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Background

Road features have both positive and negative ecological effects on their surroundings (Forman,
2000; Hawbaker and Radeloff, 2004). While roads provide transportation for people and goods, a
significant impact of concern for rural roads is an increase in the number of road-stream
intersections, which can cause fish passage issues, impact in-stream habitat, and effect stream
sedimentation (Gibson et al. 2005, Trombulak and Frissell, 2000; Jones et al. 2000). Rural roads in
forested areas also increase peak discharge rates, often increasing the discharge rates by 50-100%
in 50 years for small and large watershed, respectively (Tinker et al., 1998; Jones and Grant, 1996).
This investigation builds from PI Brooks’s experience with analyzing land use and road density
impacts on salmonid instream habitat quality in California (Opperman et al. 2005).
The goal of this project is to demonstrate how multi-temporal imagery from different data sources
can assist in the identification of road segments in forested watersheds and help with
incorporating an updated and improved roads data set into ecological assessments, especially
related to fish passage and in-stream habitat quality. Through incorporation of the elements of
image interpretation (Olson, 1960), leaf-on and leaf-off imagery will be analyzed to identify
forested roads, which preliminary investigation in Michigan’s Upper Peninsula by the project team
have shown that as few as 1/7 of the roads in these watersheds are captured by existing GIS
layers. This improved dataset will be further analyzed to indicate any location where a road and
stream intersect and compared to existing roads data layers.

Initial Test Study: Lake Gogebic
According to MiGDL’s “all roads” version 13a layer,
there are approximately 15.50 miles of roads in the
Lake Gogebic region of interest (Figure 2). However,
with a closer analysis of aerial imagery, it was evident
that additional roads existed within the catchment
areas. Using multi-temporal aerial imagery and the
elements of image interpretation (Olson, 1960),
Michigan Tech Research Institute (MTRI) analysts
were able to create an update to the MiGDL “all
roads” version 13a layer, including highways, county,
and private roads (Figure 2).

The number of road-stream crossings also increased due to the increase of road features
digitized by MTRI. As of August 11, 2014, there are 1,704 road-stream crossings within the
Black-Presque Isle watershed (Table 4). Combined with the original road dataset that
included 372 crossings, the total updated crossing number is 2076, which equates to a
458.10 percent increase. For individual sub-watersheds, the percent increase ranges
between 100.00 – 2,400.00 percent (Figure 4).

Digitized road features were ranked by an associated
level of confidence. Road features digitized using the
2012 NAIP imagery in ArcMap were primarily ranked
“high” due to their element based differences as
compared to their surroundings. Google Earth
digitized road features were either ranked with a
“medium” or “low” level of confidence, due to the
fact that these roads had to have multiple elements
or dates of imagery associated with each feature
used in the analysis in order to be determined a
forested road. Statistics concerning each catchment
were calculated, resulting in a total percent increase
of 647.20% between the original and updated roads
datasets (Table 2).
Table 2. Statistics showing the percent increase of
road mileage for each catchment.

Figure 1. The Black – Presque Isle and Sturgeon watersheds are the
areas of concentration for this analysis.

Study Area and Methods

The Black - Presque Isle and Sturgeon watersheds are located near Upper Michigan’s Keweenaw
Peninsula (Figure 1). Combined, the watersheds drain 1,119,550 acres with 5,620 miles of
streams, eventually emptying into Lake Superior. Demand for lumber from the building and
mining industries led to extensive logging, resulting in a network of unmapped roads. Road
surfaces effect watershed health by introducing impervious surfaces, increasing runoff, modifying
stream hydrology and geomorphology, and damaging aquatic and benthic habitat. Therefore,
mapping road-stream intersections (RSIs) is an essential factor in a watershed health analysis and
will incorporate high-resolution National Hydrography Dataset (NHD) river data.

Figure 2. A mapped original
roads dataset (top) as compared
to the updated dataset created
by MTRI.

Results

As of August 11, 2014, MTRI analyst have digitized an additional 1,462.70 miles within the
Black-Presque Isle watershed (Figure 3, Table 3). When combined with MiGDL’s and the Forest
Service’s original mileage of 864.70, the total mileage equates to 2,327.40, which is a 169.20
percent increase. For individual sub-watersheds, the percent increase ranges between 21.70% –
627.90% .

Both watersheds were broken down into a total of 56 sub-watersheds at the HUC 12 level (USDA
Natural Resources Conservation Service). To prevent redundancies, roads layers from the
Michigan Geographic Data Library (MiGDL) (v13a) and the U.S. Forest Service (USFS) were applied
prior to digitization (Table 1). Roads were digitized using multi-temporal and spatial resources,
utilizing 2012 National Agriculture Imagery Program (NAIP) imagery, 2011 ESRI World Imagery,
and U.S. Department of Agriculture (USDA) imagery available in Google Earth from 1992, 1998,
2005, 2006, and 2011. Confidence levels of “high”, “medium”, or “low” were assigned to each
road segment, based upon the digitizer’s observations. A python script incorporated data from
NHD, MiGDL and USFS road layers, and the digitized layers from ArcMap and Google Earth. The
script returned the updated road mileage and the total number of RSIs, which was then
compared to the original MiGDL and USFS roads data.

Area (Acres)

Stream Length
(miles)

MiGDL Roads
(miles)

Forest Service
Roads (miles)

Black – Presque
Isle

652,398.74

4,202.36

946.02

556.04

Sturgeon

467,151.55

1,417.98

910.99

678.46

1,119,550.29

5,620.34

1,857.01

1,234.50

Total

Table 3. Statistics that indicate the percent increase in mileage for two select subwatershed and the current completed analysis.
Subwatershed
Name

MiGDL
(Miles)

Forest Service
(Miles)

Total
Mileage

Updated
Mileage

Updated
Total Mileage

Percent Increase
in Mileage

Copper Creek

9.10

4.10

13.10

82.40

95.50

627.90

Harris Creek

32.30

5.60

37.90

109.10

147.00

288.00

Completed Analysis
(as of 8/11/2014)

443.50

421.20

864.70

1,462.70

2,327.40

169.20

Table 4. Statistics that indicate the percent increase in road-stream intersections for two
select sub-watershed and the current completed analysis.
Subwatershed
Name

# of Road-Stream
Intersections

Updated # of RoadStream Intersections

Total Updated Road- Percent Increase RoadStream Intersections Stream Intersections

Copper Creek
Harris Creek
Completed Analysis
(as of 8/11/2014)

4
0

32
24

36
24

800%
2400%

372

1,704

2,076

458%

Next Steps and Future Implications

For the remainder of the project, MTRI analysts will continue to use multi-temporal imagery
to digitize forested road segments. In addition, ground point verification will be conducted at
selected forested road segments exhibiting each level of confidence, with a higher
concentration of low level segments. This will aid in understanding what characteristics exist
within each level of confidence.
While examining the multi-temporal imagery, MTRI analysts determined that NHD hydrologic
features were incomplete. A case-study will be conducted within selected sub-watersheds.
This will involve a similar methodology to mapping road segments, but will focus on
incorrectly or unmapped river systems within the NHD dataset. Statistics that are similar to
this analysis will also be calculated.

Table 1. The breakdown of area, stream length, and existing MiGDL and USFS
roads for each watershed.
Watershed

Figure 4. Select sub-watersheds maps showing the difference between an
original (top) and updated (bottom) roads data set.

Figure 3. An original road dataset (top) as compared to the
current completed analysis (bottom) for the Black – Presque
Isle watershed.

Many studies rely heavily on road data, wherein accuracy is key (Hawbaker and Radeloff,
2004). Road impacts include:
• Watershed health impairment
• Species composition, diversity, and habitat (Tinker et al, 1998; Saunders et al, 2002;
McGarigal et al, 2001; Heilman et al, 2002; Liu et al., 2008).
• Facilitation of invasive species movement (Parendes and Jones, 2000)
• Expediency of disturbance and land-use and land-cover change (Pedlowski et al., 1997;
Wear and Bolstad, 1998).
• Native fire regime (Cardille et al., 2001).
Therefore, accurate road data will be pivotal to a variety of future studies.
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