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Calibrating Road User Cost Model in HDM-4
for Conditions Prevailing in India — A Case
Study

Aswathy Das A, Dr. Bino | Koshy, Jeena Pradeep

Abstract—Engineering economic analysis applies economic concepts and methods to engineering problems to support decisions on a
best course of action. Economic analysis provides a way of comparing the economic gains expected from an investment with the cost of
that investment; providing an objective understanding of value to be expected for cost incurred. The Highway Development and
Management Model (HDM-4) system is seen as the international standard decision support tool for road management. This article focuses
on the Road User Cost Modelling in HDM-4 and validation of the model using Road User Costs Knowledge System (RUCKS).

Index Terms— Road User Costs, Vehicle Operating Cost, Travel Time Cost, HDM-4, RUCKS.

1 GENERAL

HE economic analysis is a critical component of a com-

prehensive project or program evaluation methodology

that considers all key quantitative and qualitative impacts
of highway investments. It allows highway agencies to identi-
fy, quantify, and value the economic benefits and costs of
highway projects and programs over a multiyear timeframe.
With this information, highway agencies are better able to tar-
get scarce resources to their best uses in terms of maximizing
benefits to the public and to account for their decisions.

2 EcoNoMICc EVALUATION FOR ROAD IMPROVEMENT

The objective of the cost benefit analysis is to identify and
quantify the benefits and costs associated with the project.
This analysis will help in identification of the optimum solu-
tion along with the economic viability in terms of its likely
investment return potential.

2.1 Cost Components in Transportation System

In broad terms, the society costs pertaining to the highway
development, to be considered in this analysis includes:
Agency costs: Capital cost, Recurrent cost for maintenance (an-
nual & periodical), Residual value at the end of analysis peri-
od

Road user costs: Vehicle operating cost, Travel time cost, Acci-
dent cost

2.2 Benefit Component in Transportation System

The objective of a good transportation system is to provide an
efficient, quick and safe transportation to its users. And this is
counted as the benefit of transportation. The various possible
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forms of benefits can be summarized as follows (IRC: SP-30,
1993):

Road user benefits: This type of benefit includes, saving in VOC,
saving of travel time, saving in terms of accident cost, saving
in the cost of maintenance etc.

Social benefits: This type of benefit includes, benefit due to im-
provement in administration, health, education, agriculture,
industry, trade, environmental standards etc.

3 METHODOLOGY

Selecting the optimal alternative in transportation projects can
be a very complex affair. Thus with new developments in
technology, computer models and programs were used for the
economic analysis so that the complex task of analysis be-
comes much easier. There are a number of softwares available
for the economic analysis of road projects including Micro-
BENCOST, Cal B/C, Redbook Wizard, RED, HDM-III, HDM-4
etc. HDM-4 is one among the best software’s available for eco-
nomic analysis being developed by World Bank and accepted
worldwide. Primary and secondary data needed as inputs to
these softwares are huge.

3.1 HDM-1lI

The Highway Design and Maintenance Standards Model
(HDM-III) is a computer program for analyzing the total
transport costs of alternative road improvement and mainte-
nance strategies through life-cycle economic evaluation. The
program provides detailed modeling of pavement deteriora-
tion and maintenance effects, and calculates the annual costs
of road construction, maintenance, vehicle operation, and
travel time needed to perform the economic evaluation of the
alternatives being considered.

3.2 HDM-4

The Highway Development and Management Model (HDM-4)
Version 1.3 was released in January 2002 which is the recom-
mended software for evaluating highway investment options.
HDM-+4 is the result of the International Study of Highway
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Development and Management (ISOHDM) that was carried
out to extend the scope of the World Bank’s HDM-III model.
The system has become the de-facto standard for road invest-
ment analysis for many road authorities and financing agen-
cies.

4 NEeD FoOR CALIBRATION

As part of the International Study of Highway Development
and Management Tools (ISOHDM), a compendium was com-
piled of the countries where HDM had been applied. HDM or
its relationships has been applied in over 100 developed and
developing countries having markedly different technological,
climatic and economic environments. Since the model simu-
lates future changes to the road system from current condi-
tions, the reliability of the results is dependent upon two pri-
mary considerations:

e How well the data provided to the model represent
the reality of current conditions and influencing fac-
tors, in the terms understood by the model; and,

e How well the predictions of the model fit the real be-
haviour and the interactions between various factors
for the variety of conditions to which it is applied.

Thus before analysis, the system will have to be calibrated to
the existing conditions or the prevailing conditions of the
study area or country [2].

5 DATA COLLECTION

The project stretch being selected for the present study is a
part of an important State Highway of Kerala. The project
stretch has a length of about 47km and average carriage way
width of 7.5 m. A huge number of inputs are needed for anal-
ysis in software. Data collection includes primary data and
secondary data.

5.1 Primary data

Primary data includes the classified volume count survey,
road side interview survey, and pavement condition survey
was collected for the project stretch.

5.2 Secondary data

The inputs needed in HDM-4 are enormous and for each rep-
resentative vehicle the basic data like the following were col-
lected from secondary sources and calculations:
Basic characteristics
e Physical: Passenger car space equivalent, number of
wheels, number of axles
e Tyres: Tyre type, base number of recaps, retread cost
e Utilization: Annual km, working hrs, average life,
private use, passengers, work-
related trips
e Loading: Equivalent Single Axle Load Factor(per ve-
hicle), operating weight
Economic unit costs
e  Vehicle resources: new vehicle, replacement tyre, fuel,
lubricating oil, maintenance labour,
crew wages, annual overhead, annual interest
e Time value: passenger working time, passenger non-
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working time, cargo.
Table 1represents the calculation of time value from NSDP
(Net State Domestic Product).

TABLE 1

TIME VALUE FOR Bus (WORK TIME VALUE AND NON- WORK TIME
VALUE)

Parameter Notation Unit 2013
Input
Net State Domestic A Rs million 1,869,976
Product (NSDP)
Population B million 32.00
Working  popula- C % 25.38
tion: main
Working  popula- D % 6.09
tion: marginal
Working  popula- E=C+(D/2) % 28.42
tion: FTE*
Computed
Assumed NSDP F=Ax0.70 Rs million 1,308,983
(70%) to households
Average income per G=(F/B)/E  Rs/year 143,950
FTE worker
Average income per H=G/2400  Rs/hour 59.98
FTE worker**
Work time value, I=Hx1.33 Rs/hour 79.77
with 33% overheads
Non-work time val- J=Hx0.30 Rs/hour 23.93

ue at 30%

*Full-time equivalent workers, assuming marginal workers are
employed half-time
** Assuming 2,400 worked hours per year

From the time value of bus passenger the time value of
mini bus, two wheelers, car and autorickshaw was calculated.
Table 2 gives the values arrived at for the other vehicle types.

TABLE 2

TiME VALUE OF OTHER VEHICLE TYPES

Vehicle Type Time value (Rs/ Hour)
Work Non work

Bus 79.77 2393

Mini Bus (= Bus*1.20) 95.73  28.72

Two Wheeler (= Bus *1.40) 111.68 33.50

Car (= Bus *1.75) 167.55 50.27

Auto Rickshaw (= Car*0.70)  117.29 35.19

5.3 Analysis of primary data

Table 3 gives an idea of the results that are obtained from the
analysis of survey data using Microsoft Excel applications.
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TABLE 3

VALUES OBTAINED FROM ANALYSIS

SL Survey Results from analysis of
No survey data
1 Classified Vol- 1. Average Daily Traffic
ume Counts (ADT)
(3 days-24 hrs) 2. Dalily variation of traffic
3. Peak Hour Traffic
4. Directional Distribu-
tion/split

5. Annual Average Daily
Traffic (AADT)

2 Origin Destina- 1. Zone wise influence
tion & Commod- 2. Trip Distribution
ity Survey 3. Trip frequency distribu-
(1 day- 24hrs) tion
4.  Commodity Distribution
5. Trip Purpose Distribution
6. Trip length distribution
3 Axle load sur- 1. Equivalent Single Axle
veys Load (ESAL)
(1 day- 24hrs) 2. Vehicle Damage Factor
4 Pavement Condi- 1. Distresses (in %)
tion Survey 2. Pavement Condition
3. Shoulder Condition
4. Road Side Drain
5. Right of way(m)
6. Carriage Way

6 STEPS FOR CALIBRATION OF HDM-4

It is important that prior of using HDM-4 for the first time in any
country, the system should be configured and calibrated for local
use. Since HDM-4 has designed to be used in a wide range of
environments, calibration of HDM-4 provides the facility to cus-
tomize system operation to reflect the norms that are customary
in the environment under study (Bennett et al).

Calibration of the HDM model focuses on the two primary
components which determine the physical quantities, costs and
benefits predicted for the analysis, namely:

e Road User Effects (RUE) ; and

¢ Road Deterioration and Maintenance Effects (RDME)

The degree of local calibration appropriate for HDM is a
choice that depends very much on the type of application and on
the resources available to the user. For example, in planning ap-
plications the absolute magnitude of the RUE and road construc-
tion costs need to match local costs closely because alternative
capital projects with different traffic capacities or route lengths
are evaluated on the comparison of the total road transport costs.
In road maintenance programming, on the other hand, the sensi-
tivity of RUE to road conditions, particularly roughness, and all
the road deterioration and maintenance predictions are the most
important aspects [2].

6.1 Levels of Calibration

There are three levels of calibration for HDM, which involve
low, moderate and major levels of effort and resources, as
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follows:

Level 1 - Basic Application

This level determines the values of required basic input pa-
rameters, adopts many default values, and calibrates the most
sensitive parameters with best estimates, desk studies or min-
imal field surveys.

Level 2 - Calibration

This level requires measurement of additional input parame-
ters and moderate field surveys to calibrate key predictive
relationships to local conditions. This level may entail slight
modification of the model source code.

Level 3 - Adaptation

This level undertakes major field surveys and controlled ex-
periments to enhance the existing predictive relationships or
to develop new and locally specific relationships for substitu-
tion in the source code of the model.

6.2 Road User Effects (RUE)

Road user effects (RUE) comprise of vehicle operating costs
(VOCQ), travel time, accident costs, vehicle emissions (noxious
gases and noise), and developmental effects. The use of ap-
propriate calibration factors in HDM-4 pavement deterioration
models will facilitate more reliable and rational prediction of
pavement deterioration for the road network under considera-
tions [2].

6.3 Road Deterioration and Maintenance Effects

(RDME)

Road Deterioration and Maintenance Effects (RDME) are
comprised of the deterioration of the pavement and the impact
of maintenance activities on pavement condition and the fu-
ture rate of pavement deterioration [2].

In this study focus is on Road User Effects (RUE) calibra-
tion rather than the Road Deterioration and Maintenance Ef-
fects (RDME). Hence the calibration factors of HDM-4 pave-
ment deterioration models derived for Indian conditions by
Aggarwal et al (2005) are being used.

7 VALIDATION OF HDM-4

After the calibration of HDM-4 to the local conditions, the
model will have to be validated. For this purpose, Road User
Costs Knowledge System (RUCKS) released by World Bank on
February 18, 2010 is being used.

As mentioned earlier Vehicle Operating Cost (VOC) is an
important component of the Road User Cost (RUC) and also it
consists of more number of variables like economic costs of
fuel, lubricants, tyre, maintenance parts, maintenance labor,
crew time, depreciation, interest, overhead etc rather than
travel time cost and accident cost components in Road User
Cost. So for the process of validation, Vehicle Operating Cost
values from both the applications are compared.

For the purpose of running the analysis in HDM-4 at least
two alternatives including the base case should be considered.
Thus two scenarios are considered including the present con-
dition for the study:

e Base option or ‘do-nothing” which is the present con-

dition of the project stretch i.e., in 2013
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e Four laning of the existing two lane road or ‘do-
something’ which is the expected condition of the
project stretch in 2017 after the four laning works are
completed and the facility is open to public

Ten vehicle types were used for the validation of the calibrat-
ed RUC model of HDM-4 using RUCKS. The result of VOC
obtained is as represented in Table 4.
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er Cost was found. As a thumb rule the percentage of Travel
Time Cost (TTC) should be more for passenger vehicles i.e.; in
the range of 70% or more and Vehicle Operating Cost (VOC)
around 30% or below. While for commercial vehicles this TTC
component should be below 5% and VOC should be above
95%. Table 5 shows the percentage for each vehicle type.

TABLE 5
TABLE 4 CoMPONENT PERCENTAGE OF RUC
VOC VALUES AND ITS VARIATION FOR ‘DO-NOTHING’ SCENARIO —
2013 HDM-4 RUCKS
Vehicle Type

Vehicle Type  HDM-4  RUCKS  Percentage voc TIC  voC TIC
variation of 3-axle trucks 97% 3% 97% 3%
(IDM-A values  “AutoRickshaws  40% 60%  42%  58%

rom

Baxletrucks 3556 3542 039% Bus < 30% 0% 9% 8%

Auto Rickshaws  4.09 436 6.24% LCVFMini LGV 97% 3% 8o 2%

Bus 2099 3585  4146% Mini Bus 29% h 3% 70%

LCVAMini LCV 1079 1417  23.85% Multi-axle 7% 3% 7k 3%

Mini Bus 9.25 9.61 3.78% New Tech Car 29% 71% 29% 71%

Multi-axle 4407 4281 295% Old Tech Car 46% D% A6k 54k

New Tech Car 541 5.42 0.16% Tempo or Mini_28% 2% %% 2%

~ Lorry(2-axle)

Old Tech Car 11.47 11.49 0.14% Two Wheeler 239 77 % 26% 74%

Tempo or Mini 22.24 22.73 2.20%

Lorry(2-axle)

Two Wheeler 147 1.68 12.47% From the table above its clear that the percentage of VOC
and TTC for bus is not matching with the thumb rule in case
of values form RUCKS. But the percentage matches in case of

50 HDM-4 showing a correction needed only for RUCKS. As this
a5 ~ project uses HDM-4 there is no need for correction. Thus, the
» I/ \ software is being calibrated and can be used for economic
i { analysis
3
5 | #HDVH4 8 CONCLUSION
R S S B RUCKS While validating the values obtained in HDM-4 using RUCKS,
& & & E ,‘c\\ & 8 vehicle types were found to have only very minor variation
& N8 & & o & & & \‘so typ y y
a,’,,,+\ & C‘x@ & & 0@ ®<‘~\ $ in values while 2 vehicle types (Bus, Mini LCV) especially Bus,
& v & was found to have remarkable variation. A variation of value
«4\" up to 15% was considered acceptable for the validation. How-
ever the percentage of RUC that goes into VOC for bus is ac-

Fic 1 VOC vaLUES FROM HDM-4 AND RUCKS

From Table 4 and Figure 1 it is clear that a remarkable dif-
ference in VOC is obtained in case of Bus and Mini LCV while
other values are acceptable. A variation upto 15% is consid-
ered to be acceptable. However the variation in value of 2 ve-
hicle types may be because of the difference in vehicle feature
in HDM-4 and RUCKS.

Hence it was necessary to check which component shows
the variation. For this purpose the percentage of Vehicle Op-
erating Cost and Travel Time Cost which comprises Road Us-

ceptable in case of HDM-4. Thus the calibration of Road User
Cost in HDM-4 was found to be acceptable. As an extension to
the work, economic analysis of the road improvement scheme
can also be carried out in future.
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