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This Resource Guide is an updated version of Chapter 3 from 2016-34A.

In order to successfully maintain and manage the County’s roadway system, county engineers need 
to be aware of the myriad of decision-making resources available, and how to apply these resources 
to maximize returns on their investment. Numerous tools and resources exist to aid local agencies 
in managing their roadways. While some are very well known and widely used, others have not been 
implemented or are not being used to their full potential.

The objective of this chapter is to present a compilation of key decision-making tools that can assist 
practitioners to make the best decisions possible concerning the maintenance of their transportation 
network.

The following 11 methods, tools, database, etc., were identified as effective resources by the pilot 
county engineers:

• Falling Weight Deflectometer (FWD) 
Data

• Pavement Condition Data

• MnDOT Pathway Services Pathweb 
Viewer Application (Pathweb)

• Pavement (or Asset) Management 
System

• Traffic Data and Forecasting

• MnDOT Needs Database/
Spreadsheets

• Geographical Information Systems 

(GIS): Base Maps and Data Sets

• Minnesota Crash Mapping Analysis 
Tool 2 (MnCMAT2)

• Transportation Plans

• Upper Great Plains Transportation 
Institute (UPGTI) Geographic 
Roadway Inventory Tool (GRIT)

• Best Practices: Managing Interaction 
between Local Authorities and Major 
Traffic Generators

• Summary

http://www.dot.state.mn.us/research/TS/2016/201634A.pdf


Falling Weight Deflectometer (FWD) 
Data

Brief Description:
The Dynatest Falling Weight Deflectometer (FWD) is a non-destructive testing device used to evaluate 
the in-situ load-carrying characteristics of pavement structures. A typical FWD testing apparatus is 
shown in Figure 3.1

Figure 3.1. FWD Testing Apparatus

Applicable on all roadway surface types, a dynamic load imparted by the FWD simulates a truck tire 
passing over the pavement. An array of sensors, located at specified test locations, measure the 
downward movement (deflection) of the pavement structure due to the load.

This creates a deflection basin similar to the example shown in Figure 3.2.

Figure 3.2. Deflection Basin Example



Hypothetical deflections for three different pavement systems are shown in Figure 3.3. In the example, 
measured surface deflection is less for the pavement section overlying a sand subgrade, as opposed 
to the same pavement section overlying a clay subgrade. Similarly, the pavement with 8 inches of 
bituminous will produce lower deflections than a pavement with 4 inches of bituminous with all other 
factors equal (see Figure 3.3)

Figure 3.3. Hypothetical Deflection Scenario

The magnitude of measured surfaces deflections is affected by a number of factors such as pavement 
layer thickness, layer material types and characteristics, and subgrade support.

Uses:
With as-built pavement thickness information and traffic data, results from FWD can be used to charac-
terize the pavement system and identify sensible solutions for pavement maintenance.

Potential benefits include:

 • Determining spring load capacity.

 • Determining overall layer characteristics, including subgrade strength characteristics (R- value). That 
can be used for:

 ‒ Determining design overlay thicknesses.
 ‒ Determining the stiffness of the underlying subgrade layers to evaluate maintenance strategies 

where existing materials are left in place, such as full- depth reclamation.
 ‒ Determining the design on reclamation or reconstruction projects as identified in the MnDOT 

State Aid Manual.

 • Identifying isolated areas of poor subgrade strength that need repair.



Available Data:

1  http://www.dot.state.mn.us/stateaid/fwd.html

In 2009 and 2010, MnDOT State Aid offered and provided FWD testing for approximately 33 percent of 
the County State Aid Highway (CSAH) routes in 86 counties. A tool was developed by Minnesota State 
University-Mankato that can be used by the counties to analyze the collected data. Both the tool and the 
associated data can be downloaded here.1

In December of 2013, a summary report of the 2009 and 2010 FWD results was delivered to each of the 
counties. For each roadway segment that was tested, the report provides the information in Figure 3.4. 
Graphical results were presented in one-mile increments to help identify potential weak spots.

In addition to the FWD data collected through State Aid, many agencies have hired consultants to 
perform FWD testing on selected roadways.

Figure 3.4. Precedent Example

Benefits to Local Governments:
Maintenance solutions are often performed based on the pavement’s surface condition and not on the 
subsurface structure. When combined with the surface condition, FWD provides a more complete view 
of a pavement’s condition.

Using FWD data to make more informed maintenance decisions allow counties to more cost-effectively 
select projects. As an example, it may be assumed that a road with a poor

surface condition needs to be fully reconstructed. With FWD data, it may be determined that the road is 
structurally sound, and the subgrade does not need to be replaced. Options for repair may be full-depth 
removal of the bituminous or full-depth reclamation, both of which have lower costs to the County.

By utilizing the information that can be learned from FWD, local governments can make more informed 
maintenance decisions.

http://www.dot.state.mn.us/stateaid/fwd.html
http://www.dot.state.mn.us/stateaid/fwd.html


Implementation Steps:

2  http://www.dynatest.com/

County engineers can work with a consultant to conduct FWD testing, or they also have the option to 
analyze the FWD data themselves using information collected in 2009 and 2010 by MnDOT State Aid. 
The analysis requires several inputs from the user, as well as a general understanding of the input and 
output information. Training on the analysis tool is underway within the various MnDOT Districts.

Cost:
Typical costs for the collection and analysis of FWD data ranges from $150 to $200 per mile, depending 
on the level of desired information and traffic control requirements.

For More Information:
Information on FWD can be found on several websites, including Dynatest2, MnDOT and FHWA, and by 
contacting local consultants who perform FWD testing.

Who is Using this Data/Tool:
Based on recent surveys of Minnesota counties, of those that responded, approximately 39 percent 
used FWD on a frequent basis. Forty-eight percent used FWD sometimes and only 13 percent never 
used FWD. Of the pilot counties included in the study, only Dakota County is using FWD on a frequent 
basis. Ottertail and Freeborn have used FWD on a limited basis. To date, Stearns County and Anoka 
County have not used FWD, other than the work that was done by MnDOT State Aid in 2009 and 2010.

http://www.dynatest.com/
http://www.dynatest.com/


Pavement Condition Data 

Brief Description:
Pavement condition data is collected by MnDOT’s Pavement Management Unit for paved CSAHs. The 
data is collected on a four-year cycle. As an option, counties may contract with MnDOT to have their 
data collected more frequently or to have data collected on their County Road (CR) system. The data is 
collected with MnDOT’s Pathways van and is equipped with cameras and lasers as shown in Figure 3.5

Figure 3.5. MnDOT Pathways Van

Across the state, agencies use a variety of data collection methodologies, including qualitative surveys 
and PCI (Pavement Condition Index) surveys.

The collected Pathways data is used to generate three indices:

 • RQI. The Ride Quality Index (RQI) provides a measure of ride or smoothness and ranges from 0.0 to 
5.0 where the higher the value, the smoother the road.

 • SR. The Surface Rating (SR) provides a laser measure of surface distresses (cracking). SR values 
range from 0.0 to 4.0 where a 4.0 indicates a new road with no cracking. As the type, amount and 
severity of cracking increases, the SR decreases.

 • PQI. The Pavement Quality Index (PQI) is a composite of the RQI and SR, ranging from 0.0 to 4.5. PQI 
provides an overall measure of pavement condition.



The indices are used to rank pavement sections and for use in predicting future condition and needs. 
The following correlation has been provided by MnDOT3 to generically define score ranges with general 
conditions (see Figure 3.6).

Figure 3.6. Pavement Index

Very Good
4.1 – 5.0

Good
3.1 – 4.0

Fair
2.1 – 3.0

Poor
1.1 – 2.0

Very Poor
0.0 – 1.0

3  Provided by David Janisch of MnDOT

Uses:
Condition data is provided to the counties in a spreadsheet format, along with a video log file. The data 
can be integrated into a Pavement Management System (PMS) or maintained in spreadsheet format.

When collecting the data for surveyed roadways, the percentage of each unique surface distress 
observed within a 500-foot long sample is determined. This process is conducted by a computer using 
the video log files. Collected data includes distresses such as patching, alligator cracking and longitu-
dinal cracking. For each distress, a severity level of low, medium, or high is defined.

To determine the SR score, the percentage of each distress is multiplied by a weighting factor to give 
a weighted percentage. The weighting factors are higher for higher severity levels of the same distress 
and higher for distress types that indicate more serious problems exist in the roadway such as alligator 
cracking and broken panels.

Data collected by the lasers is used to measure rut depth and ride (roughness) quality. Pavement 
condition data provides agencies with a ranking system for the pavements they maintain. Not only does 
the data characterize the current condition of the network, it can be used to predict future conditions. 
The graph in Figure 3.7 provides examples of how the condition data can be presented.



Figure 3.7. Pavement Condition Data – Precedent Example

Condition data can be used as a trigger for various maintenance activities and provides a historical 
snapshot of pavement performance. The scenario shown Figure 3.8 is desirable; the total mile of very 
poor and poor road has decreased while the total miles of good and very good has increased.

Figure 3.8. Pavement Condition Data – Precedent Example



The data can also be used to prepare and prioritize capital improvement plans. Furthermore, by tracking 
pavement condition over time, users can evaluate the performance of various pavement designs and 
materials. Segments that deteriorate faster than anticipated should be reviewed. Changes to pavement 
design (thicker pavement section) or materials may be warranted.

Available Data:
Minnesota counties receive condition data from MnDOT’s Pavement Management Unit. Cities typically 
perform condition surveys in-house or work with consultants to perform the surveys. These surveys are 
usually performed via a walking survey or via an automated data collection process.

Benefits to Local Governments:
Using condition data allows engineers to capture and schedule maintenance activities at the right time 
before pavements decay into more costly maintenance activities (see Figure 3.9).

Figure 3.9. Generalized Funding/Maintenance Schedule

Condition data also provides a system-check so that agencies can determine if funding levels are suffi-
cient to maintain the current condition of the network. In general, the goal is to keep good pavements in 
good condition.

Implementation Steps:
Using the condition data collected by MnDOT requires Microsoft Excel to view the data. As an option, 
County Engineers can import the data into pavement management systems for data storage, reporting, 
and analysis. Viewing the video log files requires purchase of viewing software or accessing the files at 
MnDOT.

A key benefit to routinely collected condition data is the ability to track pavement condition over time. 
Therefore, the data should be stored in a system that allows for the storage of multiple surveys and 
implements a way to track condition as a function of time.



Cost:

4 Federal Highway Administration, Asset Management, Pavement Management Systems Peer Exchange Program
5 http://www.dot.state.mn.us/materials

Condition data for the CSAH system is collected by MnDOT’s Pavement Management Unit. The 
collection and analysis of this data is paid for by State Aid funds. According to a Federal Highway 
Administration report, data is collected at a rate of $37 per mile4. Additional data collection costs vary 
depending on the level of data collected.

For More Information:
For MnDOT State Aid surveys:

MnDOT Office of Materials and Road Research5

A variety of Minnesota consultants provide condition data collection services.

Who is Using this Data/Tool:
Based on recent surveys of Minnesota counties, of those that responded, approximately 57 percent 
used condition data on a frequent basis. 39 percent used condition data sometimes and only 4 percent 
never used condition data. Of the pilot counties included in the study, all use the condition data to some 
extent. Otter Tail and Stearns Counties obtained new data in early 2015 to assist them in implementing 
specific preservation strategies.

http://www.dot.state.mn.us/materials
http://www.dot.state.mn.us/materials


MnDOT Pathway Services Pathweb 
Viewer Application (Pathweb)

Brief Description

6 https://www.ugpti.org/resources/asset-inventory/

(Language from the MnDOT PathWeb Viewer Application Info6):
PathWeb is a web-based application that allows viewing and presentation of Pathway pavement rating 
data, which is collected from MnDOT’s Pavement Management Unit. To date, Minnesota Counties’ post 
processed pavement rating data is accessible in spreadsheet form. In addition, video logs obtained of 
County paved road system are available using a video log viewer. PathWeb data is available through 
State Aid. No license agreement limiting the number of people accessing the application exists. Anyone 
provided the IPS address and password can access the data. 

Figure 3.10 Pathweb Viewer Application Example

Benefits to Local Governments: 
Through PathWeb viewer, agencies can find georeferenced pavement data already collected by the DIV. 
PathWeb also serves as a database for all data concern to a road (historical and existing). 

https://www.ugpti.org/resources/asset-inventory/
https://www.ugpti.org/resources/asset-inventory/


Implementation Steps:

7 http://www.dot.state.mn.us/sustainability/docs/pathways-report-2019.pdf

Users must obtain authorization from MnDOT State Aid prior to accessing the application online. 

Cost: 
Free

For More Information:
The  can be accessed through MnDOT’s website7.

Who is Using this Data/Tool:
Over 20 state DOTs, counties and cities throughout the nation.

http://www.dot.state.mn.us/sustainability/docs/pathways-report-2019.pdf
http://www.dot.state.mn.us/sustainability/docs/pathways-report-2019.pdf


Pavement (or Asset) Management 
System

Brief Description:

8 Obtained from Local Road Research Board, Minnesota LTAP Center

Pavement Management Systems (PMS) are computerized systems designed to store information 
related to pavement networks. Data is typically stored within a database and includes information 
related to roadway surface type, functional designation, roadway dimensions, maintenance project 
history and expected costs, condition data, and performance data. Systems can often store other data 
related to roadways such as curb, sidewalk and right-of-way data and many are compatible with GIS. 
The ultimate goal of a PMS is to help maintain pavements at a serviceable condition. 

Uses:
When used effectively, information from the PMS can be relied upon by county engineers to help them 
make consistent, informed, cost-effective, and defensible decisions related to roadway maintenance. A 
good PMS ensures proper maintenance techniques are applied at the right time.

Pavement life is prolonged by performing regular maintenance activities. For example, Figure 3.10 
depicts two scenarios. The pavement represented by the red line receives no preventive maintenance 
and reaches a completely failed condition at 25 years. However, routine maintenance can extend the 
service life of the same pavement out to nearly 60 years. The key is to perform the right maintenance at 
the right time.

Figure 3.10. Maintenance Strategies for Life Cycle Extension8 



Many county engineers use PMS to secure additional funding from their county boards. Figure 3.11 
was developed by the ICON PMS, developed by GoodPointe Technology. Based on an allocated level of 
funding (shown as the Budget), the program generates the average pavement condition for the entire 
network for each year (AvgCI), as well as the maintenance backlog (Backlog). Backlog is defined as 
unfunded maintenance. By comparing different funding scenarios (budgets), the user can determine 
the level of funds required to obtain or reach a target condition goal.

Overall, the objective is to meet condition goals while reducing the maintenance backlog.

Figure 3.11. ICON Screenshot9 

9 Obtained from the Local Road Research Board, Minnesota LTAP Center.

Available Data:
County staff need to work with providers of pavement management systems to answer key questions, 
such as what data the systems stores and how it is used.

An alternative to a third-party system is to develop an in-house management system. This can be done 
using a spreadsheet.

Benefits to Local Governments:
The benefit to using a PMS is that information is stored within an easily accessible, centralized location. 
Scenarios can be generated to demonstrate the consequences of delaying maintenance and allowing 
pavements to deteriorate into more intensive, costly repairs.



Implementation Steps:

10 http://www.lrrb.org/media/reports/2009RIC11.pdf
11 https://www2.apwa.net/bookstore/detail.asp?PC=SPR.PAVER

Depending on the system selected, implementing a PMS typically includes importing/entering all 
existing information into the PMS. This may involve queries or data entry, depending on the existing 
data formats.

A key component to implementing a PMS is training. Users of the system need to know what the 
system can do and how to do it. Sufficient time should be dedicated to the PMS to keep it up to date, 
since the system results will only be as good as the data that is stored within it.

Cost:
There are several commercially available pavement management systems. PMS software costs vary 
from approximately $1,000 to $10,000, depending on the type of system selected and the complexity 
desired. Often, there is an annual maintenance fee associated with the software. Annual costs may 
include software upgrades and technical support and range from approximately $500 to $5,000.

Depending on the available data, it is also likely that data collection costs may apply.

For More Information:
LRRB Study 2009RIC11 – Implementation of Pavement Management in Minnesota available here10.

MicroPAVER PMS, available on the American Public Works Association website found here11.

Who is Using this Data/Tool:
Based on recent surveys of Minnesota counties, of those that responded, approximately 22 percent 
used some sort of a PMS on a frequent basis. Thirty percent (30 percent) used PMS sometimes and 48 
percent did not use a PMS. 

http://www.lrrb.org/media/reports/2009RIC11.pdf
https://www2.apwa.net/bookstore/detail.asp?PC=SPR.PAVER
http://www.lrrb.org/media/reports/2009RIC11.pdf
https://www2.apwa.net/bookstore/detail.asp?PC=SPR.PAVER


Traffic Data and Forecasting 

Brief Description:
The MnDOT Office of Transportation System Management (OTSM) collects and maintains traffic data 
on interstate, US, state trunk highways as well as county highways and MSAS city streets. Annual 
Average Daily Traffic (AADT) is estimated for approximately 13,500 miles of the CSAH system, 6,500 
miles of the County Roads, and 8,500 miles of the MSAS streets on a four-year cycle. These are based 
on short-duration single tube counts. At over 2000 of these sites, MnDOT also collects vehicle classifi-
cation distribution data using two tubes.

MnDOT also collects continuous traffic data at locations around the entire state with 20 sites on 
the CSAH system. Continuous traffic data is necessary to accurately annualize (convert to AADT) 
short-duration tube data at over 33,000 sites. All the continuous monitoring sites, or Automated Traffic 
Recorders (ATRs), monitor traffic volume and some monitor vehicle classification and even weight.

Data collection costs are directly proportional to the amount of data collected. To cost- effectively 
maintain an adequate traffic monitoring program, MnDOT implements the hierarchy scheme shown in 
Figure 3.12.

Figure 3.12.MnDOT Hierarchy Scheme



Benefits to Local Governments:

12 http://www.dot.state.mn.us/stateaid/
13 http:// www.dot.state.mn.us/traffic/data/tma.html

An understanding of traffic volumes is an integral part of project safety and geometric design consid-
erations. Additionally, traffic volumes and classification distributions are the backbone for forecasting 
ESALs (Equivalent Single Axle Loads) used to for design pavement thickness.

MnDOT currently produces and maintains the data necessary to produce ESAL estimates for project 
scoping. MnDOT OTSM and MnDOT State Aid12 also both provide tools to simplify the ESAL estimation 
process.

Although project-level data may not exist at all project locations, incorporation of reasonable estimates 
can enhance traffic forecasts and optimize pavement design by minimizing over- and under-design.

Implementation Steps:
Traffic Volumes
Current and historical traffic volume data can be easily viewed through an interactive GIS BaseMap13 
tool. Users can zoom, query data and metadata, and turn layers on/off. A screen shot of the initial view 
is shown in Figure 3.13.

Figure 3.13.MnDOT Traffic Mapping Application Screenshot

http://www.dot.state.mn.us/stateaid/
http:// www.dot.state.mn.us/traffic/data/tma.html
http:// www.dot.state.mn.us/traffic/data/tma.html


The “identify” tool can be activated and information about a given route will be displayed. Example 
information includes:

 • Route Name and Number

 • Current AADT and AADT Year

 • Historical AADTs

 • TIS14 Route Identifier

 • Sequence Number (traffic counting)

Other tools are available for use and a basic help document15 is available.

MnDOT also currently provides published maps with AADT values for Counties16 and for Cities with 
populations greater than 5,00017.

Vehicle Classification
The following are suggested methods for characterizing traffic classification distributions for ESAL 
forecasting:

1. It is always best to perform a site-specific count. MnDOT will provide classification equipment to any 
local agency at no cost, if requested. The following provide assistance for data collection:

 ‒ Update of Vehicle Classification for County Road Pavement Design
 ‒ Best Practices for the Design and Construction of Low Volume Roads (Appendix B).

2. If the local agency has previous knowledge of vehicle distributions in their jurisdiction, that 
information should be applied to ESAL forecasts.

3. If site-specific counts are not feasible, the defaults developed in the Update of Vehicle Classification 
for County Road Pavement Design (LRRB Report No. 2010-17) report can be applied. The vehicle 
classification distributions published vary based on an urban or rural characterization and AADT 
range. This data has been incorporated into an ESAL tool developed and maintained by MnDOT State 
Aid.

4. can be applied. These are available in MnDOT’s Mensal forecasting tool with 3.9% heavy commercial 
(HC) vehicles for “urban” and 8.9% HC for “rural” routes.

ESAL Forecasting
The MnDOT Office of State Aid has implemented the findings and recommended default distributions 
from Investigation 844 into an ESAL calculator18. A screen shot is shown in Figure 3.14.

14 TIS is an integrated, mainframe database with roadway and other data stored maintained by MnDOT. TIS codes are referenced in 
MnDOT’s GIS base map tools, pavement management system, and many other systems.

15 http://mndotgis.dot.state.mn.us/tfa/TFA_HelpDocument.pdf
16 www.dot.state.mn.us/traffic/data/maps-county-alpha.html
17 www.dot.state.mn.us/traffic/data/maps-muni-2012.html
18 http://www.dot.state.mn.us/stateaid/projectdelivery/pdp/pavement/esal-calculator.xlsx

http://mndotgis.dot.state.mn.us/tfa/TFA_HelpDocument.pdf
http://www.dot.state.mn.us/traffic/data/maps-county-alpha.html
http://www.dot.state.mn.us/traffic/data/maps-muni-2012.html
http://www.dot.state.mn.us/traffic/data/maps-muni-2012.html
http://www.dot.state.mn.us/stateaid/projectdelivery/pdp/pavement/esal-calculator.xlsx
http://mndotgis.dot.state.mn.us/tfa/TFA_HelpDocument.pdf
http://www.dot.state.mn.us/traffic/data/maps-county-alpha.html
http://www.dot.state.mn.us/traffic/data/maps-muni-2012.html
http://www.dot.state.mn.us/stateaid/projectdelivery/pdp/pavement/esal-calculator.xlsx


Figure 3.14. ESAL Calculator Screenshot 



Up to four years of historical AADTs can be used to estimate future traffic volumes based on linear 
regression. Traffic classification can be either site-specific or applied from one of the eight default 
values from LRRB Report No. 2010-17. For reference, the eight default distributions from LRRB Report 
No. 2010-17 have been summarized and are shown in Figure 3.15 and 3.16.

Figure 3.15. Urban

Figure 3.16. Rural



Despite the improved default values, MnDOT State Aid encourages counties to perform actual traffic 
counts whenever possible for pavement design purposes.

The ESAL factors by vehicle type are not changeable and are the same factors that MnDOT uses in 
MnESAL.19

The MnDOT Procedure Manual for Forecasting Traffic on Minnesota’s Highway Systems20 provides 
general background information, definitions of vehicles types, and example project calculations. Visit 
the MnDOT State Aid website for more information on forecasting practices on State Aid projects.

19  www.dot.state.mn.us/traffic/data/reports/forecast/MNESAL2013.xlsm
20  www.dot.state.mn.us/traffic/data/reports/forecast/Forecast_Manual_2012.pdf
21  www.lrrb.org/media/reports/TRS1207.pdf
22  www.dot.state.mn.us/research/TRS/2012/TRS1207_Appendix%20A.xlsx
23  www.dot.state.mn.us/research/TRS/2012/TRS1207_Appendix%20B.xlxs
24  www.lrrb.org/media/reports/201017.pdf
25  www.lrrb.org/media/reports/200317REV.pdf
26  http://www.dot.state.mn.us/traffic/data

Cost:
All of this is available at no direct cost to counties or cities.

For More Information:
Several traffic data and forecasting projects with a focus on low-volume roads have been funded by the 
Local Road Research Board (LRRB) and MnDOT recently.

1. Collecting and Managing Traffic Data on Local Roads21 (MnDOT TRS 1207, Sep 2012)
 ‒ Appendix A22 (Survey Responses)
 ‒ Appendix B23 (Greater Minnesota Supplemental Survey Responses)

2. Update of Vehicle Classification for County Road Pavement Design24 (LRRB Report N. 2010-17, Apr 
2010)

3. Best Practices for the Design and Construction of Low Volume Roads25 [Appendix B] (MN/RC –2002-
17REV, Nov 2003).

Website: Traffic Forecasting & Analysis26

MnDOT Office of Transportation System Management

Who is Using this Data/Tool:
Various counties and clients throughout Minnesota.

All the pilot counties used MnDOT traffic data, and some used other MnDOT forecasting tools, or 
resources, as needed.

http://www.dot.state.mn.us/traffic/data/reports/forecast/MNESAL2013.xlsm
http://www.dot.state.mn.us/traffic/data/reports/forecast/Forecast_Manual_2012.pdf
http://www.dot.state.mn.us/traffic/data/reports/forecast/MNESAL2013.xlsm
http://www.dot.state.mn.us/traffic/data/reports/forecast/Forecast_Manual_2012.pdf
http://www.lrrb.org/media/reports/TRS1207.pdf
http://www.dot.state.mn.us/research/TRS/2012/TRS1207_Appendix%20A.xlsx
http://www.dot.state.mn.us/research/TRS/2012/TRS1207_Appendix%20B.xlxs
http://www.lrrb.org/media/reports/201017.pdf
http://www.lrrb.org/media/reports/200317REV.pdf
http://www.dot.state.mn.us/traffic/data
http://www.lrrb.org/media/reports/TRS1207.pdf
http://www.dot.state.mn.us/research/TRS/2012/TRS1207_Appendix%20A.xlsx
http://www.dot.state.mn.us/research/TRS/2012/TRS1207_Appendix%20B.xlxs
http://www.dot.state.mn.us/traffic/data


MnDOT Needs Database/
Spreadsheets

Brief Description:

27  http://www.dot.state.mn.us/stateaid/csah.html

Managed by MnDOT’s State Aid for Local Transportation (SALT) division, the MnDOT Needs Database is 
used to calculate State Aid monies that are allocated to each county. The database stores a variety of 
information for the County State Aid Highway (CSAH) system, including roadway name and associated 
segments. For each segment, basic information is tracked such as surface type, segment length, 
and project history. Often, the data stored within the needs database can be used as the basis of a 
pavement management system.

Following Minnesota Statute, counties must log onto MnDOT’s site and update the needs database for 
their County on an annual basis. Logging in requires a unique username and password given to each 
County. A 17-minute training module video is available on the site to walk the user through the process.

Updates within the needs database include segment changes, as well as roadway projects built to state 
aid standards. This information is reported to the Commissioner of Transportation and is used by the 
County Screening Board to calculate the monetary needs of each county.

Needs data is defined by year and by category, including roads, structures, and railroad crossings. As 
shown, users can download a copy of the data in spreadsheet format. Users can also view data for 
other counties.

Benefits to Local Governments:
By providing annual project and segment information, counties benefit through accurate calculations of 
State aid funds allocations. Furthermore, the database provides a system inventory for each county.

Implementation Steps:
Using the MnDOT Needs Database requires users to log onto MnDOT’s site and download the available 
files.

Cost:
There is no cost to access and download information from the MnDOT Needs Database.

For More Information:
Website: MnDOT State Aid SALT website27

Who is Using this Data/Tool:
Various counties and cities throughout Minnesota. All the pilot counties actively use this database.

http://www.dot.state.mn.us/stateaid/csah.html
http://www.dot.state.mn.us/stateaid/csah.html


Geographical Information Systems 
(GIS): Base Maps and Data Sets

Brief Description:

28  https://dotapp9.dot.state.mn.us/emma/

GIS is a commonly used tool to produce visual maps and analyze data sets. More importantly, GIS can 
play a key role in helping understand existing and future roadway conditions graphically and quanti-
tatively. For example, GIS can be used to quantify the percentage of a roadway system’s pavement 
quality, identify safety issues and depict traffic volumes. However, it is important to note that not every 
county is equipped with the appropriate GIS software or have the resources available to implement 
these tools.

In such cases, there a variety of on-line resources, such as interactive base maps. One of these tools 
includes the Minnesota Department of Transportation’s (MnDOT) BaseMap.28

Figure 3.17. MnDOT EMMA Screenshot

 

https://dotapp9.dot.state.mn.us/emma/


The Enterprise MnDOT Mapping Application (EMMA) references the most current version of Linear 
Referencing System (LRS) data, which includes planning-level data sets ranging from transportation 
features (roads, railroads and navigable waters), boundary information (State, County, and Municipal 
Boundaries, MnDOT District Boundaries, Civil, and Congressional Townships, State Forests and Parks, 
Military Reservations, Indian Reservation Lands, National Forests and Parks), to stream and lake 
locations.

More in-depth online base maps and data sets can also be found by using MnDOT’s Traffic Mapping 
Application.29 The Traffic Mapping Application is an interactive web tool that allows users to explore 
spatial traffic data. Available data sets include Annual Average Daily Traffic (AADT) volumes by year, 
Heavy Commercial AADT (HCAAT), Weight-In Motion (WIM) Collection Sites, Automatic Traffic Recorder 
(ATR) Collection Sites, Vehicle Class Collection Sites, Traffic County Collection Sites, and Traffic 
Segments.

Users can select their county to obtain attribute data for their system as shown in the list provided. This 
data is available for download and use with GIS software (ArcView® or ARC/INFO®).

29  http://www.dot.state.mn.us/traffic/data/tma.html
30  http://www.dot.state.mn.us/maps/gdma/index.html
31  http://deli.dnr.state.mn.us/index.html
32  http://www.metrocouncil.org/Data-Maps.aspx
33  http://www.metrogis.org/
34  http://www.mngeo.state.mn.us/

Benefits to Local Governments:
GIS plays a major role in organizing, analyzing, managing and displaying data. Furthermore, GIS allows 
the user to visualize data in many ways that reveals relationships, patterns, and trends in the form of 
maps, reports and charts. This type of information is used to help better inform the public and elected 
leaders on decision and programming needs.

On-line base maps provide some of these functions; however, these tools can be limited in nature. 
Implementing in-house GIS resources can provide technical staff the tools necessary to conduct more 
in-depth analyses and mapping features.

Implementation Steps:
GIS data files are available for download and use for local agencies with adequate GIS software 
(ArcView® or ARC/INFO®). Potential data sources include MnDOT30, Minnesota Department of Natural 
Resources (DNR) GIS Data Deli31, the Metropolitan Council32, Metro GIS33, and the Minnesota Geospatial 
Information Office.34

http://www.dot.state.mn.us/traffic/data/tma.html
http://www.dot.state.mn.us/maps/gdma/index.html
http://deli.dnr.state.mn.us/index.html
http://www.metrocouncil.org/Data-Maps.aspx
 http://www.metrogis.org/
http://www.mngeo.state.mn.us/
http://www.dot.state.mn.us/maps/gdma/index.html
http://deli.dnr.state.mn.us/index.html
http://www.metrocouncil.org/Data-Maps.aspx
http://www.metrogis.org/
http://www.mngeo.state.mn.us/
http://www.mngeo.state.mn.us/


Cost:

35  http://www.esri.com/

In most cases, there is not a cost for downloading GIS files from the sources described above or 
using an online interactive base map (e.g., MnDOT BaseMap). However, there is a cost associated 
with purchasing GIS software. The industry commonly uses ArcView, which can be purchased through 
ESRi35. Pricing can vary depending on an agency and the number of users. A single use license starts at 
approximately $1,500.

For More Information:
Visit the websites discussed throughout this section.

Who is Using this Data/Tool:
Various counties and cities throughout Minnesota. All pilot counties had GIS capabilities.

http://www.esri.com/
http://www.esri.com/


Minnesota Crash Mapping Analysis 
Tool 2 (MnCMAT2)

Brief Description:
The MnDOT’s SALT division maintains and operates a crash analysis application known as MnCMAT2 
(originally MnCMAT). This tool was unveiled to the County Engineers in 2006 and updated last in 2020 
into MnCMAT2. MnCMAT2 has been used by various agencies (public and private) across the state. 
This GIS based mapping tool provides access to a ten-year rolling crash dataset. Crash data is primarily 
gathered by police accident reports and includes, but is not limited to, the following information:

 • Crash ID Number

 • City, County, MnDOT District

 • Roadway Classification

 • Latitude/Longitude

 • Roadway Station 

 • Date and Time

 • Crash Type and Severity

 • Contributing Factors

 • Driver Characteristics

 • Vehicle Characteristics

 • Roadway Characteristics

 • Weather, Light and Surface Conditions

MnCMAT2 provides users with a variety of tools for viewing and analyzing crash data. The locations of 
each crash are shown as points on a base map which highlights key features such as roads, railroads, 
and jurisdictional boundaries. The user may also turn on aerial imagery. MnCMAT2 allows the user to 
pan and zoom to any location on the map. The user is also able to save an image of the map at any 
time.

Specific crashes may be selected by drawing a polygon, rectangle, or radius around the desired analysis 
area or by selecting all crashes along a roadway segment. MnCMAT2 also provides tools to filter the 
crashes shown using the crash data attributes. For example, the data may be filtered to include only 
daytime crashes within a specific city occurring within a specific year.

Once the desired crash data has been selected, MnCMAT2 offers a suite of analysis and summarization 
tools. Charts (pie, horizontal bar, vertical bar, and line) may be created, which summarize the data 
based on any single crash attribute. The user can then save these charts as images.

Furthermore, MnCMAT2 can be used to generate summary reports, including a detailed report of each 
crash or a single-page summary of all crashes by type.

If the user wishes to analyze the data further, there are two ways of exporting the selected crashes 
into alternative formats. The data may be exported into a CSV file, which can then be imported into 
database software such as Microsoft Access or Excel. Secondly, the data may be exported as a GIS 
shapefile format which can be opened with GIS software such as ArcView® or ARC/INFO®.



Benefits to Local Governments:

36  http://www.dot.state.mn.us/stateaid/mncmat2.html

MnCMAT2 covers the entire State of Minnesota, offering crash statistics for every county and city. The 
crash data is frequently updated to remain current and contains a rolling ten-year dataset plus current 
year crash data as reported to Department of Public Safety. Benefits include “on-the-fly” data results 
and a crash analysis tool that can be used at any time. MnCMAT2 offers a user-friendly platform to view 
various reports and data, while offering a mapping interface to allow visualization of the data.

The application provides users with powerful analysis and summarization tools without requiring the 
use of additional and costly GIS software. Further, the tool provides a good starting point for additional 
GIS analysis if desired by the user.

Implementation Steps:
Users must obtain authorization from MnDOT prior to accessing the application online. GIS data files 
are available for download and use for local agencies with adequate GIS software (ArcView® or ARC/
INFO®).

Cost:
MnCMAT2 is a free application upon request.

For more information:
Website: MnDOT MnCMAT236

Who is Using this Data/Tool:
Various counties and cities throughout Minnesota on an as needed basis.

http://www.dot.state.mn.us/stateaid/mncmat2.html
http://www.dot.state.mn.us/stateaid/mncmat2.html


Transportation Plans 

Brief Description:
Transportation planning addresses multiple functions of urban and rural planning activities, including 
economic development, land use planning, housing, parks and recreation, natural resources, and social 
services. Forging these planning activities together is often done preparing transportation plans. 
Commonly known as Long Range Transportation Plans (LRTPs), Roadway System Plans (RSPs), or 
Comprehensive Plans, these help identify long- term transportation needs and their relationship to other 
planning factors, especially land use, while respecting community values and assets. It is important to 
recognize that these types of plans can vary in nature from one county to another and can address a 
wide range of transportation elements to different degrees. In most cases, a well-orchestrated plan will 
serve a twenty-year time horizon.

Benefits to Local Governments:
Transportation plans provide a county with a framework for achieving short to long-term transportation 
needs. More importantly, planning documents of this nature outline the county’s goals, objectives and 
policies and help inform future planning decisions.

Adopting a transportation plan will help County Commissioners make sound planning and investment 
choices and portrays to County residents a blueprint for the future transportation system so that they 
too, can make informed decisions.

Implementation Steps:
Transportation planning documents are a common tool used by counties throughout the State of 
Minnesota. Counties located in the seven-county metropolitan area (i.e., Anoka, Carver, Dakota, 
Hennepin, Ramsey, Washington, and Wright) are required by State Statute to maintain and update their 
transportation plans every ten years, with the last update occurring in 2008. Counties located outside 
the Twin City metropolitan area are not required to have an adopted transportation plan.

Cost:
Developing or updating a Transportation Plan can vary in cost depending on the scope. In some cases, 
a plan may only address a few key transportation elements (e.g., safety, accessibility, mobility, future 
system elements, functional classification, jurisdiction and description) or it may have an expanded 
scope which addresses other elements and in greater detail (e.g., system preservation, transit services, 
environmental impacts, and project prioritization rankings). The cost will also depend greatly on the 
level of effort, data availability, and staff support. Importantly, the level of public engagement can also 



significantly influence a plan’s budget; however, it is highly encouraged to include some form of public 
engagement activities throughout the planning process. A plan may be developed in-house or by a 
private consulting firm.

37  http://www.anokacounty.us/378/Anoka-County-2030-Transportation-Plan
38  http://www.co.dakota.mn.us/Transportation/PlanningPrograms/Documents/2030TransportationPlan.pdf
39  http://www.co.carver.mn.us/departments/LWS/docs/08TR_R_A_Road_Systems_Plan_091117_Part4.pdf
40  http://www.co.stearns.mn.us/PropertyRoads/TransportationPlanStudy
41  http://www.co.steele.mn.us/departments/transportation%28highway%29/docs/Complete_Report.pdf
42  http://www.co.otter-tail.mn.us/1126/Transportation-Plan

For More Information:
Examples of various long-range transportation plans include:

 • Anoka County 2030 Transportation Plan37

 • Dakota County 2030 Transportation Plan38

 • Carver County Roadway System Plan39

 • Stearns County Transportation Plan40

 • Steele County Transportation Plan41

Who is Using this Data/Tool:
Of the pilot counties included in the study, Anoka, Dakota, and Stearns County already had Transpor-
tation Plans. Otter Tail County, as a system preservation strategy, prepared and adopted a Transpor-
tation Plan42  in 2015.

http://www.anokacounty.us/378/Anoka-County-2030-Transportation-Plan
http://www.co.dakota.mn.us/Transportation/PlanningPrograms/Documents/2030TransportationPlan.pdf
 http://www.co.carver.mn.us/departments/LWS/docs/08TR_R_A_Road_Systems_Plan_091117_Part4.pdf
http://www.co.stearns.mn.us/PropertyRoads/TransportationPlanStudy
http://www.co.steele.mn.us/departments/transportation%28highway%29/docs/Complete_Report.pdf
http://www.co.otter-tail.mn.us/1126/Transportation-Plan
http://www.anokacounty.us/378/Anoka-County-2030-Transportation-Plan
http://www.co.dakota.mn.us/Transportation/PlanningPrograms/Documents/2030TransportationPlan.pdf
 http://www.co.carver.mn.us/departments/LWS/docs/08TR_R_A_Road_Systems_Plan_091117_Part4.pdf
http://www.co.stearns.mn.us/PropertyRoads/TransportationPlanStudy
http://www.co.steele.mn.us/departments/transportation%28highway%29/docs/Complete_Report.pdf


Upper Great Plains Transportation 
Institute (UPGTI) Geographic 
Roadway Inventory Tool (GRIT)

Brief Description (Language from UGPTI & UGPTI 2017-2019 Biennial 
Highlights):
The Geographic Roadway Inventory Tool is an easy-to-use asset management program developed for 
county road managers. The development of GRIT was a team effort, led by UGPTI. To ensure the needs 
of county road managers were met, a steering committee comprised of ten county transportation 
leaders and representatives from the ND Department of Transportation, the ND Association of Counties 
and UGPTI provided feedback and guidance throughout the process. 

Benefits to Local Governments (Language from the UGPTI 2017-2019 
Biennial Highlights and the Research & Innovation Newsletter, April 2020):
Originally, GRIT was developed to allow local agencies to inventory their existing roadway systems. 
That information was used to accurately complete the 2015 local road legislative needs study. With 
the recent upgrade to GRIT 2.0, agencies can now benefit from new capabilities including viewing map 
information, data entry, pavement condition forecasting and to track emergency events including road 
closures. GRIT 2.0 includes additional inventory items to allow local governments to manage and plan 
their transportation assets. 

GRIT 2.0 is currently available to thirty MN Counties. Thirteen of the Counties actively use GRIT while 
seven pilot counties have additional access to use the pavement condition forecasting features. These 
Counties include:

 • Beltrami 

 • Becker

 • Pennington 

 • Pope 

 • Faribault

 • Waseca

 • McLeod 

Additional County networks can be added for other agencies to access the tool. GRIT 2.0 automatically 
ties local roadway information to online web maps, allowing decision makers or others to view items 
such as pavement age and condition, maintenance, load restrictions, future construction plans, and 
active construction status on a color-coded map. The data available through GRIT 2.0 allows Counties 
to view, manage, and plan for most of their transportation assets in an easily navigable application. 
GRIT can also pull data from PathWeb or other sources as a layer to show pavement age over condition 
ratings and similar data. The tool makes it possible for agencies without a geographic information 
system (GIS) specialist to map their data easily.



Recently, investigators from UGPTI and the LRRB developed a forecasting module43 for the tool based 
on the American Association of State Highway and Transportation Officials(AASHTO) 3 model with 
inventory, pavement condition, and traffic forecasting data. This forecasting model will allow roadway 
managers to use this information with comprehensive geographic information system (GIS) web 
maps to prioritize roadways in their construction schedules or multi-year plans. The new functions in 
GRIT allow Counties to project pavement conditions 35 years into the future onto road maps based 
on original constructed design, current pavement conditions, projected traffic and future construction 
plans. With these visualizations and reports, Counties can show the public and county boards what 
roads may look like with and without investments in construction, helping to prioritize funding decisions 
appropriately.

43 https://researchprojects.dot.state.mn.us/projectpages/pages/projectDetails.jsf?id=20031&jffi=projectDetails%3Fid%3D20031%-
26type%3DCONTRACT&jftfdi=&type=CONTRACT&utm_content=&utm_medium=email&utm_name=&utm_source=govdelivery&utm_term=

44 https://www.ugpti.org/resources/asset-inventory/

Implementation Steps:
Users not a part of the initial Counties to pilot the tool must contact Brad Wentz (Bradley.Wentz@ndsu.
edu) with UGPTI in order to gain access to the tool. 

Cost: Currently, there are no costs to use all of the GRIT inventory tools to maintain the County’s 
inventory. However, if the county needs any support and/or access to the pavement condition 
forecasting capabilities, a maintenance support agreement is required, which is currently $1,650 per 
year.

For More Information:
More information can be accessed through UPGTI’s website.44

Who is Using this Data/Tool:
Minnesota, North Dakota South Dakota, Montana and any tribal entities within these States. 

https://researchprojects.dot.state.mn.us/projectpages/pages/projectDetails.jsf?id=20031&jffi=projectDetails%3Fid%3D20031%26type%3DCONTRACT&jftfdi=&type=CONTRACT&utm_content=&utm_medium=email&utm_name=&utm_source=govdelivery&utm_term=
https://researchprojects.dot.state.mn.us/projectpages/pages/projectDetails.jsf?id=20031&jffi=projectDetails%3Fid%3D20031%26type%3DCONTRACT&jftfdi=&type=CONTRACT&utm_content=&utm_medium=email&utm_name=&utm_source=govdelivery&utm_term=
https://researchprojects.dot.state.mn.us/projectpages/pages/projectDetails.jsf?id=20031&jffi=projectDetails%3Fid%3D20031%26type%3DCONTRACT&jftfdi=&type=CONTRACT&utm_content=&utm_medium=email&utm_name=&utm_source=govdelivery&utm_term=
https://www.ugpti.org/resources/asset-inventory/
mailto:bradley.wentz@ndsu.edu
mailto:bradley.wentz%40ndsu.edu?subject=
mailto:bradley.wentz%40ndsu.edu?subject=
https://www.ugpti.org/resources/asset-inventory/


Best Practices: Managing Interaction 
between Local Authorities and Major 
Traffic Generators

Brief Description:
This document presents guidelines for Minnesota county engineers on how to interact with devel-
opers of “wind farms” (technically known as Large Wind Energy Conversion Systems or LWECS) and 
the impacts that the heavy vehicles required to haul materials to develop these sites will have on 
local roadways. County engineers in other states, other road authorities, and wind power developers 
themselves also may find this information valuable.

Much of this information may also be useful when a county is dealing with other enterprises (e.g., silica 
sand washing/processing sites, ethanol plants, major agri-processing facilities, etc.) that impacts the 
roads under its jurisdiction. This document focuses on road-related issues. Issues that are outside the 
scope of this document but may require similar interaction include wetland protection, county ditch 
system maintenance, and sewer and water systems.

The document is a navigable PDF that offers a step-by-step timeline to follow when working with a 
developer of a LWECS that includes guidance on:

 • First Steps

 • Preliminary Tower Locations

 • Pre-Construction Meeting

 • Construction

 • Post-Construction Meetings

 • Operations/Maintenance

 • Decommissioning

For each of the bullets listed above, a detailed checklist of items to consider is outlined. Sample 
documents are provided throughout the document. In addition, the document offers:

 • Web links and reports

 • Sample ordinances, permits, agreements and 
maps

 • Traffic calculator to quantify the traffic 
impact on roads

 • Policy options to recapture roadway 
maintenance costs

 • Experience from current or past projects

 • Research information

Benefits to Local Governments:
Every county has the potential to have developers approach them to build a LWECS or other major road 
impacting facilities which are major traffic generators and/or require heavy loads to construct and 
operate. However, most counties do not deal with this regularly and often do not know how to manage 
their interaction with developers in order to protect their roadways. This document will help county 
engineers understand the steps to take, and questions to ask to when considering a LWECS within their 
jurisdiction.



Implementation Steps:

45  www.lrrb.org

Download the document from the LRRB website45 and search: Best Practices: Managing Interaction 
between Local Authorities and Major Traffic Generators

Download the “.zip” file on this page and extract the files in order to access the document and sample 
documents.

Cost:
The document can be downloaded for free from the website listed above.

For more information:
Contact Michael Marti, PE at SRF Consulting Group, Inc. (763-475-0010 or mmarti@srfconsulting.com)

Who is Using this Data/Tool:
County engineers in Minnesota and other states, other road authorities, and wind power developers 
themselves

http://www.lrrb.org
http://www.lrrb.org
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