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CHAPTER 7 ECONOMIC APPRAISAL 1 

7.1. INTRODUCTION 2 

Economic appraisals are performed to compare the benefits of potential crash 3 
countermeasure to its project costs. Site economic appraisals are conducted after the 4 
highway network is screened (Chapter 4), the selected sites are diagnosed (Chapter 5), 5 
and potential countermeasures for reducing crash frequency or crash severity are 6 
selected (Chapter 6). Exhibit 7-1 shows this step in the context of the overall roadway 7 
safety management process. 8 

Exhibit 7-1: Roadway Safety Management Process Overview 9 

  10 
In an economic appraisal, project costs are addressed in monetary terms. Two 11 

types of economic appraisal – benefit-cost analysis and cost-effectiveness analysis – 12 
address project benefits in different ways. Both types begin quantifying the benefits 13 
of a proposed project, expressed as the estimated change in crash frequency or 14 
severity of crashes, as a result of implementing a countermeasure. In benefit-cost 15 
analysis, the expected change in average crash frequency or severity is converted to 16 
monetary values, summed, and compared to the cost of implementing the 17 
countermeasure. In cost-effectiveness analysis, the change in crash frequency is 18 
compared directly to the cost of implementing the countermeasure. This chapter also 19 
presents methods for estimating benefits if the expected change in crashes is 20 
unknown. Exhibit 7-2 provides a schematic of the economic appraisal process. 21 

Economic appraisals are 

used to estimate the 

monetary benefit of safety 

improvements. 
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Exhibit 7-2: Economic Appraisal Process 22 

 23 
As an outcome of the economic appraisal process, the countermeasures for a 24 

given site can be organized in descending or ascending order by the following 25 
characteristics: 26 

 Project costs 27 

 Monetary value of project benefits 28 

 Number of total crashes reduced 29 

 Number of fatal and incapacitating injury crashes reduced 30 

 Number of fatal and injury crashes reduced 31 

 Net Present Value (NPV) 32 

 Benefit-Cost Ratio (BCR) 33 

 Cost-Effectiveness Index 34 

Ranking alternatives for a given site by these characteristics can assist highway 35 
agencies in selecting the most appropriate alternative for implementation.  36 

7.2. OVERVIEW OF PROJECT BENEFITS AND COSTS 37 

In addition to project benefits associated with a change in crash frequency, 38 
project benefits such as travel time, environmental impacts, and congestion relief are 39 
also considerations in project evaluation. However, the project benefits discussed in 40 
Chapter 7 relate only to changes in crash frequency. Guidance for considering other 41 
project benefits, such as travel-time savings and reduced fuel consumption, are found 42 
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in the American Association of State Highway and Transportation Officials 43 
(AASHTO) publication entitled A Manual of User Benefit Analysis for Highways (also 44 
known as the AASHTO Redbook).(1)  45 

The HSM predictive method presented in Part C provides a reliable method for 46 
estimating the change in expected average crash frequency due to a countermeasure. 47 
After applying the Part C predictive method to determine expected average crash 48 
frequency for existing conditions and proposed alternatives, the expected change in 49 
average fatal and injury crash frequency is converted to a monetary value using the 50 
societal cost of crashes. Similarly, the expected change in property damage only 51 
(PDO) crashes (change in total crashes minus the change in fatal and injury crashes) 52 
is converted to a monetary value using the societal cost of a PDO collision. 53 
Additional methods for estimating a change in crash frequency are also described in 54 
this chapter, although it is important to recognize the results of those methods are not 55 
expected to be as accurate as the Part C predictive method. 56 

7.3. DATA NEEDS 57 

The data needed to calculate the change in crash frequency and countermeasure 58 
implementation costs are summarized in Exhibit 7-3. Appendix A includes a detailed 59 
explanation of the data needs.  60 

Exhibit 7-3: Data Needs for Calculating Project Benefits 61 

Activity Data Need 

Calculate Monetary Benefit 

Crash history by severity 

Current and future Average Annual Daily Traffic 
(AADT) volumes 

Implementation year for expected 
countermeasure 

SPF for current and future site conditions (if 
necessary) 

Estimate change in crashes by severity 

AMFs for all countermeasures under 
consideration 

Monetary value of crashes by severity Convert change in crash frequency to annual 
monetary value Change in crash frequency estimates 

Service life of the countermeasure Convert annual monetary value to a present 
value Discount rate (minimum rate of return) 

Calculate Costs 

Calculate construction and other implementation 
costs 

Subject to standards for the jurisdiction 

Service life of the countermeasure(s) Convert costs to present value 

Project phasing schedule 

7.4. ASSESS EXPECTED PROJECT BENEFITS 62 

This section outlines the methods for estimating the benefits of a proposed 63 
project based on the estimated change in average crash frequency. The method used 64 
will depend on the facility type and countermeasures, and the amount of research 65 
that has been conducted on such facilities and countermeasures. The HSM’s 66 
suggested method for determining project benefits is to apply the predictive method 67 
presented in Part C.  68 

Part C presents methods to estimate 

a change in the average crash 

frequency at a site. 
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Section 7.4.1 reviews the applicable methods for estimating a change in average 69 
crash frequency for a proposed project. The discussion in Section 7.4.1 is consistent 70 
with the guidance provided in the Part C Introduction and Applications Guidance. 71 
Section 7.4.2 describes how to estimate the change in expected average crash 72 
frequency when none of the methods outlined in Section 7.4.1 can be applied. Section 73 
7.4.3 describes how to convert the expected change in average crash frequency into a 74 
monetary value.     75 

7.4.1. Estimating Change in Crashes for a Proposed Project 76 

The Part C Predictive Method provides procedures to estimate the expected 77 
average crash frequency when geometric design and traffic control features are 78 
specified. This section provides four methods, in order of reliability for estimating the 79 
change in expected average crash frequency of a proposed project or project design 80 
alterative.  These are: 81 

 Method 1 – Apply the Part C predictive method to estimate the expected 82 
average crash frequency of both the existing and proposed conditions. 83 

 Method 2 – Apply the Part C predictive method to estimate the expected 84 
average crash frequency of the existing condition and apply an appropriate 85 
project AMF from Part D to estimate the safety performance of the proposed 86 
condition. 87 

  Method 3 – If the Part C predictive method is not available, but a Safety 88 
Performance Function (SPF) applicable to the existing roadway condition is 89 
available (i.e., a SPF developed for a facility type that is not included in Part 90 
C), use that SPF to estimate the expected average crash frequency of the 91 
existing condition and apply an appropriate project AMF from Part D to 92 
estimate the expected average crash frequency of the proposed condition.  A 93 
locally-derived project AMF can also be used in Method 3.  94 

 Method 4 – Use observed crash frequency to estimate the expected average 95 
crash frequency of the existing condition, and apply an appropriate project 96 
AMF from Part D to the estimated expected average crash frequency of the 97 
existing condition to obtain the estimated expected average crash frequency 98 
for the proposed condition. This method is applied to facility types with 99 
existing conditions not addressed by the Part C predictive method. 100 

When an AMF from Part D is used in one of the four methods, the associated 101 
standard error of the AMF can be applied to develop a confidence interval around 102 
the expected average crash frequency estimate. The range will help to see what type 103 
of variation could be expected when implementing a countermeasure. 104 

7.4.2. Estimating a Change in Crashes When No Safety Prediction 105 
Methodology or AMF is Available 106 

Section 7.4.1 explains that estimating the expected change in crashes for a 107 
countermeasure can be accomplished with the Part C predictive method, the Part D 108 
AMFs, or with locally developed AMFs. When there is no applicable Part C 109 
predictive method, no applicable SPF, and no applicable AMF, the HSM procedures 110 
cannot provide an estimate of the expected project effectiveness. 111 

In order to evaluate countermeasures when no valid AMF is available, an 112 
estimate of the applicable AMF may be chosen using engineering judgment. The 113 

The Part C Introduction 

and Applications Guidance 

provides detailed 

information about the HSM 

predictive method, SPFs, 

and AMFs. 
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results of such analysis are considered uncertain and a sensitivity analysis based on a 114 
range of AMF estimates could support decision making.  115 

7.4.3. Converting Benefits to a Monetary Value 116 

Converting the estimated change in crash frequency to a monetary value is 117 
relatively simple as long as established societal crash costs by severity are available. 118 
First the estimated change in crash frequency is converted to an annual monetary 119 
value. This annual monetary value may or may not be uniform over the service life of 120 
the project. Therefore, in order to obtain a consistent unit for comparison between 121 
sites, the annual value is converted to a present value. 122 

7.4.3.1. Calculate Annual Monetary Value 123 

The following data is needed to calculate annual monetary value: 124 

 Accepted monetary value of crashes by severity 125 

 Change in crash estimates for: 126 

o Total Crashes 127 

o Fatal/Injury Crashes 128 

o PDO Crashes 129 

In order to develop an annual monetary value the societal cost associated with 130 
each crash severity is multiplied by the corresponding annual estimate of the change 131 
in crash frequency. State and local jurisdictions often have accepted crash costs by 132 
crash severity and collision type. When available, these locally-developed crash cost 133 
data are used with procedures in the HSM. If local information is not available, 134 
nationwide crash cost data is available from the Federal Highway Administration 135 
(FHWA). This edition of the HSM applies crash costs from the FHWA report Crash 136 
Cost Estimates by Maximum Police-Reported Injury Severity within Selected Crash 137 
Geometries.(2) The costs cited in this 2005 report are presented in 2001 dollars. The 138 
Chapter 4 appendix includes a summary of a procedure for updating annual 139 
monetary values to current year values. Exhibit 7-4 summarizes the relevant 140 
information for use in the HSM (rounded to the nearest hundred dollars).  141 

Exhibit 7-4: Crash Cost Estimates by Crash Severity  142 

Collision Type 
Comprehensive 

Crash Costs 

Fatality (K) $4,008,900 

Disabling Injury (A) $216,000 

Evident Injury (B) $79,000 

Fatal/Injury (K/A/B) $158,200 

Possible Injury (C) $44,900 

PDO (O) $7,400 

Source: Crash Cost Estimates by Maximum Police-Reported Injury Severity 143 
within Selected Crash Geometries, FHWA - HRT - 05-051, October 2005. 144 

Because SPFs and AMFs do not always differentiate between a fatal and injury 145 
crashes when estimating average crash frequencies, many jurisdictions have 146 
established a societal cost that is representative of a combined fatal/injury crash. The 147 
value determined by FHWA is shown in Exhibit 7-4 as $158,200.  148 

The Chapter 4, Appendix A 
includes a summary of the 

recommended procedure for 

updating annual monetary values 

to current year values. 
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 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

7.4.3.2. Convert Annual Monetary Value to Present Value 158 

There are two methods that can be used to convert annual monetary benefits to 159 
present value. The first is used when the annual benefits are uniform over the service 160 
life of the project. The second is used when the annual benefits vary over the service 161 
life of the project. 162 

The following data is needed to convert annual monetary value to present value: 163 

 Annual monetary benefit associated with the change in crash frequency (as 164 
calculated above); 165 

 Service life of the countermeasure(s); and, 166 

 Discount rate (minimum rate of return). 167 

7.4.3.3. Method One: Convert Uniform Annual Benefits to a Present 168 
Value 169 

When the annual benefits are uniform over the service life of the project 170 
Equations 7-1 and 7-2 can be used to calculate present value of project benefits. 171 

 y) i, (P/A,enefitslMonetaryBTotalAnnuaPVbenefits ×=  (7-1) 172 

 Where, 173 

 PVbenefits =  Present value of the project benefits for a specific site, v 174 

 (P/A, i, y) =  Conversion factor for a series of uniform annual amounts to 175 
present value 176 

 
(y)

(y)

i)(1.0i
1.0i)(1.0y)i,(P/A,

+×
−+

=  (7-2) 177 

 i =  Minimum attractive rate of return or discount rate (i.e., if the 178 
discount rate is 4%, the i = 0.04) 179 

 y =  Year in the service life of the countermeasure(s) 180 

 181 

 182 

 183 

This section describes the 

method to calculate 

present value of monetary 

benefits. 

A countermeasure is estimated to reduce the expected average crash frequency of 
fatal/injury crashes by five crashes per year and the number of PDO crashes by 11 
per year over the service year of the project. What is the annual monetary benefit 
associated with the crash reduction? 

 Fatal/Injury Crashes:  5 x $158,200 = $791,000/year 

 PDO crashes:  11 x $7,400 = $81,400/year 

 Total Annual Monetary Benefit:  $791,000+$81,400 = $872,400/year 
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 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

 193 

 194 

7.4.3.4. Method Two: Convert Non-Uniform Annual Benefits to Present 195 
Value 196 

Some countermeasures yield larger changes in expected average crash frequency 197 
in the first years after implementation than in subsequent years. In order to account 198 
for this occurrence over the service life of the countermeasure, non-uniform annual 199 
monetary values can be calculated as shown in Step 1 below for each year of service. 200 
The following process is used to convert the project benefits of all non-uniform 201 
annual monetary values to a single present value: 202 

1. Convert each annual monetary value to its individual present value. Each 203 
future annual value is treated as a single future value; therefore, a different 204 
present worth factor is applied to each year. 205 

a) Substitute the (P/F, i, y) factor calculated for each year in the service life 206 
for the (P/A, i, y) factor presented in Equation 7-2. 207 

i) (P/F, i, y) = a factor that converts a single future value to its present 208 
value 209 

ii) (P/F, i, y) = (1+i)(-y)  210 

 Where, 211 

 i =  discount rate (i.e., the discount rate is 4%, i = 0.04) 212 

 y =  year in the service life of the countermeasure(s) 213 

2. Sum the individual present values to arrive at a single present value that 214 
represents the project benefits of the project. 215 

The sample problems at the end of this chapter illustrate how to convert non-216 
uniform annual values to a single present value. 217 

7.5. ESTIMATE PROJECT COSTS 218 

Estimating the cost associated with implementing a countermeasure follows the 219 
same procedure as performing cost estimates for other construction or program 220 
implementation projects. Similar to other roadway improvement projects, expected 221 
project costs are unique to each site and to each proposed countermeasure(s). The 222 
cost of implementing a countermeasure or set of countermeasures could include a 223 
variety of factors. These may include right-of-way acquisition, construction material 224 

From the previous example, the total annual monetary benefit of a countermeasure 
is $872,400. What is the present value of the project? 

Applying Equation 7-2: 

Assume, 

 i =  0.04 

 y =  5 years 

Then, 

45.4=
+×

−+
= (5)

(5)

0.04)(1.00.04
1.00.04)(1.0y)i,(P/A,  

Applying Equation 7-1: 

 PVbenefits =  $872,400 x (4.45)  

 = $3,882,180 
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costs, grading and earthwork, utility relocation, environmental impacts, 225 
maintenance, and other costs including any planning and engineering design work 226 
conducted prior to construction.    227 

The AASHTO Redbook states “Project costs should include the present value of 228 
any obligation to incur costs (or commit to incur costs in the future) that burden the 229 
[highway] authority’s funds.”(1) Therefore, under this definition the present value of 230 
construction, operating, and maintenance costs over the service life of the project are 231 
included in the assessment of expected project costs. Chapter 6 of the AASHTO 232 
Redbook provides additional guidance regarding the categories of costs and their 233 
proper treatment in a benefit-cost or economic appraisal. Categories discussed in the 234 
Redbook include: 235 

 Construction and other development costs 236 

 Adjusting development and operating cost estimates for inflation 237 

 The cost of right-of-way 238 

 Measuring the current and future value of undeveloped land 239 

 Measuring current and future value of developed land 240 

 Valuing already-owned right-of-way 241 

 Maintenance and operating costs 242 

 Creating operating cost estimates 243 

Project costs are expressed as present values for use in economic evaluation. 244 
Project construction or implementation costs are typically already present values, but 245 
any annual or future costs need to be converted to present values using the same 246 
relationships presented for project benefits in Section 7.4.3. 247 

7.6. ECONOMIC EVALUATION METHODS FOR INDIVIDUAL SITES 248 

There are two main objectives for the economic evaluation of a countermeasure 249 
or combination of countermeasures: 250 

1. Determine if a project is economically justified (i.e., the benefits are greater 251 
than the costs), and 252 

2. Determine which project or alternative is most cost-effective. 253 

Two methods are presented in Section 7.6.1 that can be used to conduct cost-254 
benefit analysis in order to satisfy the first objective. A separate method is described 255 
in Section 7.6.2 that can be used to satisfy the second objective. A step-by-step process 256 
for using each of these methods is provided, along with an outline of the strengths 257 
and limitations of each. 258 

In situations where an economic evaluation is used to compare multiple 259 
alternative countermeasures or projects at a single site, the methods presented in 260 
Chapter 8 for evaluation of multiple sites can be applied. 261 

The two main objectives for 

economic evaluation are to 

determine:  

1) if a project is economically 

justified, and  

2) which project is most cost-

effective.  
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7.6.1. Procedures for Benefit-Cost Analysis 262 

Net present value and benefit-cost ratio are presented in this section. These 263 
methods are commonly used to evaluate the economic effectiveness and feasibility of 264 
individual roadway projects. They are presented in this section as a means to 265 
evaluate countermeasure implementation projects intended to reduce the expected 266 
average crash frequency or crash severity. The methods utilize the benefits calculated 267 
in Section 7.4 and costs calculated in Section 7.5. The FHWA SafetyAnalyst software 268 
provides an economic-appraisal tool that can apply each of the methods described 269 
below.(3) 270 

7.6.1.1. Net Present Value (NPV) 271 

The net present value (NPV) method is also referred to as the net present worth 272 
(NPW) method. This method is used to express the difference between discounted 273 
costs and discounted benefits of an individual improvement project in a single 274 
amount. The term “discount” indicates that the monetary costs and benefits are 275 
converted to a present value using a discount rate. 276 

Applications 277 

The NPV method is used for the two basic functions listed below: 278 

 Determine which countermeasure or set of countermeasures provides the 279 
most cost-efficient means to reduce crashes. Countermeasure(s) are ordered 280 
from the highest to lowest NPV. 281 

 Evaluate if an individual project is economically justified. A project with a 282 
NPV greater than zero indicates a project with benefits that are sufficient 283 
enough to justify implementation of the countermeasure. 284 

Method 285 

1. Estimate the number of crashes reduced due to the safety improvement 286 
project (see Section 7.4 and the Part C Introduction and Applications Guidance). 287 

2. Convert the change in estimated average crash frequency to an annual 288 
monetary value to representative of the benefits (see Section 7.5). 289 

3. Convert the annual monetary value of the benefits to a present value (see 290 
Section 7.5). 291 

4. Calculate the present value of the costs associated with implementing the 292 
project (see Section 7.5). 293 

5. Calculate the NPV using Equation 7-3: 294 

 
costsbenefits PV- PV  NPV =  (7-3) 295 

 Where,  296 

 PVbenefits =  Present value of project benefits 297 

 PVcosts =  Present value of project costs 298 

6. If the NPV > 0, then the individual project is economically justified. 299 

Exhibit 7-5 presents the strengths and limitations of NPV Analysis. 300 

Section 7.6.1 provides a 

description of the 

methods to calculate 

net present value (NPV) 

and benefit-cost ratio 

(BCR). 
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Exhibit 7-5: Strengths and Limitations of NPV Analysis  301 

Strengths Weaknesses 

• This method evaluates the 
economic justification of a project. 

• NPV are ordered from highest to 
lowest value. 

• It ranks projects with the same 
rankings as produced by the 
incremental-benefit-to-cost-ratio 
method discussed in Chapter 8. 

• The magnitude cannot be as easily interpreted as 
a benefit-cost ratio. 

7.6.1.2. Benefit-Cost Ratio (BCR) 302 

A benefit-cost ratio is the ratio of the present-value benefits of a project to the 303 
implementation costs of the project (BCR = Benefits/Costs). If the ratio is greater than 304 
1.0, then the project is considered economically justified. Countermeasures are 305 
ranked from highest to lowest BCR. An incremental benefit-cost analysis (Chapter 8) 306 
is needed to use the BCR as a tool for comparing project alternatives. 307 

Applications 308 

This method is used to determine the most valuable countermeasure(s) for a 309 
specific site and is used to evaluate economic justification of individual projects. The 310 
benefit-cost ratio method is not valid for prioritizing multiple projects or multiple 311 
alternatives for a single project; the methods discussed in Chapter 8 are valid 312 
processes to prioritize multiple projects or multiple alternatives. 313 

Method 314 

1. Calculate the present value of the estimated change in average crash 315 
frequency (see Section 7.5). 316 

2. Calculate the present value of the costs associated with the safety 317 
improvement project (see Section 7.5). 318 

3. Calculate the benefit-cost ratio by dividing the estimated project benefits by 319 
the estimated project costs. 320 

 
costs

benefits

PV
PV  BCR =  (7-4) 321 

 Where, 322 

 BCR =  Benefit cost ratio 323 

 PVbenefits =  Present value of project benefits 324 

 PVcosts =  Present value of project costs 325 

4. If the BCR is greater than 1.0, then the project is economically justified.  326 

Exhibit 7-6 presents the strengths and limitations of BCR Analysis. 327 

 328 



Highway Safety Manual – 1st Edition Current as of April 6, 2009 

Part B / Roadway Safety Management Process  Page 7-11 
Chapter 7—Economic Appraisal  

Exhibit 7-6: Strengths and Limitations of BCR Analysis  329 

Strengths Weaknesses 

• The magnitude of the benefit-cost 
ratio makes the relative 
desirability of a proposed project 
immediately evident to decision 
makers. 

• Benefit-cost ratio cannot be directly used in 
decision making between project alternatives or to 
compare projects at multiple sites. An incremental 
benefit-cost analysis would need to be conducted 
for this purpose (see Chapter 8). 

• This method can be used by 
highway agencies in evaluations 
for the Federal Highway 
Administration (FHWA) to justify 
improvements funded through the 
Highway Safety Improvement 
Program (HSIP). Projects 
identified as economically justified 
(BCR > 1.0) are eligible for 
federal funding; however, there 
are instances where implementing 
a project with a BCR < 1.0 is 
warranted based on the potential 
for crashes without the project. 

• This method considers projects individually and 
does not provide guidance for identifying the most 
cost-effective mix of projects given a specific 
budget. 

7.6.2. Procedures for Cost-Effectiveness Analysis 330 

In cost-effectiveness analysis the predicted change in average crash frequency are 331 
not quantified as monetary values, but are compared directly to project costs.  332 

The cost-effectiveness of a countermeasure implementation project is expressed 333 
as the annual cost per crash reduced. Both the project cost and the estimated average 334 
crash frequency reduced must apply to the same time period, either on an annual 335 
basis or over the entire life of the project. This method requires an estimate of the 336 
change in crashes and cost estimate associated with implementing the 337 
countermeasure. However, the change in estimated crash frequency is not converted 338 
to a monetary value.  339 

Applications 340 

This method is used to gain a quantifiable understanding of the value of 341 
implementing an individual countermeasure or multiple countermeasures at an 342 
individual site when an agency does not support the monetary crash cost values used 343 
to convert a project’s change in estimated average crash frequency reduction to a 344 
monetary value. 345 

Method 346 

1. Estimate the change in expected average crash frequency due to the safety 347 
improvement project (see Section 7.4 and the Part C Introduction and 348 
Applications Guidance, Section C.7). 349 

2. Calculate the costs associated with implementing the project (see Section 350 
7.5). 351 

3. Calculate the cost-effectiveness of the safety improvement project at the site 352 
by dividing the present value of the costs by the estimated change in average 353 
crash frequency over the life of the countermeasure: 354 

Cost effectiveness is the 

annual cost per crash 

reduced. The lower the cost 

per crash reduced, the 

more effective the 

treatment. 
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observedpredicted

costs

N - N
PV  Index essEffectiven-Cost =  (7-5) 355 

 Where, 356 

 PVcosts = Present Value of Project Cost 357 

 predictedN =  Predicted crash frequency for year y 358 

 observedN =  Observed crash frequency for year y 359 

Exhibit 7-7 presents the strengths and limitations of NPV Analysis. 360 

Exhibit 7-7: Strengths and Limitations of Cost-Effectiveness Analysis 361 

Strengths Weaknesses 

• This method results in a simple 
and quick calculation that 
provides a general sense of an 
individual project’s value. 

• It does not differentiate between the value of 
reducing a fatal crash, an injury crash and a PDO 
crash. 

• It produces a numeric value that 
can be compared to other safety 
improvement projects evaluated 
with the same method. 

• There is no need to convert the 
change in expected average crash 
frequency by severity or type to a 
monetary value. 

• It does not indicate whether an improvement 
project is economically justified because the 
benefits are not expressed in monetary terms.   

7.7. NON-MONETARY CONSIDERATIONS 362 

In most cases, the primary benefits of countermeasure implementation projects 363 
can be estimated in terms of the change average crash frequency and injuries avoided 364 
and/or monetary values. However, many factors not directly related to changes in 365 
crash frequency enter into decisions about countermeasure implementation projects 366 
and many cannot be quantified in monetary terms. Non-monetary considerations 367 
include: 368 

 Public demand; 369 

 Public perception and acceptance of safety improvement projects; 370 

 Meeting established and community-endorsed policies to improve mobility 371 
or accessibility along a corridor; 372 

 Air quality, noise, and other environmental considerations; 373 

 Road user needs; and, 374 

 Providing a context sensitive solution that is consistent with a community’s 375 
vision and environment. 376 

For example, a roundabout typically provides both quantifiable and non-377 
quantifiable benefits for a community. Quantifiable benefits often include reducing 378 
the average delay experienced by motorists, reducing vehicle fuel consumption, and 379 
reducing severe angle and head-on injury crashes at the intersection. Each could be 380 
converted into a monetary value in order to calculate costs and benefits. 381 

Section 7.7 describes that non-

monetary factors can also be a 

consideration in project 

decisions. 
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Examples of potential benefits associated with implementation of a roundabout 382 
that cannot be quantified or given a monetary value could include: 383 

 Improving aesthetics compared to other intersection traffic control devices;  384 

 Establishing a physical character change that denotes entry to a community 385 
(a gateway treatment) or change in roadway functional classification; 386 

 Facilitating economic redevelopment of an area; 387 

 Serving as an access management tool where the splitter islands remove the 388 
turbulence of full access driveways by replacing them with right-in/right-389 
out driveways to land uses; and, 390 

 Accommodating U-turns more easily at roundabouts. 391 

For projects intended primarily to reduce crash frequency or severity, a benefit-392 
cost analysis in monetary terms may serve as the primary decision making tool, with 393 
secondary consideration of qualitative factors. The decision-making process on 394 
larger-scale projects that do not only focus on change in crash frequency may be 395 
primarily qualitative, or may be quantitative by applying weighting factors to 396 
specific decision criteria such as safety, traffic operations, air quality, noise, etc. 397 
Chapter 8 discusses the application of multi-objective resource allocation tools as one 398 
method to make such decisions as quantitative as possible. 399 

7.8. CONCLUSIONS 400 

The information presented in this chapter can be used to objectively evaluate 401 
countermeasure implementation projects by quantifying the monetary value of each 402 
project. The process begins with quantifying the benefits of a proposed project in 403 
terms of the change in expected average crash frequency.  404 

Section 7.4.1 provides guidance on how to use the Part C safety prediction 405 
methodology, the Part D AMFs, or locally developed AMFs, to estimate the change in 406 
expected average crash frequency for a proposed project. Section 7.4.2 provides 407 
guidance for how to estimate the change in expected average crash frequency when 408 
there is no applicable Part C methodology, no applicable SPF, and no applicable 409 
AMF. 410 

Two types of methods are outlined in the chapter for estimating change in 411 
average crash frequency in terms of a monetary value. In benefit-cost analysis, the 412 
expected reduction in crash frequency by severity level is converted to monetary 413 
values, summed, and compared to the cost of implementing the countermeasure. In 414 
cost-effectiveness analysis, the expected change in average crash frequency is 415 
compared directly to the cost of implementing the countermeasure.  416 

Depending on the objective of the evaluation, the economic appraisal methods 417 
described in this chapter can be used by highway agencies to: 418 

1. Identify economically justifiable projects where the benefits are greater than 419 
the costs, and 420 

2. Rank countermeasure alternatives for a given site. 421 

Estimating the cost associated with implementing a countermeasure follows the 422 
same procedure as performing cost estimates for other construction or program 423 
implementation projects. Chapter 6 of the AASHTO Redbook provides guidance 424 
regarding the categories of costs and their proper treatment in a benefit-cost or 425 
economic appraisal.(1)  426 

Chapter 7 provides an 

overview of methods to 

estimate the benefits of a 

countermeasure in terms of a 

reduction in crash frequency. 

It also provides methods for 

comparing the benefits to the 

costs. 
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The ultimate decision of which countermeasure implementation projects are 427 
constructed involves numerous considerations beyond those presented in Chapter 7. 428 
These considerations assess the overall influence of the projects, as well as the current 429 
political, social, and physical environment surrounding their implementation. 430 

Chapter 8 presents methods that are intended to identify the most cost-efficient 431 
mix of improvement projects over multiple sites, but can also be applied to compare 432 
alternative improvements for an individual site.  433 

7.9. SAMPLE PROBLEM 434 

The sample problem presented here illustrates the process for calculating the 435 
benefits and costs of projects and subsequent ranking of project alternatives by three 436 
of the key ranking criteria illustrated in Section 7.6: cost-effectiveness analysis, 437 
benefit-cost analysis, and net present value analysis. 438 

7.9.1. Economic Appraisal 439 

Background/Information 440 

The roadway agency has identified countermeasures for application at 441 
Intersection 2. Exhibit 7-8 provides a summary of the crash conditions, contributory 442 
factors, and selected countermeasures. 443 

Exhibit 7-8: Summary of Crash Conditions, Contributory Factors, and Selected 444 
Countermeasures 445 

Data Intersection 2 

Major/Minor AADT 22,100 / 1,650 

Predominate Collision Types Angle 
Head-On 

Crashes by Severity  

Fatal 6% 

Injury 65% 

PDO 29% 

Increase in traffic volumes 

Inadequate capacity during peak hour 

Contributory Factors 

High travel speeds during off-peak 

Selected Countermeasure Install a Roundabout 

The Question  446 

What are the benefits and costs associated with the countermeasures selected for 447 
Intersection 2?   448 

The Facts 449 

Intersections: 450 

 AMFs for installing a single-lane roundabout in place of a two-way stop 451 
controlled intersection (see Chapter 14); 452 
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o Total crashes = 0.56; and, 453 

o Fatal and injury crashes = 0.18. 454 

Assumptions 455 

The roadway agency has the following information: 456 

 Calibrated SPF and dispersion parameters for the intersection being 457 
evaluated; 458 

 Societal crash costs associated with crash severities; 459 

 Cost estimates for implementing the countermeasure; 460 

 Discount rate (minimum rate of return);  461 

 Estimate of the service life of the countermeasure; and, 462 

 The roadway agency has calculated the EB-adjusted expected average crash 463 
frequency for each year of historical crash data.  464 

The sample problems provided in this section are intended to demonstrate 465 
application of the economic appraisal process, not predictive methods. Therefore, 466 
simplified crash estimates for the existing conditions at Intersection 2 were developed 467 
using predictive methods outlined in Part C and are provided in Exhibit 7-9.  468 

The simplified estimates assume a calibration factor of 1.0, meaning that there are 469 
assumed to be no differences between the local conditions and the base conditions of 470 
the jurisdictions used to develop the base SPF model. AMFs that are associated with 471 
the countermeasures implemented are provided. All other AMFs are assumed to be 472 
1.0, meaning there are no individual geometric design and traffic control features that 473 
vary from those conditions assumed in the base model. These assumptions are for 474 
theoretical application and are rarely valid for application of predictive methods to 475 
actual field conditions. 476 

Exhibit 7-9: Expected Average Crash Frequency at Intersection 2 WITHOUT Installing 477 
the Roundabout 478 

 479 

 480 

Year in service 
life (y) 

Major 
AADT 

Minor 
AADT Nexpected(TOT) Nexpected(FI) 

1 23,553 1,758 10.4 5.2 

2 23,906 1,785 10.5 5.3 

3 24,265 1,812 10.5 5.3 

4 24,629 1,839 10.6 5.4 

5 24,998 1,866 10.7 5.4 

6 25,373 1,894 10.7 5.4 

7 25,754 1,923 10.8 5.5 

8 26,140 1,952 10.9 5.5 

9 26,532 1,981 11.0 5.5 

10 26,930 2,011 11.0 5.6 

Total   107.1 54.1 
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The roadway agency finds the societal crash costs shown in Exhibit 7-10 481 
acceptable. The agency decided to conservatively estimate the economic benefits of 482 
the countermeasures. Therefore, they are using the average injury crash cost (i.e., the 483 
average value of a fatal (K), disabling (A), evident (B), and possible injury crash (C) as 484 
the crash cost value representative of the predicted fatal and injury crashes. 485 

Exhibit 7-10: Societal Crash Costs by Severity 486 

Injury Severity Estimated Cost 

Fatality (K) $4,008,900 

Cost for crashes with a fatal and/or injury (K/A/B/C) $158,200 

Disabling Injury (A) $216,000 

Evident Injury (B) $79,000 

Possible Injury (C) $44,900 

PDO (O) $7,400 

Source: Crash Cost Estimates by Maximum Police-Reported Injury Severity within 487 
Selected Crash Geometries, FHWA - HRT - 05-051, October 2005. 488 

Exhibit 7-11 summarizes the assumptions regarding the service life for the 489 
roundabout, the annual traffic growth at the site during the service life, the discount 490 
rate and the cost of implementing the roundabout. 491 

Exhibit 7-11: Remaining Assumptions 492 

 Intersection 2 

Countermeasure Roundabout 

Service Life 10 years 

Annual Traffic Growth 2% 

Discount Rate (i) 4.0% 

Cost Estimate $695,000 

Method 493 

The following steps are required to solve the problem. 494 

 STEP 1 - Calculate the expected average crash frequency at Intersection 2 495 
without the roundabout. 496 

 STEP 2 - Calculate the expected average crash frequency at Intersection 2 497 
with the roundabout. 498 

 STEP 3 - Calculate the change in expected average crash frequency for total, 499 
fatal and injury, and PDO crashes. 500 

 STEP 4 - Convert the change in crashes to a monetary value for each year of 501 
the service life. 502 

 STEP 5 - Convert the annual monetary values to a single present value 503 
representative of the total monetary benefits expected from installing the 504 
countermeasure at Intersection 2. 505 



Highway Safety Manual – 1st Edition Current as of April 6, 2009 

Part B / Roadway Safety Management Process  Page 7-17 
Chapter 7—Economic Appraisal  

A summary of inputs, equations, and results of economic appraisal conducted 506 
for Intersection 2 is shown in Exhibit 7-12. The methods for conducting the appraisal 507 
are outlined in detail in the following sections.  508 

Exhibit 7-12: Economic Appraisal for Intersection 2 509 

ROADWAY SEGMENT ACCIDENT PREDICTION WORKSHEET 

General Information Site Information 

Analyst            Mary Smith 
Agency or Company     State DOT 
Date Performed              02/03/02 
Analysis Time Period    _____ __________ 

Highway                 US71 
Roadway Section   _________________ 
Jurisdiction            _________________ 
Analysis Year         2002 

Input Data 

Major/Minor AADT (veh/day) 12,000 / 1,200 

Countermeasure Roundabout 

Service Life (YearsSL) 10 years 

Annual Traffic Volume Growth Rate 1.5% 

Discount Rate (i) 4.0% 

Cost Estimate $2,000,000 

Societal Crash Costs by Severity 

Fatal and Injury $158,200 

Property Damage Only $7,400 

Base Model 

Four-Legged Two-Way Stop Controlled Intersection 
Multiple Vehicle Collisions (See Chapter 12) 

)AMF AMF (AMFN  N nr2r1r rs spfbr ×…×××=   

EB-Adjusted Expected Average Crash Frequency 

Expected Crashes without Roundabout See Exhibit 7-9 

Expected Crashes with Roundabout 
Equations 7-6, 7-7 

See Exhibit 7-13 and Exhibit 7-14 

Expected Change in Crashes 
Equations 7-8, 7-9, 7-10 

See Exhibit 7-15 

Yearly Monetary Value of Change in Crashes 
Equations 7-11, 7-12, 7-13 

See Exhibit 7-16 

Present Value of Change in Crashes 
Equations 7-14, 7-15 

See Exhibit 7-17 

Benefit of installing a roundabout at Intersection 2  $36,860,430 

STEP 1 - Calculate the expected average crash frequency at Intersection 2 510 
WITHOUT the roundabout. 511 

The Part C prediction method can be used to develop the estimates. Exhibit 7-9 512 
summarizes the EB-adjusted expected crash frequency by severity for each year of 513 
the expected service life of the project.  514 
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STEP 2 - Calculate the expected average crash frequency at Intersection 2 515 
WITH the roundabout. 516 

Calculate EB-adjusted total (TOT) and fatal and injury (FI) crashes for each year 517 
of the service life (y) assuming the roundabout is installed. 518 

Multiply the AMF for converting a stop-controlled intersection to a roundabout 519 
found in Chapter 14 (restated below in Exhibit 7-13) by the expected average crash 520 
frequency calculated above in Exhibit 7-6 using Equations 7-6 and 7-7.  521 

 
(TOTAL)OTAL)expected(T(TOTAL)roundabout expected AMFNN ×=   (7-6) 522 

 
(FI)I)expected(F(FI) roundabout expected AMFNN ×=  (7-7) 523 

Where, 524 

 
(TOTAL)roundabout expectedN =  EB-adjusted expected average crash frequency in year y 525 

WITH the roundabout installed; 526 

 
i(FI) roundabout expectedN =  EB-adjusted expected average fatal and injury crash 527 

frequency in year y WITH the roundabout installed; 528 

 
(TOTAL) expectedN =  EB-adjusted expected average total crash frequency in year y 529 

WITHOUT the roundabout installed; 530 

 
(FI) expectedN =  EB-adjusted expected average fatal and injury crash 531 

frequency in year y WITHOUT the roundabout installed; 532 

 AMF(TOTAL) =  Accident Modification Factor for total crashes; and, 533 

 AMF(FI)  =  Accident Modification Factor for fatal and injury crashes. 534 

Exhibit 7-13 summarizes the EB-adjusted average fatal and injury crash 535 
frequency for each year of the service life assuming the roundabout is installed. 536 

Exhibit 7-13: Expected Average FI Crash Frequency at Intersection 2 WITH the 537 
Roundabout 538 

Year in Service Life (y) Nexpected(FI) AMF(FI) Nexpected roundabout(FI) 

1 5.2 0.18 0.9 

2 5.3 0.18 1.0 

3 5.3 0.18 1.0 

4 5.4 0.18 1.0 

5 5.4 0.18 1.0 

6 5.4 0.18 1.0 

7 5.5 0.18 1.0 

8 5.5 0.18 1.0 

9 5.5 0.18 1.0 

10 5.6 0.18 1.0 

Total   9.9 

 539 

Exhibit 7-14 summarizes the EB-adjusted average total crash frequency for each 540 
year of the service life assuming the roundabout is installed. 541 
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Exhibit 7-14: Expected Average Total Crash Frequency at Intersection 2 WITH the 542 
Roundabout 543 

Year in service life (y) Nexpected(TOTAL) AMF(TOTAL) Nexpected roundabout(TOTAL) 

1 10.4 0.56 5.8 

2 10.5 0.56 5.9 

3 10.5 0.56 5.9 

4 10.6 0.56 5.9 

5 10.7 0.56 6.0 

6 10.8 0.56 6.0 

7 10.8 0.56 6.0 

8 10.9 0.56 6.1 

9 11.0 0.56 6.2 

10 11.0 0.56 6.2 

Total   60.0 

 544 

STEP 3 - Calculate the expected change in crash frequency for total, fatal and 545 
injury, and PDO crashes. 546 

The difference between the expected average crash frequency with and without 547 
the countermeasure is the expected change in average crash frequency. Equations 7-8, 548 
7-9, and 7-10 are used to estimate this change for total, fatal and injury, and PDO 549 
crashes. 550 

 (FI)roundabout expectedI)expected(F(FI) expected NNN −=Δ  (7-8) 551 

 (TOTAL)roundabout expectedOTAL)expected(TOTAL)expected(T NNN −=Δ  (7-9) 552 

 I)expected(FOTAL)expected(TDO)expected(P NNN −=Δ  (7-10) 553 

 Where, 554 

 ΔNexpected(TOTAL) =  Expected change in average crash frequency due to 555 
implementing countermeasure; 556 

 ΔNexpected(FI) =  Expected change in average fatal and injury crash frequency 557 
due to implementing countermeasure; and, 558 

 ΔNexpected(PDO) =  Expected change in average PDO crash frequency due to 559 
implementing countermeasure. 560 

Exhibit 7-15 summarizes the expected change in average crash frequency due to 561 
installing the roundabout. 562 
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Exhibit 7-15: Change in Expected Average in Crash Frequency at Intersection 2 WITH the 563 
Roundabout 564 

Year in service 
life, y ΔNexpected(TOTAL) ΔNexpected(FI) ΔNexpected(PDO) 

1 4.6 4.3 0.3 

2 4.6 4.3 0.3 

3 4.6 4.3 0.3 

4 4.7 4.4 0.3 

5 4.7 4.4 0.3 

6 4.7 4.4 0.3 

7 4.8 4.5 0.3 

8 4.8 4.5 0.3 

9 4.8 4.5 0.3 

10 4.8 4.6 0.2 

Total 47.1 44.2 2.9 

 565 

STEP 4 - Convert Change in Crashes to a Monetary Value 566 

The estimated reduction in average crash frequency can be converted to a 567 
monetary value for each year of the service life using Equations 7-11 through 7-13. 568 

 
(FI)DO)expected(P(PDO) CCNAM ×Δ=  (7-11) 569 

 
(FI)I)expected(F(FI) CCNAM ×Δ=  (7-12) 570 

 
(FI)(PDO)(TOTAL) AMAMAM ×=  (7-13) 571 

 Where, 572 

 
(PDO)AM = Monetary value of the estimated change in average PDO 573 

crash frequency for year, y;  574 

 CC(PDO) =  Crash cost for PDO crash severity; 575 

 CC(FI) =  Crash cost for FI crash severity; 576 

 
(FI)AM = Monetary value of the estimated change in fatal and injury 577 

average crash frequency for year y; and, 578 

 
(TOTAL)AM =  Monetary value of the total estimated change in average 579 

crash frequency for year y. 580 

Exhibit 7-16 summarizes the monetary value calculations for each year of the 581 
service life. 582 
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Exhibit 7-16: Annual Monetary Value of Change in Crashes 583 

Year in  
service life 

(y) ΔN (FI) 
FI Crash 

Cost AM(FI) ΔN(PDO) 
PDO Crash 

Cost AM(PDO) AM(TOTAL) 

1 4.3 $158,200 $680,260 0.3 $7,400 $2,220 $682,480 

2 4.3 $158,200 $680,260 0.3 $7,400 $2,220 $682,480 

3 4.3 $158,200 $680,260 0.3 $7,400 $2,220 $682,480 

4 4.4 $158,200 $696,080 0.3 $7,400 $2,220 $698,300 

5 4.4 $158,200 $696,080 0.3 $7,400 $2,220 $698,300 

6 4.4 $158,200 $696,080 0.3 $7,400 $2,220 $698,300 

7 4.5 $158,200 $711,900 0.3 $7,400 $2,220 $714,120 

8 4.5 $158,200 $711,900 0.3 $7,400 $2,220 $714,120 

9 4.5 $158,200 $711,900 0.3 $7,400 $2,220 $714,120 

10 4.6 $158,200 $727,720 0.2 $7,400 $1,480 $729,200 

 584 

STEP 5 – Convert Annual Monetary Values to a Present Value  585 

The total monetary benefits expected from installing a roundabout at Intersection 586 
2 are calculated as a present value using Equations 7-14 and 7-15. 587 

Note:  A 4% discount rate is assumed for the conversion of the annual values to a 588 
present value. 589 

Convert the annual monetary value to a present value for each year of the service 590 
life. 591 

 y)i,(P/F,enefitslMonetaryBTotalAnnuaPVbenefits ×=  (7-14) 592 

 Where, 593 

 PVbenefits =  Present value of the project benefits per site in year y; 594 

 (P/F, i, y) =  Factor that converts a single future value to its present value, 595 
calculated as (1+i)-y; 596 

 i =  Discount rate (i.e., the discount rate is 4%,  i = 0.04); and, 597 

 y=  Year in the service life of the countermeasure. 598 

If the annual project benefits are uniform, then the following factor is used to 599 
convert a uniform series to a single present worth: 600 

 
(y)

(y)

i)(1.0i
1.0i)(1.0y)i,(P/A,

+×
−+

=  (7-15) 601 

 Where, 602 

 (P/A, i, y) =  a factor that converts a series of uniform future values to a 603 
single present value. 604 

Exhibit 7-17 summarizes the results of converting the annual values to present 605 
values. 606 
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Exhibit 7-17: Converting Annual Values to Present Values 607 

Year in service life 
(y) (P/A, i, y) AM (TOT) Present Value 

1 1.0 $682,480 $682,480 

2 1.9 $682,480 $1,296,710 

3 2.8 $682,480 $1,910,940 

4 3.6 $698,300 $2,513,880 

5 4.5 $698,300 $3,142,350 

6 5.2 $698,300 $3,631,160 

7 6.0 $714,120 $4,284,720 

8 6.7 $714,120 $4,784,600 

9 7.4 $714,120 $5,284,490 

10 8.1 $729,200 $5,906,520 

Total   $33,437,850 

 608 

The total present value of the benefits of installing a roundabout at Intersection 2 609 
is the sum of the present value for each year of the service life. The sum is shown 610 
above in Exhibit 7-17.   611 

Results 612 

The estimated present value monetary benefit of installing a roundabout at 613 
Intersection 2 is $33,437,850.   614 

The roadway agency estimates the cost of installing the roundabout at 615 
Intersection 2 is $2,000,000. 616 

If this analysis were intended to determine whether the project is cost effective, 617 
the magnitude of the monetary benefit provides support for the project. If the 618 
monetary benefit of change in crashes at this site were to be compared to other sites 619 
the BCR could be calculated and used to compare to other projects to identify the 620 
most economically-efficient project. 621 

 622 

 623 
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APPENDIX A – DATA NEEDS AND 637 

DEFINITIONS FOR CHAPTER 7 638 

A.1 Data Needs to Calculate Change in Crashes 639 

Calculating the benefits of a countermeasure or set of countermeasures is a two 640 
step process. The first step is to calculate the change in crash frequency and the 641 
second is to calculate the monetary value of the change in crashes. The data needed 642 
for both of these steps are described below. 643 

1. Calculate Change in Crashes 644 

The data needed to estimate change in crashes by severity are defined below.   645 

 Crash history at the site by severity; 646 

 Current Average Annual Daily Traffic (AADT) volumes for the site; 647 

 Expected implementation year for the countermeasure(s); and, 648 

 Future AADT for the site that correspond with the year in which the 649 
countermeasure is implemented. 650 

 Safety Performance Function (SPF) for current site conditions (e.g., urban, 651 
four-legged, signalized intersection) and for total crashes (TOT) and for fatal 652 
and injury crashes (FI). SPFs may be locally developed or calibrated to local 653 
conditions. 654 

 If necessary, an SPF for site conditions with the countermeasure 655 
implemented (e.g. urban, four-legged, roundabout controlled intersection) 656 
and for total crashes (TOT) and for fatal and injury crashes (FI). SPFs may be 657 
locally developed or calibrated to local conditions. 658 

 Accident Modification Factors (AMFs) for the countermeasures under 659 
consideration. AMFs are a decimal that when multiplied by the expected 660 
average crash frequency without the countermeasure produces the expected 661 
average crash frequency with the countermeasure.    662 

2. Convert Change in Crashes to a Monetary Value 663 

The data needed to convert the change in crashes to a monetary value are 664 
described below.  665 

 Accepted monetary value of crashes by collision type and/or crash severity  666 

State and local jurisdictions often have accepted dollar value of crashes by 667 
collision type and/or crash severity that are used to convert the estimated change in 668 
crash reduction to a monetary value. The most recent societal costs by severity 669 
documented in the October 2005 Federal Highway Administration (FHWA) report 670 
“Crash Cost Estimates by Maximum Police-Reported Injury Severity within Selected 671 
Crash Geometries” are listed below (values shown below are rounded to the nearest 672 
hundred dollars).(2)   673 

 Fatality (K) = $4,008,900/fatal crash; 674 
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 Crashes that include a fatal and/or injury (K/A/B/C) = $158,200/ fatal 675 
and/or injury crash; 676 

 Injury (A/B/C) = $82, 600/ injury crash; 677 

 Disabling Injury (A) = $216,000/disabling injury crash; 678 

 Evident Injury (B) = $79,000/evident injury crash; 679 

 Possible Injury (C) = $44,900/possible injury crash; and, 680 

 PDO (O) = $7,400/PDO crash. 681 

The most recent mean comprehensive crash costs by type (i.e., single-vehicle 682 
rollover crash, multiple vehicle rear-end crash, and others) are also documented in 683 
the October 2005 FHWA report. 684 

The monetary values used to represent the change in crashes are those accepted 685 
and endorsed by the jurisdiction in which the safety improvement project will be 686 
implemented. 687 

A.2 Service Life of the Improvement Specific to 688 

the Countermeasure 689 

All improvement projects have a service life. In terms of a countermeasure, the 690 
service life corresponds to the number of years in which the countermeasure is 691 
expected to have a noticeable and quantifiable effect on the crash occurrence at the 692 
site. Some countermeasures, such as pavement markings, deteriorate as time passes, 693 
and need to be renewed. For other countermeasures, other roadway design 694 
modifications and changes in the surrounding land uses that occur as time passes 695 
may influence the crash occurrence at the site, reducing the effectiveness of the 696 
countermeasure. The service life of a countermeasure reflects a reasonable time 697 
period in which roadway characteristics and traffic patterns are expected to remain 698 
relatively stable.  699 

A.3 Discount Rate  700 

The discount rate is an interest rate that is chosen to reflect the time value of 701 
money. The discount rate represents the minimum rate of return that would be 702 
considered by an agency to provide an attractive investment. Thus, the minimum 703 
attractive rate of return is judged in comparison with other opportunities to invest 704 
public funds wisely to obtain improvements that benefit the public. Two basic factors 705 
to consider when selecting a discount rate: 706 

1. The discount rate corresponds to the treatment of inflation (i.e., real dollars 707 
versus nominal dollars) in the analysis being conducted. If benefits and costs 708 
are estimated in real (uninflated) dollars, then a real discount rate is used. If 709 
benefits and costs are estimated in nominal (inflated) dollars, then a nominal 710 
discount rate is used. 711 

2. The discount rate reflects the private cost of capital instead of the public-712 
sector borrowing rate. Reflecting the private cost of capital implicitly 713 
accounts for the element of risk in the investment. Risk in the investment 714 
corresponds to the potential that the benefits and costs associated with the 715 
project are not realized within the given service life of the project. 716 
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Discount rates are used for the calculation of benefits and costs for all 717 
improvement projects. Therefore, it is reasonable that jurisdictions are familiar with 718 
the discount rates commonly used and accepted for roadway improvements. Further 719 
guidance is found in the American Associate of State Highway and Transportation 720 
Officials (AASHTO) publication entitled A Manual of User Benefit Analysis for 721 
Highways (also known as the AASHTO Redbook).(1) 722 

A.4 Data Needs to Calculate Project Costs 723 

Highway agencies and local jurisdictions have sufficient experience with and 724 
established procedures for estimating the costs of roadway improvements. Locally 725 
derived costs based on specific site and countermeasure characteristics are the most 726 
statistically reliable costs to use in the economic appraisal of a project. It is anticipated 727 
that costs of implementing the countermeasures will include considerations such as 728 
right-of-way acquisition, environmental impacts, and operational costs. 729 

 730 

 731 



Highway Safety Manual – 1st Edition Current as of April 6, 2009 

Part B / Roadway Safety Management Process  Page 7-27 
Chapter 7—Economic Appraisal  

A.5 Appendix References 732 

1. AASHTO. A Manual of User Benefit Analysis for Highways, 2nd Edition. 733 
American Association of State Highway and Transportation Officials, 734 
Washington, DC, 2003. 735 

2. Council, F.M., E. Zaloshnja, T. Miller, and B. Persaud. Crash Cost Estimates by 736 
Maximum Police Reported Injury Severity within Selected Crash Geometries. 737 
Publication No. FHWA-HRT-05-051, Federal Highway Administration, 738 
Washington, DC, October 2005.  739 

 740 

 741 



Current as of April 6, 2009  Highway Safety Manual – 1st Edition 

Page 7-28  Part B/ Roadway Safety Management Process 
  Chapter 7—Economic Appraisal 

This page intentionally blank. 742 

 743 




