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Abstract

The area with the fastest growing Native American population in North Dakota is the Fort Berthold
Reservation. State and federal road information available to the public is not identical in terms of
the number of physical road segments or in the attribute information provided for the road net-
work. In this study we develop: 1) a navigable road network achieved by improving connectivity
among road segments, updating road information, and making a comprehensive network; and 2) a
standard process for integrating the state and federal local road information. The standard
process broadly consists of three Parts: 1) combining road segments from each source; 2) provid-
ing legitimacy to snapping distance; and 3) performing a snapping based on the result of Part 2 to
connect those road segments, which remained unconnected from Part 1. The findings show that
data on local roads on the Fort Berthold Reservation from the two different sources are joined
through the standard process, and the process saves considerable time and resources required for
fixing the road network. The standard process that has been developed here can be applied to a
variety of other Indian road information integration projects to join not only physical road seg-
ments, but also plural attribute information. The process will also be useful for a variety of other
projects integrating road information, which is available to the public, in order to overcome finan-
cial and time limitations.
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1. Introduction

As of 2013, 2.9 million residents in the United States are identified as Native Americans and Alaska Natives,
and the population growth rate of them is much faster than that of the total US population. From 2000 to 2010,
the Native American and Alaska Native population in the United States has increased by 18.4 percent, while the
growth of the total US population was 9.7%. During that same time, the Native Americans and Alaska Native
population in North Dakota grew 16.8 percent [1].

North Dakota Native American reservations include five tribes: Three Affiliated Tribes (Mandan, Hidatsa,
and Arikara), Spirit Lake Tribe, Standing Rock Sioux Tribe, Turtle Mountain Band of Chippewa, and Sisseton-
Wahpeton Oyate [2]. According to United Census Bureau [3], the Fort Berthold Reservation with Three Affi-
liated Tribes is where the fastest growth of Indian population in North Dakota occurred from 2000 to 2012, in-
creasing from 3799 to 4275 by 11.1%.

The Fort Berthold Reservation is situated on the Missouri River and includes parts of six counties, McLean,
Mountrail, Dunn, McKenzie, Mercer and Ward as shown in Figure 1. The completion of the Garrison Dam
construction and the resulting creation of Lake Sakakawea in 1953 caused the Three Affiliated Tribes to move
into the uplands or move off the reservation, significantly impacting the lifestyles of the farmers and hunters on
the reservation. In 1988, the Indian Gaming Regulatory Act was passed by the US Congress to support the eco-
nomic stability of the Indian tribes. As a result, the Four Bears Casino and Lodge on the Fort Berthold Reserva-
tion was constructed in 1993 and 90% of the employment was tribal Indians. Currently, recreational and histori-
cal facilities are organized to preserve the Three Affiliated Tribes’ culture, and there are a few manufacturing
firms which provide members of the Three Affiliated Tribes with job opportunities [4] [5].

Commercial deregulation on Indian reservations, an increase in federal and state funding, and the recent oil
boom in the Bakken oil field have had an important positive impact on sustainable social and economic devel-
opment on the Fort Berthold Reservation. Sustainable development requires well-established basic road infor-
mation, which provides the basis to make improvements in ambulance services, emergency dispatch service,
land use management as well as transportation planning [6].

Tribal roads are the primary transportation infrastructure connecting local non-tribal residents and Indian res-
idents for residential, commercial, and social purposes [7]. In 2003, Leichenko [8]] concluded that transportation
information plays a significant role in explaining income change across American Indian tribal areas. However,
in the Fort Berthold Reservation, current road information is not consistent for state local roads between the
North Dakota GIS Hub (ND GIS Hub) and federal local roads from the Topologically Integrated Geographic
Encoding and Referencing (TIGER®) products provided by US Census Bureau. These two official websites
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Figure 1. Geographic location and roads of Fort Berthold Reservation.
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are public sources for road information on the Fort Berthold Reservation, but each has similar, but not com-
pletely identical road information. Physical road segments in the ND GIS Hub are fewer compared to the US
Census Bureau TIGER® as shown in Figure 2 and Figure 3. Note that ND GIS Hub shows more road attribute
information. For example, ND GIS Hub provides a variety of road attributes: route functional class, surface type,
street name, surface direction, road length, etc., while TIGER® has some information about street name and
route type. Figure 2 and Figure 3 below depict each of local loads coming from the two different sources. As
shown in the Figure 2 and Figure 3, local roads information from the US Census Bureau TIGER® has more
road segments than the information from the ND GIS Hub.
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Figure 2. Local roads from ND GIS Hub.
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The objectives of this paper are to develop 1) a navigable road network on the Fort Berthold Reservation by
improving connectivity among road segments, updating road information, and developing a comprehensive
network; and 2) a standard process to integrate the state and federal local road information. The remainder of
this study is organized as follows: Section 2 discusses methodology to make a standardized integration process,
and Section 3 includes a discussion of attribute tables and its construction. Sections 4 and 5 present and discuss
the results and conclusions.

2. Methodology

Geographic Information Systems (GIS) provides a useful tool for geographic visualization and analysis of the
road network [8]. Traditional methods of road design and data management have been changing because of the
progress that has been made in applying GIS techniques to road transportation management and the increasing
access to user-friendly GIS software by transportation planners [9]. In a report on the Bakken oil field develop-
ment’s impact on Montana State Highways, Dybing et al. [10] developed a geospatial production database of
road transportation affected by the oil boom in North Dakota. They located inputs to oil production and their
product movements to develop a routable GIS model after applying individual geographic shape files to maps,
which do not have overlapped segments and attribute information.

However, integrating road information for the Fort Berthold Reservation is a more complicated situation. The
local road information from the two official sources should have the same geographic locations and attributes,
but are not identical. Consequently, the process of integrating data from the two sources manually takes a long
time: TIGER® has 11,296 road segments on the Indian Reservation and ND GIS Hub has 1607, and the time re-
quired to edit and append one integrated road line is approximately 30 minutes. The total number of road lines
that need processing is 9689 road segments (=11,296 — 1607 road segments) because we have to cut a road line
from TIGER® and paste it to ND Hub which has more road attribute information. The time required to manually
edit these 9689 road segments is 20 to 21 months (605 8-hour days). This effort is limited by financial and time
constraints. Thus, this paper develops a standard process for integrating two different types of tribal road data
sets.

Three Steps for the Standard Process

The standard process for the integration of road network developed in this study uses the GIS software ArcMap
10.1 and its geoprocessing tools. The process broadly consists of three Parts: 1) combining road segments from
each source; 2) providing legitimacy to snapping distance; and 3) performing a snapping based on the result of
Part 2 to connect those road segments which remained unconnected from Part 1.

In Part 1, as illustrated in Figure 4, we establish an ideal buffer of 20 m in ND Hub through a repetitive expe-
riment using various buffer sizes, e.g., 10 m, 20 m, 30 m, and etc. for selecting the overlapped roads in TIGER®.
Following a Select Location and a Definition Query, road segments from the overlapped TIGER® road segments
are selected: 1) we select a target layer of TIGER® road based on a source layer equivalent to a 20 meter buffer
in ND Hub road; 2) a new field column named “Selected” in the attribute table of TIGER® roads is made and
overlapped segments are marked as “Overlapped”; and 3) non-overlapped segments are selected through the
Definition Query: “Selected” is not equal to “Overlapped”.

In Part 2, as illustrated in Figure 5, ND Hub road segments and TIGER® road segments from the buffer area
are appended. This resulting road layer shows a “non-planar” characteristic, which means at some locations a
line passes over or under another line segment. To solve this, it is necessary to make nodes at each line crossing
by: 1) intersecting the appended roads layer from the two inputs to make intersections of road points; and 2)
splitting the appended roads layer at the intersected road points through a Split Line at Point. Using the new
nodes, the split roads layer performs a Feature Vertices to Points to make dangled road points which are any be-
ginning or ending points of the split roads segments. We test a hypothesis to provide legitimacy to the snapping
distance of unconnected road segments left after Part 1. This is performed through a Spatial Join (target feature:
dangling nodes, join feature: split roads layer):

Hq: A dangling node is connected with a road line of the split roads layer through the spatial join.

Hi: A dangling node is connected with two or more road segments of the split roads layer through the spatial
join.

If Hy is not rejected, then a dangled point is a start point or an end point. Otherwise, a dangled point has the
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Figure 4. Part 1 of the standard process.
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Figure 5. Part 2 of the standard process.
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number of unconnected road segments that should be connected with it. This process measures how far the
snapping distance from dangled points is ideal. Experiment with various snapping distances ranging from 1m to
17 m to find the snapping distance that is as accurate as possible is performed. The result of each distance is lat-
er explained in the result section. A dangled point does not contain an intersection point of two or more lines, in
other words, a 2-way intersection, a 3-way intersection, and so on.

In Part 3 as illustrated in Figure 6, the snapping function is used to connect with road segments after Parts 1
and 2. Snapped road segments are split at the intersected points in the snapped roads through an Intersect. The
integrated roads between ND Hub and TIGER® are finally completed.

3. Attribute Tables

Before you begin to format your paper, first write and save the content as a separate text file. Keep your text and
graphic files separate until after the text has been formatted and styled. Do not use hard tabs, and limit use of
hard returns to only one return at the end of a paragraph. Do not add any kind of pagination anywhere in the pa-
per. Do not number text heads—the template will do that for you.

Finally, complete content and organizational editing before formatting. Please take note of the following
items when proofreading spelling and grammar: Local roads data are from the ND GIS Hub data portal and US
Census Bureau TIGER products, and are available to the public free of charge [11] [12]. Local roads data from
US Census Bureau TIGER products has the attribute information of street name and route type code which is
classified by county, interstate, state recognized, US, common name, and other. Additional attribute information
from the ND GIS Hub data portal includes route functional class, surface type, route ID, route sign, street ad-
dress, surface direction, and length. Route function class is sorted into local, major collector, and state highway.
Surface type includes graded & drained, gravel, paved, trail, and unimproved. Route ID is classified as 70th,
88th, etc. Route sign classifications include private, Indian service, forest service, federal, local, and municipal.
Table 1 shows differences between these two data sources. On the Fort Berthold Reservation, the ND GIS Hub
has more attribute information for local roads, but fewer road segments than US Census Bureau TIGER®

Intersected points in
snapped roads

Split Line at
Paint (2)

)

Figure 6. Part 3 in the standard process.
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Table 1. Local roads data of Fort Berthold Reservation in ND Hub and TIGER®.

Information Available ND GIS Hub US Census Bureau TIGER®
Route Type X o
Street Type o o
Route Function Class 0 X
Surface Type o X
Route ID o} o}
Route Sign (e} X
Lane Direction 0] X
Surface Direction ) X
Length (e} (0}
Number of Road Segments 1607 11,296
Average Road Segment Length 0.818 miles 0.237 miles
Total Road Segment Length 1315 miles 2688 miles

data. The average road segment length in TIGER® is much shorter than ND GIS Hub’s, reflecting better connec-
tivity.

4, Validation

For quality assurance purposes, random dummy origin and destination points near and inside the Fort Berthold
Reservation were generated: 21 origins are out of the Fort Berthold Reservation; 21 destinations are from within
the Fort Berthold Reservation; and 9 origins and destinations are from within the Fort Berthold. In Figure 7, we
confirm the good connectivity where each origin point was connected to the closest destination point.

5. Results

Data on local roads on the Fort Berthold Reservation from the two different sources are joined through the stan-
dard process in Figures 4-6. The ideal snapping distance from dangled points is shown in Table 2. In Table 2,
the number of unconnected road segments is the largest at the hypothetical snapping distance of 17 meters. As
the snapping distance from dangled points increased, the more unconnected road segments exist. The proportion
of unconnected road segments to total road segments fast increases at the initial stage from 1 to 4 meters, but af-
ter that it slowly increases, and then shows a rate of increase within 1 percent in the distances of 14 to 17 meters.
The ideal snapping distance of 15 meters was selected because it has one of the smallest rates of increase.

Given the final snapping distance chosen, the snapping function was performed to connect unconnected road
segments. Figure 8 is an example of how unconnected road segments are connected through the shapping that
we used. (A1) and (B1) are road segments located on 68th Avenue and 65th Avenue on Fort Berthold Reserva-
tion and show unconnected road segments, but the (A2) and (B2) road segments were connected after the snap-
ping.

With the physical integration of the two local roads, their attribute road information is also joined to provide
the integrated road information in Table 3. Table 3 is a product of the attribute table from the ND GIS Hub and
attribute table from US Census Bureau TIGER®. The data was integrated as much as possible, and the final
attribute table in Table 3 has the following attribute information: source, segment ID, state and county FIPS in-
formation, full name, route ID, surface direction, street type, lane direction, surface type, route sign, shape
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Figure 7. Validity test of the integrated road network (sample).

(A1) 68th Avenue after the part 1 (A2) 68th Avenue after the part 3

(B1) 65th Avenue after the part 1 (B2) 65th Avenue after the part 3
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Figure 8. Road segment examples Before (A1l & B1) and After (A2 & B2)
snapping.

length, speed, and sub-segment ID. Source and segment ID identifies where the road information is from and
what each unique ID is respectively before appending the two roads in Part 1. Speed information of road seg-
ments is created through the use of the Upper Great Plains Transportation Institute (UGPTI) road network [13],
and sub-segment ID is the unique identification for every road segments after final GIS framework is established

in Part 3.
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Table 2. Hypothetical snapping distances from danged points and the proportion of unconnected road segments in the total
road segments.

Snapping Distance (m) Unconnected Total Unconnected/Total (%) Increasing Rate (%)

1 366 3882 9.43 -

2 657 3882 16.92 79.51
3 840 3882 21.64 27.85
4 972 3882 25.04 15.71
5 1.067 3882 27.49 9.77
6 1.152 3882 29.68 7.97
7 1.229 3882 31.66 6.68
8 1271 3882 32.74 3.42
9 1.317 3882 33.93 3.62
10 1.352 3882 34.83 2.66
11 1.377 3882 35.47 1.85
12 1.404 3882 36.17 1.96
13 1.424 3882 36.68 142
14 1.435 3882 36.97 0.77
15 1.448 3882 37.30 0.91
16 1.461 3882 37.64 0.90
17 1.473 3882 37.94 0.82

Figure 9 shows the final road map for the Fort Berthold Reservation, and is the result of integrating two sets
of local roads data from the ND GIS Hub data portal and US Census Bureau TIGER products through a standard
process that was developed. Even though the process has been completed, some road segments still need to be
corrected. However, any manual editing is only required to connect the unconnected road segments, resulting in
a very small workload. The snapping based on the result in Table 2 connects most of unconnected road seg-
ments, but does not guarantee a perfect road integration. A longer snapping distance can be used, but may result
in incorrect connections. For instance, if snapping distance continues to increase beyond a particular distance, it
could connect segments that are already connected to other roads, which should not be connected.

6. Conclusion

A well-organized road network can considerably contribute to the prosperity of society. In North Dakota, the
Fort Berthold Reservation has undergone a significant change, driven by a variety of factors such as oil devel-
opment in the Bakken formation, commercial deregulation on tribal land, and continuous population increase in
American Indians. Accurate and consistent road information can be a positive factor for continued cultural,
economic, social development. In this paper, we developed a standard process to integrate road information data
coming from state and federal sources for the Fort Berthold Reservation, and applied a three-part integration
process to producing integrated road information. The process saved considerable time and resources required
for fixing the road network. The standard process that has been developed here can be applied to a variety of
other Indian road information integration projects to join not only physical road segments, but also plural
attribute information. Beyond this category the developed GIS tool also may be used in the process of integrat-
ing general road information.
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Figure 9. The final road map for Fort Berthold Reservation.
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