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Overall Goal of the PCI+ Model 

 
Create a largely automated model for street prioritization that: 

 
• Maintains Pavement Condition Index (PCI) of 65 citywide 

– Arterials  67 
– Non-arterials  63 

• Layers in other priorities, and 
• Provides a mechanism to weight those priorities. 



Pavement Condition Index (0 – 100) 

Numerical way to represent the condition of pavement 
 

     100   Newly constructed 
     70 – 99  Generally only routine maintenance needed 
     40 – 70  Rehabilitation (i.e., mill and overlay) 
     0 – 40   Reconstruction needed (depending on type) 
  
Lowest PCI values  5x more costly to repair 
 Reconstruction  reset to 100 
 Rehabilitation  could be less than 100 



Three Main Pavement Types 
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Concrete - “PCC” Asphalt – “AC” Asphalt over Concrete –”APC” 

Most Expensive 
Longest lasting (~40 yr) 

Less Expensive 
Shorter life (~30 yr) 

 
(The model treats asphalt over asphalt  

the same as just asphalt) 

Much Less Expensive 
Shortest life (~10 yr) 

Asphalt Overlay 
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Engineering Consultant – Evaluation & ICON Model  

• Surveys streets every 5-6 years 
– Measures PCI using core samples, inspection 
– Can project PCI values using typical decay rates. 

 
 

ICON Model: Picks road projects to maintain desired PCI. 
Indicates: 

• Improvement method (rehabilitation, reconstruction, etc.) 
• Cost 
• Year for project 



ICON Model 
Selections 
 
Patchwork: 
• Small portions 

of intersections 
or corridors 

• Often only one 
side of the 
street 

• Most are not 
reasonable 
construction 
projects 
 

Improvements That Maintain a PCI of 67 - Arterial 



Past Improvement Packages 

Engineers would work 
intensively (short time-
frame) to: 
• Work segments into 

complete projects 
– Intersections 
– Corridors 

• Consider other civic 
priorities (pipe 
replacement, etc) 
 



Urban Data Pioneers (UDP) 

Program started by the Bynum Administration. 
 
Mission  Improve the use of data throughout the 
City of Tulsa. 
 
Teams of City Employees and Community 
Members work on problems together 
 
PCI+ One of the first UDP projects, started in 2017 
  improve data analysis in selecting roads 

Tulsa won the 
“Engaged Cities 
Award” largely 
because of the 

Urban Data 
Pioneers program 



PCI+ Model 
Objectives 
• Create workable 

projects from 
ICON data 

• Simultaneously 
attain other civic 
goals 

• Allow prioritization 
of civic goals by 
Administration 

• Spend appropriate 
percentage of 
budget per district 

• Meet the PCI goal 
 

 

Improvements That Maintain a PCI of 67 - Arterial 



First Modeling Strategy 
Shuffle pavement areas and PCI values within each district.  
• Modeled after process Engineers used in the past. 
• Not enough wiggle room  FAILED 
 
 
 
Focus on the money  SUCCESS 
• Shuffle PCI values and areas City-wide 
• Estimate costs for roads as if all done in 2024 
• Let dollar value determine a district’s fair share of projects. 

 
Road selection is the final step in the model.  Looking ahead to see where to 
begin... 
 

Second Modeling Strategy 



The PCI+ Model  

Work with data provided by consultant to: 
– Create workable intersection and 

corridor projects 
– Include all needed data to select 

projects that  
• Maintain the city PCI goal  
  (pavement area, type, and PCI value) 
• Spend the appropriate amount of money 

per district (costs) 

 

Part I: Make the Base Road feature class 

Consultant provides % need per district (cost) 



Engineering Consultant Provides 3 Shapefiles 

• Current – Street segments with projected PCI values plus 
much more (pavement type, street width, etc.) 

• Scenario – Same segments as above with:  
– ICON model selections indicated  

(based on available budget and target PCI)  
– Cost of recommended actions (2021-2026). 

 

By request: 
• 2024 Cost and treatment for every segment  
  (ICON model with unlimited budget spent entirely in 2024) 

– For cost of any road selected by PCI+ model 



Get to Know the Data 
• No Unique Identifier… 

– several segments make up one Map_ID  
 (same PCI, same total area, same costs)  

    need to be dissolved  
 
 
 
 

• Cost in thousands 
• Lopping off the last character of Map_ID allows dissolving into:  

– reasonable corridors (ending in a digit)  
– intersections (ending in a letter) 

  



Create PCI Tables for Each Pavement Type 

• Select the ICON Picked = ‘True’ records 
• Dissolve by Map_ID, Surface_Ty, PCI, & Area 
• Dissolve again by Surface_Ty and PCI…sum the areas 
• Create tables for AC, APC, and PCC pavements: 

– Loop through each pavement type: 
• Make a table view for pavement type 
• Delete the old table output 
• Save off a new excel table for each pavement type 



Create the Base Roads feature class 

• Create feature classes from the shapefiles (from consultant) 
• Add new fields to one and pull needed data from the others 

– Uses UpdateCursor with SearchCursor 
– Selects an identical feature in the other feature class 
– Pulls in & manipulates needed data 
Main fields added: 

• PCI x Area   (Useful when dissolving areas…dividing again by area gives avg PCI value) 

• 2024 Cost  of construction 
• Segment length (for “manual” ratio policy in next script) 

• Dissolve to Map_ID level 

 



Initial 
Feature 
Class 

• Part of some 
roads outside 
city limits 

• Roads along 
city borders 
are not city 
responsibility 



Cut Parts of Roads Outside City Limits 

• Clip the road feature class by city limits. 
• Ratio policy would not work in script (field_info.setSplitRule) 

– even exporting script from Model Builder to use (did not work) 
– could not figure out why…so…. 

 
 
 
 
 
 

• Python ratio policy: goes through each record, checks for 
segment length change, if so, multiplies data by length ratio. 

 



Cut Roads Along City Boundary 

• Buffer the city boundary by 50 feet (geometries not perfect) 
• Select all of the features that “HAVE_THEIR_CENTER_IN” 

the buffer. 
• Delete them all. 

 



Create Intersections Where Needed 

• Where intersection geometry 
absent: buffer points 275 ft. 

• Clip roads with buffered 
points  ratio policy to get 
proportional area, cost, etc. 
(Arc tool works this time!) 

• Renames ID and type for 
new intersection pieces 

• “Erases” old and “appends” 
new clipped segments 

 



Remove “Predetermine” and Dataless Road Segments 

• Delete “Predetermine” roads 
– Ones already funded for 

upcoming improvements 
 

• Delete roads with no data 
– Fringe roads included in 

original dataset 

 



Manipulate ID field; Save in New “Arterial_ID” field 

• Adds new fields and fills them 
– “ArterialID”: Shortened ID field  allows dissolve into corridors & intersections 
– “Type”:  Intersection vs. Corridor (based on 7th character in “MapIDChar”) 
 



Create 21 Fields (Easier than Model Builder) 

• Sets up needed fields for upcoming data manipulation 
– Cost fields for each district 1 – 9 [“POECOST1”, “POECOST2”, …] 

• “POECOST0” is total cost of all districts 
• “POECOST10” is cost for downtown (a part of district 4) 

– 3 fields for each type of pavement (SQFT, AVG_PCI, PCIxArea) 

 



Add Data By District 

• Some roads 
straddle district 
boundaries  

• Need 
appropriate 
proportion of 
cost for each 
district 

Buffer the road 
layer 

Now a polygon 
 

 

 



Add Data By District 
• Go through district geometry one by one  
• Clip road layer with district polygon 
 use ratio policy (it works again!) 

• Fill in the 21 fields appropriately: 
     District 3 Clip - only parts of roads from District 3 (x = 3) 

– POECOST0 - add to total budget  
– POECOST3 - add to District 3 budget (3 + 15) 
– If the segment is “Surface_Ty” of “AC”: 

Fill in the AC fields  (List position start: t = 6) 
– AC_SQFT  (t = 6) 
– AC_AVG_PCI  (t+1 = 7) 
– AC_PCIxArea  (t+2 = 8) 

0                  1                               2                                 3                                   4                                        5                                  6                           7                                   8                            9 

 



Append and Dissolve 

• Append 9 districts back together 
• Dissolve on “Arterial_ID” 

– Sum all 21 fields 
 

Now, corridors and intersections:  
in single pieces 
contain all of the cost and PCI data needed 

 
 
 
 

 Another script converts all of the Null values to zero. 



Alter Field Names and Recalculate Average PCI 

• Get Rid of “SUM_” in the summed fields. 
  Quick with Python 
 
 

 
• PCI cannot be summed 
 Needs to be recalculated from summed (PCIxArea)/Area 



The PCI+ Model  

Part II: Acquire Information for Scoring 
 
Spatial analysis to determine additional benefits of road projects 
 
Within the right-of-way (ROW) of each road segment: 
 - counts (collisions, traffic volume, ADA ramps) 
 - lengths (of pipe, sidewalk, etc.) 
 - percentage of areas (land use) 
 



Typical Procedure 

• Add new fields 
• Select road features…one by one (Update Cursor) 
• Point features: “SelectByLocation” features “WITHIN” selection 
• Lines / polygons: “Clip” parts by selected road feature. 
• Count the selections or clipped pieces 
• If count > 0: 

– Sort through the collected features (Search Cursor) 
– Manipulate the data 

• Store needed data in the new fields 



Average Daily Traffic 
Higher Traffic Counts =  
more impact on the 
traveling public 
------------------------------------------------------------------------------------------------------------------------ 
 

For each road segment: 
Records the Average value of 
traffic counts in both:  

– 2014  
– 2015-2017 

 

High count used for scoring 
 
 
 No data – typically construction 



Collisions 
Changes in a street’s 
geometry could improve 
safety 
------------------------------------------------------------------------------------------------------------------------ 

For each road segment: 
Counts only the Injury and 
Fatal accidents over 3 year 
period. 
 

Fatal accidents weighted more 
heavily. 
 

Normalize:  
normal corridor length / Current segment length 
 
Normal corridor length (v) = 1 mile – typical intersection 



Sidewalk Gaps 
Upgrade streets without 
sidewalks 
------------------------------------------------------------------------------------------------------------------------ 

For each road segment: Find 
the total length of sidewalk 
gap in ROW using “Clip”. 
 

Store sum of length x priority 
(priority indicated in a feature 
class field, “COT_Priority_Score”) 
 
 

 
 
 

Normalize 



Go Plan  
Opportunities to add or 
improve bicycle routes 
------------------------------------------------------------------------------------------------------------------------ 

For each road segment:     
Find the total length of trail in 
ROW using “Clip”. 
 

Store sum of length x priority 
(priority indicated in a feature 
class field, “CoT_Priori”) 
 
 

 
 
 

Normalize 



Water Pipe Replacement 
Replacing priority water 
lines would benefit 
residents and reduce cost 
------------------------------------------------------------------------------------------------------------------------ 

INFOMASTER program 
identifies pipe most likely to 
fail (5 priority levels). 
 

Objective: Replace priority 1 & 
2 cast iron pipe, 16 in diameter 
or smaller with set budget. 
 

A script finds percentage in 
Arterial ROW  to set 
available budget for Arterial 
pipe replacement. 



Water Pipe Replacement 
Replacing priority water 
lines would benefit 
residents and reduce cost 
------------------------------------------------------------------------------------------------------------------------ 

For each road segment:  
• Clip these pipes by ROW 
• Sum length by Priority (1-5) 
• Estimate replacement cost. 
 

Score  
– Priority1 length x 3 
– Priority2 length x 1  
– Priority(3-5) length x 0 

 

Normalize. 



ADA Accessibility 
Areas without ADA 
Accessibility would be 
brought into compliance 
------------------------------------------------------------------------------------------------------------------------ 

Three components:  
– Transit Stops 
– Ramps 

• Signalized Ramps 
• Unsignalized Ramps 

– Sidewalks 
 

Three priorities: 
– Low 
– Medium 
– High 



ADA Accessibility 
Areas without ADA 
Accessibility would be 
brought into compliance 
------------------------------------------------------------------------------------------------------------------------ 

For each road segment:    
Sum features or lengths 
 

Multiply by Priority score 
– Low = 0 
– Med = 2 
– High = 3 

 

Normalize 
 

Total score: Transit 60%, 
Ramps 20%, Sidewalks 20% 

Ramp Score: 



Land Use (LU) 
Improving areas with certain 
land uses could lead to 
population growth 
------------------------------------------------------------------------------------------------------------------------ 

For each road segment:  “Clip” 
the LU polygons in the ROW. 
 

Store values in list by LU type. 
– 0 position – Total area 
– 1-12 – LU area by category 

Then, store for each LU category: 
– LU area / Total area (from list) 

 

Score with weights by LU type: 
– Downtown / Main Street: 20 
– New Neighborhood: 0   etc… 

 



Small Area Plans 
Recommended upgrades 
can be implemented 
------------------------------------------------------------------------------------------------------------------------ 

Planning Department gave us: 
• 2 feature classes  

– SAP Points 
– SAP Lines 
 
 
 

• Spreadsheet with scores 
– “ID_1” linked to scores 

 



Small Area Plans 
Recommended upgrades 
can be implemented 
------------------------------------------------------------------------------------------------------------------------ 

Read ID-Score key-value pairs 
into a Python dictionary 
 
 
 

For each road segment:     
– Find intersecting features 
– Use ID as “key” to return 

“value” as they are 
summed 



Master Drainage Plan 
Negative score because 
funds are not available to 
make all improvements 
------------------------------------------------------------------------------------------------------------------------ 
 

For each road segment:     
– Tally all features that 

intersect ROW 
– Negative score for any 

intersecting segment (-200) 
• Not out of running…just 

lower priority. 
• Projects typically run way 

beyond the roads. 



The PCI+ Model  

Part III: Scoring Roads 
 

A script adds raw scores for each category 
  weights within categories satisfied  
  (f.ex. - P1 pipe more heavily than P2 pipes) 
 

BUT, total points per category  vastly different (pipes vs. SAP) 
 
 
 

Do not want to sum or weight unequal categories. 
 

To compare categories fairly, the scores need to be curved…… 
 
 
 
 
  



Curving Road Scores 

Used a linear curve. 
 
(x1,y1) is (0.0000000000000001, 0.0000000000000001) to avoid divide by zero with (0,0) 

(x0,y0) is (current category mean, maximum category mean  LUmean) 
x is the uncurved score in question. 
 
Interpretation: Zero is still zero*, adjust mean to the highest mean of all categories  
 All the other scores are adjusted linearly. 
 No changes to the category with the maximum mean. 
 All categories end up with the same mean value (same number of total points) 

  

*The script actually slightly adjusts incoming zero scores to be zero. Again, because of divide by zero issue. 



Each Category can be weighted differently in each district 
 …potentially up to administrative officials 
 

 
 

Input Excel file with variable scoring per district: 
District 1: 
District 2: 
 etc… 
 

In the end  Balanced all categories in all districts. 
          Summed 12.5% of scores from each category. 

  

Weighting Road Scores by Category / District 

Traffic 
Counts 

Traffic 
Crashes 

GO Plan 
Facilities 

Sidewalk 
Gaps 

Land 
Use 

Small Area 
Plans 

20% 15% 10% 20% 

Water 
Pipes 

Disabilities 
Act 

5% 10% 10% 10% 



The PCI+ Model  

Part IV: Selecting Roads 
 

Final Script: Roads selected in rank order if they meet all the 
necessary criteria. 

Priority List: 
Highest to 

lowest score 
road 

PCI match 
with tables 

in all 
pavement 

types? 

Yes 
Available 

road  
budget in 
districts 

involved? 

Yes Yes Available 
budget for 

replacement 
pipes? 

Road 
selected 

Consider next road on the priority list 

No No No 



The selection script has ability to: 

• Adjust PCI value range suitable for match with table data 
(used +/- 1). 

• Adjust the budget wiggle room for each district (used 1-2%). 
• Consider pavement type (AC, PCC, APC) in particular order 

(to improve model performance). 
• Control the number and method of iterations through PCI 

tables to find a match. 
• Pre-select roads (give certain roads first crack at the tables) 
• Remove roads (keep out roads deemed unsuitable) 

 



Two Search Methods: 
First Pass selecting roads: 
• Searches through 3 PCI tables line by line (AC, APC, PCC)  

– accumulating PCI values to match those in the road feature class 
• Carefully matches PCI values, keeping it tight (+/- 1) 
• Complex searching mechanism…does not give up easily  

– Repeats search through PCI tables in different ways for each road 
• Typically 80% area or more selected 

 

Remaining Passes: 
• Calculates remaining Area and PCIxArea in PCI tables. 
• Recalculates after every selection 
• Allows greater and greater freedom with each pass 
• If type close to empty  may drive remaining PCI outside 0-100 range 

 



The selection script produces: 

• Feature class with model picks 
• Summary info:  9.8% area unused, 20% budget remains 

 

OLD Model Test Run – (Scores not accurate) Actual Model Results 



Problem Solving 

Three districts w/ unfilled obligations 
 
Analysis: 
• Initial picks from consultant:  only 3.8% PCC by area. 
• Problem districts (5,7,8): most of the need is in PCC type. 
  Ran out of PCC in tables (with higher scoring roads) 
  before the script reached roads in these districts 
 
Solution: Pre-select PCC roads in districts 5 & 7. 
  Very limited choices (and expensive roads) 



Pre-select Run Results 

8.2% area unused.  10% budget remains. 
 
 
 
 
 
 

 
From 3 to 2 problem districts…. 
 Districts 1 & 8  (Both districts dropped) 
  

 

w/o Pre-select  with Pre-select  



Main Impact – District 1 

97% area used  52% area used 
 
Looked at what roads were eliminated from District 1 because 
PCC not available. 

– Typically APC roads with small portions of PCC 
– High scoring roads (desirable) 

 
Were able to add desirable roads back in with flexible post-
model selection method (remaining 8% of area): 

– An extra ~33% PCC area was added 
– Focus on cost and overall PCI values 

 
  

 



Post-Selection (by Hand) Results 
Used a spreadsheet to add/subtract roads from Districts 1 & 8: 
 

With the final 8% of area…could substitute pavement types and select “out-of-range” PCI 
values…if they: 

– Meet the budget needs 
– Ideally have equal or lower overall PCI values than the remainders. 

 Looked for highest scores / lowest PCI values that were affordable with available budget 

 



Field Check - Engineers 

Checked condition of road, etc. in the real world 
  modifications to picks (more swapping) 



Central Business District (CBD) and Non-Arterials 

Downtown (CBD): 
Repeated process 
 
Non-Arterials 
• Post-selection 

entirely up to 
engineers 

• Similar process: 
– Cul-de-sacs! 
– Different grouping 

process 
 



Consultant – Re-ran ICON model 

Used model output with Engineer modifications: 
 
 
 
 
 
 
 
 
 

RESULTS ARE A STARTING POINT…… 



Results Presented to City Administration 

Decisions about Civic Improvements are complex, involving 
input from: 

– Model Output 
– Engineers 
– Citizens – Public meetings 
– City Administration 

 
Administration has to weigh all of those factors to come up 
with a final package to present to the community. 
 
Citizens vote to approve the package. 
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