
upstream oil. Originally the scoring for a closable dam was to be -1 but this proved insignificant
with well over 100 potential sources of oil for the whole river. Without our assumption the points
accumulated steadily downstream, as one would expect. The other decision that had the next
biggest influence on the results was to include tributaries in our analysis and treat them all
equally. Of course, it would be unrealistic not include tributaries in light of the Kalamazoo River
oil spill, which originated on a tributary.
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The impacts of these variables and decisions can be seen on Map 4. Overall, the lakes
represent the most-susceptible areas, particularly Lakes Waubesa and Mendota. Lake Waubesa
had the greatest score due to the fact there was no dam between itself and Lake Monona. Thus, it
received all of Lake Monona’s points and tributaries as well as its own. Lake Mendota had a
particularly high score as well because of the large amount of tributaries that flowed into the lake
and the section of river that drains into it, which was relatively long and undammed. Also, the
southernmost section of the Yahara River is within the lowest class due to the three dams after
Lake Kegonsa and few tributaries contributing scoring points. Without considering the closable
dams, these areas would be the most susceptible due to the downstream-accumulation effect.
The classification of our raw score point-values was also important to our final SR map.
We did this manually by looking for obvious and logical patterns in the data, though it’s worth
mentioning that our scheme was one integer value away from the pre-defined equal interval
scheme. We were satisfied with that because are variables overall were evenly weighted. . Also,
we wanted to highlight the most-susceptible areas. The top 2 classes are both exclusive to a
Lake, instead of the river itself. Lastly, the decision to treat the entire lakeshores as an equalpotential zone played into the visualizations and classification (instead of segmenting the
lakes).
The greatest limitations to the SR lie in the fact that all tributaries and lakeshores were
treated equally (regardless of flow, size, and seasonality) and that the potential oil sources were
evenly weighted. A more accurate SR, by aid of a distance-decay function, could be developed if
we had reliable data that outlined average flow and data that captured the realistic probability for
each source (e.g. how often and in what quantities oil is transported via the Beltline highway
versus a specific rail route, etc.). To treat the lake shorelines as non-equal areas we would need
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to know the amount of oil spilled and the weather conditions (wind drives surface water
movement). It is worth nothing that the pipeline viewer accuracy, where the pipeline layer was
derived from, is accurate to only 0.2 miles. However, since we had no other data to use, we
assumed any error would be normally distributed and thus didn’t correct it with a buffer. Finally,
to extend our project we would have to confirm and potentially test the closability of the dams
and their ability to stop oil. If they did leak some when closed we could incorporate that into a
distance-decay function. This however would only address the ability of the infrastructure, and
not the political/administrative will, to stop oil.
All things considered, the SR is relatively useless in the event of an actual oil spill in the
Yahara River (the sensitivity index though would help emergency responders allocate resources
to areas that are most sensitive). If we could accurately predict when, where, and the amount of
oil spilled we assume that the spill could then be prevented. However, our group remains
optimistic that the SR could be used to consider the re-routing of hazardous material routes, the
construction of new oil pipelines, or the removal and construction of new dams based on their
location along the Yahara River.
Conclusion
Our project has found that the areas most sensitive to oil spills of the riparian, wetland
and lake shore areas of the Yahara River in Dane County are the Cherokee Marsh and wetlands
area between Lake Monona and Lake Waubesa (Mud Lake). We have also found that the areas
most susceptible to oil spills along the Yahara River in Dane County are along Lake Waubesa.
Thus, the areas belonging to each group (south of Lake Monona and into Lake Waubesa) are of
greatest concern because they are both the most likely to be polluted by oil and the most
sensitive to oil. In the event of an oil spill along the Yahara River we would recommend that
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these areas be the highest priority for clean up and emergency efforts. Additionally, we
recommend special consideration and planning for future development of oil infrastructure in
close proximity to these greatest-concern areas. See Maps Section for visual aide.
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Table
Tables1.
system.

Combined shoreline and wetland ranking

Combined
shoreline/
wetland
ranking

Lacustrine

Riverine

Paulstrine

1

Exposed Rocky Shores;
Exposed, solid man-made
structures; Exposed rocky
cliffs with boulder talus
base

Exposed Rocky banks;
Exposed, solid manmade structures;
Exposed rocky cliffs
with boulder talus base

---------------------------

2

Shelving Bedrock shores

rocky shoals; bedrock
ledges

---------------------------

3

Eroding scarps in
unconsolidated sediments

Exposed, eroding banks
in unconsolidated
sediments

---------------------------

4

Sand beaches

Sandy bars and gently
sloping banks

---------------------------

5

Mixed sand and gravel
beaches

Mixed sand and gravel
bars and gently sloping
banks

---------------------------

6

gravel beaches; riprap

gravel bars and gently
sloping banks; riprap

---------------------------

7

exposed tidal flats

---------------------------

---------------------------

8

sheltered scarps in
bedrock, mud or clay;
sheltered, solid man-made
structures; sheltered riprap

sheltered, solid manmade structures;
sheltered riprap;
vegetated steeply sloping
bluffs

---------------------------

9

sheltered sand/mud flats;
vegetated low banks

vegetated low banks

---------------------------

10

---------------------------

---------------------------

flats/ unvegetated wet soil

11

---------------------------

---------------------------

forested wetland; scrub/shrub
wetlands

12

---------------------------

---------------------------

aquatic beds; moss wetlands;
emergent/ wet meadows

Table 2: Wetland Reclassification Table.
Wetland Description
Ranking

Layer Code

10

Flats, unvegetated wet soil, Too
small to delineate type

F

11

Forested wetland, scrub/shrub
wetland

T(H,K);
S(H,K)

12

Aquatic beds, moss wetlands,
emergent/wet meadows

A(H,K); M;
E(H,K)

Table 3: Description of how shoreline type variables were used to define shoreline type.
Shoreline
Rank Description / Query
0
1 Non-vegetated, solid-impermeable substrate, slope < 30

2
3
4
5
6

Non-vegetated, solid-impermeable substrate, slope > 300
Non-vegetated, not solid-impermeable substrate, fine sand substrate
Non-vegetated, not solid-impermeable substrate, course sand substrate
Non-vegetated, not solid-impermeable substrate, gravel/sand mix substrate
Non-vegetated, not solid-impermeable substrate, gravel / riprap substrate

7 Vegetated, sandy substrate, slope < 15
8 Vegetated, slope > 15

0

0

OR vegetated, rocky/ impermeable/ riprap substrate, slope < 150

0
9 Vegetated, silty substrate, slope < 15

Table 4: Low slope vegetated soil reclassification table.
FROM_ TO_ OUT
0
0
0
10
10
8
20
20
8
30
30
7
40
40
7
50
50
9
60
60
7
70
70
8
80
80
10
90
90
10

Table 5: Not vegetated not impervious high slope soil reclassification table.
FROM_ TO_ OUT
0
0
0
10
10
0
20
20
6
30
30
4
40
40
3
50
50
3
60
60
3
70
70
6
80
80
10
90
90
10

Table 6: SR scoring rubric.
Variable-Intersection Type
Closable Dams
Non-closable dams
Truck Routes
Railroad s
Oil Pipelines

Affect on Susceptibility Score
Reset to 0 (zero)
+1
+1
+1
+2 for initial (before next closable dam)
+1 for additional

Table 7: SR Point Classification.
Unique Point
Value

SR Class

0

Lowest

1

Lowest

2

Lowest

3

Lowest

4

Lowest

5

Lowest

6

Lowest

7

Lowest

13

Medium Low

22

Medium Low

24

Medium Low

39

Medium High

60

Highest

72

Highest

Table 8: Percent of shoreline falling into each of the shoreline classes.
Shoreline % of
Rank
Area
1
1.46
2
0.00
3
22.93
4
0.54
5
0.00
6
0.30
7
2.83
8
0.79
9
36.40
10
2.76
11
8.70
12
23.29

Table 9: Percent of pixels represented by each species ranking.
Species
Rank
1
2
3
4
5
6

% of
Area
39.28839
5.830685
3.947227
40.40954
9.576177
0.947977

Table 10: Percent of pixels represented by each ESI ranking.
Rank
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Percent of Shoreline
0.14
0.78
9.64
4.89
6.26
5.38
4.58
4.96
7.12
8.69
10.15
12.13
7.99
7.36
6.78
2.64
0.28

Capstone Statement

Project Goals

Identify and map the riparian, wetland, and lakeshore

1. Identify most environmentally sensitive areas of the Yahara

areas of the Yahara River in Dane County, Wisconsin

2. Identify areas of high cultural importance along the Yahara

that are most sensitive and susceptible to petroleum

3. Combine these into an overall sensitivity map

spills. This information could be used to more

4. Identify and map areas of high susceptibility to oil spills

eﬃciently coordinate protection and cleanup eﬀorts.

Figure 1
Key Concepts

Operationalization
Diagram

1.Environmental Sensitivity Index (ESI)
2.Human Value Index (HVI)
3.Susceptibility Ranking (SR)

SR Variables

HVI Variables

ESI Variables

1. Potential Oil Sources
• Oil Pipelines
• Hazardous Material Truck Routes
• Railroads

1.Beaches

1. Shoreline Type

2.Dams

2. Species Habitat

3.Parks, Managed Areas,
4.Boat Launches, Fishing Access Points, Locks

2. Mixing Points
• Non closable dams
• Water discharge points
3. Closable dams (Stoppage Points)

Operationalization for ESI *
1.

2.

Shoreline Type
• Rank 1-12 based on
o Slope
o Soil type
o Impervious Surfaces
o Vegetation
o Wetlands

Operationalization for HVI
1.

Species Data
• Rank Potential Habitat 0-6 based on
o + 3 Endangered Species
o + 2 Threatened Species
o + 1 Special Concern Species

Operationalization for SR

Dams
• +2 if important dam present
• +1 if less important dam present

1.

Truck Routes, Railroads, Non Closable Dams, Discharge points
• + 1 for every upstream intersection

2.

Beaches
• +1 if present

2.

3.

Parks, Managed Areas
• +1 if present

Oil pipelines
• + 2 for initial upstream intersection (prior to Stoppage)
• + 1 for additional upstream intersections

3.

4.

Boat Launches, Fishing Access Sites, Locks
• +1 if present

Closable Dams
• Reset score to 0 (zero) at intersection

* See Table 1 and Table 5 for full details

Operationalization for
Susceptibility Results *

Operationalization for
Sensitivity Results *

1. Identify, Rank and Classify Susceptibility Zones

1. Combine ESI & HVI results into Final Sensitivity Index

2. Map the Classiﬁed Susceptibility of the Yahara River

2. Map the Final Sensitivity of the Yahara River

*(see paper for details)

*(see paper for details)

Conclusion

Use ﬁnal maps to execute Capstone
Statement and achieve Project Goals.
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Figure 4: Flow chart of shoreline type variables and how they were used to define shoreline type.
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Figure 5: Flow chart of shoreline type variables and how they were used to define shoreline type.

Figure 6:

Figure 7:

Figure 8: Shoreline Type Classification Map

Figure 9: Species Classification Image.

Figure 10: Top 10% ranked pixels for the ESI.

Figure 11: Top 10% ranked pixels for combined ESI – HVI sensitivity.

Map 1: Final ESI Rankings.

Map 2: Final HVI Rankings

Map 3: Final Combined ESI-HVI Sensitivity Rankings.

Map 4: Final Susceptibility Ranking Map.
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Identification_Information:
Citation:
Citation_Information:
Originator: University of Wisconsin Madison, Department of Geography, Geog 578
Publication_Date: May 2011
Title: ESI_Line
Geospatial_Data_Presentation_Form: vector digital data
Online_Linkage: \\discovery\classes\g578\DBs\YaharaOil\YaharaRiver.gdb
Description:
Abstract: Linear features representing Yahara River shoreline ranked by environmental sensitivity to oil.
Purpose: Crated for a class project with the intention of ranking the Yahara River shoreline based on
environmental sensitivity to oil.
Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: May 2011
Currentness_Reference: publication date
Status:
Progress: Complete
Maintenance_and_Update_Frequency: As needed
Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: ‐89.485772
East_Bounding_Coordinate: ‐89.156050
North_Bounding_Coordinate: 43.282428
South_Bounding_Coordinate: 42.848564
Keywords:
Theme:
Theme_Keyword_Thesaurus: REQUIRED: Reference to a formally registered thesaurus or a similar authoritative
source of theme keywords.
Theme_Keyword: ESI, Environmental Sensitivity Index, Oil Spill, Sensitivity
Place:
Place_Keyword: Yahara River, Dane County, Wisconsin
Access_Constraints: None
Use_Constraints: Recomended for cartographic and informational purposes only. Not recomended for spatial
analysis.
Point_of_Contact:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Traci Lloyd
Contact_Organization: University of Wisconsin Madison, Department of Geography, Geography 578
Contact_Position: GIS Certificate Student
Data_Set_Credit: Derek Grisbeck, Traci Lloyd, and Robert Sommers
Native_Data_Set_Environment: Microsoft Windows XP Version 5.1 (Build 2600) Service Pack 3; ESRI ArcCatalog
9.3.1.1850
Data_Quality_Information:
Lineage:
Source_Information:

Source_Citation:
Citation_Information:
Originator: U.S. Department of Agriculture, Natural Resources Conservation Service
Publication_Date: 2010
Title: Soil Survey Geographic (SSURGO) database for Dane County, Wisconsin
Geospatial_Data_Presentation_Form: vector digital data
Publication_Information:
Publication_Place: Fort Worth, Texas
Publisher: U.S. Department of Agriculture, Natural Resources Conservation Service
Online_Linkage: http://SoilDataMart.nrcs.usda.gov
Source_Information:
Source_Citation:
Citation_Information:
Originator: U.S. Geological Survey
Publication_Date: 2011
Title: NLCD 2006 Percent Developed Imperviousness
Geospatial_Data_Presentation_Form: remote‐sensing image
Publication_Information:
Publication_Place: Sioux Falls, South Dakota
Publisher: U.S. Geological Survey
Online_Linkage: http://www.mrlc.gov
Spatial_Data_Organization_Information:
Direct_Spatial_Reference_Method: Vector
Point_and_Vector_Object_Information:
SDTS_Terms_Description:
SDTS_Point_and_Vector_Object_Type: String
Point_and_Vector_Object_Count: 5956
Spatial_Reference_Information:
Horizontal_Coordinate_System_Definition:
Planar:
Map_Projection:
Map_Projection_Name: Transverse Mercator
Transverse_Mercator:
Scale_Factor_at_Central_Meridian: 0.999600
Longitude_of_Central_Meridian: ‐90.000000
Latitude_of_Projection_Origin: 0.000000
False_Easting: 520000.000000
False_Northing: ‐4480000.000000
Planar_Coordinate_Information:
Planar_Coordinate_Encoding_Method: coordinate pair
Coordinate_Representation:
Abscissa_Resolution: 0.000100
Ordinate_Resolution: 0.000100
Planar_Distance_Units: meters
Geodetic_Model:
Horizontal_Datum_Name: D_North_American_1983_HARN
Ellipsoid_Name: Geodetic Reference System 80
Semi‐major_Axis: 6378137.000000
Denominator_of_Flattening_Ratio: 298.257222
Vertical_Coordinate_System_Definition:
Altitude_System_Definition:
Altitude_Resolution: 0.000100
Altitude_Encoding_Method: Explicit elevation coordinate included with horizontal coordinates

Entity_and_Attribute_Information:
Detailed_Description:
Entity_Type:
Entity_Type_Label: ESI_Line
Attribute:
Attribute_Label: OBJECTID
Attribute_Definition: Internal feature number.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Sequential unique whole numbers that are automatically generated.
Attribute:
Attribute_Label: Shape
Attribute_Definition: Feature geometry.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Coordinates defining the features.
Attribute:
Attribute_Label: ARCID
Attribute:
Attribute_Label: GRID_CODE
Attribute:
Attribute_Label: FROM_NODE
Attribute:
Attribute_Label: TO_NODE
Attribute:
Attribute_Label: Shape_Length
Attribute_Definition: Length of feature in internal units.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Positive real numbers that are automatically generated.
Distribution_Information:
Resource_Description: Downloadable Data
Metadata_Reference_Information:
Metadata_Date: 20110513
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: REQUIRED: The organization responsible for the metadata information.
Contact_Person: REQUIRED: The person responsible for the metadata information.
Contact_Address:
Address_Type: REQUIRED: The mailing and/or physical address for the organization or individual.
City: REQUIRED: The city of the address.
State_or_Province: REQUIRED: The state or province of the address.
Postal_Code: REQUIRED: The ZIP or other postal code of the address.
Contact_Voice_Telephone: REQUIRED: The telephone number by which individuals can speak to the
organization or individual.
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata
Metadata_Standard_Version: FGDC‐STD‐001‐1998
Metadata_Time_Convention: local time
Metadata_Extensions:
Online_Linkage: http://www.esri.com/metadata/esriprof80.html
Profile_Name: ESRI Metadata Profile Citation_Information

METADATA FOR HVI
Identification_Information:
Citation:
Citation_Information:
Originator: University of Wisconsin Madison, Department of Geography, Geog578
Publication_Date: May 2011
Title: HVI_Sum
Geospatial_Data_Presentation_Form: Fgdb raster digital data
Online_Linkage: \\discovery\classes\g578\DBs\YaharaOil\YaharaOil.gdb
Description:
Abstract: The Human Value Index raster dataset assigns human value scores to pixels along the shoreline of the
Yahara River in Dane County. This raster dataset was created by summing various other rasters all pertaining to
specific cultural resources‐‐ parks, managed areas, beaches, fishing access points, boat launches, locks, dams. This
HVI is not intended to be a complete accessment of human value along the Yahara River. This HVI only considered
public property.
Purpose: The Human Value Index was intended to be used to measure sensitivity of the Yahara River shoreline to
an oil spill (the cultural impact end of it). The HVI is intended to be used alongside an Environmental Sensitivity
Index (ESI) and a Susceptibility Ranking (SR). Overall, the HVI is designed to show GIS's potential to create an HVI,
not to actually be used by clean‐up crews to properly divert resources / efforts in the event of an oil spill.
Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: May 2011
Currentness_Reference: publication date
Status:
Progress: Complete
Maintenance_and_Update_Frequency: As needed
Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: ‐89.485715
East_Bounding_Coordinate: ‐89.155989
North_Bounding_Coordinate: 43.282640
South_Bounding_Coordinate: 42.848506
Keywords:
Theme:
Theme_Keyword_Thesaurus: HVI, Human Value Index, Human‐Value Index, Cultural‐Value Index, Cultural Value
Index
Theme_Keyword: HVI, ESI, SR, Human Value Index, Human‐Value Index, sensitivity, oil spill, petroleum
Place:
Place_Keyword: Yahara River, Dane County, Madison, Wisconsin
Temporal:
Temporal_Keyword: 2011
Access_Constraints: Available in the YaharaOil geodatabase of the S:\Drive.
Use_Constraints: This dataset was created for general reference / experimental purposes only. It is not intended
for actual use by clean‐up crews in the event of an oil spill.
Point_of_Contact:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Robert Sommers
Contact_Organization: University of Wisconsin Madison, Department of Geography, Geog578
Contact_Position: Student, Senior, Cartography and GIS

Data_Set_Credit: Derek Grisbeck, Traci Lloyd, Robert Sommers
Native_Data_Set_Environment: Microsoft Windows XP Version 5.1 (Build 2600) Service Pack 3; ESRI ArcCatalog
9.3.1.1850
Data_Quality_Information:
Lineage:
Source_Information:
Source_Citation:
Citation_Information:
Originator: ESRI. Redlands, California.
Publication_Date: 2008
Title: U.S. Parks
Other_Citation_Details: Accessed via The Arthur H. Robinson Map Library, University of Wisconsin Madison
[February 2011].
Source_Information:
Source_Citation:
Citation_Information:
Originator: U.S. Geological Survey; Upper Midwest Environmental Sciences Center. La Crosse, Wisconsin.
Publication_Date: 2005
Title: USGS Gap Analysis Program ‐ Wisconsin Stewardship Data
Online_Linkage: Available FTP: ftp://dnrftp01.wi.gov/geodata/ [March 2011].
Spatial_Data_Organization_Information:
Direct_Spatial_Reference_Method: Raster
Raster_Object_Information:
Raster_Object_Type: Pixel
Row_Count: 1600
Column_Count: 882
Vertical_Count: 1
Spatial_Reference_Information:
Horizontal_Coordinate_System_Definition:
Planar:
Map_Projection:
Map_Projection_Name: Transverse Mercator
Transverse_Mercator:
Scale_Factor_at_Central_Meridian: 0.999600
Longitude_of_Central_Meridian: ‐90.000000
Latitude_of_Projection_Origin: 0.000000
False_Easting: 520000.000000
False_Northing: ‐4480000.000000
Planar_Coordinate_Information:
Planar_Coordinate_Encoding_Method: row and column
Coordinate_Representation:
Abscissa_Resolution: 30.000000
Ordinate_Resolution: 30.000000
Planar_Distance_Units: meters
Geodetic_Model:
Horizontal_Datum_Name: D_North_American_1983_HARN
Ellipsoid_Name: Geodetic Reference System 80
Semi‐major_Axis: 6378137.000000
Denominator_of_Flattening_Ratio: 298.257222
Entity_and_Attribute_Information:
Detailed_Description:
Entity_Type:
Entity_Type_Label: VAT_HVI_Sum

Attribute:
Attribute_Label: OBJECTID
Attribute_Definition: Internal feature number.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Sequential unique whole numbers that are automatically generated.
Attribute:
Attribute_Label: VALUE
Attribute:
Attribute_Label: COUNT
Distribution_Information:
Resource_Description: Downloadable Data
Metadata_Reference_Information:
Metadata_Date: 20110513
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: REQUIRED: The organization responsible for the metadata information.
Contact_Person: REQUIRED: The person responsible for the metadata information.
Contact_Address:
Address_Type: REQUIRED: The mailing and/or physical address for the organization or individual.
City: REQUIRED: The city of the address.
State_or_Province: REQUIRED: The state or province of the address.
Postal_Code: REQUIRED: The ZIP or other postal code of the address.
Contact_Voice_Telephone: REQUIRED: The telephone number by which individuals can speak to the
organization or individual.
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata
Metadata_Standard_Version: FGDC‐STD‐001‐1998
Metadata_Time_Convention: local time
Metadata_Extensions:
Online_Linkage: http://www.esri.com/metadata/esriprof80.html
Profile_Name: ESRI Metadata Profile

METADATA FOR SR:
Identification_Information:
Citation:
Citation_Information:
Originator: Derek Grisbeck ‐ UW Madison Dept of Geography GEOG 578
Publication_Date: May 2011
Title: SR_RiskZones_FinalScoring
Geospatial_Data_Presentation_Form: vector digital data
Online_Linkage: \\discovery\classes\g578\DBs\YaharaOil\YaharaOil.gdb
Description:
Abstract: Linear Features representing the Yahara River with attribute information regarding susceptibilty to oil
spills in specific sections.
Purpose: To identify and define areas of the Yahara River that are least likely to most likely be affected by an oil
spill in Dane County, WI.
Supplemental_Information: This data file was created for an Advanced GIS final course project at UW‐Madison,
Dept of Geography Course 578. It was one of three final derived layers used to address our project goals and
conclcusions.
Time_Period_of_Content:
Time_Period_Information:

Single_Date/Time:
Calendar_Date: May 2011
Currentness_Reference: publication date
Status:
Progress: Complete
Maintenance_and_Update_Frequency: As needed
Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: ‐89.421653
East_Bounding_Coordinate: ‐89.157294
North_Bounding_Coordinate: 43.281495
South_Bounding_Coordinate: 42.846436
Keywords:
Theme:
Theme_Keyword_Thesaurus: Environemtal Sensitivty, Oil Spills, SR
Theme_Keyword: Environemtal Sensitivty, Oil Spills, SR
Place:
Place_Keyword_Thesaurus: Yahara River, Dane County, WI
Place_Keyword: Yahara River, Dane County, WI
Place_Keyword: Dane County
Place_Keyword: Wisconsin
Stratum:
Temporal:
Temporal_Keyword_Thesaurus: 2011
Temporal_Keyword: 2011
Access_Constraints: None
Use_Constraints: For cartographic and informative uses only (not reccomended for further analysis except by
orignal creators)
Point_of_Contact:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Derek Grisbeck
Contact_Organization: UW‐Madison Dept of Geography GEOG 578
Contact_Position: GIS Certificate Student
Data_Set_Credit: Derek Grisbeck, Traci Lloyd, and Rob Sommers
Native_Data_Set_Environment: Microsoft Windows XP Version 5.1 (Build 2600) Service Pack 3; ESRI ArcCatalog
9.3.1.1850
Data_Quality_Information:
Lineage:
Source_Information:
Source_Citation:
Citation_Information:
Originator: U.S. Census Bureau, Geography Division, Geographic Products Branch
Publication_Date: 2010
Publication_Time: Unknown
Title: RailRoads, Truck Routes
Geospatial_Data_Presentation_Form: vector digital data
Online_Linkage: http://www.census.gov/cgi‐bin/geo/shapefiles2010/main
Source_Information:
Source_Citation:
Citation_Information:
Originator: WI Dept of Natural Resources
Publication_Date: 2011

Publication_Time: Unknown
Title: Closable and Non Closable Dams
Geospatial_Data_Presentation_Form: vector digital data
Online_Linkage: : http://dnr.wi.gov/org/water/wm/dsfm/dams/data/damxpoin.zip
Process_Step:
Process_Description: Dataset copied.
Source_Used_Citation_Abbreviation: C:\Geo\HYDRO\GDBDesign\ZMArc
Process_Step:
Process_Description: Dataset copied.
Source_Used_Citation_Abbreviation: Server=nrcoet215002065_sqlexpress;
Service=sde:sqlserver:nrcoet215002065\sqlexpress; Database=Hydro; Version=dbo.DEFAULT
Process_Date: 20091029
Process_Time: 09375500
Process_Step:
Process_Description: Dataset copied.
Source_Used_Citation_Abbreviation: \\discovery\classes\g578\DBs\YaharaOil\YaharaOil.gdb
Process_Date: 20110428
Process_Time: 11484200
Process_Step:
Process_Description: Dataset copied.
Source_Used_Citation_Abbreviation:
Process_Date: 20110428
Process_Time: 12271500
Process_Step:
Process_Description: Dataset copied.
Source_Used_Citation_Abbreviation: \\discovery\classes\g578\DBs\YaharaOil\YaharaOil.gdb
Process_Date: 20110430
Process_Time: 14113200
Process_Step:
Process_Description: Dataset copied.
Source_Used_Citation_Abbreviation: \\discovery\classes\g578\DBs\YaharaOil\YaharaOil.gdb
Process_Date: 20110502
Process_Time: 13035100
Process_Step:
Process_Description: Dataset copied.
Source_Used_Citation_Abbreviation: \\discovery\classes\g578\DBs\YaharaOil\YaharaOil.gdb
Process_Date: 20110502
Process_Time: 13361500
Spatial_Data_Organization_Information:
Direct_Spatial_Reference_Method: Vector
Point_and_Vector_Object_Information:
SDTS_Terms_Description:
SDTS_Point_and_Vector_Object_Type: String
Point_and_Vector_Object_Count: 113
Spatial_Reference_Information:
Horizontal_Coordinate_System_Definition:
Planar:
Map_Projection:
Map_Projection_Name: Transverse Mercator
Transverse_Mercator:
Scale_Factor_at_Central_Meridian: 0.999600
Longitude_of_Central_Meridian: ‐90.000000
Latitude_of_Projection_Origin: 0.000000

False_Easting: 520000.000000
False_Northing: ‐4480000.000000
Planar_Coordinate_Information:
Planar_Coordinate_Encoding_Method: coordinate pair
Coordinate_Representation:
Abscissa_Resolution: 0.000100
Ordinate_Resolution: 0.000100
Planar_Distance_Units: meters
Geodetic_Model:
Horizontal_Datum_Name: D_North_American_1983_HARN
Ellipsoid_Name: Geodetic Reference System 80
Semi‐major_Axis: 6378137.000000
Denominator_of_Flattening_Ratio: 298.257222
Vertical_Coordinate_System_Definition:
Altitude_System_Definition:
Altitude_Resolution: 0.000100
Altitude_Encoding_Method: Explicit elevation coordinate included with horizontal coordinates
Entity_and_Attribute_Information:
Detailed_Description:
Entity_Type:
Entity_Type_Label: SR_RiskZones_FinalScoring
Attribute:
Attribute_Label: Shape
Attribute_Definition: Feature geometry.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Coordinates defining the features.
Attribute:
Attribute_Label: ROW_NAME
Attribute_Definition: ROW Name. WDNR's Official Name from the Register of Waterbodies
Attribute:
Attribute_Label: OBJECTID
Attribute_Definition: Internal feature number.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Sequential unique whole numbers that are automatically generated.
Attribute:
Attribute_Label: SW_NO
Attribute_Definition: Surface Water Number Unique numerical identifier for each arc from coverage model, no
longer maintained
Attribute:
Attribute_Label: HYDROID
Attribute_Definition: Maintained universal unique ID
Attribute:
Attribute_Label: HYDROCODE
Attribute_Definition: Numeric code that divides features into subtype values; 100 ‐ Primary Flow Over Land
Perennial; 101 ‐ Secondary Flow Over Land Perennial; 110 ‐ Primary Flow Over Land Intermittent; 111 ‐ Secondary
Flow Over Land Intermittent; 120 ‐ Primary Flow Over Land Fluctuating; 121 ‐ Secondary Flow Over Land
Fluctuating; 200 ‐ Primary Flow In Water Perennial; 201 ‐ Secondary Flow In Water Perennial; 210 ‐ Primary Flow In
Water Intermittent; 211 ‐ Secondary Flow In Water Intermittent; 220 ‐ Primary Flow In Water Fluctuating; 221 ‐
Secondary Flow In Water Fluctuating
Attribute:
Attribute_Label: HYDROTYPE

Attribute_Definition: Numeric value used as a descriptor of feature; 502 ‐ Cranberry Bog; 503 ‐ Stream/River
Centerline; 504 ‐ Wetland Gap Connector; 505 ‐ Ditch/Canal; 506 ‐ Stream Extension; 507 ‐ Flow Potential; 508 ‐
Stream/River, single‐line
Attribute:
Attribute_Label: OBJECTID_1
Attribute_Definition: Internal feature number.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Sequential unique whole numbers that are automatically generated.
Attribute:
Attribute_Label: RIVER_SYS_
Attribute:
Attribute_Label: RIVER_SYS1
Attribute:
Attribute_Label: STREAM_ORD
Attribute:
Attribute_Label: ORIG_HRZ_S
Attribute:
Attribute_Label: ORIG_HRZ_C
Attribute:
Attribute_Label: ORIG_HRZ_1
Attribute:
Attribute_Label: LAST_UPDAT
Attribute:
Attribute_Label: WATERBODY_
Attribute:
Attribute_Label: TRACE_USE_
Attribute:
Attribute_Label: Enabled
Attribute:
Attribute_Label: CARTO_USE_
Attribute:
Attribute_Label: LANDLOCK_C
Attribute:
Attribute_Label: QUAD_LINE_
Attribute:
Attribute_Label: GEOM_CHANG
Attribute:
Attribute_Label: FLIP_CHANG
Attribute:
Attribute_Label: WBIC_CHANG
Attribute:
Attribute_Label: CREATE_DAT
Attribute:
Attribute_Label: LAST_UPD_1
Attribute:
Attribute_Label: PRODUCER_C
Attribute:
Attribute_Label: Shape_Leng
Attribute:
Attribute_Label: SR_Points
Attribute:
Attribute_Label: Zone_ID

Attribute:
Attribute_Label: RiskZone
Attribute:
Attribute_Label: Shape_Length
Attribute_Definition: Length of feature in internal units.
Attribute_Definition_Source: ESRI
Attribute_Domain_Values:
Unrepresentable_Domain: Positive real numbers that are automatically generated.
Distribution_Information:
Resource_Description: Downloadable Data
Standard_Order_Process:
Digital_Form:
Digital_Transfer_Information:
Transfer_Size: 0.000
Metadata_Reference_Information:
Metadata_Date: 20110513
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: REQUIRED: The organization responsible for the metadata information.
Contact_Person: REQUIRED: The person responsible for the metadata information.
Contact_Address:
Address_Type: REQUIRED: The mailing and/or physical address for the organization or individual.
City: REQUIRED: The city of the address.
State_or_Province: REQUIRED: The state or province of the address.
Postal_Code: REQUIRED: The ZIP or other postal code of the address.
Contact_Voice_Telephone: REQUIRED: The telephone number by which individuals can speak to the
organization or individual.
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata
Metadata_Standard_Version: FGDC‐STD‐001‐1998
Metadata_Time_Convention: local time
Metadata_Extensions:
Online_Linkage: http://www.esri.com/metadata/esriprof80.html
Profile_Name: ESRI Metadata Profile

Appendix IV
General Reclassification Scheme
Substrate Type
Impermeable
Gravel
Course grained sand
Fine/medium grained sand
Mud/silt/clay
Sand (fine, medium or course grained)
RipRap
ManMadePond
Wet

Reclassified Value
10
20
30
40
50
60
70
80
90

Specific Reclassification Table
OID_1 VALUE_
106
105
41
40
153
152
154
153
145
144
136
135
144
143
148
147
90
89
73
72
100
99
81
80
78
77
72
71
75
74
119
118
54
53
84
83
147
146
102
101
151
150
156
155
98
97
95
94

COUNT_
21297
17647
1909
4935
6312
17054
17984
2790
31664
84205
4509
6588
9688
6145
2247
5788
31211
14242
4232
3250
1665
3037
5873
4884

MUSYM_1 RECLASS
Ad
50
Af
50
AsB
50
AsC2
50
BaB2
50
BaC2
50
BaD2
50
BaE2
50
BbA
50
BbB
50
BbC2
50
BoB
30
BoC2
30
BoD2
30
BrA
30
ChB
50
Co
50
Cu
10
DeA
50
DfA
50
DgB2
50
DgC2
50
DkA
30
DkB
30

OID_1 VALUE_
107
106
132
131
45
44
18
17
57
56
139
138
103
102
152
151
53
52
86
85
65
64
60
59
140
139
77
76
56
55
33
32
112
111
118
117
96
95
30
29
11
10
131
130
127
126
116
115

COUNT_
210
3149
158459
64495
12350
10735
14237
2653
12113
2076
31989
54250
4558
58108
74590
14116
14576
63454
33661
26819
23324
8786
12029
9315

MUSYM_1 RECLASS
DkC
30
DmA
40
DnB
50
DnC2
50
DoC2
50
DpB
50
DpC
50
DpD2
50
DrD2
50
DrE2
50
DsB
50
DsC2
50
DuB2
50
DuC2
50
DuD2
50
DuE2
50
EdB2
50
EdC2
50
EdD2
50
EfB
50
EgA
50
EhC2
40
EhD2
40
EhE2
40

OID_1 VALUE_
143
142
108
107
9
8
74
73
67
66
142
141
123
122
128
127
55
54
69
68
82
81
51
50
76
75
91
90
38
37
1
0
17
16
135
134
137
136
64
63
42
41
19
18
117
116
58
57
23
22
50
49
29
28
122
121
70
69
7
6
10
9
92
91
149
148
110
109
93
92
27
26
6
5
31
30

COUNT_
5683
13293
22989
18631
8235
7026
11785
3001
11234
11784
1973
11817
2951
8600
42366
9542
25586
6574
9952
9363
118920
4697
11763
10576
3496
40378
58026
14296
65194
11365
30098
2637
1141
7374
38489
22422
129106
34700

MUSYM_1 RECLASS
EmC2
40
EmD2
40
EmE2
40
EmF
40
Ev
50
GaB
50
GaC2
50
GaD2
50
Gn
40
GP
20
GsA
50
GsB
50
GsC2
50
GwB
50
GwC
50
GwD2
50
HaA
50
HbB
50
HbC2
50
HbD2
50
Ho
50
HuA
50
HuB
50
KcB
40
KdB
50
KdC2
50
KdD2
50
KeA
50
KeB
50
KrD2
50
KrE2
50
LDF
60
Ma
70
Mb
50
Mc
50
MdB
50
MdC2
50
MdD2
50

OID_1 VALUE_
158
157
150
149
87
86
85
84
63
62
155
154
111
110
121
120
124
123
130
129
141
140
114
113
16
15
34
33
94
93
97
96
134
133
66
65
5
4
4
3
8
7
49
48
47
46
105
104
125
124
133
132
35
34
37
36
2
1
3
2
88
87
25
24
99
98
59
58
12
11
89
88
15
14
39
38

COUNT_
7325
5907
4248
2584
2642
2806
74
9873
24102
11064
2313
13309
24252
42246
39068
7460
2934
6584
32880
171927
9824
24500
34886
1134
10694
24622
7087
46517
98905
36107
9312
10339
1952
3445
89436
14300
155786
13057

MUSYM_1 RECLASS
MeA
50
MeB
50
MhC2
50
MhD2
50
MhE2
50
MoA
50
M‐W
80
NeB2
50
NeC2
50
NeD2
50
NeE2
50
Or
50
Os
50
Ot
50
Pa
50
PeB
50
PeC2
50
PfB
30
PnA
50
PnB
50
PnC2
50
PoA
50
PoB
50
PoC2
50
PrB
50
PrC
50
QUA
50
RaA
50
RnB
50
RnC2
50
RoB
50
RoC2
50
RoD2
50
RpE
60
SaA
50
ScA
50
ScB
50
ScC2
50

OID_1 VALUE_
20
19
61
60
115
114
157
156
126
125
80
79
46
45
32
31
48
47
79
78
109
108
120
119
129
128
44
43
26
25
104
103
62
61
113
112
28
27
13
12
14
13
43
42
52
51
40
39
68
67
71
70
83
82
101
100
146
145
138
137
21
20
36
35
24
23
22
21

COUNT_
1359
5496
911
1895
6317
12547
26611
36048
28690
1973
3724
5642
1757
29800
10808
5492
5002
6875
48350
77355
52547
55931
115331
77073
2566
2743
6347
6998
9985
2523
4447
9139
14605
12031

MUSYM_1 RECLASS
ScD2
50
SeB
40
SeC2
40
SfA
40
SfB2
40
ShA
40
SmB
50
SmC2
50
SmD2
50
SmE2
50
SnC2
40
SnD2
40
SnE
40
SoD
50
SoE
50
SpB
40
SpC
40
SpD
40
St
20
TrB
50
VrB
50
VwA
50
W
90
Wa
50
WrB
50
WrC2
50
Wt
40
WvB
50
WvC2
50
WvD2
50
WwE2
50
WxB
50
WxC2
50
WxD2
50

Appendix V
# This program takes multiple rasters from 3 directories and overlays them to create a single
# raster grid. The input data come from the "endangered", "threatened", and "special"
# directories. First each directory is run through the plus() function which makes a list of the
# rasters in that directory, converts each of the rasters to a usable format (change nodata values to
# zero) and places the usable grids into a subdirectory named newRast, sums the converted
# rasters into a single raster, and then multiplies the single raster by a defined integer value.
# Intermediate files are placed into a subdirectory named newRast. The three rasters output from
# the plus() function (one for each directory) are then summed into a final "species" grid.
# Because the script takes so long to run, several "print" statements were placed throughout
# the script to help the user keep track of where the script is at, and give an idea of how much
# more it has yet to do.

# import modules.
import arcgisscripting
import os

# Define plus function.
def plus (gp, directory, intGrid, finalGrid, multiply):
# Set up workspace for gp.
gp.workspace = cwdir + "\\" + directory
# Find raster datasets and append to list.
datasets = gp.ListRasters("")
print "datasets = ", datasets
# get spatial analyst extension
gp.CheckOutExtension("Spatial")
print 'Got extension.'

z=0
# Use while function with isNull and reclass to change NoData values to zero.
while z < len(datasets):
# use IsNull function to identify areas that have null value as 1, all other areas as zero.
inRaster = cwdir + "\\" + directory + "\\" + datasets[z]
nullRaster = cwdir + "\\" + directory + "\\isNull" + str(z)
gp.IsNull_sa(inRaster, nullRaster)
print 'Performed is null'
# Use Reclassify function to reverse binary so that null values become zero and presence areas
become 1.
reclassRanges = "0 0 1; 1 1 0"
data = datasets[z][0:7]
outRaster2 = cwdir + "\\" + directory + "\\newRast\\" + data + "2"
gp.Reclassify_sa(nullRaster, "Value", reclassRanges, outRaster2)
z +=1

print "z = ", z
# Create new geoprocessing object to have new workspace of newRast file
np = arcgisscripting.create(9.3)
np.workspace = cwdir + "\\" + directory + "\\newRast"
print "new geoprocessing object created"
# Turn on overwriting.
np.overwriteoutput = 1
# Get spatial analyst extension.
np.CheckOutExtension("Spatial")
# Create a list of the usable datasets in the newRast directory
datasets2 = np.ListRasters("")
print "datasets2 = ", datasets2

i=1
# Create first summed grid.
inRaster1 = cwdir + "\\" + directory + "\\newRast\\" + datasets2[0]
print "inRaster1 = ", inRaster1
inRaster2 = cwdir + "\\" + directory + "\\newRast\\" + datasets2[1]
print "inRaster2 = ", inRaster2
outRaster = cwdir + "\\" + directory + "\\newRast\\" + intGrid + str(i)
print "outRaster = ", outRaster
gp.Plus_sa (inRaster1, inRaster2, outRaster)
print 'made first grid'
# Set up loop variable.
i +=1
# Use while loop to iterate through rest of grids and sum them together.
while i < len(datasets):
print 'in while loop'
j=i-1
# Use try function to try to combine the remaining rasters.
try:
inRaster1 = cwdir + "\\" + directory + "\\newRast\\" + datasets2[i]
print inRaster1
inRaster2 = cwdir + "\\" + directory + "\\newRast\\" + intGrid + str(j)
print inRaster2
outRaster = cwdir + "\\" + directory + "\\newRast\\" + intGrid + str(i)
print outRaster
np.Plus_sa (inRaster1, inRaster2, outRaster)
i +=1
print 'made next raster'
# If combining rasters doesnt work tell user.
except:
print 'didnt work'
i+=1
# Define output file path.
grid = cwdir + "\\" + directory + "\\" + finalGrid
# multiply summed grid by weight factor.

gp.Times_sa (outRaster, multiply, grid)
# return final grid to caller.
return grid
# Tell user that this directory is done being converted to a single grid.
print 'done %1' % directory

cwdir = os.getcwd() # Get the current working directory
os.chdir(cwdir) # Make sure python is in the cwdir
# Create Geoprocessor.
gp = arcgisscripting.create(9.3)

# Turn on overwrite.
gp.overwriteoutput = 1
# Call plus() function for each of the directories
endGrid = plus(gp, "endangered", "endSum", "endGrid", int(3.0))
threatGrid = plus(gp, "threatened", "threatSum", "threatGrid", int(2.0))
specGrid = plus(gp, "special", "specSum", "specGrid", int(1.0))
# Create new geoprocessor object, set workspace, turn on overwrite, and activate spatial analysis #
extension.
fp = arcgisscripting.create(9.3)
fp.workspace = cwdir
fp.overwriteoutput = 1
fp.CheckOutExtension("Spatial")

# sum final grids from the 3 direcories together to get single "species" grid.
fp.Plus_sa(endGrid, threatGrid, cwdir + "\\endThreatGrid")
fp.Plus_sa(cwdir + "\\endThreatGrid", specGrid, cwdir + "\\species")

