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ABSTRACT

An abstract of the dissertation of Tarek Abou El Seoud for the Doctor of

Philosophy in Regional and Urban Planning presented March 2005.

Title: Integration of Geoinformatics Technologies and Econometrics Approaches

for Environmental Impact Assessment: Traffic Noise

This dissertation deals with the prediction/valuation phase of environmental
impact assessment (EIA). The research develops a predictive approach to examine
traffic noise in the Portland metropolitan area by the integration of geoinformatics
technologies: geographic information systems (GIS), global positioning systems
(GPS), and intelligent transportation systems (ITS). These technologies serve as a
tool to process the input data and to analyze the spatial characteristics of the
results. The main prediction calculations are carried out in the traffic noise model
developed by the U.S. Federai Highway Administration (FHWA TNM). The
solution described here integrates the whole process into one compatible efficient
framework. At the same time, using the advantages of geostatistical tools of GIS
and GPS technology, the research develops a calibration model for the application
of the FHWA TNM to the Greater Cairo area using traffic noise field
measurements.

The research also introduces and illustrates econometrics approaches for

traffic noise economic valuation, among which are hedonic pricing and contingent

1



valuation which the study applied to the monetary valuation of traffic noise in
Portland and Greater Cairo. The research develops a hedonic model for the
property values of the free market in the Portland metropolitan area. The research
also develops a contingent survey and a logit model] for the prediction of
willingness to pay to reduce traffic noise in the Greater Cairo area.

These econometrics approaches combined with geoinformatics
technologies allow us to better understand and forecast how changes in traffic
noise levels influence human behavior in both Portland and Greater Cairo. The
research addresses some of the more serious shortcomings in past research on the
prediction/valuation phase of traffic noise EIA and in general in the economic
analysis of natural resource management, environmental management, and

environmental policy analysis.

1t



Dedicated to the souls of
my father and my mother

v



ACKNOWLEDGEMENTS

This work was carried out from 2000-2004 at the Faculty of Regional and
Urban Planning (FRUP), Cairo University and the College of Urban and Public
Affairs (CUPA), Portland State University (PSU), USA. The research was
financially supported by the Egyptian government.

I am deeply grateful to my American supervisor Professor James
Strathman, director of the Center for Urban Studies at PSU, who provided
excelient conditions, candid support, and encouragement during my 2 years of
work in Portland from 2003-2004.

I owe my warmest thanks to my Egyptian supervisors Professor Abdalla El-
Erian and Professor Reda Haggag for their valuable advice and criticism and for
introducing me to scientific research.

I would also like to acknowledge with much appreciation Victoria Gilbert,
the budget and personnel manager of CUPA, for her support and handling all my
financial and administrative issues. My sincere thanks are due to Hilary Russell,
the editor of the Journal of the American Planning Association (JAPA), for her
detailed review and excellent advice during the preparation of this thesis.

During these years, the support of Professor Rob Bertini and the ITS lab at
PSU have been extremely valuable. I give my special thanks to the Academic
Research Computing (ARC), especially to William Garrick, the ARC manager, for
his support and for all my colleagues in the ARC and ITS lab.

I cannot leave Portland without mentioning Dr. Tom Kimpel, Ahmed El-
Geneidy, Mahmoud El-Gohary, Rania Wasfy, Jaturapat Bhiromkaew, Arlene
Brockel, Tracy Braden, and Denise Duncan. Without your support and friendship, I
would not have been able to simultaneously explore Portland and myself.

Finally I wish to express my loving thanks to my farrﬁly--my wife and my

three super kids Logy, Marwan, and Mazen--for their support and encouragement.

Portland, March 2005 Tarek Abou El Seoud



TABLE OF CONTENTS

ABSTRACT ...ttt ettt earrain e s e e anes
DEDICATION oottt et a e e taate e aae
ACKNOWLEDGMENTS ...t
TABLE OF CONTENTS ...ttt

LIST OF TABLES

.................................................................

LIST OF FIGURES ...t iitiutiiienioaisieieeieesistsaasenenascasenenen

LIST OF ABBREVIATIONS

....................................................

CHAPTER ONE: INTRODUCTION ...

1.1, IEOAUCHION «oovet vt eieeveecee e eaeeean et aasar e e e ee s e e st et e
1.2. Goal, aim, and objectives of the research ............ccc.cooiiiniii
1.3. Empirical analysis ..........ovuunrivsreenrineiini s
TR T 0 7 7 RO PP POU U PPRONOPPPPPS
1.3.2. Spatial teChnOIOZIES «v.vvvvvivniiiniiticiene i
1.3.3. Economic valuation models .................e.
1.3.4. Applications ..........coccooiiiiiiiiinnni e

1.4. Overview of dissertation ................ UV PPPPPPIOR

W 00 00 =1 S N b



TITLE

CHAPTER TWO: GENERAL BACKGROUND ...ccoorniiininmnecnninnns:

9 1. Environmental BOISE .......ovverrerirmrmrimmarisnmmnssesssnmssens s
7 1.1. Health effects of n0ise POHUHON wvvvrerennmmrinnmrmnsnenmeees
2.1.2. Gasoline- and diesel-fueled vehicle NOISE SOUICES .oovvvnenrnssn
2.1.3. NOISE IELTICS 1vevrvvrannseeremensrsesenssmmmnrnsarrssrssisrerssssss

2 7. National traffic noise research practices .......oovrreemrereremeemereee
2.2.1. Austria

..................................................................

...............................................................

D23 FFANCE «v veeevevnineeserrss e sanns s s s

2.2.4. GEMMANY ....oovenerrennn T O PRI PRPEP PRI

9.2.5. The Netherlands .........coorvomimmmenermmnreesname e

22,6, SPAIN 1eeneeinsrerssee s s

2.2.7. United States 0f AMETICA ......vvmemrenmrnrmrreremsmmrrmeme

22,8 BEYPL eevvreerrresireeenrss s

2 3. Traffic noise prediction MOAelS .. .....ueriimmrmermnrrereerrerene

2.3.1. The 10adWay SEZMENL .. ooeunnierrennemn s
5.3.2. Module 1: Computation of noise emission levels

AL THE SOUICE -« eevevvvneenenmrnsarenerasass s sns e s ir s

*2.3.2.1. Determining the standard source noise levels ........

2.3.2.2 Source noise adjustments .. ....cooovrersremnrermee

A, VEhiCle TYPE o vvnnrernrnemnmrinrnsssssr s

B. Vehicle Speed ... ...ovvenrammmmmenimnmnresmnnreeres

C. Traffic CONAItIONS ....vvnereerarmarnrremnanmmensereeer

D. Traffic VOIUINE ..ovvnrnernrermsminernservnsmmanseesees

E. ROAA SUITACE ... ovvnvvvernnrrrreemminenssaeestaasmensaneess

PAGE
12

12
13
14
15
17
18
20
22
25
27
30
30
33
34
37

38
38
39
39
39
39
39
40

vil



TITLE PAGE

2.3.3. Module 2: computation of noise level attenuations during

sound propagation from the source to the receiver.............. 41
2.3.3.1. Geometrical EXPansion ..........ccveeeeevneiiueroiiinne. 41
2.3.3.2. Terrain profile ..o 41
2.3.3.3. Meteorological parameters ...........cocveviniiniinn. 42
2.3.3.4. Sound reflectors ........ooovviiiiiiiiieinn 44
2.3.3.5. Sound barriers and SCTEENS ......covvverreemenernenniien 44
2.3.3.6. SCALETING ZONES .. ..uvvvnrrirrnriienrevitns e 45
2.3.4, Module 3: computation of traffic noise index
TR =3 (= 8151 1L = SOOI SOPR PP 46
2.4. Economic valuation of environmental goods ...........c.oeivuniiinn. 46
2.4.1 Monetary assessment methods .........ciiiiiinn, 49
2.4.1.1. Pricing methods .......c.coooviiiii 50

A. OpPOFtURILY COSES ... vuivriiimmreienai i e es 50
B. Costs of alternatiVes ... ovivireviee e e reiairnineenrserenns 50

C. Mitigation behavior ..........oceiiin 51

D. Shadow Project COStS ......ooovvirnirienrnoeinniiinne 51
E. Government PAYIMENES .........ooieeereinrierenereiionns 52
F. Dose-response method .........ccoooiviniiiiinnn, 52

2.4.1.2. Valuation methods .........cooiminiiiiiiiiiinn 52
A. Expressed preference methods ............ccooeinnn, 53
A.1. Contingent valuation ...............ccevinnnnn 53

A.2. Contingent choice 55

A.3. Stated preference ...........ooooiiiiii 55
B. Revealed preference methods .............ocooeiiinen. 56
B.1. Travel cost ......covveimiiiiion e, 56

B.2. Hedonic Pricing ........cccovverenvneenncnnnne 57

viil



TITLE

2.5. Geoinformatics

.................................................................

2.5.1. Advanced GIS techniques ............oviuiiieiiiieiniiiieenen.
2.5.1.1. Digital terrain analysis ..........cccoovvviiieiiennninnn.
2.5.1.2. Network analysis .......c..o.oveeen
2.5.1.3. Dynamic segmentation ..............
2.5.1.4. Geostatistical analysis .............cocoviiiiiiiiiinnn.

2.5.2. Global positioning SYStemS .........ovrvmieeneiiiniriiinins

2.5.3. Intelligent transportation SYStemS ........oeereureenioninnenonna
2.5.3.1. Inductive loop detectors .........occeveiiinin i
2.5.3.2. Video iMage ProCESSOTS .. ..coinmrevrrsenrrenrmmeuensnaes

2.6. Chapter summary

..............................................................

CHAPTER THREE: TRAFFIC NOISE PREDICTION USING FHWA
TNM WITH GEOINFORMATICS TECHNOLOGIES ........

3.1. Introduction

....................................................................

3.2. Description of Portland study area

..........................................

3.3. Portland spatial data SOUrCES ...........ooovivriiiiminiiieiciins
3.4. Study methodology for FHWA TNM application .............c.......ee.
3.4.1. Noise level index ...................
3.4.2. Data input phase

.....................................................

3.4.2.1. Traffic NOISE SOULCE ......ovivvreiiniiiiiniir e,

A. Physical roadway characteristics .....................
A.1. Spatial features of the roadway ................
A.2. Attributes of roadway features .................

B. Traffic characteristics

.....................................

69

69
70
73
76
76
79
79
80
80
81
82

X



