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Preface 

Students in ESPM 5295 were tasked with the unique assignment of presenting the City of 
Minnetonka with reliable data on contaminants entering several identified watershed areas. 
Doing so required gathering our own data and developing our own methodology to determine 
sources and amounts of potential biological and chloride contamination in the watersheds and 
avenues of transit for these sources. 
  
The group of students divided itself into several groups, most significantly into two—one of 
which took responsibility for creating a methodology for determining biomass loads within an 
identifiable tree canopy, and the other which created a geodatabase of transit and flow properties 
within Minnetonka’s infrastructure. Within these smaller groups, students took on various roles 
as we performed field work, research, and technical GIS work to solve the problems presented. 
The “Biomass” group (Matt Taraldsen, Spencer Neibuhr, Josh Dunsmoor, Lucas Winzenburg, 
Patrick Liddle and Patrick Baldwin) consisted mainly of students in the Masters of Geographic 
Information Science program. The “Transit/Flow” group (Molly Wynia, Paula Kalinosky, 
Gayatri Alapati, Hagen Kaczmarek, Karen Bogg, and Jane Mazack) consisted of students from a 
wider range of academic disciplines including hydrology and ecology. 
  
The overall workflow amounted to a process by which the data and conclusions drawn from the 
Biomass group’s analysis of leaf litter contamination were plugged into a network for biomass 
and chloride transit devised by the Transit/Flow group. The various data collection methods, 
assumptions, and analysis methodologies used by the group were developed in collaboration 
with professors Paul Bolstad and Andrew Jenks, to whom the students are extremely grateful. 
The following is a summary of our processes, methods, problems encountered, and final data 
outputs. All errors and omissions are the students’ and the students’ alone. 
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INTRODUCTION 
METHODS AND ANALYSIS 

 
Biomass estimation 
A key portion of the work on this project was to estimate biomass in the tree canopy in order to 
obtain nutrient loads in leaf litter and model nutrient transit into watersheds. These were assumed 
to be the major sources of contamination in the city’s watersheds. Because this study involved 
analyzing the product of many thousands of trees within four separate watersheds over a wide 
geographic area, we turned to a relatively new LiDAR (Light Detection and Ranging) dataset to 
analyze the tree canopy. However, LiDAR data on its own is insufficient to determine biomass 
within tree canopies, and most scientific work establishing valid formulas for biomass equations 
require tree species, trunk diameter and/or tree height as parameters to solve for total leaf 
biomass.1  
 
Therefore, we conducted a sample tree inventory at four different sites in the greater Minnetonka 
watershed: Ford Park, Glen Lake, Meadow Park, and Shady Oak Lake. At each site, 25 trees 
were located using GPS/GNSS and cataloged based on their species. Additionally for these trees, 
we noted tree heights using laser rangefinders and trunk diameters using measuring tapes. These 
data were recorded with Trimble Pro 6H GNSS receivers connected to Trimble Juno SB 
handheld units via Bluetooth. Trimble GPS Pathfinder Office, a postprocessing software 
package, was used to differentially correct the field tree locations. 
 
Using the signature of LiDAR-derived data for the areas we measured via field work gave us a 
model for determining biomass across the watershed regions. Essentially, we relied on a 
correlation of Laser Penetration Index (LPI), a measure of LiDAR returns, to a measure of Leaf 
Area Index (LAI). To determine total Phosphorus and biomass loads per square meter within 
identified canopies, we utilized a correlation assumption of these two measures tested in leading 
literature. 
 
LiDAR Data 
The principal data sources for supporting our tree inventory in the lab were the Minnesota 
Geospatial Information Office’s LiDAR flight tiles for the Minnetonka watershed and high-
resolution, leaf-off aerial imagery provided by the City of Minnetonka. This data, collected for 
the Minnesota Department of Natural Resources,2 was used in our estimates and calculations of 
leaf biomass.  The LiDAR points were classified in accordance with the American Society of 
Photogrammetry and Remote Sensing (ASPRS).  Data Quality measures by the DNR for the 
                                                
1	  See,	  e.g.	  Ter-‐Mikaelian,	  Michael	  and	  Korzukhin,	  Michael,	  “Biomass	  Equations	  for	  Sixty-‐Five	  North	  American	  
Tree	  Species.”	  Forest	  Ecology	  and	  Management	  97	  (1997)	  1-‐24.	  
2	  http://www.mngeo.state.mn.us/chouse/metadata/lidar_metro2011.html 
2	  http://www.mngeo.state.mn.us/chouse/metadata/lidar_metro2011.html 
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Twin Cities Metro are still in progress, but data for other areas of the state were provided to the 
MnDNR meeting quality requirements of vertical Root Mean Squared Error (RMSE) less than 
15 cm.   
 
We assumed a 1-meter average post spacing for LiDAR returns that were used to extract 
information about the study region.  The ASPRS High Vegetation category includes laser returns 
from a canopy between 2.41 - 200 meters above the ground surface.  These were extracted from 
the point cloud and a summation of the number of returns per one meter cell was used to 
calculate the Laser Penetration Index for the study regions.  With different classes of LiDAR 
returns we were also able to create other layers such as the Z-range (height) raster by subtracting 
the elevation of the first return from the last return for any given area.  Since a LiDAR signal can 
often find its way through a canopy, pulses are reflected off the bare earth beneath the canopy as 
well as the highest foliage.  These layers helped us determine the height of canopies and canopy 
density in the study areas. 
 
Study Area Digitization 
For the areas in which we took ground-truth measurements, it was important to determine the 
leaf area in the canopy. From leaf area index (LAI) measurements for trees with known height, 
trunk diameter, and species, we could correlate LPI (Laser Penetration Index) measurements and 
apply our formulas for leaf biomass and apply them per unit of area. We encountered some 
difficultly with this process. The available aerial imagery was insufficient to determine 
individual tree canopies to our desired degree of accuracy. However, by using a pastiche of aerial 
imagery and LiDAR imagery, we were able to trace outlines of the trees we measured with a 
reasonable degree of certainty.  
 
Analysis 
Once the canopies of the trees were digitized, the next task was to calculate the total leaf 
biomass, extrapolating our field-measured data to the entire watershed. After extensive literature 
review, it quickly became apparent that calculating leaf biomass from LiDAR returns is a 
complicated process. Only one article was found to be suitable for our purposes3. Following the 
methodology of the study, the individual LiDAR data points were converted into a leaf 
penetration index (LPI). LPI is defined as:  
 

LPI = g / (g+v) 
 
where g represents the ground returns and v represents the canopy returns.  As the point clouds 
were previously calculated and separated by ground and canopy layers, the LPI could quickly be 
calculated via ArcGIS Raster Calculator.  Overlaying the individual pulse returns with the 

                                                
3	  Barilotti,	  A,	  S	  Turco,	  and	  G	  Alberti.	  "LAI	  Determination	  in	  Forestry	  Ecosystems	  by	  LiDAR	  Data	  Analysis."	  3D	  Remote	  
Sensing	  in	  Forestry.	  Ed.	  Barilotti.	  Udine:	  2004.	  Print.	  
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digitized canopies, the LPI could also be calculated for each tree canopy. These values were then 
entered into a spreadsheet to form a regression equation. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 1: Sample canopy digitization. Individual tree canopies difficult to discern. 

 
While in the field, tree location, diameter of the tree at breast height (dbh), tree species, and 
canopy height were also measured. Using these measurements, leaf biomass could then be 
calculated through the allometric equation4: 
 

ln Y = b0 + b1X + b2S 
 
where Y is the leaf area (m2) or dry-weight biomass (grams), X is dbh (centimeters), and S is the 
average shading factor by species. S was provided, varying slightly for each species. As our tree 
samples did not contain information beyond species (eg. tree age), one shading factor was used 
for the entire dataset. This shading factor was calculated by averaging the given factors for all 
the trees contained in the tree sample. B represents constants that vary for calculating leaf area or 
dry-weight biomass. 

 
Leaf area was the first variable calculated. Dividing the calculated leaf area by the canopy area, a 
leaf area index (LAI) was measured. A statistical analysis was then conducted on the resulting 
LAI. The mean of the set was found to be 6.65, with a standard deviation of 5.35. After 
eliminating the outliers, the dataset contained 77 values ranging from 0.76 to  17.35. Any values 
                                                
4	  Nowak,	  David.	  "Forest	  Science."	  Forest	  Science.	  42.4	  (1996):	  504-‐507.	  Print. 
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above two standard deviations from the mean were omitted. A regression between LPI and LAI 
(Figure 1) was then developed. A trendline of Y = -3.2973X + 8.1 was fitted, with a R2  value of 
.0228. Given the low correlation, another regression was then developed. 

 

 
Figure 2 - LAI vs. LPI 

 
 

Next the Nowak allometric was used to calculate dry-weight leaf biomass. Using new B 
constants, the leaf biomass was calculated and compared with the LPI values (Figure 2). 
 

 
Figure 3 – LPI v. Leaf biomass 
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Using the LPI values found significant in the LAI analysis, a regression between LPI and leaf 
biomass was then developed. The calculated values ranged from 3,000 to 116,000 g/m2 . The 
trendline equation was calculated to Y = -24031X + 3503, with a R2  value of .0327. Although 
this correlation was very low, the regression allowed for the leaf biomass to be calculated over 
the entire LIDAR coverage area. This was done using the raster calculator with the LPI layer 
early calculated from the LIDAR points. 

 
In addition to the problematically unrefined methodology, the LIDAR data source, which was 
necessarily the foundation of our biomass calculations, contributed to the low scientific certainty 
of the biomass data. First, when the statewide high-resolution dataset was put together, it was 
designed to derive elevation data with LIDAR technology, using base specifications including 
leaf-off data gathering. While our findings are still valid, LIDAR data calibrated to determine 
tree canopy areas and heights would have been optimal and our data would have likely been 
much more precise. 
  
Furthermore, and by way of example, a quirk of the LIDAR data resulted in a noticeable “band” 
of slightly higher-than-expected biomass estimates along a north/south-oriented swath of the 
city, which can be seen in figure 3. This can be seen particularly in the area in the Crane Lake 
Water Prioritization area, south of the lake (below). The green areas represent biomass 
calculations for identified tree canopy areas. A likely vestige of the way the LIDAR dataset was 
“stitched” together from tiles, there appears a darker green area, indicative of higher biomass in 
the tree canopy. From our knowledge of the area, this pattern is not representative of the ground 
conditions and we spent considerable time attempting to resolve this issue. However, when the 
data was examined more closely, this band had no real “signature” within the dataset. While 
there were more individual pixels showing biomass calculations at the upper range of our 
model’s calculations, there were no outlying individual LPI values (from which biomass was 
derived) in these areas, and the values were within reasonable estimates for the entire dataset. In 
short, there was no method to remove these “bands” from our maps or to bring assumed “high” 
values to expected levels without arbitrarily creating another band in the dataset with other 
arbitrary calculations. 
 
 
 
 
 
 
 
 
 

Figure 4 : Band of  abnormally high biomass calculations. 
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Similarly, the LIDAR dataset, when combined with our methodology, produced unexpectedly 
high biomass calculations for certain areas that seemed to correlate with rooftops and tree canopy 
near open water. We attributed this to flaws in the data collection which overestimated or 
misclassified ground returns for strong, impermeable surfaces (such as roofs and flat water), 
which when applying the ground returns over ground plus canopy returns formula would lead to 
erratically high calculations in these areas. To abate overestimation of biomass calculations from 
these areas, we determined the signature of these areas was that estimates were roughly double 
what they should have been and performed raster algebra to minimize the effect of this 
phenomenon.   
  
Finally, though visually the rasters do not show it, a strong median value of 6495.27 g/ sq. m. 
was apparent from a histogram of our calculations. Rather than emanating from any kind of 
LIDAR quirk or analysis error, this appears to be the result of a cluster in ground-truth 
measurements in our field work that would exaggerate the existence in the tree canopy of an 
“average” tree, which was indeed average in our data. 

 
 
 
 
 
 
 
 
 
 

 
Figure 5: ? 

 
Phosphorus Load Estimates 
We combined GIS spatial analysis with preliminary data from an ongoing street sweeping study 
at the University of Minnesota, and a literature review of leaf nutrient content and leaching rates 
to estimate the phosphorus load to each watershed from the leaf biomass on the landscape. 
Spatial analysis made use of the subwatershed delineation and flow analysis, biomass raster, and 
road layers described in previous sections.  Open water was taken from DNR hydrologic data.  
This shapefile was edited to incorporate several stormwater ponds in the four watersheds.  Table 
1 gives a summary of watershed parameters based on this data.  Preliminary data on street 
sweeping loads and sweeper waste material characteristics from the study, “Quantifying Nutrient 
Removal through Street Sweeping” was provided by Larry Baker, PhD and Sarah Hobbie, PhD, 
at the University of Minnesota. 
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It is important to note that the scope of analysis includes only phosphorus loads associated with 
leaf litter that falls into open water or onto street surfaces. Other sources of phosphorus, such as 
fertilizer applied to lawns and runoff; phosphorus associated with soil particles, and biomass that 
falls on other impervious surface (driveways, rooftops) is not included in this estimate. 
 
 

 
 

Table 1:  Overview of watershed characteristics 

  Crane Lake Lake Windsor Glen Lake Shady Oak 
Lake 

Watershed Parameters     

Total Area (km2) 2.33 0.81 2.26 1.25 

Open Water Surface Area 
ponds included 

0.22 0.06 0.27 0.39 

Total  Percent Impervious 45.5% 37.0% 26.6% 32.0% 

Total Length of Roads (km) 30.8 9.3 19.1 13.8 

Total Leaf Biomass (kg) 12.0 x 106 5.04 x 106 12.7 x 106 6.1 x 106 

Average Biomass Intensity 
(kg/m2) 

Open water not included 

5.7 6.7 6.8 7.1 

Lake Parameters     

Surface Area (km2) 0.18 0.04 0.25 0.36 

Subwatershed Area 
(immediate surrounding) 

0.73 0.13 0.69 0.61 

 
 
Methods of estimating leaf biomass input to lakes, streets, and storm sewers 

To estimate the amount of leaf biomass transferred to water bodies and street surfaces, 
we made use of preliminary data from a street sweeping study that the University of MN recently 
conducted in cooperation with the city of Prior Lake, MN.  In the study, the mass and nutrient 
content of coarse organic and fine (<2mm) sediment fractions in sweeper waste were tracked 
over a two-year period under regular street sweeping schedules for nine study routes.  
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Furthermore, the percent overhead tree canopy for the study routes was quantified using LiDAR 
data prepared by the University of Vermont Spatial Analysis Lab.  This allowed for analysis of 
the relationship between sediment loads on the street and percent overhead tree canopy at 
variable buffer distances from the curb.   
 
Preliminary data from the Prior Lake study shows a strong relationship between the overhead 
tree canopy along a sweeping route and sediment loading on the street.   This relationship holds 
for all loading parameter tracked in the study (total, fine and coarse organic fractions of 
sediment, and phosphorus, nitrogen and total organic carbon nutrient loads).  The relationship 
between coarse organic loads and overhead tree canopy is shown in figure 6 and for phosphorus 
loads associated with the same fraction in figure 7. 

 
Figure 6– Correlation of tree canopy and coarse organic load, Prior Lake, preliminary data 
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Figure 7 – Correlation of tree canopy and coarse organic phosphorus load, Prior Lake, 
preliminary data 
 
To apply data from the Prior Lake study to the Minnetoka cases, we first had to assume that the 
tree species and canopy distribution in Prior Lake was representative of suburbs in the greater 
Minneapolis-St. Paul metropolitan region.  A typical Prior Lake sweeping route is shown in 
figure 8 and the relationship between overhead canopy cover and distance from the curb for the 
study routes is shown in figure 9.  For most residential and light industrial areas in Prior Lake, 
the tree canopy is most dense at a distance 50 ft. or greater from the curb.  The 50 ft. distance 
represents a typical front yard, beyond which concentrated tree stands are common in Prior Lake. 
 

   
Figure 8 – Typical sweeping routes in Prior Lake, MN street sweeping study 
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Figure 9– Tree canopy cover for Prior Lake street sweeping study at variable buffer distances 
from the curb. 

 
Additionally, we needed to translate preliminary findings based on percent overhead canopy to 
estimates based on the biomass intensity.  Since biomass estimates were not developed for Prior 
Lake, this translation was a multi-step process.  First we showed that percent overhead canopy 
and biomass intensity were strongly correlated in Minnetonka.  Then we applied the Minnetonka 
relationship to Prior Lake data to estimate the biomass intensity of street sweeping study routes.  
Using the biomass intensity estimates and the known collected street sweeping loads, we could 
estimate the fraction of biomass exported to the street.  This export coefficient was then applied 
to the Minnetonka biomass data. 
 
While it makes sense intuitively that canopy density and percent canopy cover should be well 
correlated, canopy density can be quite variable over short distances and may not be well 
represented by a simple polygon shapefile.  To investigate this relationship, we clipped the same 
road layer used for road salt analysis to each watershed.  A 65 ft. buffer was applied to the roads 
to represent a 50 ft. buffer from the curb (assumes an average street width of 30 ft.).  Several 
non-overlapping, well-distributed road buffer segments of variable length were selected in each 
watershed.  This process was facilitated by retaining attributes when creating the road buffer 
which results in a multitude of individual polygons in road buffer layer.   Road buffer segment 
for the Glen Lake watershed are shown in figure 10. 
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Figure 10 - Road buffer segments in Glen Lake used in analysis of biomass intensity (left panel) 
and percent overhead canopy (right panel) relationship. 
 
To find the biomass intensity of the selected road buffer segments, we divided the total biomass 
within each segment by the segment area.  Total biomass was found using the zone statistics tool.  
To find the % canopy cover, we used the method that was used in the Prior Lake study.  The 
raster calculator was used to convert the biomass raster to a tree/non-tree data layer.  To do this 
we assigned a value of “1” in the tree canopy raster to all cells with a value >0 in the biomass 
raster.  The new raster was clipped using the road buffer segment (polygon) layer and the clipped 
raster was converted to a feature polygon layer.  The area of individual tree polygons within each 
road buffer segment was calculated in the attribute table.  By summing the areas of individual 
tree polygons within segment and dividing by the total segment area, the % canopy cover was 
found for each segment.  The results of the biomass intensity vs. canopy cover for Minnetonka 
are shown in the Figure 11.  Given the strong correlation between the variables over large areas, 
we felt confident applying preliminary results from Prior Lake to the Minnetonka case. 
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Figure 11– Relationship of biomass intensity and tree canopy cover at  a 50 ft. buffer distance 
from the curb for sampled road segments in Crane Lake (n = 18), Lake Windsor (n=9), Glen 
Lake (n=13), and Shady Oak Lake (n=12). 
 
The regression shown in figure 11 was used to estimate the aboveground biomass and the 
fraction of this biomass exported to streets during Oct-Nov for the Prior Lake street sweeping 
study routes.  This work in included in the appendices.  From the analysis, we determined that an 
amount equal to about 0.35% of leaf biomass located within 50 ft. of the curb is expected to fall 
on street surfaces.  Although export coefficient seems small, the correlation of street biomass 
loads and overhead tree canopy was strongest at the 50 ft. buffer in the preliminary Prior Lake 
data (see figure 11) and street load estimates based on this export coefficient are not 
insignificant.   
 

 
Figure 12 – R2 values for correlation of overhead tree canopy with various loading parameters 
for recovered street sweepings, Prior Lake, MN study, preliminary data. 
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Load Estimates 
Biomass loads to street surfaces and open water were found by creating 50 ft. buffers around the 
feature of interest (road surface, water body), using zone statistics to find the total biomass 
within the buffer area, and applying the export coefficient, 0.35% to the biomass total.  We also 
estimated the portions of three street loads that were transferred to storm sewers and from storm 
sewers to open water.  Based on Source we assumed that 45% of the leaf biomass load on the 
street would be transported to the storm sewer system over time.  Although this number may 
seem high, leaves on the street are subject to crushing, grinding and washing by precipitation.  
The low specific gravity of dry biomass makes it easily transportable by storm water flows.  Wet 
or compacted material re-deposited on streets will not likely be transported by wind, but small 
fragments may be washed away in storm water and spring snowmelt.   
 
Large storms are capable of flushing sewer systems so that biomass not deposited in sediment 
traps could be subject to additional transport.  Therefore, in subwatersheds with a discharge 
outlet to an area of open water, we further assumed that a portion of the biomass transported to 
the sewer system would be transported to the open water.  In this case, we assigned a value of 
25% based mainly on intuition.  It is expected that biomass transfer from streets to water bodies 
via the storm sewer systems is significantly greater in areas where there is high connectivity 
between stormwater infrastructure and water bodies.   
 
Leaf biomass loads associated with fall leaf litter drop to open water, street surfaces, and storm 
sewers are shown in table 2.  Since our analysis thus far has only accounted for leaf biomass 
expected in Oct-Nov, we included an addition estimate of biomass inputs based on annual coarse 
organic loads measured in the Prior Lake study.  In the Prior Lake study, 48% (+/- 6% at 95% 
confidence) of the annual coarse organic load was accounted for by Oct-Nov loads for all study 
routes.  We applied a value of 42% (low end of confidence interval) 
This material includes organic litter dropped from trees and shrubs year round (seed, pollen, 
husks, flowers) and well as grass clippings.  It does not include organic matter found in soils, 
which is also found in street sediments.  Therefore, these estimates are considered to be 
somewhat conservative. 
 

Table 2 - Estimated leaf biomass loads to lakes, streets and storm sewers 
 

  Crane Lake Lake Windsor Glen Lake Shady 
Oak 
Lake 

Leaf Litter Inputs, Fall only 
(kg) 
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Leaf Biomass to Lake 176 349 201 2189 

Leaf Biomass to ponds in the 
watershed 

1419 970 1181 928 

Leaf Biomass to Streets 6706 3370 5962 3671 

Leaf Biomass transferred to 
storm sewer system from 

street s 

3017 1516 2683 1652 

Leaf Biomass transferred from 
storm sewer to water bodies 

217 142 292 94 

Estimated Annual Organic 
Inputs  (includes fall leaves) 
(kg) 

    

Coarse organic inputs to the 
lake and open water 

(cannot be 
estimated 
without 

additional 
information) 

   

 (176+) 
(1419+) 

(349+) 
(970+) 

(201+) 
(1181+) 

(2189+) 
(928+) 

Coarse organic inputs to the 
street 

9522 4785 8466 5213 

Coarse organic inputs 
transferred to the storm sewer 

system 

4286 2153 3810 2346 

Coarse organics transferred 
from storm sewer to water 

bodies 

420 274 563 182 

 
Phosphorus Loads 
Once we had estimates of leaf biomass to lakes and street surfaces we estimated the phosphorous 
loads. Based on sources cited in various publications we established two methods to calculate the 
phosphorous loads in the watersheds. 
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Method 1 
 
Method 1 - fall only, phosphorus content and leaching rates based on literature review. 

Table 3 - Phosphorus inputs during fall only 

  Crane 
Lake 

Lake 
Windsor 

Glen Lake Shady Oak 
Lake 

Phosphorus, Direct Leaf Biomass 
Inputs,  Fall only (kg) 

    

Leaf biomass to Lake 0.16 0.31 0.18 1.97 

Leaf biomass to ponds in the 
watershed 

1.28 0.87 1.06 0.84 

Leaf biomass transferred from storm 
sewer to water bodies (after leaching) 

<0.01 <0.01 <0.01 <0.01 

Phosphorus, Leaching from Street 
and Storm Sewer (kg) 

    

Immediate leaching, leaf biomass on 
street 

0.64 0.32 0.57 0.35 

Subsequent leaching, leaf biomass 
retained on street 

0.35 0.18 0.31 0.19 

Long term leaching, leaf biomass in 
storm sewers 

2.26 1.14 2.01 1.24 

WATERSHED TOTAL, fall inputs 4.7 2.8 4.1 4.6 

 
 
 
Method 2 
 
Method 2 - annual, phosphorus content and leaching rates based Prior Lake study data 
 

Table 4 - Annual phosphorus inputs  

  Crane Lake Lake Windsor Glen Lake Shady 
Oak Lake 
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Phosphorus, Direct Leaf 
Biomass Inputs,  (Fall only – 
other season cannot be 
estimated) (kg) 

    

Leaf biomass to Lake 0.30 0.59 0.34 3.72 

Leaf biomass to ponds in the 
watershed 

2.41 1.65 2.00 1.58 

Phosphorus, Direct Coarse 
Organic Inputs, Annual (kg) 

    

Coarse organics transferred 
from storm sewer to water 

bodies (after leaching) 

<0.01 <0.01 <0.01 <0.01 

Phosphorus, Estimated 
Annual Organic  Inputs (Fall 
leaves included) (kg) 

    

Initial leaching  of coarse 
organics on streets 

0.49 0.24 0.43 0.26 

Subsequent leaching, coarse 
organics retained on street 

0.22 0.11 0.19 0.12 

Long-term leaching, coarse 
organics in storm sewer 

3.93 1.97 3.49 2.15 

ESTIMATED ANNUAL 
PHOSPHORUS LOAD, 
Coarse organic Sources 

7.4 4.6 6.5 7.8 

 
[ Note : The detailed step-by-step procedure followed for this method is described in Appendix B 
- Biomass and phosphorous load estimation -methodologies] 
 
Watershed data generation 
Data was provided by the City of Minnetonka; watersheds were delineated by Barr Engineering. 
After receiving the data, we noticed there was a conflict between the Crane Land and Lake 
Windsor. The two watersheds significantly overlapped and Crane Lake was a part of both 
watersheds. Appendix A- Map 12 shows the overlap between Crane Lake and Lake Windsor 
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watersheds. Two methods were used to derive watershed boundaries: the hydrology toolset 
within ArcGIS’s Spatial Analyst and hand delineation. Both methods are explained in more 
detail below. 
 
After the two methods were complete, aerial and topographic analyses were completed. Both 
methods accounted for subsurface drainage. The tools within ArcGIS allowed for “burning” 
features into the DEM such as catch basins, gravity mains, lakes, and streams. The hand 
delineation used the outlets as terminus points for sub-watersheds. 
 
Both methods produced varying results. Watersheds derived through automation had 
significantly more subwatersheds. This is due sink filling, where drainage pools and does not 
escape. The hand-delineated watersheds provide larger subwatersheds and highlight connectivity 
and flow interaction between the watersheds. Figure 2 & 3 in the Appendix compares the hand 
and automated delineated watersheds. We decided to use the hand delineation for its simplicity 
and for connectivity relationship between the subwatersheds. 
 
For the remaining watersheds, we deployed the hand delineation method. Many of the 
boundaries remained the same; the internal subwatershed boundaries deviated slightly from the 
ones provided by Barr Engineering. 
 
We did not account for error in the watershed delineation; however, we acknowledge error 
exists. Error can be introduced in a number of steps starting with the LiDAR down to the final 
basin selection.  Algorithms within ArcGIS can misstep and deliver erroneous products; human 
error can be invoked when determining the watershed boundaries from hand delineation.  
 
In the end, we used the hand delineated watershed boundaries for the simplicity. Subwatersheds 
were larger than the automated process. The connectivity relationship allowed for visualizing 
flow dynamics between subwatersheds and provided an understanding of loadings to the major 
waterbodies.   
[ Note : The detailed step-by-step procedure followed for this analysis is described in Appendix 
B - Biomass and phosphorous load estimation -methodologies] 
 
Watershed Methodology 
Alternatively, watersheds were processed using ArcGIS Hydrology toolset within the Spatial 
Analyst extension. LiDAR DEM was obtained from the City of Minnetonka of the approximate 
area of Minnetonka. For efficiency, we processed the data for Crane Lake and Lake Windsor 
watersheds. 
 
The DEM was preprocessed using the Fill tool in the Hydrology toolset; sinks were filled for 
values greater than 30 centimeters (.3 meters) of deviation. We selected this value based off of 
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the average vertical error in LiDAR DEMs. After the DEM was filled for sinks, the raster surface 
was converted to a triangulated irregular network (TIN). We decimated the nodes (reduced) in 
order to reduce the data size. This trims down the number of points, creating a smooth surface in 
areas of low relief while still keeping the data along topographic features. The TIN was 
converted to a multi-feature point file. 
 
We decided to burn features such as storm water conveyances and gravity mains to better 
represent flow paths within an urban environment. For Crane Lake, most of the gravity main 
nodes had elevation heights; we interpolated missing node elevation using downslope and 
upslope nodes. Storm water conveyances did not have elevations; therefore, we assumed a depth 
of 1.5 meters below the surface. The same method was followed for creating sinks (catch basins, 
inflow and outflow). Most of the data provided elevations. 
 
After all of the data had elevation values, the Topo to Raster tool was used in 3D Analyst. Values 
were input as points except for storm water and gravity mains; they were considered “streams.” 
The new surface now had surface and subsurface drainage. Hydrology tools were used delineate 
subwatersheds. 
 
To compare the existing watersheds with the newly created watersheds, we used the Select by 
Location tool. We selected the pre-existing watershed and polygons that were within or crossed 
the border were selected. We overlaid a contour file on the watershed boundary to find 
topographic limiting factors. Subwatersheds that fell outside of the topographic barriers were 
eliminated from the final watershed product. 
 
Alternative to the automated watershed delineation, subwatershed boundaries were manually 
delineated in ArcGIS for the Crane Lake and Lake Windsor watersheds. Using the data provided 
by the City of Minnetonka new watershed boundaries were created by inspecting and processing 
the flow direction attributes (elevation contours and stormwater conveyances) and subsurface 
routing (gravity mains, inlets, and outlets).  Subwatershed areas were found in  determine the 
square area that was flowing to individual water bodies within the Crane Lake and Lake Windsor 
watersheds. The new watersheds for each water body were outlined using a polygon shapefile so 
that the area of the watershed could be obtained.  The problem of spatial overlap was not a 
concern for the Glen Lake and Shady Oak Lake watershed.  For these watersheds, a simple 
inspection of subwatershed boundaries was performed using the methods described above. 
 
We confirmed the subwatershed boundaries for each watershed; a simple flow analysis was 
completed.  Based on the flow direction attribute in the stormwater conveyance shapefile, the 
routing pattern of stormwater drainage was characterized.  Each subwatershed was assigned a 
“flows to” attribute identifying the subsequent subwatershed in the stormwater flow path.  This 
attribute was used to build a connectivity web to the lake of concern in each watershed.  We 
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assigned the lake of concern a connectivity value of “1”, subwatersheds draining directly into the 
lake were assigned a connectivity value of “2”, those draining into connectivity 1 subwatershed, 
were assigned a connectivity value of “3” and so on until all subwatershed connected to the lake 
of concern by surface flow or stormwater conveyance were identified.  We determined 
stormflow routesIn this way, subwatersheds with stormwater flows routed out of the watershed 
were eliminated from the management area.  This was done because surface flows from these 
areas are not expected to contribute to pollutant loading for lake of concern in each watershed. 
[ Note : The detailed step-by-step procedure followed for this method is described in Appendix B 
- Generation of watersheds-methodologies] 
 
Generation of impervious Surfaces 

Impervious surfaces such as roads and parking lots can be significant transportation 
pathways for storm water drainage and carrying nutrients within a watershed. We evaluated the 
impervious surfaces within each watershed by analyzing both land cover and roads data. The 
land cover data are from the Minnesota Land Cover Classification System (MLCCS) and were 
obtained from the Minnesota Department of Natural Resources. These data classify vegetative 
and impervious land cover based on aerial photography and field confirmation. We used roads 
data from OpenStreetMap for this analysis. 
 
To analyze the land cover data, we assigned each polygon with an impervious rating based on 
the average percentage impervious surface within that polygon. Since each polygon in the 
MLCCS data is described by an estimated range of impervious cover, we used the median value 
of the range as the impervious attribute (for example, a range of 51-75% impervious was 
converted to an impervious rating of 0.63). Polygons described as pavement were assumed to be 
100% impervious and were assigned an impervious rating of 1. 
 

Table 5. Impervious rating assignment 

INPUT OUTPUT: Impervious 
Rating 

CARTO<11 or CARTO>15 0 

CARTO=11 0.05 

CARTO=12 0.18 

CARTO=13 0.38 

CARTO=14 0.63 

CARTO=15 and FLD_CODE<14121 0.83 
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CARTO=15 and FLD_CODE=14121 or 
FLD_CODE>14122 

0.95 

CARTO=15 and FLD_CODE=14122 1 

 
To analyze the impervious surface from the roads data, we analyzed the number of lanes for each 
road segment as described in the road salt analysis. Each segment was assigned a buffer distance 
by multiplying the number of lanes by an estimated lane buffer of 7 feet. The estimated lane 
buffer distance was chosen from visual inspection of the roads layer over an aerial photograph. 
We performed a full buffer on each polyline using the calculated buffer distance, so that each 
lane has a final impervious width of 14 feet. 
       
We performed a union of the impervious surface analysis from the MLCCS and roads data in 
order to evaluate the impervious surface within each watershed. Each polygon was assigned a 
final impervious value equal to the larger impervious rating from the two data sets. The final data 
were clipped to each watershed boundary and dissolved on the final impervious attribute to 
create the final maps (Appendix A-Maps  6 and 7).  
 
In order to identify potentially significant areas to nutrient and water transport, we selected 
polygons with an impervious rating greater than 0.75 and created a 50 foot buffer. In the 
situation that the created buffers overlapped, we selected the buffer created from the polygon 
with the highest impervious rating. These areas are identified as potential focus areas for 
management practices.  
 
Total impervious surface within each watershed ranged from 26.6% in Glen Lake to 45.5% in 
Crane Lake. As seen in appendix A- Maps 6 and 7, areas with the most impervious surface tend 
to be clustered within the watersheds, with the exception of Lake Windsor, where the impervious 
surface appear to be more widely and less densely distributed across the catchment. This 
clustering pattern is indicative of urbanization, but it also allows for focused management efforts 
to effectively target problem areas. 
[ Note : The detailed step-by-step procedure followed for this method is described in Appendix B 
- Generation of impermeable surfaces-methodologies] 

 
Road salt load estimation 

The road salt analysis required data from the City of Minnetonka. The City stated that, 
within a 1,000 foot buffer of each major lake, the following amount of salt was used: Shady Oak 
Lake-113,974 pounds, Crane Lake-73,576 pounds, Glen Lake-70,180 pounds, Windsor Lake-
250,568 pounds. However, for the analysis, we are interested in more than a 1,000 foot buffer, so 
we completed some preliminary calculations. We used the following data for our road salt 
analysis: road center lines, land use, and watershed boundaries. The source of the road data was 



 29 

http://cloudmade.com/ website. We chose this data set because we had some problems with the 
Tiger Lines. However, we compared the two data sources and there were no differences, so we 
chose to continue using the road source from Cloud Made. The land use data was obtained from 
the Minnesota Department of Natural Resources and the watershed boundaries were obtained 
from the City of Minnetonka. From the watershed analysis discussed above, we created a column 
'connect' and numbered 1 through 7 based on the proximity of the area from lake. For our 
preliminary calculations, we determined the average pounds of salt per road mile over the four 
watersheds. The road center lines included stairs, bicycle trails, and foot trails, which we deleted 
as these types are not salted by the city. We also deleted any other roads that were not municipal 
roads (as any other roads are not salted by the city). Using the land use data, we determined 
which polygons encompassed the lake of interest in each watershed. We extracted these 
polygons, and used them to calculate a 1,000 foot buffer around the lake of interest. Figure 13 
shows the Glen Lake Watershed (maroon), with a 1,000 foot buffer, seen in light gray, around 
the lake (blue).  

 
Figure 13 - Glen Lake, 1000 ft. lake buffer 

 
We then clipped the roads to the buffer. This was done because the salt data we had was only for 
a 1,000 foot buffer from each lake. Figure 14 shows the 1,000 foot buffer with the roads. To 
calculate the average salt per meter, only the roads within the buffer were used.  
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Figure 14 - Glen Lake, roads within 1000 ft. lake buffer 

 
Using the given city data we calculated an average road salt amount in pounds per meter, 

as detailed in the Road Salt Methodologies and applied it to all watersheds.  
Our final calculations included any and all roads in the watersheds, because we are 

concerned about the overall health of the watersheds, we took the derived average salt pounds 
per meter and applied it to all the roads. For further analysis we considered two factors, number 
of lanes and amount of traffic, to determine intensity of application of road salt for a given road. 
From assumptions derived from a research5 presented at a conference, we assumed that the 
amount of salt that would reach the lake of interest based on its proximity to the lake. For 
example, if the subwatershed had a connect “1” we concluded that 55% of the salt will reach the 
lake. As the connect value increased (indicating increasing distance from the primary 
subwatershed), the percentage of salt reaching the lake decreases. The final output is a map 
consisting of the lake, subwatersheds and the roads classified into three classes based on their 
contribution of high, medium, and low amounts of salt to the lake named as High, Medium and 
Low. The final maps are given in the Appendix A, Maps 8,9,10 and 11. 

As our assumptions regarding the percentage of salt reaching the lake, is different for 
different conditions of environment and also differs with difference in flow patterns and 
treatments of intermediate catch basins, we succeeded only to give a method of estimation of 
road salt pollutants reaching the lake in a watershed. This method is more accurate if we can 
calculate all the uncertain parameters through consistent study of water bodies over a period of 
time. Due to lack of sufficient time and data we were not able to provide accurate numbers from 
our project. 

 
[ Note : The detailed step-by-step procedure followed for this method is described in Appendix B 
- Road salt load estimation -methodologies] 

                                                
5 Road	  salt	  and	  environmental	  hazards	  -‐Identification	  of	  vulnerable	  water	  resources,	  Kjersti	  Wike	  Kronvall,	  
Norwegian	  Public	  Roads	  Administration	  (NPRA),	  presents	  at	  11th	  Urban	  Environment	  Symposium,	  19	  Sept.	  2012	  
Karlsruhe,	  Germany	  
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Figure 15 –Final output for Glen Lake showing the lake in blue, the subwatersheds in light grey 
and the roads in three colors based on their classification into high, medium and low amounts of 
salt 
 
Conclusion 
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Appendix B (Methodologies) 
 
Generation of Watersheds- Methodologies: 
  
Watershed generation using Archydro tools,   

1.       Clip raster the LiDAR DEM to the approximate area of the watershed in question. 
2.       Fill the DEM .3m, this represents the standard vertical error in LiDAR datasets. 
3.       Convert the raster to TIN (Triangulated Irregular Network), time consuming. 
4.       Decimate TIN nodes. This is basically thinning the TIN. For the tolerance values can 

range between .3 and .5, it’s up to you. 
5.       Convert TIN into nodes (multipoint feature dataset), be time consuming. 
6.       Convert multipoint feature into single point feature, time consuming 
7.       Add Z value to single point features. If it will not let you add z value, open the attribute 

table, add field and calculate z. The z coordinate is kept as a ghost file throughout the 
process. 

8.     Topo to Raster, add the following: catch basins (MAY HAVE TO ADD ELEVATION 
DATA TO POINT AND LINE FILES, CHECK BEFORE RUNNING TOPO TO 
RASTER) (check for “0” values and fix, list as sink), outlets (quality control check), 
storm water conveyance (stream), and lake polygon (lake). This will take some time to 
run. 

9.     After the raster surface is complete, fill the DEM again. This will reduce the number of 
micro watersheds; fill .5m. 

10.   Calculate flow direction. 
11.   Calculate flow accumulation. 
12.   Determine threshold for flow accumulation, use raster calculator. Some playing around 

may be necessary. 
13.   Determine stream link, this will give nodes to the stream. 
14.   Watershed: use stream link nodes for the pour points and add flow direction. 
15.   OR run Basins and this will output all of the watersheds in the DEM area. 
16.   Convert the Raster to a contour map. 
17.   Select by Location: Select the pre-existing watershed boundary and use centroid as the 

selection method. 
18.   Export and/or compare the topographic boundaries to the derived watershed. Some 

editing may be required. 
Culvert/Storm water conveyance 
1.       Get surface information if there is not elevation data, assume the depth of 1 to 1.5 

meters. 
2.       Convert 2D feature to 3D feature. 
3.       Make sure the elevation data is in meter, NOT FEET. May have to use conversion. 
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(This watershed data was generated by Hagen Kaczmarek, please feel free to contact him for 
further information. Contact info: kaczm013@umn.edu ) 

  
Manual Watershed Delineation 
 
1.      Loaded the following shapefiles into a blank map document for Crane Lake and Lake 

Windsor 
a.       Aerial 
b.      CatchBasin 
c.       DischargePoint 
d.      GravityMain 
e.       InletPoint 
f.       Manhole 
g.      Stromwaterconveyances 
h.      Watersheds 

2.      Created a new polygon shapefile 
3.      Manually delineated the map into watersheds using the new polygon shapefile  based on 

the following criteria 
a.       Elevation contours 
b.      Stormwater catch basins and flow direction 
c.       Existing watershed boundaries 

4.      Used the stormwater conveyance layer to determine the flow directions of the manually 
delineated watersheds and put this information into an excel worksheet. 

(This method was generated by Karen Bogg, please feel free to contact her for further 
information. Contact info: hafn0034@umn.edu ) 

 
Generation of Impermeable Surfaces- Methodologies: 
Impervious surface generation 
 
1.Clip the land cover (MLCCS) vector layer and the roads vector layer to the approximate area 

of the watersheds in question. Convert to Hennepin County coordinate system, if necessary. 
2.Analysis of MLCCS vector layer: 
 a. Add “Impervious” attribute field (float type) 
 b. Start editing session and calculate impervious rating using the field calculator: 
CARTO<11 or CARTO>15 → Impervious=0 
CARTO=11 → Impervious=0.05 
CARTO=12 → Impervious=0.18 
CARTO=13 → Impervious=0.38 
CARTO=14 → Impervious=0.63 
CARTO=15 and FLD_CODE<14121 → Impervious=0.83 
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CARTO=15 and (FLD_CODE=14121 or FLD_CODE>14122) → Impervious=0.95 
CARTO=15 and FLD_CODE=14122 → Impervious=1 
3.Analysis of roads vector layer: 
 a. Add “Lanes” attribute field. Calculate values using the same methods as in the road salt 

analysis. 
 b. Add “Roads” impervious attribute field and set equal to 1 
 c. Overlay the roads vector layer over an aerial photograph and visually estimate the 

average lane width within the watershed. In the Minnetonka watersheds the average land 
width was 14 feet. 

 d. Add “Buffer” attribute field and set equal to half of the lane width (7 feet). 
 e. Add “Buff_lanes” attribute field. Use the field calculator to set the field equal to “Lanes” 

* “Buffer”. 
 f. Buffer road polylines on field “Buff_lanes” (full buffer, end type=flat, dissolve 

field=Roads) and export to roads_impervious shapefile. 
4.Final analysis and calculations: 
 a. Perform a union of the MLCCS and roads impervious layers 
 b. Clip the resulting file with the final watershed boundary of the area of interest. 
 c. Add “Final” attribute field and set equal to the maximum impervious rating. In order to 

do so, first set “Final” equal to “Impervious”. Then, select all polygons where “Roads”=1 
and set “Final”=“Roads”.  

 d. Dissolve polygons on the attribute “Final” with no multi-part features 
 e. Use the calculate geometry tool to find the area of each polygon and multiply by the 

“Final” impervious rating in order to calculate the area of impervious surface in each 
polygon. 

 f. Divide the sum of all impervious surfaces by the sum of all polygon areas in order to find 
the total percentage impervious surface within the watershed. 

5.Identification of priority management areas: 
 a. Select all polygons where “Final” = 0.83, “Final” = 0.95, and “Final” = 1 and create a 50 

foot buffer on each set of polygons.  
 b. Create a union of the three buffered layers. 
 c. Create a “Buffer” attribute and set equal to the max value for “Final”, then dissolve on 

the “Buffer” field 
(This method was generated by Jane Mazack, please feel free to contact her for further 

information. Contact info: louws002@umn.edu) 
 
Biomass and phosphorous load estimation-Methodologies: 
Biomass estimation in watersheds  
Phosphorous load estimation 
 
Road Salt load estimation- Methodologies: 
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Road salt analysis- initial calculations 
 
1.   We added the following data to ArcMap: Road center lines 

(http://downloads.cloudmade.com/), Land Use (MN DNR), Watershed boundaries (City of 
Minnetonka) 

2.   The road center lines data encompasses all of Ramsey County. To clip the data, we created 
a polygon layer with a polygon that encompasses the area of study. Then we used the Clip 
tool to clip the road layer. 

3.   From the clipped Road center lines, inspect the different types. For this analysis, we found 
the following types were unnecessary: Path, Cycle, Foot/Trail, Road, and Steps. You can 
use the Select by Attribute tool or select manually in the attribute table and then delete the 
selected fields. 

4.   Inspect the Land Use data, from this data, determine which polygon composes the 
boundary of Shady Oak Lake. Select this polygon, and then export the selected data, 
ShadyLakepoly. Add this exported data to the data frame. This will be used to calculate the 
buffer. 

5.   We used the Buffer tool to calculate a 1000ft buffer, from the polygon, ShadyLakepoly and 
named the buffer, ShadyLBuffer. 

6.   Use the Clip tool to clip the Road center lines using the ShadyLBuffer. These roads are the 
roads that we have salt data for. Name the clipped data, ShadyRdBuffer. *Inspect the new 
roads, we are only interested in the municipal roads for this calculation, any other roads 
should be deleted. For example - interstates, county roads and US highways. Our data only 
pertains to municipal roads. For our final calculations, we will be including the interstates, 
county roads, and US highways. 

7.   Add a new field in the attribute table to ShadyRdBuffer. This field will be used to calculate 
the length of the roads. The new field type should be float. Name the new field, LengthM 

8.   Right click the name of the new field, and select Calculate Geometry. Calculate the length, 
in meters, of the road sections based on the coordinate system of the data (coordinate 
system should be Hennepin County). 

9.   Right click the name of the new field, and select Statistics. From the new screen that pops 
up, record the number after Sum. This number is the total meters of all the road sections in 
the ShadyRdBuffer. For Shady Oak Lake, the total meters is 6,203. *Because trucks have to 
salt all the lanes of the roads, this total number of meters should be multiplied by 2. We 
assumed that the majority of municipal roads in our area of interest are only 2 lanes. So the 
total number of meters for Shady Oak Lake is 12,406. 

10.  To determine the amount of salt per meter, we will do a simple calculation. In the email 
from Liz, we were given that the total amount of salt used in a 1000ft buffer of Shady Oak 
Lake is 113,974 pounds. This amount only includes the salt used on municipal roads. 
Divide the pounds from the total number of meters. 
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11.  113,974/12,406=9.187lbs/m 
*This is the end of the process for one watershed.* 

12.  We will follow steps 2 through 8 for the rest of the watersheds. Here are the final 
calculations that were done in step 8 for each: 

Shady Oak Lake: 113,974lbs/12,406m=9.187lbs/m 
Crane Lake: 73,576lbs/13,148m=5.596lbs/m 
Glen Lake: 70,180lbs/13,136m=5.343lbs/m 

Lake Windsor: 250,568lbs/11,616m=21.569lbs/m 
 13.  As the pounds/meter obtained from the calculations above are very different for different 

watersheds, we decided to take an average of the four and use this average for our further 
calculations. We determined, on average, the city will use 10.424lbs/m when salting the 
roads. Because we are interested in the whole watershed and not within a 1000 foot buffer, 
we used the average calculated above. 

    
Road salt analysis - Final Calculations 
*The following directions are for one area of interest, these same directions can be followed 

for the other areas; repeat these steps for another area of interest. 
  
14.  Clip the Roads center lines to the watershed of interest using intersect tool. Thus, the roads 

are clipped to the sub-watersheds delineated by our teammate Paula based on the means of 
drainage of the roads into the specified lakes and also the table of watershed is joined to the 
table of roads automatically. 

15.  Add the following fields to Roads center lines, keeping all defaults on precision/length. 
Add the fields in the order listed, directions are as follows: 

a. LengthM - float: Using the Calculate Geometry tool, calculate the length of the 
road sections in meters. 

b. Lanes - short integer: Most lanes are already assigned. However, some lanes are 
left blank. Assign the appropriate number of lanes. Aerial images can be useful 
when assigning number of lanes in areas not familiar. 

c. LengthT - float: Use the Field Calculator to populate numbers for this field, type 
in the following statement: [LengthM]*[Lanes] (This will populate the LengthT 
field with the total number of meters a truck will drive when salting.) 

d. RdSalt - float: Use the Field Calculator to populate numbers for this field, type in 
the following statement: [LengthT] * 10.424 (This field will show the number of 
pounds of salt used on each road.) 

e. Traffic - short: This is our way of determining which roads may receive a higher 
dose of salting. For example, an interstate may receive 3 times more salt that a 
municipal road. So, we created the following Traffic Factors: 

i. Unclassified, Residential: 1, these roads are often neighborhood roads or 
frontage roads. They receive less traffic, and have a slower speed limit. 
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ii. Secondary, Secondary-link, Trunk, Trunk-link: 2, these roads are often 2 
or 4 lanes. They have a higher speed limit, typically 55 or 65mph. They 
also have more traffic. 

iii. Motorway, Motorway-link, Trunk, Trunk-link: 3, these roads are heavily 
traveled. The speed limits can range from 55-70mph. These roads are used 
for morning/evening commute. 

f. Salt - float: This field designates the areas of high salt application and low salt 
application. To the user, the numbers do not mean anything. Only be concerned 
with how high or low the numbers are. To populate this field, use the Field 
Calculator with the following statement: [RdSalt]*[Traffic] 

 
16.  Once these fields and calculations are complete, we proceeded to the Transport attribute 

column. As mentioned before, we are concerned with high numbers. These high numbers 
mean that there are high amounts of salt and high traffic. While areas with high traffic may 
need more amounts of salt, we can look at the flow analysis. From this comparison, we can 
determine areas that have a high flow rate and have a high value in the Salt attribute. 

 17. We then added another field called: Transport - float.    
 This field shows the amount of road salt transported into the lake based on the location of 

the road with respect to the lake. This field was calculated by multiplying the field salt by 
the percentage depending on the connect value.  

a) -If the road is located in connect 1 it carries only 55% of 'Salt', 
b) -If the road is located in connect 2 it carries only 50% of 'Salt', 
c) -If the road is located in connect 3 it carries only 40% of 'Salt', 
d) -If the road is located in connect 4 it carries only 30% of 'Salt', 
e) -If the road is located in connect 5 it carries only 25% of 'Salt', 
f) -If the road is located in connect 6 it carries only 10% of 'Salt', 
g) -If the road is located in connect 7 it carries only 5% of 'Salt', 

(This analysis was done by Gayatri Alapati and Molly Wynia, please feel free to contact them for 
further information. Contact info: Gayatri Alapati - alapa005@umn.edu, Molly Wynia - 
wyni0014@umn.edu ) 
 


