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PREFACE

Over the last decade, issues within sustainable urban development and Infrastructure asset
management have gained substantial attention of therchses and practitioner community.

NED University of Engineering and Technology has timely envisaged this changing
phenomenon, and through rigorous efforts this University has introduced an undergraduate
degree program in Urban Engineering in the year 208&ditionally, this University is
successful in creating awareness among all the stakeholders of the country about wide range of
urban issues which needs special engineering skills for their treatment by launching a series of
International conferences, vkshops and symposiums. IEDC 2010 is third in series of
symposiums on Infrastructural Engineering in developing countries, and Department of Urban
and Infrastructure Engineering, NED University of Engineering and Technology, is extremely
delighted in holdig this event.

Past two international symposiums which were held in the year 2001 and 2004, have given major
emphasis on overall infrastructural issues. Due to the rapid expansion in research and
development on various aspects within Infrastructure Emging, this year symposium advisory
committee has set the theme of the symposium which gives substantial consideration to the
issues specifically related to urban transport infrastructure. This helps generate more insightful
and analytical discussion dog technical sessions of the symposium, and as a result, this
proceedings contain more valuable material.

Papers received for technical sessions of the symposium have gone through blind peer review
system, which is carried out with the help of expertefadl over the world. Selected papers are
grouped in five major areas, namely; urban infrastructural design and management in developing
countries, sustainable transport and environment, ITS modeling and analysis, travel and traffic
management, traffic sety and emergency management.

Further to the above, we are delighted to announce that a partnership has built between IEDC
2010 and International Journal of Contemporary Research in Business (IJCRB) UK. This
partnership allows the publication of papersepted for IED€010 in special edition of IJCRB.

The organizers wish to express their deep gratitude to all those who have contributed papers and
many others who have worked hard to make it a success.

S. F. A. RAFEEQI

M. S. ALI

M. ADNAN

Contents
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URBAN INFRASTRUCTURE DESIGN

AND

MANAGEMENT IN DEVELOPING COUNTRIES



Spaceborne Remote Sensing Data for Inventory and Visualization of
Transportation Infrastructure and Traffic Attributes

Waheed Uddin
(Professor of Civil Engineering andif@ctor CAIT, University of Mississippi, USA)

Abstract

This paper presents the application of spaceborne remote sensing data and geospatial analysis
methodology for mapping transportation network inventory and extracting traffic attributes. Daity traff
volume is essential for developing a traffic management system, transportation demand modeling,
operational level of service and congestion analysis, vehicle emission modeling of greenhouse gases, and
air quality analysis. The methodology was developgidg tm and 0.6m multispectral satellite imagery.

The methodology is implemented for Karachi transportation project, which is funded on-HideUsy

the USAID. The developed road vector map visualizes both inventory and daily traffic volume data
extracted from the imagery. The paper presents the steps used for measuring and analyzing traffic flow
data attributes using-th satellite imagery for two locations in Mississippi. Imageaged data are
validated using groundtruth samples. Road sections foadKatraffic data are selected from statistical
sampling of all types of road functional classes. The study results show very large average daily traffic
volumes in excess of 40,000 vehicles per day on many major roads and over 100,000 vehicles per day on
arterials in Karachi. It is estimated that 5.5 million tons of, @emitted annually. This geospatial
analysis of spaceborne imagery provides a-efiettive and rapid method for collecting traffic volume

and mix data. The remote sensing methodolodyeiseficial for most developing countries and in the
absence of sitepecific traffic data. The paper describes several other transportation and landuse planning
applications where the geospatial maps of transportation infrastructure assets can be used

Keywords
Spaceborne imagery, Remote Sensing, Geospatial, Roads, Traffic Volume, Congestion
1. Introduction

Theengine of any economy is good transportation infrastructure and the supply of energy to support the
transport and traveling public. Goodrisportation infrastructure is imperative for distributing resources

and goods through intermodal facilities, helping communities during disasters and emergencies, and
providing other services to societifigure 1 compares the total length of roads of sgvesuntries.
Adequate mobility and safety of the traveling public is dependent on the optimum use of multimodal
ground transport (auto or car ridership, transit share, and mass transit modes). Unfortunately, some
developed countries have a very large nembf automobiles on roads casuing congestion, gridlock,
increased vehicle emsisions of air pollutants and green house gases (GHG). These cause respiratory
diseases, lost productivity, and enormous societal costs. For example, there are 220 milliahinghiele

U.S.; that is about 1.4 vehicles per person. In comparison only about 1.8 million total vehicles are in
Karachi which amounts to about one vehicle per 10 person. Figure 2 compares vehicle mix proportions in
the U.S. and Karachi with only 0.3% meotycles in the U.S. and 25% in Karchi. Poor traffic
management in Karachi results in longer hours of congestion, travel time wastage due to gridlock, and
significant air pollution (Figure 3). In comparistmurban areas of the U.S. the current traffichpems

in Karachi are enormous with respect to safety, congestion, and related societal costs. Pakistan has a high
fatality rate of 19 deaths per 10,000 vehicles. This number is three times that of Malaysia, more than four
times that of Singapore, and nitimes that of the US. Worldwide, 65% of fatalities are pedestrians
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(Uddin, 2007). Pedestrians and motorbikes share the roadways and present a significant portion of road
fatalities in Karachi. Thus, improvements in transportation infrastructure in métaopdarachi should
consider these realities by including a plan to improve traffic flow with adequate mass transit strategies
and reduce road fatalities.

1.2 Study Obijectives
The objectives of this paper are to:

(1) Describe a geospatial analysis metHodg using remote sensing satellite imagery data for
making vector maps of transportation network and landuse maps for Karachi.

(2) Develop an imagerpased geospatial methodology to extract traffic attributes from high
resolution imagery and implement for tregolitan Karachi road network.

(3) Discuss the application of traffic demand data to evaluate road performance and impacts on
congestion and vehicle emissions, identify locations forb@&Sed video surveillance, and
improve traffic flow by deploying multimdal strategies.

41, Malaysia 98,721km
f— 73. Thailand 57,403 km
158. Brunei 3,650 km

Total Road Length, Million km
w
]

o s
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Figure 1. World Ranking in Road Length (Left), GIS Map Created for Pakistan (Right)

Combination

trucks, 4.9%
Buses, 0.2%

Other single-unit
trucks, 2.7%

Two-axle, four-tire
trucks, 33.8% ~

Automobiles

~— Automobiles, 58.1%

(Source: Oak Ridge
National Lab. 2002)

Motorcycles, 0.3%

=

Figure 3. Field Visits to the Congestedtreets of SITE (Left) and Mauripur Road (Right), Karachi, July 17, 2008(Most People
Crossing Road on Foot Instead of Using Pedestrian Bridge)
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1.3Karachi Metropolitan Transportation Research Project Overview

Karachi Metropolitan Intelligent Transporta System (MITSBased Traffic Management is a joint
research project of the University of Mississippi (UM) on the-ditt® and NED University of
Engineering and Technology (NED) in Karachi on the-Bidk. Funded on the USde by the United

States Agency or I nternational D e v e [Pakistare Stience( abdSTadhrivlpgy u n d
Cooperative Programo and i mplemented by0lONthei ona
project is primarily focused on improving urban traffic flow managementaanduality. The primary
objective of this project is to strengthen the partnering engineering education and research institution in
Pakistan for (1) adapting modern intelligent transportation system (ITS) and geospatial technologies, (2)
implementing sciece models of traffic flow and air quality in metropolitan urban areas in Pakistan, and
(3) using Karachi as a pilot case study. The MITS project is providing technology transfer of the latest
innovations in terrestrial and spaceborne remote sensing teghirapplications for traffic related safety

and congestion problems, air quality impacts, transportation infrastructure inventory, geographical
information system (GIS) database of road network and traffic volume, road safety assessment, and ITS
based trHic management. More information about this project is available on the web (NAS, 2007).
http://sites.nationalacademies.org/PGA/dsc/pakistan/PGA 052872

2. Development of GISMaps of Road Infrastructure

All municipal infrastructures, such as roads, bridges, water supply, wastewater, sewer, gas, and
electricity, can be integrated by a common GIS database (Hetshn1997). Using GIS as a useful data
management tool the usean visualize the physical location and specific attributes of the infrastructure
facility by geographic and nongeographic data, which are linked to the actual geographic coordinates. A
geospatial scene of aerial or satellite raster imagery of the ataedyprovides a convenient snapshot of

the area for overlaying other features. Geospatial analysis of road inventory and landuse mapping is
essential for developing GIS decision support systems for maintenance management of infrastructure,
traffic volume dtributes, and ITS$ased traffic management system. The geospatial analysis methodology
for extraction of pavements and other buijit areas can facilitate némtrusive inventory of roads,
bridges, and building footprints. This is particularly useful &eas in the industrialized world and
developing countries where GIS vector maps of transportation infrastructure and landuseexisteon

This was pursued for the coastal city of Karachi in Pakistan (NAS, 2007).

Figure 4 shows a detailed planimetrbad and landuse vector map created for the port area of Karachi
using 0.6m QuickBirdll multispectral satellite imagery and GeoMedia Pro geospatial/GIS software. The
Karachtl imagery for an area of 9km x 15km was acquired on March 7, 2007 at 11:36GrddhKtime.

This imagery was used for planimetrics to extract vector maps of transportation network, buildings and
other landuse footprints using GeoMedia Pro software. Figure 4 also shows the imagery with 1km grid
lines and legend of extracted constrdcéad natural features of Karachi port area (Osborne, 2009). This
geospatial analysis can also facilitate creation of detailed tourist maps with illustrations and photos of
landmarks. Further geospatial application involves the use of remote sensirite Satatiery data to

extract traffic attributes and estimate built surfaces (Udtlial., 2009). MaAamade built surfaces such as
buildings, dark constructed surfaces, and asphalt absorb more heat from sunlight, compared to other
natural ground surfaces. iBhis due to the low solar reflectivity of darker surfaces. The-iskaid effect

causes an increase in surface temperature and air temperature in thp brgi of a city. Urban sprawl

and associated transportatigriated emissions also tend to irase area temperature. An increase in air
temperature results in a higher rate of photochemical reactions that form ¢gwahdzone and smog

during hot summer days. Additionally, it requires extra electricity to cool down buildings in summer
days, whichresults in increased energy demands, largecaiditioning bills, and higher emissions of
ozone precursors. GIS based groundtruth landuse vector map created for the port area of Karachi has beer
classified for spatial distribution of surface temperatundsch is not shown here for brevity.
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Figure 4. Port area of 0.6m Karachil Imagery and GIS Legend (Top), Planimetrics of Roads and
Extracted Landuse Map with Landmarks (Bottom)
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3. Travel Demand Modeling and Daily Traffic Volume Maps
3.1 Traditional and Innovative Vehicle Counting and Equipment and Methods

A vehicle is a discreet moving target which is difficult to measure and forecast. It is labor intensive, time
consuming, and costly. Manual counting still is widely used for temporary ddtctmm or for
verification sampling. However, it is limited due to safety, cost, and inclement weather. Irbasesh

method a counter board counts vehicles and a radar gun measures speed. Presently, most intrusive anc
norrintrusive detector technologiehave portable models. Table 1 shows technologies for measuring
traffic volume and speed.

Table 1. Technologies for Collecting Traffic Counts and Other Attributes

Traffic Data Collection Methods
A Manual methods of traffic count and spot spee( A Off-roadway / ITS technologies
A Mechanical counters and automated equipmen Probe vehicles/ ivehicle devices
Pressure devices / Push button devices Global Positioning System (GPS)
Induction loop devices / fibempic devices Cellular phone reporting & geolocatin
Photoelectric / infrared devices Automatic Vehicle Location (AVL)
Radar/ radio frequency devices (for transit vehicle communication & locatior
A Truck weightsand axle data collection A Electronic toll collection & weigh stations
Permanent / Portable / weigirmotion (WIM) Automatic Vehicle Identification (AVI)
A Remote sensing photographic methods (vehicle transponders /roadside amta)
Filming / video taping / digital photography | A ITS equipment
Aerial photo / spaceborne imagery Video surveillance cameras
Imagery analysis/vehicle recognition technolg Red light sensors

3.2Imagery-based Remote Sensing Method

Modern remote sensing using aerial and high resolution satellite imagery offers innovatingusine

methods for collecting traffic data. Remote sensing data collection about vehicle counts has been studied
in greatdetail to monitor a traffic network as a part of the U.S. Department of Transportation (DOT)
remote sensing project (Magk al., 2003). The highresolution satellite imagery was used to estimate
daily traffic volumes and the empirical errors were smathugh to indicate that combining satelite

based data with traditional groubdsed data can reduce the estimation error for the entire road network.

3.3 Imagery-based Traffic Demand and AADT Data for Karachi Roads

Monitoring of hourly and annual avemaglaily traffic (AADT) volume (based on Z¥bur traffic counts)

is essential to evaluate traffic flow attributes and congestion condition. \fehileitraveled (VMT) or
vehiclekm-traveled indicates the number whicle ownerspersontrips, and vehiclalistancetraveled

(VDT) on roads where one vehicle may make two trips minimum per day traveling 20 miles or 32 km per
day. Percentage increase in VMT from 1970 to 2000 was 148% in the U.S. where 2,746.9 billion VMT
was reported for Year 2000 according e Federal Highway Administratiofrid{WA). Comprehensive
AADT for major roads or VDT data is negxistent in Karachi. Limited traffic counts for 12 to 16 hours

are reported for selected roads only (Ali, 2009). These data are essential to identify caitdglaielTS
equipment installation, collect pealour traffic volume and congestion hour data, and develofgp&sgd

traffic management system for Karachi to serve as a model framework for other major cities of Pakistan.

Satellite imagery presents aapshot of road traffic in the imagery scene. The following geospatial
analysis methodology was used to count traffic from the satellite imagery of a selected road section:
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e Collect data on hourly volume distribution factors for a typicah2#ay for thestudy site based
on previous traffic history or by conducting a sample study by manual counts, mechanical
counters, or ITS video sensor data.

e Get information on date and exact time ahgter or submeter imagery assuming the same traffic
pattern is applidale to a full hour.

e Partition road and label sections using GeoMedia Pro or another GIS software used to create road
planimetric map and mark the section on imagery.

e Use GIS software to measure section length in (km) and record number of lanes with width.

e Use imagery to count total vehicles in the section in each lane and vehicle type (car, truck, bus,
motorbike) and calculate total counts and average traffic density per lane (vehicles/km).

e Estimate average space mean speed (km/h) assuming straigipelagelensity flow model.

e Calculate average flow rate per lane using the traffic flow model and total hourly traffic counts
for all lanes, V (veh/h).

e Calculate daily traffic volume by dividing V by the imagery hour volume factor, AADT.

The average speedd hourly traffic volume distribution factors for a-Bdur day can affect the AADT
results significantly as found in the preliminary studies (Ahmed, 2009 and Osborne, 2009). Figure 5
shows a test section on Highway 6 East near University of Mississipmp@aand 24our distribution

of the traffic volume for 2001 measured AADT of 26,645 vehicles per day. IhelKkONOS base
imagery used for traffic counts was taken on March 27, 2000. More samples were taken from the Port
City of Gulfport in Mississippi usg IKONOS imagery and the results were compared with traffic count
data measured on site. The average error of all samples was less than 10%eshdlid hot show any
statistical significant difference in the measured and imalgasgd extracted AADValues.

R “‘ AV Highway_CL (34)
O o3 A MajorRoad_CL (15)

e
i

Time (hour)

3:00 7:00 11:00 15:00 19:00 23:00

Figure 5. Mississippi Highway 6 Shown on-in IKONOS Multispectral Satellite Imagery (Top),
Plots of 24Hour Distribution of Measured and Imagery-based Hourly Traffic Volume (bottom)

The above methodology was implementsthg 0.6m Karachl imagery acquired on March 7, 2007 at

11:36 AM Karachi time and GoogleEarth imagery of surrounding areas for the entire metropolitan area.
Figure 6 shows Karaclli imagery overlaid by road and railway/railroad vector map with locatibns o
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traffic count sites. Total 40 road sections were selected using a statistical experiment design considering
section type, road classification, and the Inner City and Outskirts areas. The average AADT value for
each functional class is also shown in Fegar
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Figure 6. 0.6m QuickBirdll Satellite Imagery (Top Left), Karachi-1 (March 7, 2007 at 11:36 AM,
Karachi Time); GeoMedia Pro Legend (Top Center); Mosaic of Karchil GIS map of Road,
Railroad, Port, and Other Landuse (Top Right) Traffic Data Locations and Volume Map (Bottom)

Statistical inference using analysis of variance (ANOVA) reveals that both road classification and area
type factors are significant. The AADT sample results are being used to generate thematic maps of AAD
for the entire metropolitan Karachi (Headrick, 2010). The geospatial Karachi road network map created
using GeoMediaPro and extracted traffic volume data show:
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(a) The major road length is 36.23% of total road network length in the Inner City area edmpar
to 15.66% of the total road length in the Outskirts. More motorway and highway length is
seen in the Outskirts area.

(b) Inner City area of 208.3 Krand 31,80AADT per sq km for City area.

(c) Outskirts Area of 914.6 Knand 2,966 AADT per sq km for Outskirts area.

These results show a significantly higher AADT values in the Inner City buffer which are 2.44 times the
AADT value in the Outskirts. The total AADT value of about 9.3 million is reasonably accurate
consideing: (1) average 6 trips per day may be made by 1.8 million vehicles registered in Karachi, (2)
most transit buses and miniises serve the public by making up to 15 trips each per day, and (3) many
hundreds trucks serving the port area for carrying teeigo through the country and cargo destined for
Afghanistan are not registered in Karachi. Costs associated with irdzamey geospatial methodologies

of inventory and traffic data extraction were compared with the traditional field methods of data
collection (Osborne, 2009). The Pakistani labor cost was assumed to be 50% of the labor costs in the U.S.
The total cost for creating GIS road map in Pakistan would be $ 13,200 with savings of $8,200 in
Pakistan for creating GIS road network. The total cb#tagerybased traffic data extraction would be

$163 in Pakistan for the 40 samples used in the study, which is significantly less than $40,614 for manual
traffic data collection. Total benefit for creating a complete GIS road map and analyzing imagiy fo

road sample sections for traffic volume is equal to $48,651 in Pakistan. This presents an enormous
benefit at $1,258 per km in Pakistan or $2,516 per km in the U.S. (Osborne, 2009).

3.4 Impacts of Traffic Congestion on User Costs and Other Soti¢ Costs

The travel time index (TTI), a traffic congestion indicator on urban roads used in the U.S,, is a ratio of
travel time in congested condition during peak hours to the travel time in ideal free flow conditions when
there is practically no trafficThe average of all urban areas has been steadily increasing over the last 10
years and the average TTI is about 1.4, whereas it has been about 2.0 for locations such as the Los
Angeles area during peak hours. Several samples of traffic data were dofledtearachi roads during
summer of 2007 to estimate TTI on Shaedhaisal, MA Jinnah Road, NED University campus to Clifton

area, and from the Marriott Hotel on Clifton Road to Karachi Port Trust near Jinnah Bridge area. The
computed TTI values rangedofn 3.0 to 4.0 many hours of the day, exceeding 10 hours on weekdays.
This outrageous congestion causes traffic jams and crashes, loss of commuter time and productivity, and
vehicle emissions of carbon monoxide (CO), nitrogen dioxide;)JN®latile organiccompound (VOC),

and particulate matter (PM). This also results in high GHG emission rates of carbon dioxidle (CO
Transportatiorrelated carbon emissions are major contributors to anthropogenic GHG emissions, global
warming, and climate change mechanisfar example, 27% of all anthropogenic GHG emissions and
56% of all NOx emissions in 2002 were contributed by the transportation sector in the U.S. (Uddin,
2006). In the presence of sunlight, vehicular emissions ofdW@® VOC form grouridevel ozone, whih

is a primary contributor to air pollution and smog. Transportatidsted air pollution causes respiratory
problems, public health hazards, and tremendous societal costs. Therefore, transportation strategies
should focus on improved traffic flow forl @taffic modes to reduce congestion and vehicular emission.

The corresponding VDT value in 2007 for 1.8 million vehicles in Karachi is 13,209 milliotfkmeh
traveled assuming an average trip length of 6 to 16 km. Most arterials suffered from congedtion
gridlock conditions in 2007 (MITS, 2007). Based on the U.S. Environmental Protection Agency (EPA)
procedure the preliminary estimate of d®about 15 thousand tons emitted every day or 5.5 million tons
annually. The actual emission would be lowerb@% cars are operated on compressed natural gas
(CNG)-gasoline hybrid engines due to substantially lower, @ission from burning of CNG.
Additionally, work is underway to calculate CO, j@nd PM for the traffic data.

Congestion increases road usests (travel time, vehicle operating costs, and crash/accident costs).
Travel time cost depends upon a particular location and gross national income per capita. Average vehicle
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operating cost is 294 cents per vehiclmile for typical city driving conditins in the U.S., 19 cents per
vehiclemile is transportation related air pollution cost, and 81 cents per vehileas for crash related

cost (Uddin, 2006). Thegak hourly volume for level of service and capacity utilization analysis can also
be estinated from AADT using 30 highest hourly volume (HV) which is on the average 15.5% of
AADT. Among other applications of AADT data are: the use of the peak hour data for microsimualtion of
traffic flow, synchronization of traffic signals during peak hotasnhance the traffic flow efficiently,

and calculation of standard crash ratings using crash and fatality data to improve roadThidety.
comprehensive traffic and vehidigp analysis using imagetlyased traffic demand estimate is a major
output reléed to the transportation management model. Compared to traditional trip-aegiination
surveys in each town used for travel demand modeling, the imbgeed roadpecific traffic demand

and vehicle mix data is more current for most road classiicati Karachi. This has saved tremendous
manual and financial resources, compared to the-¢onsuming and cogirohibitive 24hour traffic
counts. The AADT values need to be verified on several road sections using ITS surveillance network
system and ingendent 24our count samples.

4. Concluding Remarks

The transportation and landuse GIS map created from Katagdiellite imagery is an example of the
geospatial analysis of spaceborne remote sensing data that can be used to: prepare tourish maps wi
photos of landmarks, show distances to different points of interest, displayabE8 reatime traffic

flow attributes, average speed, hourly volume, an-easyderstand congestion index, transit permits

and routing to serve the public better andenefficiently, show crash statistics and black spots, routes for
emergency evacuation and medical response. The remote sensing methodology for traffic data extraction
is beneficial for most developing countries and in the absence oe$pstiic traffic data. It is
recommended that more groundtruth AADT and traffic volume data be collected for various towns and
compared with the imagettyased AADT values to assess accuracy of imagasgd results.

Traffic density per 1,000 sg km the Inner City bifer is about 1Gimes more than the traffic density in

the Outskirt area. This is expected because of densely populated areas in towns within the Inner City
buffer and the fact that most commuters drive to Inner City destinations for work and commercial
activities, port area, railway stations, and other neighboring towns. This also implies that vehicle emission
of air pollutants is also higher in the Inner City area which is adversely affecting the public health of
residents and commuters alike. It is mmstied that 5.5 million tons of G@s emitted annually in Karachi

using the 13,209 million vekm-traveled value calculated for 2007 traffic volume in this study.
According to the FHWA, congestion is caused, 65% of the time, in the U.S. by bottleneckd bgus
inadequate capacity of interesecting roads due to poor geomterics and traffic incidents including crashes.
Congestion caused by poor signal timing occurs only 5% of the time. In Karachi, these percentages may
be higher for bottlenecks and poor sigtialings because Karchi has few arterials which are already
being utlized at or above capacity, such as M.A. Jinnah Road andeSRaisal. To alleviate congestion,

two new signafree corridors have been added by the City government in recent yearathitsaroad
network. However, according to recent news reports, the volume of traffic has increased so much that not
only is the road network capacity still inadequate but carbon emissions are alarming as well.

A poor signal system is another big factor gridlock and timing due to frequent power breakdown
everday and a system of stamdne signals, which are not synchronized for green timings during peak
hours. The installation and continuous monitoring ofrawd ITS surveillance video and other
suwveillance system on strategic locations will help to identify the peak hour traffic congestion problem
and accurate flow and speed datatomated pedestrian and bicycle counts from ITS sensor data show
valuable potential for improving traffic manageménKarachi and other urban areas of Pakistan where
these modes form a large part of total traffic nMikese data and subsequent safety audit reviews should
help to identify and prioritize shetérm solutions to ease gridlocks. The ldegn mitigation glategies
require extensive microsimulations of major road networks for identfying alternative multimodal
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technology sloutions to serve the general public better, such as those recommended by the MITS
Stakeholders summary report (MITS, 2007).

Transportdon-related congestion and air pollution causes respiratory problems, lost productivity and
time on roads, public health hazards, and tremendous societal costs. Therefbesd@@nd multimodal
transportation strategies should be adapted to improvkc tflows for all traffic modes to reduce
congestion and vehicular emission. Additionally, the GIS traffic demand map, in terms of AADT values,

is available to establish ITBased traffic management system for removing bottlenecks on arterials. This
shoull be the focus of the City government with financial support from the Provincial and Central
government agencies considering that Kar achi pr
revenue while Karachi déds poputgbbsopopsal anl gnabout
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Abstract

The paper sets out to make a case for considering the impact of factors related to urbanization such as
industrial development and population pressures on the environment in the aintelkan/regional
development in a developing economy. It investigates the extent of water pollution attributable to
domestic sources and manufacturing industries within a region. Based on its findings, it argues a case for
a change to the mindset amoraigy makers and regional planners regarding sources of water pollution
and their approach towards ensuring environmental protection and provision of appropriate infrastructure
with respect to urbanization. In developing countries like Pakistan, whil$titipol control and
infrastructure development strategies at the urban/regional level tend to focus on the treatment and
management of pollution caused by the manufacturing industry, planners and policy makers often ignore
pollution caused by population atéd factors. In this context, the study undertakes to determine the
manufacturing output by inventorying and categorizing industrial units at the urban/regional level. The
tot al manufacturing output is then sdRapdvAppraised d i n
Method (RAM). The study also sets out to calculate approximate pollution loads as a function of
population size. The research relies on data collected during earlier fieldwork from various national/
provincial government departments Fekistan and reports from United Nations and international
agencies. It also refers to other supportive evidence from expert reports and wider literature to further
clarify findings and facilitate the drawing of conclusions. Findings and recommendationghis study

stress the need for policy makers and planners to take into account the direct impact of burgeoning
population on water quality in prioritizing urban environmental infrastructure in Pakistan.

Keywords
Urban Environmental Infrastructure, instrial Pollution, Population Pressure, Domestic Waste Treatment
1. Introduction

This paper highlights the fact that in Pakistan the government, the media and even the scientific
community tend to cite industry as the major source of environmental dégradrhis is in spite of the

fact that the most severe environmental problems (oxggeteted water bodies and high incidences of
infectious diseases and mortality) are primarily caused by untreated wastewater from the domestic
sources of a very largend dense population. This paper presents evidence from the Punjab province that
clearly points to the abovmentioned fact. It is intended that this paper will mark the beginning of a
debate on how environmental problems are perceived compared with tked sittiation in the
developing countries.

Several documents concerned with the state of the environment in the Punjab province clearly indicate

that surface and grounewater pollution is the most pressing environmental problem in the region
(EUAD, 1993,ADB, 1997; Wor |l d Bank, 1993) . Therefore |
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used interchangeably with

fwater

poll utiono. I

agroprocessing and discharge predominantly organic washgpoganic waste estimations were made.
The relative simplicity of these estimations and the nature of the most pressing environmental problems

are the other reasons for addressing organic pollution only. In order to put the analysis presented in this

n

paper into perspective, a brief description of environmental conditions in the Punjab province is presented

below.

Pakistan is located in South Asia. On the basis of its geology and topography, it can be divided into two
parts along a nortbouth line. Weare interested in the eastern part of the country; it is flat and is drained

by the River Indus and its five major tributary rivers. This region (called the Indus Plain) generally

constitutes to the north the Punjab province and to the south the Sindticprdihe former contains the
highest concentration of the country's population. It contains most of the productive agricultural land and

many major urban areas (see Fig. 1).

Sargodha

Bahawalpur

Rawalpindi

Guranwala

[] core pivisions

[] Peripheral Divisions

Figure 1. The Study Area

Punjab has a population of more than 90 million eogovers an area of 200,000 %rand is divided
into eight divisions. Lahore, Gujranwala, Faisalabad, and Multan form the core of the province. These
divisions cover only onhird of the land but contain twihirds of the population. Most of the industs
located in these divisions. The remaining four divisions, Bhawalpur, Dera Ghazi Khan, Sargodha, and
Rawalpindi, are socieconomically backward, are less densely populated, and have little industry.

Punjab has a continental climate, which is veryihadhe summer (up to 46°C) and very cold in winter
(near 0°C). It is serarid, with very little rainfall. The province has five rivers: Indus, Jhelum, Chenab,
Ravi and Sutlej (the word Punjab means five rivers). These rivers originate from mountaashmir

and are mainly fed by water from melting snow. They provide substantial susaiadegrounevater

resources and fertility.

About

50%

of

Punj abés

water (EUAD, 1993). These water resources @so the source of potable water for people within the

densely inhabited province. In short, water is the single most important natural resource of the province.
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The rapid growth of Punjab's cities and industrial areas has been insufficiently plaanesewage and

urban solid waste are dumped into drainage channels, local streams and rivers. Inadequate or poorly
enforced controls allow factories to dispose of their emissions and waste products without regard for their

effects on Punjab's air, waterdasoil resources (EPA Punjab, 1989; Tariq, 1990). The degree of pollution

in natural streams is becoming critical. For example, the River Ravi near the city of Lahore has become so
polluted that hardly any oxygen is found in the water during the low flovewseason; this has led to

the disappearance of all aquatic life (Magsood, 1996; ADB, 1997).

A general perception exists among both the general public and the governmental agencies that industries
are the main cause of environmental degradation cokitrip towards general pollution and water
pollution in natur al streams in particular (Tar
for towards pollution control, which focus on industrial polluters only. This attitude is evident from
governmental press releases and statements related to the environment made by politicians and
government officials. Environmental features in the printed media also only stress control of pollution
arising from industry. Scientific studies on the statéhefenvironment in Punjab are few in number and

tend to be sector and/or location specific. It is very difficult to draw any conclusions about what is
causing environmental degradation at the regional level.

In order to determine the relative share ofusidy in regional environmental degradation, pollution
discharges from both industry and domestic sources were estimated. The rest of this article is divided into
four sections. Section 2 summarizes the research work done so far on the state of thenemiviron
Punjab. Section 3 includes estimates of the relative contributions of the industrial and domestic sectors to
water pollution. Section 4 summarizes some other pieces of information that support the findings of Sect.
3. Finally, in Sect. 5 conclusierare drawn on the main cause of water pollution in the province.

2. Studies on the State of the Environment in Punjab

Pakistan is a poorly developed country with a very low literacy rate. In addition, it has very few experts in
the field of environmentangineering/science. These are the reasons for the lack of studies on the state of
environment in Punjab.

The Institute of Public Health Engineering and Research (IPHER) of the University of Engineering and
Technology, Lahore, pioneered the evaluatidrenvironmental degradation in the 1970s (their work
highlighted the problems but made little effort to link them to their causes). In the 1980s the
Environmental Protection Agencies (EPAs) were instituted at both the national and the provincial levels,
and they also carried out environmental evaluation. The sanitation agencies of Lahore, the provincial
capital, have assisted in studies of the volume of wastewater and its organic load entering the River Ravi
(the ultimate receiver of all domestic and inttia wastewater from the city of Lahore and its suburbs).
The World Bank financed a study call ed93t{Wodd A Pun
Bank, 1993), which was mainly conducted by the Environmental Engineering Division of the National
Engineering Services Pakistan. The Asian Development Bank funded a study at the national level on the
il mpl ementation of the Nat i90@@RBB, 1997) whicke disguased somme St |
aspects of the state of the environment in Punjabddiitian, some minor studies have been carried out

by a few graduate students studying abroad (Magsood, 1996).

Most of these studies were location specific and focused on the city of Lahore and the stretch of the River
Ravi near Lahore. This is understanéalas Lahore is the focal point of all educational, administrative,
commercial and industrial activities in Punjab. A number of industrial clustersoeaged within a

distance of 5060 km from the city. The industries in these areas process cotton, sugarcane, oil seeds and

other agricultural products. Other locations that have been studied are majeinduxsrial centers such

as Faisalabad and Multan.
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The most common topic of these studies is the description of extensive environmental degradation. Some
of the studies looked more closely, and somewhat scientifically, at the level of pollution in particular
locations; for example, the quality of waterthe River Ravi near Lahore. There are a few studies on the
estimation of industrial pollution in different industrial centers and from different types of industries.

Literature related to the state of the environment in Punjab fails to clearly relatenaerental
degradation to its different causes, and most studies seem to focus on industrial pollution. These studies
tend to discuss individual causes and individual locations, but do not explain the relative contributions of
different sources of polluth. They also fail to recognize any pattern for the whole province.
Additionally, some of these reports contain inaccurate information (World Bank, 1993; Bureau of
Statistics, 1998).

There has been little effort to systematically link different sourEesltutants with health impacts. Most

of the studies (EPA Punjab, 1989; World Bank, 1993; Magsood, 1996; ADB, 1997; Morishita and
Rahman, 1999) describe what kind of pollutants are discharged from different sources and, in theory,
what damage these kind$ pollutants do. With the exception of reports on water logging and salinity,
most studies ignore the contribution from agricultural activities and livestock to pollution.

3. Estimation of Industrial Pollution

Most industries in Punjab are of the agrocessing type. About 60% of the industries are engaged in
textile manufacturing. Other major industries produce sugar, edible oil, leather, paper and soap. These
industries are not a major source of air pollution, and their effluents are mostly orgaaiaria (EUAD,

1993). With this information in mind, and due to the limited resources available for this study, it was
decided that only the biological oxygen demand (BOD) caused by industries would be estimated. This
estimation of organic pollution was lgrdone for the core divisions.

Data on the quantities of pollutants discharged from industries were not available for the study area. The
industrial production figures were also not directly available for individual divisions in the core zone.
Figures ofindustrial production capacities (a proxy for industrial production) were calculated for some
thousands of industries listed in the industrial directory of the province (DIMD, 1988). For each of the
districts, industrial production was calculated for tlitferent types of industries as categorized in the
industrial directory. The Rapid Inventory Techniques (RIT) of the World Health Organization (WHO,
1993) were then used to transform the production figures into pollution quantities.

The Rapid Assessmemiethodology provides an effective way to assess air, water and solid wastes
generated by each source, or groups of similar sources, within a study area. In addition, it permits
convenient assessment of the effectiveness of alternative pollution contonisofthis method is based

on extensive past experience with regard to the nature and quantities of pollutants generated by each kind
of source, with and without associated control systems. One of the advantages offered by the Rapid
Assessment is convenigm of use, which makes it possible to conduct source inventories in highly
complex situations with modest resources. Despite the simplicity of this method, the end result is often
quite reliable (WHO, 1993).

Table 1 shows effluent BOD estimates for Guyvala, one of the four core zone divisions of Punjab,
using the Rapid Assessment. The industrial production capacities for the different districts were taken
from the industrial directory (DIMD, 1988), using the categories and units of measurement fhiagein.
conversion factors for the various industrial production types were taken from the RIT manual (WHO,
1993). Note that the units are different. The quantities of industrial production had to be converted into
RIT units in order to apply the conversioretiars (production into organic pollution discharge, measured

as the BOD). The pollution estimates are presented as industrial production in RIT units and BOD
estimates of industrial discharge.
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In Table 1 the BOD estimates have been summed up for eabk dfstricts and then projected for the

years 1988 to 1998, using a 3.3% annual growth rate in industrial production (according to the United
Nations [1998], industrial manufacturing in Pakistan grew at 3.3% per annum from 1989 to 1997). The
year 1998 wasised as a reference, since a population census took place in that year (Population Census
Organization, 1998). It is therefore a suitable year for comparing the industrial and domestic pollution
contributions.

Table 1. Pollution (Biochemical Oxygen Demadh BOD) from industries in the Gujranwala division

Industrial production Conversion factors Pollution estimation
District Industry Unit Production |RIT Ref.  Unit BOD |Production Pollution
(kg/unit) | (RIT units)  (tons BOD)
Gujranwala Bakery Tonslyr 103 3117 Tons 0.11 103.00 0.01
Beverages Cratesl/yr 660000 3134 m’ 3.10 3960.00 12.28
Confectionery Tonslyr 307 3117 Tons 9 307.00 2.76
Corn oil Expellers 2 3115 Tons 0.3 2000.00 0.60
Cycle tyres & tubes No./yr 512000 3551 Tons 04 512.00 020
Dying & finishing Rs.lyr 46545000 3210 Tons 155 930.90 144.29
Ice cream Rs./yr 710000 3112 Tons 10.9 35.50 0.39
Molasses Tonslyr 2500 3117 Tons 2.9 2500.00 7.25
Oil mills Expellers 34 3115 Tons 24.9 3400.00 84.66
Poultry farms Birds/yr 833000 3111 1000b 17 833.00 14.16
Soap Tonslyr 11725 3523 Tons 6 11725.00 70.35
Starch Tonslyr 1200 3121 Tons 13.4 1200.00 16.08
Sugar Tons Cane/d 550 3118 Tons 2.9 9900.00 28.71
Tanneries Tonsl/yr 1048 3231 Tons 63.5 2289.77 145.40
mélyr 620885
1988 527.14
1998 729.34
Gujrat Confectionary Tons/yr 69 3117 Tons 9 69.00 0.62
Cycle tyres & tubes Nos./yr 3050000 3551 Tons 9 3050.00 27.45
Ice cream Bars/yr 65000 3112 Tons 10.9 6.50 0.07
Juices & squashes Bottles/yr 18000 3113 Tons (r) 9.4 18.00 0.17
Oil mills Expellers 15 3115 Tons 24.9 1500.00 37.35
Poultry farms Birds/yr 202000 3111 1000b 17 202.00 3.43
Soap Tons/yr 1770 3523 Tons 6 1770.00 10.62
Sugar Tons Cane/d 3000 3118 Tons 2.9 54000.00 156.0
Tanneries Tonsl/yr 5 3231 Tons 63.5 1491.00 94.68
mélyr 743000
Vegetable ghee Tonsl/yr 9000 3115 Tons 24.9 9000.00 224.10
1988 555.09
1998 768.01
Sailkot Bakery Tons/yr 9 3117 Tons 0.11 103.00 0.01
Confectionery Tons/yr 16 3117 Tons 9 16.00 0.14
Cycle tyres & tubes Nos./yr 366000 3551 Tons 9 366.00 3.29
Chemicals Rs./yr 800000 3511 Tons 6 4000.00 24.00
Ice cream Rs.lyr 980000 3112 Tons 10.9 49.00 0.53
Oil mills Expellers 18 3115 Tons 24.9 1800.00 44.82
Poultry farms Birds/yr 57000 3111 1000b 17 57.00 0.97
Sugar Tons cane/d 15000 3118 Tons 29 270000.00 783.00
Soap Tonslyr 11130 3523 Tons 6 3523.00 21.14
Tanneries Hides/yr 62100 3231 Tons 63.5 67.76 4.30
melyr 5655 1988 882.21
1998 1220.61
Total 1998 2717.97
RIT=Rapid Inventory Technique, r = raw fruit, b = birds
Rs. = Pakistan Rupees
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4. Industries Play a Minor Role in Degradation (Severe Oxygen Depletion) of Natural
Bodies of Water

Table 2 sums up the BOD from all fooorezone divisions. The values were taken from Table 1 and
similar tables prepared for the three other divisions. The population figures were taken from 1998 census
data (Population Census Organization, 1998). BOD production from domestic sourcedimareas

using the population figures and a standard of 70 g BOD per person per day (Arizona Secretary of State,
2000; California State University, Sacramento, 2000). Table 2 clearly demonstrates that the BOD
contribution from industries to the total BOBal is very low. For most districts it ranges from 1 to 3%;
however for two industrialized districts it is 5 and 8%. The average for all districts is 3%.

Table 2. Contribution from industries to waste generation (BOD) in the four core divisions

Population Pollution (BOD)
Division District 1998 Domestic Industrial Industrial
(tonslyr) (%)
Gujranwal Gujranwala |4196414 |107218 729 0.7
a

Gujrat 2981614 |76180 768 1.0
Sailkot 3937181 |100595 1221 1.2
Multan Khanewal 2040441 |52133 569 1.1
Multan 4244547 108448 3504 3.1
Sahiwal 3095396 |79087 2177 2.7
Vehari 2047771 |52321 572 1.1
Lahore Kasur 2347020 |59966 2267 3.6
Lahore 6212715 |158735 5374 3.3
Okara 2195698 |56100 454 0.8
Sheikhupura | 3229998 | 82526 7283 8.1
Faisalabad Faisalabad |5340771 |136457 8139 5.6
Jhang 2804397 |71652 778 1.1
Tobateksingh| 1589740 |40618 829 2.0
Total 1069767 33058 3.0

As the figures in Table 2 are for BOD generation and not what actually reachredubad water bodies,

it could be argued that the proportion of industrial waste that reaches natural streams is higher than that
for domestic waste. The counterargument is that the percentage of the population with sewer access has
greatly increased ovelie last 2030 yr, with 77% of the urban population connected to wastewater sewers

(WRI, 1999). Essentially, this means that a lot of domestic wastewater does reach natural streams.

The estimates of industrial pollution are very liberal, due to thetifiattindustrial production capacities

have been taken as industrial production figures (actual production may well be lower than the capacity).
On the other hand, estimates of domestic pollution are very conservative, since contributions from the
commercia sector have not been taken into account. Thus, the industrial contribution to the BOD load
that actually reaches natural streams is most likely not less than that stipulated in Table 2.
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The results clearly indicate that industrial effluents play a miote in the degradation (oxygen
depletion) of the receiving water bodies. Industry seems to be responsible for very localized but probably
severe environment al damage at a | imited number
extensive enviromental degradation in the region stems primarily from the extremely dense and fast
growing population (bearing in mind that water pollution is the most critical environmental problem).

The following facts offer further support to the findings:

A Contraryto the popular belief that Punjab is highly industrialized, industrial activity is very small
in volume. According to the UNIDO (2008), there are a mere 550,000 manufacturing jobs in the
whole country. Country's share in regional and world MVA (Manufaatuvialue Added) was a
mere 0.2%. The average value for even developing countries is four times that number

A The environmental impact of industry depends on the industrial sectors. The industries that
pollute the most are (in descending order) those thatduse fabricated metal machinery;
chemicals; petroleum and rubber; and -neetals. Textile and foedrocessing industries are
considered to pollute less than all others (Hong, 1999). The vast majority of the industries in
Punjab is of the leagtolluting type.

A The main source of environmental degradation in Punjab is pollution from domestic sources,
arising from the extremely dense population (in the core zone of the province, 46 million people
live in an area of about 70 000 km2).

A The people have vetymited ability to pay for pollutiortreatment measures (Pakistan is one of
the poorest countries in the world). Further, environmental awareness is low (ofthirdnef
the population is literate; The Globe, 2000).

A A number of health studies have icated that a large proportion of deaths and illnesses stem
from infectious diseases (MOH, 1998). The very high child mortality rate (more than 100) is
attributed to diarrhea and other infectious ailments. Infectious diseases are closely related to
pollution originating from human waste (MOH, 1998).

5. Conclusions

The main cause of environmental degradation in the Punjab province is untreated waste from densely
populated residential areas with a rapidly increasing population. Pollution from industryaptaiyer

role in regional environmental degradation (especially the most pressing problems of oxygen depletion in
the rivers and infectious diseases). Furthermore, industrial pollution is local in nature. It can be very acute
and damaging, but its spatettent is limited. Pollution from industrial centers, or hot spots, affects only

the people working in them and those living in the immediate vicinity.

In Pakistan, government policies and actions and media attention to pollution control are moség direct

at the industrial sector. In addition, there is pressure on the exporting industries, due to the advent of
ISO14000 standards, which require them to treat their wastes properly. Larger industries are, therefore,
quite likely to adopt some kind of treadmt in the coming years. However, there is no pressure from the
public on local governments to treat municipal wastewater. This is because it is not understood that
untreated wastes from densely populated areas withgfasing populations can have a dstaing

impact on the regional environment. Domestic wastewater treatment infrastructure has to be a priority in
Pakistan.
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Abstract

Since first opening of Tehra@om motorway, several problems occurred in Vavan underpass (a
cloverleaf type junction near Tehran on this motorway). High ground water table and lack of an
appropriate drainage system were considered to be the naajsescof early pavement distresses that
occurred in the pavement of this underpass. In addition, its closures in heavy rain periods (due to ponding
of water), serious damages to pavement structure, lack of surface regularity, traffic disruption in the
motorway and formation of long traffic queues in the underpass were few other consequences.

In this work, after studying various possible engineering solutions, an optimized solution was proposed
and was implemented. This consisted of constructing aatfaisystem of French drain type, applying
geotextile, gravel filter material and drain pipes. In addition, epiiclhanholes were constructed at the

two sides of the underpass. In these, electric pumps were installed and were connected to the drainage
piping system. When the water level exceeds a certain level in these manholes, the electric pumps are
activated automatically. These transfers water to low point areas until underground water level gets down
to a prefixed safe level. The electrical systentizgis an intelligent automatic control device which can
inform eventual faults that may occurr in the system through a telephone activated modem arrangement to
the assigned phone numbers as well as activating on site allarming system.

After three yearsfosuccessful operation, the advantages of this drainage system were recognized to be its
flexiblity, easy and quick method of construction, cost effectiveness and its efficientcy in lowering the
water level in a rather short period of time.

Keywords

Underpass, Gravel filter material, Catplt manhole, Electric pump and automatic intelligent control
system

1. Introduction

Pavement drainage systems have become a common addition to construction and reconstruction plans.
Several types of transverse anddiudinal drains that vary in shape, size, and cost are often included in
designs, although little is known about their performance.With the aim of recognizing the background of
the problem in the studied case and similar situations, it should be infdhaiedavan underpass is
located at Km 15.00 of Tehr&pom motorway which is a heavily trafficked motorway in Iran. This
cloverleaf type underpass junction is of great importance in terms of accessibility and traffic numbers
passing through it in the aréBhe underpass connects Vavan city and all the industrial areas surrounding
that to the main highway network.
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Since its first construction in 1980, the subsurface drainage needs had not been paid much attention and
this underpass had problems in provgdiminterrupted free flowing traffic. In fact, its sag curve and its
lowest point were located below the fluctuating underground water table (UWT) resulting in water
exceeding the pavement surface level at high rain conditions. This situation, couplesunfdite
drainage needs during the wet season, had caused major difficulties in terms of safe and proper operation
of the underpass. Lack of providing a proper drainage system had caused several times complete closure
of the underpass at heavy rain perigdsen for several consequtive days). Figure 1 shows a tipical
situation before taking a proper action.

Although importance of the drainage is quite recognized and various solutions have been experienced in
various locations in other countries (e.g. &ggr and Niemeier, 2007; Tayabji, 2007 and Barstis, 2008),
however, none of these had been implemented in this project. Damages to the pavement structure had
caused settlements and deep and wide potholes. In addition, ponding of water had caused sdo engine
cut off when passing the underpass, thus creating long traffic queues at times.

Figure 1. Vavan underpass conditions at heavy rain periods
2. Project condition

For the past 30 years, since the construction of underpass, reports collecteccdlomeltia and Tehran
Highway and Transportation Agency (THTA) confirmed that traffic passing through this section of the
motorway have always had encountered problems. These arose as a result of lack of providing a proper
and efficient drainage system inet pavement of the underpass (Zamin Payeh Engineering Consultants,
2004).

It is generally believed that in south Tehran and in particular in the deserts surrounding @ehran
motorway, the underground water table is deep below the surface level. Howeveeality in this

section and the areas surrounding that is different. Local studies and observations showed that UWT in
this area generally fluctuates between 40 m below the ground surface level. This depends on the
season of the year, rate pfecipitation and rate of water withdrawal for agricultural purposes in the
surrounding area. In fact, UWT is close to surface level during winter times and early spring and moves
down during summer when the precipitation is quite low and the farmersaugaderground water.

Another source of supplying the underground water is the waste water from city of Tehran due to its
depositions. As the underpass sag curve lies about 7.00 m below the motorway pavement level, it can be
realised that UWT during wiar and spring periods will generally be above the underpass pavement
level.

The soil type in Vavan underpass is classified as fine clay. Hence, it has very poor draining properties. In
addition, it is quite prone to swelling. This imparts sever damé&gdke pavement above that (e.g.
settlements, crocodile cracking, potholes, etc). Due to ponding water at times, it becomes impossible to
pass through the underpass and sometimes the height of water reaches almost 2.00 m above the grounc
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