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Traffic crashes are a national epidemic, claiming nearly 34,000 lives in 2009, despite a 

significant decrease in fatalities from previous years (1). While fatality numbers  in Iowa  

showed a general decline in 2008 and 2009, about 400 lives are lost annually in traffic 

crashes, which is more than one per day (2). Traffic crashes are the leading cause of death in 

the nation and in Iowa  for persons under age 35 (3). 

In Iowa, the total cost of traffic crashes has been estimated at over $1 billion per year (3). 

Impacts from crashes have been felt either directly or indirectly by almost every citizen. In 

addition to the physical, financial, and emotional impacts on victims and families, 

significant burdens are placed on law enforcement, medical professionals, and other 

institutions.  

A proactive highway safety program addressing the impacts of traffic crashes in Iowa has 

been invaluable for keeping the number of crashes steady or falling despite higher speeds, 

especially on the Interstate system, and more miles driven each year. A crucial element of 

this program is collecting and analyzing crash data that can be used to identify and reduce 

ÚÈÍÌÛàɯËÌÍÐÊÐÌÕÊÐÌÚɯÖÕɯ(ÖÞÈɀÚɯÚÛÙÌÌÛÚɯÈÕËɯÏÐÎÏÞÈàÚȭ 

While crash data are available to all Iowa local jurisdictions, many do not have ready access 

to engineering assistance for traffic crash analysis. The U.S. Department of Transportation 

(DOT) has recommended that cities with a population over 50,000 employ at least one full-

time traffic engineer and that cities with populations between 25,000 and 50,000 have access 

to traffic engineering services through consultants or other government agencies, such as 

the Traffic Engineering A ssistance Program (TEAP) offered by the Iowa DOT (4). 

Although many larger Iowa cities have staff traffic engineers who have a dedicated interest 

in safety, smaller jurisdictions do not. Rural agencies and small communities must rely on 

consultants, if available, or local staff to identify locations with a high number of crashes 

and to devise mitigating measures. However, smaller agencies in Iowa have other available 

options to receive assistance in obtaining and interpreting crash data. These options are 

addressed in this manual. 
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Because smaller communities and rural jurisdictions lack staff and/or adequate budget to 

provide engineering expertise, traffic safety duties are often assigned to law enforcement 

officers and/or public safety staff. Although these professionals routinely perform these 

additional duties well, the duties are not the prim ary focus of their jobs and additional 

training and guidance would be advantageous. 

The Iowa DOT has supported developing this manual to provide a tool that assists 

communities and rural agencies in identifying an d analyzing local roadway -related traffic 

safety concerns. This manual should also serve as a reference for traffic engineers and other 

analysts. 

Many proposed road improvements or alternatives can be evaluated using methods that do 

not require in -depth engineering analysis. For example, an engineer could estimate the cost 

of adding a lane to an existing intersection without an actual on -site investigation. Traffic 

volume/capacity ratios could also be used to evaluate congestion potential. These 

techniques, used separately or in conjunction with one another, are useful in preparing 

budgets or proposals but are not generally employed for the actual implementation process.  

In the past, a limited number  of traffic safety professionals had access to adequate tools and 

training to evaluate potential safety problems quickly and efficiently and select possible 

solutions. (A brief history of crash data and analysis in Iowa is provided in Chapter 2 of this 

manual.) Present-day programs and information are much more co nducive to the 

widespread dissemination of crash data, mapping, data comparison, and alternative 

selections and comparisons. Information is available and in formats that do not require 

specialized training to understand and use.  

This manual describes several methods for reviewing crash data at a given location, 

identifying possible contributing causes, selecting countermeasures, and conducting 

economic analyses for the proposed mitigation. A benefit -cost calculation provides one type 

of economic assessment and evaluation of possible mitigation alternatives. While not 

necessarily the determinative factor for a countermeasure, comparing the expected benefit 

to anticipated cost can be quite useful. The Federal Highway Administration (FHWA) is also 

developing ot her analysis tools, which are described later in the manual. 

Safety management can adopt a reactive or proactive approach and each approach has merit 

in given circumstances. When crash experience indicates a need for immediate action, a 

reactive response is justified. For efficient and effective long -term, safety planning, proactive 

procedures may be more appropriate as budgetary considerations allow. This manual 

addresses both management approaches. 
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For low -volume roads and streets, attempting to identify ÈÕËɯÈËËÙÌÚÚɯɁÏÐÎÏ-ÊÙÈÚÏɂɯÓÖÊÈÛÐÖÕÚɯ

can often yield unsatisfactory results due to the relatively low crash numbers and the 

random nature of crash occurrences. In low -volume situations (less than 400 vehicles per 

day), addressing safety concerns using a systemic approach can be more effective. Systemic, 

which could be favorably compared to a proactive approach, countermeasures might 

include initiatives such as upgrading horizontal curve delineation, even if few crashes have 

been recorded at a given location. A similar approach might be adopted for potential 

hazards, such as unshielded narrow structures or T-configuration intersections. This topic is 

addressed in more detail later in this manual.  

Safety attitude or culture emphasizes the importance of a safety-conscious attitude. An 

important element of this philosophy is understanding key safety principles as they apply to 

roadway design and operation. Common sense, experience, and good judgment are 

required to supplement knowledge becau se information currently available about safety 

rarely is such that a given analysis has only one possible explanation or one plausible 

solution.  

Design standards have been developed over the years to govern minimum acceptable 

criteria for physical roadway features. However, simply meeting minimum design 

standards does not assure operating safety, and crashes will still occur. Compliance with 

standards, warrants, and established guidelines result in a nominal  safety environment, but 

more may be needed for desired safety levels or to compensate for local conditions not 

accounted for in the standards. 

For example, the Manual on Uniform Traffic Control Devices (MUTCD ) may recommend a 30 

inch Stop sign for a conventional road intersection; but  crash and operational history might 

indicate that a larger sign, possibly supplemented by a flashing light, would be beneficial 

and have significant potential to re duce crashes. These added features are elements of what 

is termed substantive safety. 

Nominal safety is useful for defining legal behavior, protecting agencies from tort liability, 

and possibly providing for the needs of special road users. Substantive safety, based on 

actual crash history and roadway conditions, goes beyond minimum standards to address 

particular safety concerns when identified. Resources describing substantive safety options 

are listed in the References at the end of each chapter and include several National 

Cooperative Highway Research Project (NCHRP) reports. 
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This manual has been developed to assist local communities and others in evaluating traffic 

safety performance and to provide several user-friendly analysis m ethods for addressing 

deficiencies. The manual describes common countermeasures and potential funding 

sources. 

Some of the information provided in this manual is listed below:  

¶ Useful advice for safety and crash history analysis 

¶ Procedures for evaluating potential problem locations  

¶ Methods to determine crash patterns and related causes and to make comparisons with 

average or expected values 

¶ Established criteria for mitigation service life, costs, and countermeasure effectiveness 

¶ Suggestions for economic analyses to use in budgeting and planning  

In addition, many jurisdictions are justifiably concerned about liability and the potential 

resultant effects on limited budgets. Litigation resulting from crashes can have serious 

impacts on programs in many agencies. A systematic use of this manual to develop and 

prioritize traffic safety improvements within budgetary limitations should prove beneficial 

in defending against or avoiding crash litigation.  

NCHRP Report 440, Accident Mitigation Guide for Congested Rural Two-Lane Highways, 

describes a six-step process that agencies can adopt to locate and mitigate safety deficient 

locations (5): 

1. Identify potential and/or actual safety problem locations 

2. Evaluate crash history  

3. Examine field conditions  

4. Analyze contributing factors and possible countermeasures 

5. Assess and select appropriate mitigation  

6. Implement improvements and evaluate the effectiveness 

This manual describes a similar comprehensive approach to traffic safety analysis, from 

collecting potentially valuable data  and analyzing data to evaluating countermeasures, 

ranking possible solutions , and obtaining funding for traffic safety  features or 

improvements . 

This chapter briefly describes the development of crash records and the evolution of various 

analysis methods. The information is intended to provide an appreciation for the dedicated 

work that was necessary to achieve the level of crash analysis capabilities that are available 

today in Iowa.  
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This chapter introduces and describes tools and activities for addressing identified and 

anticipated traffic safety concerns in Iowaɭfrom data collection , to multi -disciplinary 

approaches, to formal statewi de enforcement initiatives. These tools and activities can be 

utilized in both reactive and proactive approaches. 

The chapter describes the many types of data necessary for complete and accurate crash 

analysis. Crash data are described in detail, emphasizi ng not only the necessary quality and 

the importance of law enforcement contributions but also t he limitations of the database. 

In addition to crash data, other necessary information is addressed, including traffic 

volumes and types, traffic control devices and pavement markings, roadway and roadside 

features, litigation experience, citation histor y, maintenance records, citizen and staff input, 

and the importance of data maintenance. 

The chapter emphasizes how each type of data contributes to the analysis process and 

presents suggestions for gathering that information. Numerous illustrati ons are included for 

reference and the needs of special road users are addressed briefly. 

This chapter also describes cooperative efforts that multi -disciplinary traf fic safety teams 

can undertake, providing several situational examples to demonstrate the value brought to 

traffic safety by these teams. Finally, this chapter introduces statewide traffic safety 

improvement  initiatives  by both the Iowa DOT and the Iowa GoÝÌÙÕÖÙɀÚɯ3ÙÈÍÍÐÊɯ2ÈÍÌÛàɯ

Bureau (GTSB). 

The problem location chapter offers suggestions to identify potential and actual safety 

problem areas. Advice is given in three areas, primarily relying on informatio n in various 

NCHRP reports. The following topics are addressed: 

¶ Evaluating crash history  

¶ Examining field conditions  

¶ Analyzin g possible contributing factors  

In addition, current and future tools for augmenting these efforts are presented, including 

the American Association of State Highway and Transportation Officials ( AASHTO ) 

Highway Safety Manual (HSM) and the AASHTOWARE SafetyAnalyst software package. 

Analysis techniques for determining potential crash propensity are described. Most of the 

material fo r this chapter is drawn from FHWA publications, research reports, and the 

Southeast Michigan Council of  Governments (SEMCOG) handbook. 
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This chapter offers suggestions for procedures and techniques that can be employed to 

evaluate available data, including selecting years for analysis; mapping; determining 

frequencies, rates, and densities; identifying major contributing factors; and preparing 

reports. 

Once safety issues are identified, it is necessary to select appropriate countermeasures. This 

chapter describes available mitigation options that have been used successfully. A 

cooperative approach is emphasized, including the 4 Es (engineering, enforcement, 

education, and emergency response) plus any others. Suggested countermeasures include 

initiatives in all these areas, and mitigations for sp ecific problems are identified.  

The expected life of various improvements and crash reduction factors are also included, 

along with  several illustrations. Reference information for this chapter was from various 

sources, including the SEMCOG handbook and the Iowa DOT.  

Although reconstruction or other major improvements may be desirable and ultimately 

sought, significant safety improvements can often be achieved at a relatively low cost. 

Improv ements such as upgraded signing and markings, as well as focused law enforcement 

and educational efforts can be very beneficial. These and other low-cost mitigation options 

are presented in this chapter. 

Methods are presented for evaluating the economic value of alternative countermeasures. 

Benefit-cost computations and other evaluation comparisons are explained. 

Topics included in this c hapter are funding sources and traffic safety improvements with 

Resurfacing, Restoration, Rehabilitation or 3R projects. 

Examples of several types of crash analysis are presented in this final chapter , from simple  

applications to more detailed analyses. Use of available software, such as CMAT, IMAT, 

and SAVER, are described and illustrated. 

The back of this manual  includes an informative  glossary of traffic safety analysis terms and 

a list of the acronyms and abbreviations used in this manual with their definitions . 
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While this manual  presents a comprehensive process for evaluating safety, opportunities 

will arise  for applying only  selected parts of the process. 

For example, a mayor or council member may perceive a safety deficiency at a particular 

location based primarily on citizen input. It may be immediately concluded that a traffic 

signal would be the best solution to the problem. When staff is asked for a response, the first 

step would be to review data to dÌÛÌÙÔÐÕÌɯÐÍɯÛÏÌɯÚÐÛÌɯÐÚɯÈɯɁÏÐÎÏ-ÊÙÈÚÏɂɯÓÖÊÈÛÐÖÕɯÞÈÙÙÈÕÛÐng 

such a high-cost investment. 

By applying the techniques described in Chapter 3: Addressing Tr affic Safety Concerns in 

Iowa, it might be demonstrated that the site in question ha s a better safety record than 

several others already waiting for funding. If a proposal for the traffic signal is still 

supported, Chapter  4: Identifying Potential  Problem Locations and Chapter 5: Analyzing 

Crash Data could be employed to show, perhaps, that a signal might not be as effective as 

improved signing and marking  (while t he importance of meeting predetermined signal 

warrants as described in the MUTCD  should also be noted). 

The value of an established local safety management system has been demonstrated in 

several areas of Iowa. Key elements of successful programs are cooperation between 

agencies (and between departments within agencies), a common purpose, and appropriate 

use of available data to guide decisions. This manual provides illustrations and guidance for 

interpreting and analyzing crash and other data when considering transportation safety 

improvements.  
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In Iowa, records of traffic crashes have been compiled and maintained for many decades. 

One of the earliest reports is dated 1934 (and apparently published in 1935). It  was compiled 

as a booklet under the direction of the Secretary of State. The title of the report, The Four 

Horsemen of the Highway, indicates road hog, drunken driver, excessive speed, and unsafe 

cars as the major causes of crashes (1). 

Statistics for 1934 revealed more than 11,000 crashes involving nearly 17,000 vehicles and 

resulting in 544 deaths and 11,423 injuries. Male drivers were overwhelmingly represented 

in these crashes. Pedestrians accounted for 154 fatalities, and 112 school-age children were 

killed.  

Several interesting articles from the National Safety Council  (NSC) are included in the 

report, with an emphasis on the human element in safety, dangers of drinking and driving, 

and concern for the nationwide death toll from traffic crashes. One article notes th at Public 

Enemy No. 1 is the reckless automobile driver (1). Beginning in 1917 (with 10,196 fatalities), 

the article notes nearly 405,000 killed in automobile accidents over the ensuing 18 year 

period . 

Also, of particular interest , was a comparison from (ÖÞÈɀÚɯMotor Vehicle Department of 

fatal crashes in Iowa before and after the Iowa Highway Patrol was established in mid -1934. 

Statistics showed a demonstrable decrease from 1933 (1). 

A 1941 report from the Safety and Traffic Department of the Iowa Highway Commission 

summarizes traffic crashes from 1934 through 1940 with the most emphasis on the primary 

road system (2). The report notes a general decrease in the fatality rate over that period from 

12.3 fatalities per one hundred million miles in 1934 to 9.4 in 1940. Counting traffic numbers 

was apparently initiated in 1936, resulting in improvements from previous volume 

estimates. 

It is interesting to note that the NSC was using a miles per gallon consumption of 13.5 to 

make rate estimates at that time. The Council noted that Iowa had one of the lowest fatality 

rates in the nation for the period 1937 to 1940 (2). 

The 1941 report  concludes that the major causes of fatal accidents were angles of movement, 

velocity differentials, and obstructions to movement. Interference to moving traffic along 

the outer edge, designated marginal friction in the report, accounted for the most  fatalities 

in 1939 to 1940. Today, this designation would be referred tÖɯÈÚɯɁÊÓÌÈÙɯáÖÕÌɂɯÐÕÛÌÙÍÌÙÌÕÊÌȭ 
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The report also notes that safety programs should concentrate maximum attention during 

the months of September through February because fatalities were higher during that 

period.  

Reviewing these historic records reveals many similarities in safety problems and concerns 

to those that traffic safety professionals face today. These reports and more recent 

summaries prepared by the Iowa DOT Office of Driver Services are maintained in t he Iowa 

DOT library. Valuable information dating back to 1925 can also be obtained from the Iowa 

DOT Motor Vehicle Division (MVD) website at www.iowadot.gov/mvd/FactsandStats.html  

and www.iowadot.gov/mvd/ods/crashhistory.xls.  

In contrast to the very high crash fatalities and rates noted in the historical data above, the 

most recent nine years (from 2001 through 2009) of Iowa data indicate a fatal crash rate of 

1.53 per 100 million vehicle miles travel ed (HM VMT ) on rural primary roads and a fatal 

crash rate of 3.18 per HM VMT  on rural secondary roads (3). 

The total number of fatal crashes is also much lessɭabout 108 per year for primary roads 

and approximately 162 per year for secondary roads. These reduced statistics are due to 

improved roadways, safer vehi cles, and, in no small part, much more emphasis on traffic 

safety in current times. 

1. Iowa and the National Safety Council . The Four Horsemen of the Highway: Iowa Automobile 

Accident Reportɭ1934. Booklet compiled under the direction of Mrs. Alex Miller, 

Secretary of State. Des Moines, Iowa. 1935. 

2. Iowa Highway Commission , Safety and Traffic Department. Accident Trends in Iowa: 

Engineering Analysis of Fatal Accidents on Primary Road System Outside Municipalities. 

Ames, Iowa, 1941. 

3. Iowa DOT. Crash Rates and Crash Densities in Iowa by Road System 2001 ɬ 2009. Office of 

Traffic and Safety in cooperation with Office of Driver Services  Motor Vehicle Division. 

July 6, 2010. Last accessed September 2011. From 

www.iowadot.gov/crashanalysis /comparablesprofilesmain.htm , report is at 

www.iowadot.gov/crashanalysis/pdfs/crash_rate -density_comparables_segments_2001-

2009_20100706_statewide.pdf 
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This chapter introduces and describes tools and activities for  addressing identified and 

anticipated traffic safety concerns in Iowaɭfrom data  collection to multi -disciplinary 

approaches to formal statewide enforcement initiatives . These tools and activities are 

organized into the following broad categories in this chapter:  

¶ (ÖÞÈɀÚɯ"ÙÈÚÏɯ#ÈÛÈ 

¶ Additional Non -Crash Data 

¶ Multi -Disciplinary Approache s to Roadway Safety 

¶ Governorɀs Traffic Safety Bureau Safety Enforcement Initiatives 

¶ Additional Information  

The tools and activities covered in this chapter can be utilized in both reactive and proactive 

approaches. Information sources for this chapter include Iowa programs and resources, 

FHWA information, and NCHRP publications.  

Reviewing crash data is an effective way to identify and address traffic safety problems . 

However, to analyze the data effectively , the information must be col lected, managed, and 

stored in a manner that will facilitate analysis. This section provides background 

infÖÙÔÈÛÐÖÕɯÙÌÎÈÙËÐÕÎɯ(ÖÞÈɀÚɯÊÙÈÚÏ-data collection requirements, impediments, and 

analysis resources. In addition , non-crash data (e.g., road, traffic, road user demographics) 

are briefly discussed. 

Crashes meeting all of these criteria should have a crash report completed by an 

investigating officer:  

1. Occurs on a public roadway 

and 

2. Involves at least one motor vehicle in transit, including four wheeler s, mopeds, golf 

carts, and snowmobiles; motor vehicles not in transit would include parked cars, electric 

scooters, bicycles, and trains 

and 

3. Involves at least one fatality or one personal injury or $1,500 of property damage (Iowa 

Code 321.266ɬ321.37, effective July 2010) 

Local agencies may have listings of additional crashes. 
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At a crash scene, an officer has many responsibilities in addition to completing the crash 

report:  

¶ Safe and prompt arrival   

¶ Observe conditions contributing to the crash 

¶ Be alert for physical evidence at the scene 

¶ Position the patrol unit to protect the scene  

¶ Watch for potential dangersɭhazardous materials 

¶ Traffic control to prevent additional collisions  

¶ Provide emergency treatment for  injured persons 

¶ Notify f ire department/ambulance  if necessary 

¶ Notify next of kin in f atalities 

¶ Investigate hit -and-run crashes 

¶ Identify and interview witnesses  

¶ Collect physical evidence/photos 

¶ Exchange information with drivers  

¶ Clear the roadwayɭtowing the vehicles  

¶ Investigate the crashɭaccurately complete the crash form, recording details such as a 

description of the scene, roadway conditions, driver and vehicle information, type of 

crash, injuries, and approximate property damage  

Depending on the severity of the crash, crash investigation is only one aspect of the 

ÌÕÍÖÙÊÌÔÌÕÛɯÖÍÍÐÊÌÙɀÚɯÙÌÚ×ÖÕÚÐÉÐÓÐÛàȭɯ6ÏÐÓÌɯÕÖÛɯÌßÖÕÌÙÈÛÐÕÎɯÐÕÊÖÔ×ÓÌÛÌɯÖÙɯÐÕÈÊÊÜÙÈÛÌɯ

ÙÌ×ÖÙÛÐÕÎȮɯÛÏÌÚÌɯÈËËÐÛÐÖÕÈÓɯËÜÛÐÌÚɯÙÌØÜÐÙÌɯÈɯ×ÙÐÖÙÐÛÐáÈÛÐÖÕɯÖÍɯÛÏÌɯÖÍÍÐÊÌÙɀÚɯÛÐÔÌȭɯ'ÖÞÌÝÌÙȮɯ

officers should typically have sufficient opportunity to complete the  form properly after the 

immediate crash issues have been addressed. 

Drivers  also have responsibilities following a crash. For any crash occurring in Iowa 

resulting in death, personal injury, or property damage of $1 ,500 or more, an Iowa Accident 

Report/Report of Motor Vehicle Accident  must be completed and filed unless the crash is 

investigated by a law enforcement officer . Insurance information must also be completed on 

this form . Failure to do so may result in suspension of driving privileges.  

While perhaps not specifically required by Iowa Code, witnesses to crashes may be 

compelled by civic duty to provide informatio n about any crash they observe. 

Quality data starts with quality reporting. Beca use complete, accurate crash form data are 

crucial for analytical purposes, the contribution of investigating law enforcement officers is 

significant.  
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Law enforcement officers or drivers report crashes that meet the minimum criteria using the 

standard Iowa  #.3ɯ(ÕÝÌÚÛÐÎÈÛÐÕÎɯ.ÍÍÐÊÌÙɀÚɯ1Ì×ÖÙÛɯÖÍɯ,ÖÛÖÙɯ5ÌÏÐÊÓÌɯ ÊÊÐËÌÕÛɯȹÊÙÈÚÏɯÍÖÙÔȺɯ

(Figures 3.1 and 3.2) or the Iowa Accident Report Form /Report of Motor Vehicle Accident  

(driver ɀs report) (accessible from www.iowadot.gov/mvd/ods/accidents.htm ). 

All Iowa law enfor cement officers, state and local, either use the same form when 

investigating a traffic crash or electronically collect the data at the scene using the Traffic 

and Criminal Software (TraCS). TraCS can be used with laptops, desktop computers, and/or 

in-car data communications to provide officers with the means to record and access both 

crash and incident data remotely or in the office.  

TraCS has proven invaluable for improving data collection accuracy and for improving 

crash investigation and reporting effic iency. More detailed information about TraCS can be 

found at www.iowatracs.us/ . 

For agencies not using TraCS, paper forms may be completed and the data can be entered 

later electronically at the local office or it can be sent to the Iowa DOT MVD  Office of Driver 

Services (ODS) for document scanning and entry into the state database. 

Most of these data are entered using standard codes from the Iowa DOT Investigating 

.ÍÍÐÊÌÙɀÚɯ1Ì×ÖÙÛɯÖÍɯ,ÖÛÖÙɯ5ÌÏÐÊÓÌɯ ÊÊÐËÌÕÛɯ"ÖËÌɯ2ÏÌÌÛɯÚÏÖÞÕɯÐÕɯ%ÐÎÜÙÌÚɯƗȭƗɯÈÕËɯƗȭƘ. 

The current crash reporting form has been in use since 2001 when it was revised to be in 

close compliance with the most recent national guidelines for crash data. Prior to 2001, crash 

data were in a format collected using the 1979 crash reporting form. 

While the entire form was revised, the following are some of the specific changes: 

¶ Addition of a sequence of events series of data fields 

¶ Addition of a series of work-zone-related indications and data fields  

¶ Reduction of the directions of travel choices from eight to four (North, South, East, and 

West) 

¶ Allowance of officers to enter less information for single -vehicle, non-injury - or non-

fatality -related, and wild -animal-related crashes with property damage only to the 

vehicle involved  

All crash details can prove valuable and important, with some crashes having pertinent  

information from one data field and other crashes providing pertinent data from others. For 

example, the sequence of events and crash diagram might be valuable in one instance, while 

vehicle action, driver contributing circumstances, point of initial impact, or other fields 

might be valuable in others. 
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Figure 3.1. Form 433003 Investigating Officerõs Report of Motor Vehicle Accident (front) 
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Figure 3.2. Form 433003 Investigating Officerõs Report of Motor Vehicle Accident (back) 
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Figure 3.3. Form 433014 Investigating Officerõs Report of Motor Vehicle Accident Code Sheet 
(front) 








































































































































































































