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OVERVIEW
Visual Analytics and Visualization of Iowa Department of Transportation Pavement
Performance Data
The data were explored visually with a focus on three questions, in light of which all of the
visuals were conceived and organized.
1. Are there relationships between condition, distress, and traffic variables?
2. Are there relationships between condition, distress, and traffic variables with respect to the
age of road segments and different types of cracks?
3. What is the state of counties and county types (on a rural-urban continuum) and districts with
respect to condition and distress data?
Question 1: Are There Relationships between Condition, Distress, and Traffic Variables?
The first set of visualizations are dashboards that show the crack index for each county by year
(2013, 2014, or both), sorted low to high (see Figures 1, 2, and 3). The user can click on one or
more counties to display the drilldown values for these cracks (see Table 1 for a summary). The
purpose of this dashboard is to be able to explore some of the important condition and distress
data by county ID. Note that all figures show both 2013 and 2014 data as chosen by the user.

1

Figure 1. Initial view of cracking index by county ID and year
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Figure 2. Cracking index by ID and year for a selected county showing condition and distress data
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Figure 3. Cracking index by ID and year for multiple county selections showing condition data
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Table 1. Drilldown condition and distress variables for dashboards
Conditions Set 1
Alligator cracking index
Alligator cracking combined index
Longitudinal cracking index
Longitudinal wheelpath cracking index
Longitudinal wheelpath combined index
Transverse cracking index
Wheelpath cracking index
Conditions Set 2
IRI index
International roughness index (IRI)
Rutting index
Pavement condition index (PCI)

Distress: High Severity
Alligator cracking combined
High severity alligator
High severity long cracks
High severity longitudinal cracks
High severity transverse cracks
Joints, high severity
Joints, high severity spalling
Distress: Moderate Severity
Joints, moderate severity
Joints, moderate severity spalling
Moderate severity alligator
Moderate severity long cracks
Moderate severity longitudinal cracks
Moderate severity transverse cracks
Distress: Low Severity
Low severity alligator
Low severity long cracks
Low severity longitudinal cracks
Low severity transverse cracks

The second set of visualizations shows the crack index for each district by year (2013, 2014, or
both), sorted low to high. The user can click on one or more counties to display the drilldown
values for these cracks (see Table 1 and Figures 4, 5, and 6). The purpose of this dashboard is
just to be able to explore some of the important condition and distress data by district. Note that
all figures show both 2013 and 2014 data as chosen by the user.
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Figure 4. Initial view of cracking index by district and year
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Figure 5. Cracking index by ID and year for a selected district showing condition and distress data
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Figure 6. Cracking index by ID and year for multiple district selections showing condition and distress data
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The third set of graphs show that there are relatively consistent patterns in the data over
individual road segments for the cracking, alligator, longitudinal, longitudinal wheelpath, and, to
a lesser extent, the transverse cracking indices. Of interest here is that the alligator and
longitudinal cracking indices appear to be at the top of their respective ranges, while the
longitudinal wheelpath cracking index tends to have two groupings at the higher and lower
ranges of value. The transverse cracking index did not show a definite pattern, while the cracking
index tended to cluster around the middle of the values. These patterns are relatively consistent
across each. The graph can be viewed over all five variables for a specific district, group of
districts, or all districts (see Figures 7, 8, and 9).
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Figure 7. Initial view of selected cracking indices by road segment, district, and year
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Figure 8. Selected crack indices by road segment and year for a selected district
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Figure 9. Selected crack indices by road segment, year, and district for brushed high values of alligator cracking index
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The following shows that the PCI from 2013 to 2015 has a consistent pattern over time by
district. It also shows that District 5 has the highest PCI values, while District 4 has the lowest
(see Figure 10).

Figure 10. PCI from 2013 to 2015 by district
The following shows PCI from 2013 to 2015 for the different pavement types (1 to 4). The
consistency of the pattern over time is notable. The highest PCI values were seen in Pavement
Type 3, followed by 1, and to a lesser extent 4 (see Figure 11).

Figure 11. PCI from 2013 to 2015 by pavement type
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The following shows PCI from 2013 to 2015 for each county. The consistency of the pattern
over time is notable, with the single, clear exception of Story County, which saw a higher PCI in
2015 than in 2013 or 2014 (see Figure 12).
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Figure 12. PCI from 2013 to 2015 by county
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The following shows the faulted percentage by road segment. The chart has been sorted so that
the highest percentages are first (see Figures 13 and 14). The user can hover over any spot on the
line to see the actual figures for a given road segment.
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Figure 13. Faulted percentage by road segment for all segments
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Figure 14. Faulted percentage by road segment showing ability to hover over specific segment for additional details
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The following shows road segment by faulted percentage by district. All districts are shown on
the initial graph (see Figure 15), while the user can also view selected district(s) only. In Figure
16, only District 6 is being displayed in the context of the entire set of districts.
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Figure 15. Road segment by faulted percentage by district for all districts
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Figure 16. Road segment by faulted percentage by district for District 6 only
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The following shows the distribution of faulted section percentage by district for all road
segments with a faulted section percentage greater than zero (see Figure 17). The mean faulted
section percentage of these segments is relatively consistent across all districts at 2% to 3%.
Districts 5 and 6 have the tightest distributions, while District 4 has the widest distribution with
many outliers. Most of the values are below 40%, with some outliers in Districts 3, 4, and 6
having some values greater than 50% but less than 55%.

Figure 17. Faulted section percentage by district (for segments with a faulted section
percentage greater than zero)
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Question 2: Are There Relationships between Condition, Distress, and Traffic Variables with
Respect to the Age of Road Segments and Different Types of Cracks?
As a note, the age of a road segment was calculated as the most recent resurface/construction
year.
The first dashboard displays the relationships between road segment age and four types of cracks
(see Figure 18). Note that the y-axis is logarithmic so that behaviors at small crack values can be
observed more clearly.
Figure 18 shows charts for four types of cracks:





Top left: High, moderate, and low severity alligator cracks
Top right: High, moderate, and low severity long cracks
Bottom left: High, moderate, and low severity longitudinal cracks
Bottom right: High, moderate, and low severity transverse cracks
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Figure 18. Crack types and severity by age of road segment
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Several observations are of interest in this dashboard. First, for all crack types, cracks of low
severity were most common, followed by cracks of moderate severity. The amount of severe
cracking was typically very low compared to moderate and low severity cracks.
All of the crack types displayed a similar pattern of values over the age of the road segments.
The amount of cracking was lower in low-age (i.e., newer) road segments, gradually rose to
around 25 years, and plateaued from 25 to 80 or 90 years, at which time it declined again.
The following shows road segment age by cracking index (see Figure 19). In this chart, the
cracking index declined steadily as the pavement aged (for all pavement types), with the
exception that at 75 years the crack index increased by 10 points.

Figure 19. Age by crack index
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The following shows road segment age by base thickness (see Figure 20). In this chart, base
thickness declined steadily as age increased, with the exception that at a pavement age of 15
years the base thickness was higher by 1.

Figure 20. Age by base thickness
The following shows road segment age by pavement thickness (see Figure 21). In this chart,
pavement thickness increased steadily as age increased, with the exception that at pavement ages
of 30 and 45 years and 60 and 75 years thickness did not increase or decrease.
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Figure 21. Age by pavement thickness
The following set of graphs shows age versus total asphalt depth and age versus total portland
cement concrete (PCC) depth (see Figure 22). In both pavement types, the depth started low at a
low age, rose, and then started falling around an age of 62 years. Also notable is that there were
consistent, large variations throughout the age values in both pavement types. Total PCC depth
exhibited this pattern more strongly than asphalt depth over the age of 63 years.

27

Figure 22. Age versus asphalt and PCC depth
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The following shows age versus the number of road segments with the following four types of
cracks at high, moderate, and low severity: alligator, long, longitudinal, and transverse (see
Figure 23). It is notable that the low severity cracks tended to have the highest counts (i.e., were
most common), particularly for longitudinal and transverse cracks, which spiked at an age of 32
years. High severity alligator cracks were the least common high severity crack type.
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Figure 23. Age versus crack counts by severity for alligator, long, longitudinal, and transverse cracks
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The following shows age versus rutting index (see Figure 24). There was no significant
relationship between these two measures (R2 = .02).

Figure 24. Age versus rutting index for all road segments with trend line
The following graph shows the average age of road segments by county (see Figure 25). There
were 45 counties with road segments over the age of 50 years.
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Figure 25. Average age of road segments by county
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Other graphs (not included here) showed no correlation between variables:















Alligator versus base thickness (R2 = .0007)
Average daily traffic versus
o International roughness index
o Alligator cracking index
o Cracking index
o Wheelpath cracking index (R2 values < .22)
Speed limit versus
o International roughness index
o Alligator cracking index
o Cracking index
o Wheelpath cracking index (R2 values < .22)
Average daily traffic versus
o Longitudinal cracking index
o Longitudinal wheelpath cracking index
o Transverse cracking index (R2 values < .06)
Average daily trucks versus
o Longitudinal cracking index
o Longitudinal wheelpath cracking index
o Transverse cracking index (R2 values < .06)
Speed limit versus
o Longitudinal cracking index
o Longitudinal wheelpath cracking index
o Transverse cracking index (R2 values < .04)
Speed limit versus
o Reconstruct 18 kips
o Number of patches
o Rutting index
o Rut depth (R2 values < .08)
Average daily traffic versus
o Reconstruct 18 kips
o Number of patches
o Rutting index
o Rut depth (R2 values < .48)

The following examines correlations between several variables: reconstruct 18 kips, number of
patches, rutting index, rut depth versus speed limit, average daily traffic, and average daily trucks
(Figure 26). None of the correlations (R2) were greater than .50 (50%) except average daily truck
versus reconstruct 18 kips, which had an R2 of .94 (see lower left quadrant of Figure 26).
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Figure 26. Correlations between reconstruct 18 kips, number of patches, rutting index versus speed limit, average daily traffic,
and average daily trucks
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The following shows PCI for 2013, 2014, and 2015 by highway system (see Figure 27). The PCI
for each system was consistent over the three years, but between systems it varied. PCI vales
were lowest for Highway System C and highest for Highway System Y.

Figure 27. PCI for highway systems C, N, and Y from 2013 to 2015
The following shows the districts that are responsible for 80% of selected crack indices (see
Figures 28 and 29). Table 2 summarizes the findings.
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Figure 28. Districts responsible for 80% of alligator, alligator combined, transverse
combined, and cracking indices
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Figure 29. Districts responsible for 80% of longitudinal, longitudinal wheelpath,
transverse, and wheelpath cracking indices
Table 2. Districts responsible for 80% of crack index
Crack Index
Alligator cracking index
Alligator cracking combined index
Cracking index
Longitudinal cracking index
Longitudinal wheelpath cracking index
Transverse cracking index
Transverse cracking combined index
Wheelpath cracking index

Counties Responsible for 80% of Index
(Ordered by Descending Contribution)
5, 2, 3, 4
2, 4, 6, 1
2, 1, 5, 3
1, 5, 6, 2
2, 3, 1, 4
1, 5, 6, 2
2, 5, 3, 4
1, 6, 5, 2

The following shows the districts that are responsible for 80% of high severity crack indices (see
Figure 30). Table 3 summarizes the findings.

37

Figure 30. Districts responsible for 80% of high severity cracks
Table 3. Districts responsible for 80% of selected high severity cracks
High Severity Crack Index
Alligator cracks
Long cracks
Longitudinal cracks
Transverse cracks

Counties Responsible for 80% of Index
(Ordered by Descending Contribution)
2, 1, 6
6, 2, 5, 1
2, 3, 1, 4 (note: 80% reached in first part of District 4)
5, 3, 2, 1

The following shows the number of districts responsible for 80% of each of the four types of
moderate severity cracks (see Figure 31). Table 4 summarizes the findings.
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Figure 31. Districts responsible for 80% of moderate severity cracks
Table 4. Districts responsible for 80% of moderate severity cracks
Moderate Severity Crack Index
Alligator cracks
Long cracks
Longitudinal cracks
Transverse cracks

Counties Responsible for 80% of Index
(Ordered by Descending Contribution)
2, 4, 6, 1
2, 5, 3, 4
2, 4, 3, and most of 1
5, 2, 4, 1

The following shows the number of districts responsible for 80% of each of the four types of low
severity cracks (see Figure 32). Table 5 summarizes the findings.
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Figure 32. Districts responsible for 80% of low severity cracks
Table 5. Districts responsible for 80% of low severity cracks
Low Severity Crack Index
Alligator cracks
Long cracks
Longitudinal cracks
Transverse cracks

Counties Responsible for 80% of Index
(Ordered by Descending Contribution)
5 and 6
5, 6, and part of 4
5, 2, 3, 6
2, 3, 5, 6

The following represents a visual analysis of various traffic data measures, including
accumulated kips since resurfacing, annual 18 kips, average daily traffic, average daily trucks,
and reconstruct 18 kips, versus several indices (see Figure 33 for representative reconstruct 18
kips versus selected indices). No relationships were supported, with R2 values less than 0.14.
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Figure 33. Relationships between traffic data measures and selected indices
The following shows two relationships (see Figure 34). The first plot shows a relationship
between average daily trucks and reconstruct 18 kips, which is significant, with an R2 value of
.94. The second shows no significant relationship between rutting index and reconstruct 18 kips.
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Figure 34. Relationship between traffic data measures and selected indices
The following shows the relationship between high severity and low severity cracks versus
county (see Figure 35). Note that the y-axis scale is not the same for each crack type. The
reference lines for each graph show the graph’s average. As can be seen, there were counties that
appear to have many above-average crack counts. However, it should be noted that because the
y-axis range is different for each graph, comparisons between them are not valid.
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Figure 35. Relationship between moderate and high severity cracks by county
Question 3: What is the State of Counties and County Types and Districts, with Respect to
Condition and Distress Data?
The condition and distress data were visually explored for ways in which they varied by county,
county type (urban or rural), and district. The Iowa counties were grouped into five types (based
on their size and proximity to large cities) using a typology developed by the Iowa Legislature
and U.S. Census data from 1970 to 2010 (Iowa Legislature 2017).
The five types include the following:
1. Central city metropolitan (9 counties): These counties are defined by the federal Office of
Management and Budget (OMB) as metropolitan. They contain an urban core population of
at least 50,000 people.
2. Outlying metropolitan (11 counties): These counties are defined by the OMB as
metropolitan, but they are adjacent to, but do not contain, the urban core. They have a high
degree of social and economic integration with the core, as measured by commuting patterns.
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3. Regional centers (17 counties): These counties are defined by the OMB as micropolitan
areas. They contain an urban core of at least 10,000 and fewer than 50,000 people or are
adjacent to the urban core and have a high degree of social and economic integration with it.
4. Small urban (24 counties): These counties are non-metropolitan/micropolitan areas whose
largest town has at least 5,000 and fewer than 10,000 residents.
5. Rural (38 counties): These counties are non-metropolitan/micropolitan areas whose largest
town has fewer than 5,000 residents.
The following charts show the condition and distress measures by county type for a chosen
pavement management information system (PMIS) year, with drilldown into specific counties
that represent a given county type (see Figure 36). Drilldown data are shown for specific
condition indices and distress data (see Figure 37). Condition indices shown include average,
alligator, alligator compound, longitudinal, longitudinal wheelpath, transverse, and transverse
combined cracking, as well as PCI. Distress indices (high, moderate, and low severities) include
alligator cracking, long cracking, longitudinal cracking, transverse cracking, joints, and joint
spalling.
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Figure 36. Condition and distress data for county types by PMIS year
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Figure 37. Drilldown on condition and distress data for small urban/rural counties by PMIS year
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The following shows visual charts for condition and distress data for county types by chosen
PMIS year (see Figure 38). Drilldown shows details on the selected condition indices and high,
moderate, and low severity distress data (see Figure 39).
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Figure 38. Visible condition and distress data for county types by PMIS year
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Figure 39. Drilldown on visible condition and distress data for small urban/rural counties by PMIS year
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Several trends can be seen when drilling down on each county type (see Figures 40 through 44).
Findings are summarized in Table 6.
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Figure 40. Drilldown on visible condition and distress data for central city metropolitan counties
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Figure 41. Drilldown on visible condition and distress data for outlying metropolitan counties
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Figure 42. Drilldown on visible condition and distress data for regional center counties
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Figure 43. Drilldown on visible condition and distress data for small urban counties
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Figure 44. Drilldown on visible condition and distress data for rural counties

55

Table 6. Trends in condition indices and distress cracks by PMIS year for all county types
County
Type

Trends Illustrated in Drilldown on the Dashboard
by County Type (Figure 38)
Condition
 Longitudinal wheelpath index (600K) is much higher than other indices
 Transverse cracking (143K) and alligator cracking (131K) indices are next
largest
 In the next chart, the IRI (122K) is by far the highest index
 PCI (60K) and the IRI index (48K) are the next largest

Central city
metropolitan
(Figure 40)

Outlying
metropolitan
(Figure 41)

Regional
center
(Figure 42)

Distress
 High severity longitudinal cracks (13K) are the largest index
 High severity joints (9K) is next largest, with long cracks (6K) after that
 Moderate severity longitudinal cracks (161K) are the largest
 Moderate severity alligator cracks (88K) and long cracks (87K) are next
with close values
 Low severity longitudinal cracks (760K) are the largest
 Low severity long cracks (531K) are the next largest
Condition
 Longitudinal wheelpath index (404K) is by far the highest index
 In the next chart, IRI (52K) is the largest index
 PCI (31K) and the IRI index (26K) are the next largest
Distress
 High severity longitudinal cracks (over 4K) are the largest
 High severity long cracks (2K) and joints (1.5K) are the next largest with
close values
 Moderate severity longitudinal cracks (100K) are the largest by far
 Moderate severity long cracks (66K) and alligator cracks (57K) are the
next largest
 Low severity longitudinal cracks (463K) are the highest
 Low severity long cracks (361K) are the next highest
Condition
 Longitudinal wheelpath index (532K) is by far the largest
 In the chart, the IRI (81K) is by far the largest index
 PCI index (43K) and IRI index (36K) are the next largest indices
Distress
 High severity longitudinal cracks are the largest
 High severity joints (4.2K) are the next largest, followed by long cracks
(2.4K)
 Moderate severity longitudinal cracks (75K) are the highest
 Moderate severity long cracks (78K) and alligator cracks (44K) are the
next highest
 Low severity longitudinal crack (691K) are the largest
 Low severity long crack (410K) are the next largest
56

County
Type

Trends Illustrated in Drilldown on the Dashboard
by County Type (Figure 38)
Condition
 Longitudinal wheelpath crack index (575K) is by far the largest
 Transverse cracking combined index (174K) and alligator cracking
combined index (158K) are both similar and next largest
 In the next chart, the IRI (90K) is the largest
 PCI (51K) and the IRI Index (43K) are similar and are the next largest

Small urban
(Figure 43)

Distress
 High severity longitudinal cracks (14K) are the largest
 High severity long cracks (4.8K) and joints (4.7K) are similar and the next
largest
 Moderate severity longitudinal cracks (183K) are the largest
 Moderate severity long cracks (140K) and alligator cracks (105K) are the
next largest
 Low severity longitudinal cracks (801K) are the largest
 Low severity long cracks (356) are the next largest
Condition
 Longitudinal wheelpath combined index is by far the largest index
 In the next chart, the IRI (109K) is the largest
 PCI (65K), the IRI index (57K), and the rutting index (48K) are all similar
and are the next largest

Rural
(Figure 44)

Distress
 High severity longitudinal cracks (18K) are the largest by far
 High severity long cracks (6.9K) and joints (5.3K) are the next largest
 Moderate severity longitudinal cracks (269K) are the largest
 Moderate severity long cracks (208K) and alligator cracks (150K) are the
next largest
 Low severity longitudinal cracks (1.2M) are the largest
 Low severity long cracks (79K) are the next largest

The following shows the median age and PCI by county type. All five county types were
evaluated. In the first graph, it is seen that the median age of roads in rural counties is much
higher, while the median ages of roads in the other four county types are similar (see Figure 45).
In contrast, the median PCI value for rural counties is the lowest, with the values for the other
four county types being similar and greater than the median PCI of the rural counties (see Figure
46).
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Figure 45. Median age by county type
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Figure 46. Median PCI value by county type
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The following shows the county type(s) that account for 80% of a given distress crack (e.g.,
alligator or longitudinal wheelpath cracking). Two groups were apparent. The first group (Figure
47) showed that the same three county types (rural, small urban, and central city metropolitan)
accounted for 80% of the alligator, alligator combined, longitudinal, and longitudinal wheelpath
cracks. Of these, the rural county type was the greatest contributor.

Figure 47. Counties accounting for 80% of alligator, alligator combined, longitudinal, and
longitudinal wheelpath cracks
The next group (Figure 48) showed somewhat less consistency across the crack types. Three of
the county types (rural, small urban, and central city metropolitan) accounted for 80% of the
longitudinal and transverse cracks. These county types showed high levels of transverse cracks,
especially in the central city metropolitan, rural, and small urban counties (in that order). Eighty
percent of wheelpath cracking is contributed by the central city metropolitan, small urban, and
regional center county types. Wheelpath and transverse cracks are the only crack types for which
rural counties were not the largest contributor.

60

Figure 48. Counties accounting for 80% of transverse combined, longitudinal, wheelpath,
and transverse cracks
The following group shows the county types that contributed 80% of four high severity crack
types (Figure 49). In all cases, rural counties had the highest number of high severity cracks. In
all four cases, 80% of the cracks were seen in less than three counties. For high severity alligator,
transverse, long, and longitudinal cracks, the following county types contributed the same
numbers of cracks: rural, small urban, and central city metropolitan.
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Figure 49. Counties accounting for 80% of high severity crack types
The following shows the county types that contributed 80% of four moderate severity crack
types (Figure 50). In all cases, rural counties had the highest number of moderate severity cracks,
followed by small urban counties. For moderate severity alligator, long, and longitudinal cracks,
80% of these cracks were contributed by rural, small urban, and central city metropolitan county
types (in that order). In the fourth chart, for moderate transverse cracks, the regional center type
was the third county type that was part of the 80%.
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Figure 50. Counties accounting for 80% of moderate severity crack types
The following shows the county types that contributed 80% of four low severity crack types
(Figure 51). In all cases, rural counties had the highest number of each type of low severity
crack. For alligator, longitudinal, and transverse cracks, the small urban county type was the
second largest contributor, followed by central city metropolitan. In the case of transverse cracks,
the second largest contributor was central city metropolitan, followed by small urban. With less
than three counties exhibiting long cracks, long cracks had the fewest county types making up
80% of total cracks.
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Figure 51. Counties accounting for 80% of low severity crack types
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