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Abstract— Solid waste management presents a serio
including Thailand. An effective way to reduce thésnendo

urnal 2 (2008) 83 - 90

Assessment of Waste Recycling Performance: A Study
School Garbage Banks in Thailand

Samonporn Suttibak and Vilas Nitivattananon

us challémgmost urban areas in developing countries
us problem is to integrate waste recyadilig the existing

and future waste management schemes so as to vens#ural resources, save energy in production @adsport of
goods and materials, and reduce the risk of palutiand the demand for landfill. Understanding rdioyg
performance is a key to achieving sustainable wastaagement. A study has been carried out aimirxpioring the
status of existing recycling programs in Thailarslecting recycling performance indicators, andessing the
performance. A total of 100 school garbage bankaB§ located in several urban areas of Thailandevebserved

and investigated. The results reveal that the S&Bsmnostly

initiated by schools and local governteemd facing the

inconsistency of the price of recyclable materidlse efficiency, effectiveness, and service ratiicators were used to

assess the performance, which was found to be igo@ims

of participation rate, recycling rate, aBdC ratio, while

the diversion rate is fair if compared with natidrggal. Recommendations for improving performance of tlogalng

systems are also discussed in this paper.

Keywords— Local governments, Performance indicators, Schogarbage bank (SGB), Waste recycling.

1. INTRODUCTION

Solid waste management (SWM) is a major deplorable

environmental problem faced by local government
authorities (LGAs) in developing countries incluglin
Thailand. These countries have been confronted wit
rapid growing waste generation rates. The amount o
solid waste generated in urban areas of Asia has be
estimated to increase to 1.8 million tons per day®05
[1]. This massive amount of solid waste generated i
beyond the capacity of most LGAs to provide even th
minimum basic services. As a result, they are facin
rapid depletion of landfill space and the problem i
obtaining new disposal sites as most of the exstin

on recycling behavior, socio-demographic variabtes]
waste generation rafg].

There are many successful recycling programs
implemented in developed countries, which are now
available to local governments. Some successful
programs highlight curbside collection, materialaeery
acilities (MRFs), and composting, and others assire
drop-off and buy-back programs. Several involved
private-sector sponsorship and others are run twater
enterprises[6]. These successful recycling programs
ave factors influencing their performance thatoals
depend on their capacity to manage recycling progra
Some of these programs could not be met by thesnafed
local governments in developing countries and sspa
capacity of LGAs to implement.

disposal sites are becoming open dump and nearly |, Thailand, one of recycling programs has been

exhausted[2]. These problems are highly critical of
concern to local authorities that are the centéiSWM

implemented widely in the communities that is the
“School Garbage Bank” (SGB), begun in several giiie

systems and play an important role for changing the;gg9g9 This recycling program has long played an

tradition to more sustainable approached of SWM.

In this regard, recycling has to be recognized and
accepted as a sustainable municipal SWM. This
sustainable approach attracts local governmentausec
of its potential to reducing disposal costs, wastasport
costs and prolonging the life span of the sanitangfill
site in recent yearf3], [4]. Furthermore, the increase of
the waste recycling level has become an indispdmsab
environmental-policy goal for the number of cousdi
which have many previous models of recycling foduse

S. Suttibak (corresponding author) is a Ph.D. whatd with the
Urban Environmental Management Field of Study, Asiastitute of
Technology, P.O. Box 4, Klong Luang, Pathumthari2l® Thailand.
Phone: +66-2-524-5639; Fax: +66-2-524-6380; E-mail:
st102847 @ait.ac.th

V. Nitivattananon is Assistant Professor with Urliamvironmental
Management Field of Study, Asian Institute of Tembgy, P.O. Box
4, Klong Luang, Pathumthani 12120, Thailand. Emialsn@ait.ac.th

important role in recovering recyclable materialsd a
raising awareness of youth and community membars. |
recent years, however, their role has become inurgly
important by the convenience and the implementation
cost that is inexpensive. This tremendous role has
contributed to SGB as an element of municipal SWM
systems in Thailand. It is a positive sign of rdioyg
promotion in Thailand, the percentage level of ofiag

has been targeted to utilize organic and recychahlges

of 15% by 20047]. The challenge now is to put it into
effective practice in many different recycling prams

in Thailand. Many of these SGBs are in the decision
process on how best to modify this program to achie
greater overall efficiencies and high performance.

In order to cope with the increasing waste genamati
rates and variety of waste composition, this stigly
based on the case study of SGBs and aimed at ifngrov
the existing practices. The main subjects covenetthis
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paper are (i) investigation of the current statfisvaste and the type of the recyclable materials. The arhoun
recycling practices related to SGB programs in [Bima, earned at a time is recorded into the passboolk;hnili

(ii) selection of recycling performance indicatofgi) analogous to a commercial bank. This can functmm a
assessment of SGB performance, and (iv) banking transaction, for example cash withdrawal an
recommendations for improving performance of SGB loaning. The SGBs activities focus on encouraging

recycling systems. people and youth participation, as well as creating
understanding among them on waste separation a&nd th
2. METHODOLOGY SGB operation. It is one of waste management gfiege

implemented by school and community. Physical layou
f a SGB varies by the volume and number of redfela
materials processed, site characteristics, andl lefre
supervision.
The general objectives are to raise awarenessuihyo
and their parents in value of recyclable wastetr&mn
youth on their responsibilities in environmental

f'”:jq ftocusesd on selectm? ]E)fs(r;eé:yc.llngl perf(,[)r?ancleconservation and to encourage them to spend free ti
Indicators and assessment o S Implementatron. constructively, to generate income for youth anduoce

addition, the key informants have been interviewed family’s expenditures, and to reduce amount of wast

assess the SGB situation in urban areas of Tha"andthat go to dispose. Most SGBs were supported by 8GO
Arqund 180 postal questionnaire-based SUIVEYS WeTe, 4 external agen'cies (e.g. GTZ, CIDA) and subsitliz
mailed be(;tween January and Marph 2007 with a resspon by the school. The recycling through implementirgBS
rate of 55/9 (100 SQBS) was achleveq. . is a good practice because of the environmentahatsp

In selecting recycling performance indicators, acfe from sorting and recycling recyclable material &ss
;nﬁicat%rs l;s takelzn from various Iitehraturedsouremif than the environmental impacts to provide virgin
ollowe y selection criteria. The indicators for ; : ; :
recycling system should be reflected by the fumctiad material and dispose residual solid waste safely.
the performance of the system, relevant, showingPotential for Recycling
something about the system that decision makers toee
know, understandable, meaningful, reliable, anddrtee
be collected and reported at the right time touierfice
many management decisiorf8]. On the part of an
assessment of recycling performance to obtain e¢baltr
of SGB performance, selected performance indicator
existing situation of SGB implementation is assdsse
The recycling performance is assessed and compare
with benchmarking indicators or other availableiapud

The present study is based on data collection an
analysis from interviews, postal questionnaire sysv
and on-site observations. This paper discusses panty

of a more comprehensive SGB study in Thailand, and
describes the relevant methodologies used to a#fsess
performance. It mainly analyses the current SGBepas

Presently, only aluminum cans, plastics, and papense
potential high-value materials in the SGB progrdine
recyclable materials were sold to recycling dealeitber

at the junk shop. It was observed that aluminumscan
have high-value materials and can be the greatest
revenue generator of SGB program. It is estimatad it
tpelkes 95 percent less energy to produce aluminum ca
fom an existing can than from of&2]. However, the

[9] price of aluminum varies depending on location of

' centralized processing plants.

3. OVERVIEW OF THE SGBs AND STUDY
AREAS i cans

Existing Situation of SGBs Cardbossd
0%

The first essential step toward promoting SGB is to e
understand the current status of this program. \fWanij s
recycling company has introduced the SGB since 1999
Watpunpee school is the pioneer of SGBs where is =
located in Phitsanulok municipality, Phitsanulok Wi Sack ppec
province. This SGB has been replicated throughout

country. Referenced 0], [11] report that there were 500
schools in 30 provinces of Thailand has implemented
SGBs since 2001 that recycled a total of 2,500 Wins  Fig, 1. Percentage of Materials Collected From 108GBs
recyclables a year.

The SGB has been conceived as initiative to engeura  The composition of recyclable materials collected
recycling activities at the school and communityele  from the 100 SGBs is shown iffig. 1 based on
which are currently undertaken by students andpercentage by weight. The largest component causist
supervised by teachers. This SGB is often implegwent of white-black papers with 38.90%, followed by mixe
in conjunction with the local government, which may plastic bottles, glass, cardboard, and newspaper at
supply building, equipment, and staff. The SGBe@syv 22 799, 11.68%, 10.18%, and 9.94%, respectivelg Th
typical of the buyback center, where the generadmes  remaining 6.51% comprised steel, aluminum cans, and
financially compensated for recyclable materialheT others. A study by World Bank and Pollution Control
SGBs’ members take the recyclable materials andpepartment (PCD) found that metal and paper have
receive an earning in exchange, depending on thightve tremendous recycling potential and approximatelp tw
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thirds of these recyclables are currently discarddd.
In addition, materials recovered from solid waste i
Bangkok are glass bottles, paper, and plastic mtsdu

SGBs is based on: (i) existence of SGBs located in
different five regions of Thailand, (i) various
development partners such as NGOs, private seaiors,

[4]. The ease of taking these major recyclable materiald GAs involved in such recycling program, (iii) wher

to SGB is the reason why this portion differentnfro
others.

Table 1. The Main Characteristics of the 100 Selecte8lGBs

College,
University
N=1)

Total
I¥=100)

Information
of 100 Schools

System Supervision
LGAs 22 14 - 36
Private school 7 S = 12
25 - 50

Primary
School (N=50)

Secondary
School (N=48)

Educational service area 21

Commission on higher
education - - 2 2

Juvestment Casts
Private office 4 4 - 8
MGOs, external donors 10 & - 16
LGAs, central government 17 15 1 a2
School 19 43
Operation Costs
Private office 2 2

WGOs, external donors 3 -

LGAs, central government 10 7 - 17
School 8

Eevenue from sale of
materials

Eeward from the SGB
competition 3 3 - &
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Fig. 2. Location of 100 Selected School Garbage Bank

Study Areas

How is study areas selected? This question wadethck
through a recruitment of study areas from newsgaper
mass media, experts’ advice, and official documant
followed by utilizing selection criteria. The sefien of

were categorized into different school levels aystesm
supervision, and (iv) the accessibility of reliable
information.

As shown inTable 1 of the one hundred selected
SGBs, 50 respondents were primary school, 48 were
secondary school, and 2 were college. In termgioda
supervision, 50 respondents were educational ervic
area, 36 were LGAs, and 12 were private sedcore-
third of investment costs are sourced from LGAs and
central government, while the operation costs are
obtained from revenues through the sales of méderia
Their locations are given iRig. 2. These are scattered
throughout Thailand, there are 11 in Northern, &8 i
North-eastern, 38 in Central, 6 in Eastern, andir26
Southern areas.

4. PERFORMANCE INDICATORS AND
ASSESSMENT RESULTS

Selecting Recycling Performance I ndicators

Performance indicators are measures of projectdtapa
outcomes, outputs, and inputs that are monitorethglu
project implementation to assess progress towanjeéqir
objectives. They are also used later to evaluate a
project’s success. Indicators organize informationa
way that clarifies the relationships between a quit$
impacts, outcomes, outputs, and inputs and help to
identify problems along the way that can impede the
achievement of project objectivEk3]. Furthermore, the
Organization for Economic  Cooperation and
Development (OECD) defines an indicator &a
parameter, or a value derived from parameters, Whic
provides information about a phenomenon. The indica
has significance that extends beyond the properties
directly associated with the parameter valj&4].

In addition, according to World Bank, performance
indicators can be used for (i) strategic plannigg,
performance accounting, (iii) forecasting and early
warning during program implementation, (iv) measgri
program results, (v) program marketing and public

relations, (vi) benchmarking, and (vii) quality
managemerjtL3].
Selecting appropriate and useful performance

indicators requires careful consideration throughative
refining, collaboration, and consensus buildifih].
Since there are time and resources constraintg, onl
existing performance indicators could be reviewattiar
than new indicators are developed. Each candidate
indicator is discussed in more detail below togethith
possible calculating example.

Set-Out Rate

The set-out rate is the percentage of household&hw
set out their recyclables on collection days. This
indicator determines the number of stops for truakd
affects the collection time, and thus is necesdary
estimating the size of collection ardas].
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Participation Rate

The participation rate denotes the percent of Huwlds

or businessthat regular set out recyclables. This
indicator usually applies to participation in cudss

collection, and has been applied as measure of the

effectiveness of drop-off or buy-back centf{ég]. The
participation rate does not indicate the quantits
materials recycled or what materials were recyclad,

program. The value of recycled waste is calculdigd
multiplying the volume of waste by the respectiviee,
on an annual basis, in order to determine the vafue
recycled wast§23].

Value of recycled waste = quantify. X priceype

After reviewing the list of possible indicators was
reviewed, appropriate indicators were selected to

does provide some useful measure of the extent okvaluate the performance of recycling programs dnat

household or community member involvement in their
recycling program[16]. Participation rate will be the
same as the service ratio that was defined by Chadg
Wei as the population serviced by recycling drop-of
stations divided by total population in distritB].

Quantity Recovered or Recycling Rate

This denotes the quantity of recyclables collegped
household per unit of time (e.g., 50 kg/ residemneenth)
[17]. Wang et. al. states that a very useful indicator
recycling performance is the quantity of recyclable
collected, which can be expressed in terms of teeage
guantity of recyclable per participating househofdhe
average quantity of recyclable per househd]. In
addition, Gies evaluated drop-off performance bnais
this indicator in four municipalities of Canafi®].

Diversion Rate or Recovery Rate

The success of a recycling program is measurecéy t
diversion rate that represents the weight of tetald
waste, which is not landfilled or not incineratgdr].
However, diversion rate sometime will be the sarse a
the recycling rate that is the amount of material
recovered from the generators served divided bal tot
amount of available waste from the generators serve
[20], [21].

Net Cost per Ton
This indicator refers to net recycling program sqstr
ton recycled?21].

Ratio on Benefit to Cost

The benefit to cost ratio (B/C) has been appliedaas
measure of the efficiency of recycling program. sThi
indicator represents the ratio of inputs neededupérof

applicable to existing recycling implementation in
Thailand, which are differentiated from those
implemented in developed countries. Throughout this
paper, the process of selecting performance irmlisat
was linked based on relevance to existing recycling
implementation in Thailand. The set contained altof

9 candidate indicators that were then assessedsing u
criteria for judging an indicator’s appropriatenessd
utility. These criteria are related p4]:

= policy relevance and utility for user-should be
simple, easy to interpret and able to show trends

over time, provide a basis for international
comparisons, be either national in scope or
applicable to regional environmental issues of

national significance;

analytical soundness-should be theoretically well
founded in technical and scientific terms, be based
on international standards and international
consensus about its validity; and
measurability-should be readily available or made
available at a reasonable cost/benefit ratio,
adequately documented and known quality, and
updated at regular intervals in accordance with
reliable procedures.

From an initial set of 9 candidate indicators idfeed,
the following 4 indicatorgTable 2)have been selected
as core indicators for presenting in this papert tha
respond to the completed questionnaires. The select
indicators could be available in all SGBs sinceeiint
school comparisons have a common purpose with such
performance assessment.

output produced and examines percentage of revenuer,pie » |ist of Selected Recycling Performance Indétors

cover cost of recycling prograrf22]. In this paper,
benefit is defined as the revenue from sale ofdletye
materials over period of project and cost is defias the

investment cost and operation and maintenance cos

(O&M).

Utilization rate

This defines the recyclables collected by drop-off
stations divided by total capacity provided by dodp
stations in districf18].

Average walking distance
This defines the average walking distance of regile
from their household to the recycling containehst tis

I Indicators category i Definitions i Units |

Service ratio
= Participation rate

(Number of recycling
program member/ total
students and teachers) x 100

Percentage

Output
= Recyeling rate or quantity of
recyclables per recycler
Effectiveness
= Diversion rate or recovery rate
Efficiency
= Ratio on benefit to cost (B/C ratio)

(Total waste recycled/total
recycler)

Kg/recycler.unit
of time

Percentage

(Total waste recycled/total
waste generated) x 100

(Revenue from sale of
recyclable materials/
Investment cost+O&M cost)

Performance Results

Most required data is provided by the recycling
coordinators that given through the postal questie

the total service distance between node i and k ofsurvey. Obtaining recycling performance resultsyrfo

network link divided by total number of drop-ofaibns
[18].

Value of Waste Recycled
This measures the value of recycled waste in achiecy

86

selected performance indicators and existing sanatf
100 SGBs were assessed. The SGB performance
assessment results were presented in Table 3.

By considering assessment result, it is seen that
participation rate is good because the participarase



S. Suttibak and V. Nitivattananon / GMSARN Inteéamatl Journal 2 (2008) 83 - 90

enhanced by education and economic incentive. Ifdecision maker will continue to explore this issuehe
compared to other separation projects that haven beefuture. The performance of SGBs is high in terms of
implemented in Thailand, it was revealed that the participation rate, recycling rate, and B/C ratidjle the
participation rate was quite low, at less than 1j/2%], diversion rate is moderate if compared with nationa
[25]. In addition, if compared with drop-off recycling goal. This result implies that the participatioteraoes
program such as those implemented in Taiwan [IBBS not associate with the quantity of recyclable mater
performance reaches a satisfied level. that put out by recyclers. In fact, it was foundsiome

In terms of recycling rate, it was found that about cases that recycling programs with high particqpati
32.00 kg/recycler/year were recycled. This resuisw rates yielded few amount of recyclables [1G]he
satisfied if compared with the performance of dodp- convenience to be taken and separated out in the
centers that have been implemented in four Canadiamecyclable materials from students or residentddea
municipalities namely: the city of Calgary, townshof both higher participation and recycling rate. Inmis of
Amabel, town of Gananoque, and city of Laval. Thesecost effectiveness, labor is usually one of thetroostly

cities recovered recyclable materials through tdedap- aspects of recycling program. However, SGB is an
off programs representing 12, 60, 40, and 10exception.
kg/recycler/year, respectivelj19]. In addition, the Findings and observations of all 100 SGBs, the

average diversion rate of 8.25 % was lower than asuccess is tentatively dependent upon good attibfde
national goal of 15 percent recycling of waste@006 administrator to initiate the establishment of SGB,
[7]. However, this diversion rate was close to the transportation cost, method to increase value added
diversion rate of Thailand since only 11 percent of recyclable materials, students provided incentive b
discarded wastes are recycled. If compared witleroth giving bicycle, electrical appliances, or interefsr
level it was found that the value is much lowemtiother ~ SGB’s member to gain saving, or students can take a
cities such as Seoul, Hong Kong, Singapore, andilan loan. In addition, the encouragement of NGOs and
[11]. external donors are also potential factors in SGBs
A simple benefit-cost analysis was performed tonsho success. These factors were considered into
the economic feasibility of SGB implementation. §hi corresponding SGBs performance results, where high
B/C ratio was assessed by identifying benefit freame performance were achieved.
of recyclable materials and cost from start up and In contrast, there have been some implementation
operating cost. Start up costs is a one-time costitiate constraints, which can be found from SGBs competing
the SGB program. These include capital cost (e.g.with many itinerant recycling buyers. Sometimes
providing recyclable material storage cost, meaguri students and their parents decide selling recyelabl
instrument and pass book), while operating cosés ar materials to such buyers, since they are not \willio
transportation cost and incentive cost for commitfehe  store accumulated recyclable materials for a lamg in
result showed that the B/C ration was greater tha0, their house. The fluctuation of recyclable material
which implies that SGB is economically feasible and prices cause SGBs member gain less profit thatategde
also plays an important role for the improvemenidso This problem might affect the sustainability of the
waste management within school and their commumnitie recycling program. The burden of transportationt ¢es
also a major constraint to impede SGBs performaimce.

Table 3. The Performance Results of 100 SGBs addition, training and site visit of students conted and
Indicators Mean SD Available Benchmark References teaCherS were negleCted WhICh cause them mISSGd
Participation rate 0% 35% | <10% . (Yala, Thailand) 1241, 2005 knowledge and technique to implement SGB efficientl
ST e Another major constraint is the limited time of ¢har
Rec_\'c].plgmﬁe 32 38 11)—01)1;g1§cycle1 year, (Canada) | Gies, 1995 SuperV|SOrS and StudentS Commlttee Therefore, SGB
Pivergionfate R U il implementation has not been done completely. Most
36% . (Hong Kong) schools implemented such garbage bank last for @@y
45% . (Seoul)
39%A;Sul§apoxe) months per year i .
13% , (Manila) As SGB implementation constraints have been
oy occurred, some strategies to enh SGB perf
B/C Ratio 3 3 1= Glenn, 1988 1 gles 0 ennance per oEmanc
@l B/C ratio is based on revenue from sales of rabjel material, ~ are taken into consideration. First, provision fes for
disposal cost saving, capital costs, operationraaititenance costs. storing the accumulated amount of recyclab|e meleeri

should be done in order to negotiate the price of
materials with recycling dealers. Second, LGAs #hou
contact recycling company who provides high priée o
One of the initial objectives of the study was ooty to  recyclable materials to buy those materials insitieool.
quantify the recycling rate of recyclable materialsd  Third, university or large schools should be theteeto
participation rates at SGBs, but also to use morecontract with recycling dealer. Recyclable materjaiice
qualitative methods to determine what possibleofact would be guaranteed with the exact amount of retyel
were expected to have success in recyclingwastes and the nearby schools can take recyclable
implementation. These factors can be contributethéo  materials to that SGB'’s center where economiesalies
development of strategies to enhance SGB perforenanccan be significant. Lastly, in order to reduce beavy

in order to reduce the amount of wastes to be desho  |oad of students committee, they should be categdri
Using some of the results of this study as a si@fioint,  into several groups and several grades and prakigia

Constraints of SGB I mplementation and Recommended
Strategies
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some incentive to run it smoothly despite changing[7]
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conditions and personnel turnover.

5. CONCLUSIONS AND RECOMMENDATIONS

The results obtained show that the 500 schoolsOin 3

provinces of Thailand have implemented SGBs since
2001 which recycled a total of more than 2,500 tofis

recyclables a year. The composition of recyclable
materials mianly consists of white-black paperofeéd
by mixed plastic bottles, glass, cardborad, andspayer

respectively. The remaining small portions are Istee
aluminum cans, and others. One-third of investment

costs are sourced from LGAs and central government,
while the operation costs are obtained from revenue
through sale of materials. Four peformance indiacto

(8]

9]

were selected which cover efficiency, effectiveneswl

service ratio indicators based in relation to polic

relevance, analytical soundness, and measurabiltg.

performance results from the assessment were ftaund

be good in terms of participation rate, recycliater and
B/C ratio, while the diversion rate is fair if coamed

0] DEQP 2003.

with the national goal.
The strategies for improving SGB implementatiort tha
should be considered include: provision of areas fo

storing the accumulated amount of recyclable malteri
university or large schools to be the center of $&B

implementation to contract with recycling dealenda
student committees to be categorized into seveolps

and grades and with provision of some incentive.

(1]

(2]

(3]

(4]

(5]

(6]
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Construction Waste Management from a Gender Perspége

% Ektewan Manowong and Ranjith Perera

Abstract— Construction industry generates high volume of eabhe availability of dump sites for constructisaste
is decreasing and becoming a serious problem. Camraste management strategies such as Reduce,, Racele
(3Rs) can be provided for construction waste mamagg (CWM). However, in order to be extensivelyiéemented in
construction industry, such practices need to lmgaized by construction operatives and the gengulic whose
behavior may be influenced by their attitudes aacteption. A survey was carried out to investigaterent situation
of CWM in various regions of Thailand. Attitudesrgeptions, and roles of men and women in the oact8in-related
sectors were analyzed. Recommendations are plaamnersiecision-makers to improve the relevant pgarjerception
and attitudes towards CWM policy planning and impdatation in the GMS countries.

Keywords— Attitudes, Construction, Gender, Waste management

adverse environmental effects including solid agdidl
wastes, dust, harmful gases, noises, blazing lights
ground movements, fallen items, and so forth.

The rapid urbanization in many developing countries zg the environmental impacts from construction rbay
over thepast decades seems to have been resulted frogigiticant and irreversible, the interrelated peohs of

their soaring economy. To maintain the economicninoo water, air, and land pollution must be appropriaetd

development of relevant fa_lcilities is gssential: :afus:h3 adequately dealt right from the sources of congitroc
_number of construction_projects |nc_Iud|n_g waste. Resources can then be effectively consumed.
infrastructures, commercial offices and residential g ,siainable construction can then be achievabtrigr
bU|Id|ngs_ continues o increase. However,  such ggre cive participation from construction operasivéoth
construction boom proceeds in an unprecedented wayys management offices and construction sites, disase
resulting in higher level of construction waste . general public. In the field of solid waste

generation. . . management, consideration of gender differences has
Among sources of waste generated in urbanized Ared%merged as essential issues. As such, it is expeate
construction industry has been found to be a major '

. apply gender initiatives into the construction wast
generator of waste that pollutes the environmenvels bpYy 9

. ; q b management scheme. This paper examines the
as a main consumer of resources and energy. bées significance of roles and attitude of men and wonvéh

reported that the construction sector generated,, objective to integrate the issue of gender thie

unqcceptable I_eyels of material waste _[1]..Be|nghe construction waste management program. The paper
period of transition economy, the countries in @reater reports findings of a survey carried out in theizamnd

Mekong  Subregion (GMS) experience particular regional cities of Thailand to evaluate respondents

problems of construction waste. Construction boom i it des and perceptions towards the construatiaste
Smanagement.

China, Vietnam and Thailand considerably cause
environmental problems. Among sources of waste
generated in urbanized areas, construction indussy 2 LITERATURE REVIEW
been found to be a major generator of waste tHaitps '

the environment. Construction  activities and Gender, Environment, and Sustainable Development
manufacturing of construction materials have cikate

1. INTRODUCTION

Gender refers to the culturally and socially detesd
differences between men and women, the relatioaship
between them, and their roles in the communityaejd

Ektewan Manowong (corresponding author) is witle tBEA-
UEMA Project in the Urban Environmental ManagemEeigid of the
Urban Environmental Management Field of Study, ®thof
Environmental, Resources and Development (SERDpnARstitute
of Technology, P.O. Box 4, Klong Luang, Pathumtha120,
Thailand. Phone: +66-2-524-6106; Fax: +66-2-524757F-mail:
ektewan@ait.ac.th

Ranjith Perera is Coordinator of the Alumni Demaaisdbn Project
(ADP) within the SEA-UEMA Project in the Urban Emmmental
Management field of the Urban Environmental Manageintield of
Study, School of Environmental, Resources and @gweént (SERD),
Asian Institute of Technology, P.O. Box 4, Klongdng, Pathumthani
12120, Thailand. Phone: +66-2-524-5619; Fax: +@&@22-5777; E-

mail: ranjithp@ait.ac.th

[6]. Such relationships determine decisions anilities
affected in both the management and utilizatiorthef
environment for sustainable development [7]. Rapid
urbanization is inevitably associated with increbse
construction projects and higher generation of sast
Such development activities also cause severetmoiju
depletion of natural resources, degradation of
ecosystems, and loss of biodiversity.

Gender is becoming the key issue for environmental
management because men and women could have
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contributed essentially to the conservation, use an

Perera / GMSARN Internatiomairdal 2 (2008) 91 - 100

options for CW include that the recycling markets aot

management of natural resources [8]. Importance ofavailable for some types of CW such as concrete and
gender issue has already been emphasized by thericks [3] or that the use of recycled building ervéls is

international organization as a cross-cutting [igid].
As such, gender is incorporated in the environnienta

not widely practiced because it is not cost-effecid].
It is also argued that previous research on C\Whén t

their roles in the best cost effective methods, ciwhi
facilitate conservation of the environment, accdker
sustainable development, and consequently improge t
people’s quality of life [7].

It is also revealed that [10], regarding the ordmna
urban waste, the gender may have influence upon th
person's judgment about the definitions of "waskéén

and women may see the value of discarded materials

differently. Further, men and women differently
participate in managing waste depending on théd@srim
the waste-related activities. The subordinate statfi
women frequently affects their control of resources
including re-using and recycling waste materials.
Besides, different attitudes of men and women nisy a
carry through preferences for policies or approache
which affect decisions made by women and men
managers or public authorities. Moreover, as if,[fite
commitment to empowerment of women is considered
critical in the support of new initiatives in urban
environmental protection.

In many societies such as construction industrychvh
is characteristically a male-dominated sector rmgeof
employment at all level, women are traditionally
afforded a lower status than men. As the constocti
industry is a labour-intensive, construction opeest

should have more responsible attitude towards the

environment. Behavior of construction operativey ima
influenced by their awareness, attitudes and pé&orep
towards CWM, as pointed out by [5], [11], [12], and
[13]. Hence, their decision-making regarding waste
handling is directly affected. As such, these latiies, as
well as their CWM efforts, should be investigatatt a
organized to maximize the probability of achieving
practical and effective CWM. Altogether, diversitie

e

work practices, processes and technologies that
contribute to the generation of waste while igngrin
importance of people’s willingness to change their
attitudes and behavior [5]. As such, exploring ¢berent
situation of construction waste management (CWM) in
Thailand would enable policy/decision-makers to
perceive possibilities as well as the problems @GN
when preparing plans for construction.

As a good and proactive way to manage construction
waste is prevent or reduce the generation of wasten,
people working or living in or near the environment
exposed to construction waste are regarded as key
participants in the urban waste management aetviti
including  collection, separation, transportation,
treatment, processing, recycling, composting, and
disposal of waste. Therefore, the construction ajpess
particularly play important role in managing wastg
foreseeing possible reuse of construction matesath

as woods, steel bars, and broken bricks in somestgp
construction works. At this point, since the coustion

is labour-intensive industry, the gender perspestiv
should enter the area of waste management. It is
expected that a gender-integrated CWM plan can then
have an important role in improving performancethaf
overall environmental management.

OBJECTIVES AND METHODOLOGY

This study is part of the authors’ research on CWM
practices in Thailand. One of the major objectiise$o
investigate the current attitudes, perception
expectation of the people, directly or indirecthyalved
with construction activities, towards the managetradn
construction waste. Attitudinal differences amongnm
and women towards the management of waste generated

and

among men and women need to be studied to exploréy construction activities are also examined. Thelys

whether such differences have any effects on theMCW
efforts.

Managing Construction Waste

Construction waste (CW) is normally disposed bydlan
filling in private areas or municipal landfill sge
However, construction industry is facing a serious
problem as the dumping sites become inadequate an
unavailable to accommodate higher volume of
construction waste. As such, the heavy and bulky I€W
undesirable for disposal in landfills [2]. In soroases,
therefore, construction waste is illegally dumpesd t
public areas causing environmental problems tolloca
communities. The strategies of Reduce, Reuse, Recyc
(3Rs) have been recently promoted for the solidtevas
management practices. As the construction projeicts
major sources of waste generation, CW can be wmfget
potential 3Rs opportunities. However, the 3Rs gttsm
for CW are not yet widely practiced in the constiare
industry. Some reasons for the 3Rs not being popula

92

was carried out by conducting structured questimana
surveys and interviews. Target groups of resporsdent
include construction operatives, local government
officials, and the local residents. All respondengsre
personally approached at the workplaces or resefenc
Locations of this study are limited to the Bangkok
downtown, Bangkok’s suburban area of Rangsit in
Bathumthani province, and three regional cities of
Thailand, including Chiang Mai, Udon Thani, and Hat
Yai. The survey was carried out during August to
October 2007.

4. FINDINGS
Survey Respondents

The total of 226 sets of returned questionnaires
comprises responses from Pathumthani (44 sets%)9.5
Chiang Mai (54 sets: 23.9%); Udon Thani (31 sets:
13.7%); Bangkok (50 sets: 22.1%); and Hat Yai (df&:s
20.8%). It was found that there were total male
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respondents approximately twice the number of femal concerned while considering that the issue of he&lt
respondents. This reflects that, in general, theeemore  safety is more important than waste management.
men involved in the construction in all locationsder

study. Figure 1 shows groupings of the respondents Table 1. Ranking of Important Concerns in Construcion

according to their involvement with the construotio
projects under study. Respondents’ ranking categorized by gendér
Male Female
Others 1. Profit
k. 2. Expenses & Qualit)y
Reoyoing Conpany |12 § 3. Time management] N/A
b 0. 2 4. Health & Safety
- O 5. Waste managemennt
Government Officials (H&E)
1. Expenses 1. Expenses
Government Officials (Constr ) o 2. Profits 2. Profits
i & 3. Time management/| 3. Quality, Time
Local Residents g 4. Health & Safety management and
= 5. Quality Health & Safety
Labourer 4. Waste managemerjt
1. Quality 1. Quality
Supervisor / Foreman o 2. Health & Safety 2. Time management|
2 3. Time management|| 3. Health & Safety
Engineer 75 = 4. Profits 4. Expenses & Waste
w 5. Expenses management
Manager 5. Profits
- 1. Quality 1. Profits
Ow ner S S || 2 Expenses 2. Expenses
‘ ‘ ‘ ‘ ‘ S g 3. Profits & Time 3. Quality & Time
0o 50 100 150 200 L5 management management
Percent At 4. Health and Safety || 4. Health & Safety
) ) ) ] 5. Waste management 5. Waste managemert
Fig.1. Respondent Involvement with Construction Pojects - 1. Health & Safety '”‘1. Health & Safety
% 2. Waste management 2. Expenses
The survey did not find any female project ownér. | 38 3. Time management| 3. Time management
can be seen that, responses from male and feméhe in g 4. Quality 4. Quality
group of local residents were slightly differentt A 5. Profits 5. Waste managemeijt
construction sites, there were almost equal nunaer | £ @ _ || 1. Quality 1. Quality
men and women working as labourers while the numbef| £ 8 @ || 2 Expenses 2. Health & Safety
of women who are supervisor/foremen, engineer, of 253 3. Health & Satfety 3. Expenses
) ' ' o 2 O || 4. Time management| 4. Waste manageme
manager is much less than men. In government sectofl © < 5. Waste management 5. Profits Tt
there were more female respondents from the depattm . -
. . L 0 1. Quality 1. Quality
of health and environment (H&E) than the constarcti £ § o || 2 Health & Safety 2. Health & Safety
department. ¢ & & || 3. Expenses 3. Expenses
. . . 3O T | 4. Waste management 4. Waste manageme
Important Concernsin Construction Project (OIS 5. Time management|| 5. Time managemen'"t

The respondents were asked to rank the factors that
should be concerned as most important when exgcatin -~ When the respondents were further asked to
construction project. Results are presented inélabln specifically indicate level of importance of the

the group that is directly involved with the comstion  construction waste management (CWM) in construction
project, it is found that the groups who had more project and how important CWM is when comparing
decision-making power (i.e. owner, manager, enginee \ith other works in the project, using the seveimrpo
and supervisor/foremen) considered waste managementiyart scale ranging from “1=Not Important at ali

is less important. Only the group of female engisee .z_y/ary Highly Important’, the result is shown in
percelved waste management more Important tharhgurez ’

profits. On the contrary, male and female labourer o .
; . : Considering the mean value of the question on the
considered that the issue of health and safetydstm . . : .
importance of CWM in construction project and

important. In addition, male labourer viewed thatste : f q th it
management is the second most important while femal comparing responses from men and women, {he resu
reveals that women generally give more importamce t

labourer did not think that profits is in the tojwef
important concerns. The group of government officia CWM.
expressed that the construction quality should lestm

93



E. Manowong and R. Perera / GMSARN Internatiomairdal 2 (2008) 91 - 100

Table 2. Perceived Responsibility for CWM Process

G Party that should be Percent
roups of ;
Respondents responsible for M .
CWM process
Owner Project Owner 50.p0 N/A
Contractor 50.0 N/A
Manager Project Owner 1413 0/ [0]
Contractor 71.4 50.0
Recycling Company 0.( 500
All party 14.3 0.0
Engineer Government 0/0 50{0
Project Owner 17.6 0.
Contractor 477 0.0
Sub-Contractor 11. 0.p
Recycling Company 17.6 0.p
All party 5.9| 50.0
100.
Supervisor / Government 3.3 0
Foreman Project Owner 23.3 O.Jl)
Contractor 50.0 0.
Sub-Contractor 10.0 0.p
Recycling Company 13.8 0.0
Labourer Government 7. (0]0)
Project Owner 23.1 278
Contractor 53.8 45
Sub-Contractor 154 0.p
Recycling Company 0.( 9.1
All party 0.0 18.2
Local Residents Government 135 4.3
Project Owner 40.% 37b
Contractor 37.8 40.
Sub-Contractor 5.4 3.1
Recycling Company 2y 12p
Government Government 11.1 0.(
(Construction) Project Owner 37.Q 50.p
Contractor 40.7  25.0
Recycling Company 11.1 25)0
Government Government 6.3 20.1
(Health & Project Owner 43.8 200
Environment) Contractor 43.8 50.0
Recycling Company 0.( 9.9
All party 6.3 0.0
Recycling 100.
Company Project Owner 0 0.0
100.
Contractor 0.0 0
Others (e.g. safety| project Owner 333 750
& procuremept Contractor 444  25.
officers, architect) )
Recycling Company 22.% OjL

Responsibility, Roles, and Options for the Management
of Construction Waste

CWM process. It can be seen from Table 2 that rabst
the male respondents indicated that “Contractord an
“Project Owner” should be responsible for this task

In contrast, female engineers and supervisors pede
that the government should take more responsikfity
CWM process arrangement. However, most of the
government officials seem to disagree although tbou
20% of female officers working in health and
environment department pointed out that the
arrangement of CWM process should be responsible by
the government agencies. Female managers and &bour
perceived similarly that CWM process should also be
arranged by the recycling companies.

Table 3 contains the results of the question asttirg
respondents to indicate the party that should bstmo
active in handling waste in construction projettdn be
clearly seen that male respondents indicated that t
project management/decision-making level (owner and
manager) should have most active role for CWM
followed by the supervisor/foremen who lead andidn
the construction works at operational level. Meaiteyh
the female managers and engineers indicated tleat th
project owner and supervisor/foremen should be most
active in CWM. It can also be noticed that the grad
labourers, both male and female, who are most ttiirec
exposed to construction waste, indicated that their
supervisors/foremen should be most active role in
managing waste generated in construction project.
However, the supervisor/foremen disagreed as thie t
that the project owner should be most active pargeal
with construction waste. This corresponds to opinio
from the project’s outsiders such as local resslemtd
government officers.

The respondents were further asked to indicate thei
favorite options to manage the waste from condtnct
It was found that (result not shown here) mosth# t
managers (55%), supervisor/foremen (48.4%) and
labourers (62.5%) still prefer the landfill methadhile
most engineers (57.9%) prefer the options of recpold
reuse. Meanwhile, the project outsiders (both nzade
female) such as local residents (53.6%) and govenhm
officials from health and environment department
(57.7%) prefer the recycle method. Government iattic
from the department of construction almost simylarl
prefer the recycle option (42%) and the landfill @%%6).

Awareness of Gender | ssuesin Construction

Figure 3 presents the result of the question reggurithe
issue of gender in construction industry. It wasnid
that the recognition on differences among men and
women among construction operatives (Manager,
Engineer, Supervisor/Foremen, and Labourer) was
averagely low (Mean=3.45/7) while the government
sector seem to be slightly more recognized on the
importance of gender differences (Mean=4.34/7). The
result also indicates that the respondents coresidirat

the importance of gender issue and the existimgsgect

to women'’s ability are at average level (Means4fed

and 4.00 respectively).

The respondents were also asked to indicate which
party should be most responsible for arrangement of
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Table 3. Parties with Most Active Role for CWM

Groups of Party that should Percent
Respondents | have most active role
for CWM M F
Oowner Project Owner 50.¢ N/A
Supervisor/Foreman 50,0 N/A
Project Owner 14.3 0.(
Project Manager 28. 0.p
Supervisor/Foreman 286 50]0
Manager Labourers 14.3 50.(
All party 14.3 0.0
Project Owner 0.4 50.(
Project Manager 35. 0.p
Supervisor/Foreman 294 50j0
Engineer Labourers 23.5 0.0
All party 11.8 0.0
Project Owner 33.3 100.p
Project Manager 16.7 0.p
Supervisor / Supervisor/Foreman 238 ojo
Foreman Engineer 10.0 0.(
Labourers 3.3 0.4
Project Owner 7.1 0.0
Project Manager 154 0.p
Supervisor/Foreman 616 636
Labourer Engineer 7.7 0.q
Labourers 7.7 36.4
Project Owner 35.] 50.p
Project Manager 10. 9.u
Supervisor/Foreman 270 25/0
Local Engineer 5.4 0.4
Residents Labourers 16.2 12.
All party 5.4 3.1
Project Owner 63.( 50.p
Project Manager 22.% 250
N Supervisor/Foreman 1 ojo
(Construction)| Labourers 3.7 0.(
All party 0.0 25.0
Project Owner 37.5 60.p
Project Manager 18. 0.p
&o(;/aelmrgent Supervisor/Foreman 250 20j0
Environment) | Engineer 12.5 0.¢
Recycling Project Owner 0.4 100.0
Company Project Manager 100.D 0p
Others (e.g. Project Owner 33.3 0.4
safety & Project Manager 44.4 50[0
procurement
officers, Supervisor/Foreman 1101 250
architect) Labourers 0.0 25.0)
All party 111 0.0

Table 3 contains the results of the question asttirg
respondents to indicate the party that should bstmo
active in handling waste in construction projettdn be
clearly seen that male respondents indicated that t
project management/decision-making level (owner and
manager) should have most active role for CWM
followed by the supervisor/foremen who lead andidn
the construction works at operational level. Meaiteyh
the female managers and engineers indicated tleat th
project owner and supervisor/foremen should be most
active in CWM. It can also be noticed that the grad
labourers, both male and female, who are most ttiirec
exposed to construction waste, indicated that their
supervisors/foremen should be most active role in
managing waste generated in construction project.
However, the supervisor/foremen disagreed as thie t
that the project owner should be most active pargeal
with construction waste. This corresponds to opinio
from the project’s outsiders such as local resslemtd
government officers.

The respondents were further asked to indicate thei
favorite options to manage the waste from condtnct
It was found that (result not shown here) mosth# t
managers (55%), supervisor/foremen (48.4%) and
labourers (62.5%) still prefer the landfill methadhile
most engineers (57.9%) prefer the options of recpold
reuse. Meanwhile, the project outsiders (both nzade
female) such as local residents (53.6%) and govenhm
officials from health and environment department
(57.7%) prefer the recycle method. Government iaific
from the department of construction almost simylarl
prefer the recycle option (42%) and the landfill. @%%6).

Awareness of Gender | ssuesin Construction

Figure 3 presents the result of the question reggurithe
issue of gender in construction industry. It wasnfd
that the recognition on differences among men and
women among construction operatives (Manager,
Engineer, Supervisor/Foremen, and Labourer) was
averagely low (Mean=3.45/7) while the government
sector seem to be slightly more recognized on the
importance of gender differences (Mean=4.34/7). The
result also indicates that the respondents coresidirat

the importance of gender issue and the existimgsgect

to women’s ability are at average level (Meansfed

and 4.00 respectively).

Participation of Men and Women in Construction
Waste Management

Figure 4 shows the surveyed participation levehahn

and women in construction industry, from the
respondents’ perspectives. The respondents, efipecia
the female supervisor/foremen and labourers, aoefir
that there are less women working in the management
level while there are more women working as labmure
and handling construction waste. The graph of risk
exposure shows that men and women are similarly
susceptible to risks when handling waste generfated
construction activities.
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‘—0— Importance —=&— Recognition —A— Respect ‘

Manager Male

Labourer Female Supervisor / Foreman Female

Labourer Male

Fig.3. Level of Awareness on Gender Issues in Consttion

—e— Women as management —&— Women handling CW  —k— Women's risk w ith CW

—=&— \Women as labourer —>— Men handling CW —e— Men's risk with CW

Manager Male

Government Officials (H&E) Female 0
o5
e T
Government Officials (H&E) Male ///é/!/ ; %1\\

/] .%gvx

7%
e
NERE
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Labourer Female

Labourer Male

Fig.4. Participation of Men and Women in Constructon Waste Management
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5. DISCUSSION AND RECOMMENDATIONS industry becomes more widely recognized and
. adequately emphasized by assigning them importaoht a
There was more survey response received from malé€

respondents because more men were involved in théa\ppropriate responsibilities to waste managemesjt [1
P In addition, regarding the aspect of sustainable

construction works. Each group of the responderg wa environmental management, specific roles and it

(rj:sr;:jlgﬁtczcl, Svﬁicrﬂetnﬁe e;(ecseepa:rcfr?(;r t?r(iee dgrt%u%agnégc?:]of women in environment and development have been
recognized since the accomplishment of the United

o . WNations Conference on Environment and Development
respondents’ atfitudes and perceptions were separat (UNCED) in Rio de Janeiro in 1992. Women'’s exteasiv

analyzed based on category of gender and theexperiences make them an invaluable source of
respondents’ involvement with the construction. ' .

L knowledge and expertise on environmental management
The result indicates that most of the respondents

perceived the waste management in construc’[ionand appropriate actions [8]. Incorporation of their

: : collective perspectives, experiences and contadbstito
operations as less important than other concercis asl sustainable develooment need. therefore. to ba@msu
profits and quality. It is also found that the cioustion P i ’

. . The study further found that roles, attitudes, and
operatives at management level (manager and emyinee

included waste management in top-five ranking eirth perceptions  of the —construction operatives have
. geme P g . _interrelated effects on the on-site practices of NCW
important concerns while male respondents in

manacement level did not rank waste management aAIthough the surveyed respondents indicated thay th
hag i . . 9 Rave positive attitudes towards CWM and perceived t
their top five priorities. Regarding the lower-

management level (Supervisor/Foremen), the conside &SSence of proper environmental management assiciat
9 P ' y with construction activities, their roles in theojact may
waste management as top concerns but still less .
. ; : not permit them to carry out the CWM scheme as edsh
important than other construction management issues .
) : as long as the management level, particularly the
related to cost, quality and time. . . , L
. construction site managers and supervisors, faihtge
On the contrary, male and female labourers consitler d id
that the issue of health and safety was their lsighe CWM awareness and fo provide —encouragement,
concern. Male labourers considered waste manal emerﬁrocedural direction, and incentives. Knowing and
as the s.econd most important concern. This isréi?lle understanding potential roles of male and female in
from female Iabourersp This can be. explained thatCWM should be emphasized accordingly to their roles
women are physicall rﬁore sensitive to er?vironrﬁenta Nevertheless, there are still challenges for appta
hazards rela?eci/ to cgnstruction waste such as ahbt of gender issues in GMS countries since, as stated
chemicals. Moreover, men are more likely to be gaga [16], the cultural and traditional practices that
in skilled and dangerous jobs than women so they th discriminate against women in developing countcas

A : be identified. Besides, it is an undeniable factt tthe
are paid higher wages [14]. Women labourers asdigme P o : s
. construction industry is still male-nominated. tiddion,
take role as site cleaner and waste collector ar

considered as low skilled position so that they lget ‘the labourers are usually assigned to handle atisin

wages. Therefore, women labourers perceived Workswaste differently due to their physical conditioarsd

. . nature of works. As such, attempting to provide aqu
irr?(lzaetr?t?vé(s) tgv?)setrefo?ri slﬁii tgﬁortant since they had nincentive.s for waste-related work remgins highly
As women from every grc;up of the respondents chaI_Iengmg a_s_the management regards this tasb@s
considered CWM as important as other works with profitable activities. Such challenges can be cwee in
higher mean value than men’s, increased participaif the futL_Jre whgn the project management becomes more
’ . recognized with the profitable value of CWM through
women at management level could better facilitate

arrangement of CWM. Since the project owner andpo:'entlal of 3Rs. . .
. " owever, proactive CWM action from governmental
contractor were perceived as potential party to be

responsible for CWM arrangement, they should takeorganlzatlons seems to be |nsuff|C|_ent. As founatir
more proactive action to arrange preparation andthIS study, there is large proportion of government
im Iemzntation of CWM bro ra?m pThr()en female officials working in the department of construction

P . program. ¢ works that consider dumping construction waste to
managers and engineer working for both project awne | . dills is still preferable options. This percept may
and contractors - can be empowered and assigned t e appropriate practice in those municipalitiehvatrge
monitor this task because they are more aware sfewva

management. Conseauently. both male and femal landfill areas as it may be cheaper method butilit w
9 ' d Y efinaIIy face the same situation as those cities seho

supervisors/foremen should be equally supported toIandfill areas already run out. As such, anothallehge

exﬁ‘ir;gbtgl?:rIg\r/:ltgt?eu;:etssrglrﬁﬁﬁjtgecr\'r/wval\gé to engrira of CWM practices is to introduce policy, rules,
! P @ regulations, and law enforcement that particuldéolyus

female workers to be happy with their jobs in hargll on CWM. Further, government officials need to be

waste at construction sites. To achieve this, nsoal informed and trained to change their attitudes ei

and financial incentives are needed toge_ther W.'ththeir awareness of appropriate CWM efforts. In &ddj
adequate healthcare. That is, the constructioneproj L ; .
an outreach for opinions from the construction afiees

management could give more importance to the CWMand the general public can help the governmenoséat

income. Then the role of men and women n condomc;  PPIOPrately prepare a CWN plan suitable 10 theiic
' and current situation. It should be stressed antekip
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countries in transition economy that the economic
development must be essentially integrated withasoc 1]
and environmental sustainability.

6. CONCLUSION

Construction waste is becoming more serious proldem (2]
urban environment as it is now undesirable for félad
Attitude and perceptions of the stakeholders, who a
those directly or indirectly involved with the cénsction
activities, can have important role in managing
construction waste. This paper investigated and[3]
examined the attitudes and perceptions of the
respondents who are construction stakeholdersrinusa
urban areas of Thailand by means of questionnaire
surveys, interviews, and field observation. Theultes
mainly presents the comparison of differences among
groups of respondents as well as the gaps betwaén m [4]
and female respondents. It is reported in this pée
women are generally more concerned with management
of construction waste but they are in the enviromme
that allows less power to manage or make decisione  [5]
women participated in labourer level but they wierss
concerned about waste management due to
encouragement and incentives.

With more cooperation of the construction operajve [6]
construction waste generation can be reduced,
appropriately handled, and correctly disposed. Heurt
the active participation from the general publicher
male or female who are equally the stakeholders of
construction projects, can be supportive surveiaon [7]
practices of construction operators. Empowering the
right gender active for CWM can then pave the way t
the success of CWM via applications of 3Rs appresch
As GMS countries have similar cultures and social
beliefs, application of findings from this study ynbe
useful for improving attitudes and perception of
construction stakeholders. Increased awareness an
recognized responsibility play important role irividrg
the well-designed CWM policy and plan to be widely
accepted, economically viable, and successfully[9]
implemented. With regional CWM policy formulation,
the GMS communities will successfully meet the
challenges of getting prolonged benefits of baldraed
sustainable development in the region.

less
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geaile, Would Wetland Biodiversity Conservation Improve Socal
W . . .
$ 5 % Welfare? A Case Study in Vietham’s Mekong River Déa
}"’r% Thang Nam Do and Jeff Bennett
619

Abstract— Wetlands in the Vietnam’s Mekong River Delta (MRRYye experienced losses and degradation. Plans
have been drafted by government agencies to ude gubding to conserve the wetlands. However, cmalenge to
policymakers is whether the wetland conservatiamppsed would improve social welfare. To provideaaswer, this
study conducts a cost-benefit analysis of a proghdmediversity conservation program for Tram Chiratidnal Park
in the MRD. The cost to local farmers of changingtland management in the form of reduced incomm frice
production is estimated using a production funciémproach. The benefit of wetland conservatiorstgreated using a
choice modelling approach.

It was found that the proposed conservation progadrmram Chim would generate a net social benefthe order
of USD 0.15 and 0.96 million, indicating that wetticonservation in the MRD would improve socialfarel. This
supports the proposed plan of using public fundorgconserving the wetlands.

Keywords— Cost-benefit analysis, Mekong, wetland biodiverty values.

information on the impact on local farmers’ livalibds
1. INTRODUCTION as well as benefits of improved wetland biodiversit
Due to this information gap, it is unclear to pygtitakers

Wetlands in Vietnam's Mekong River Delta (MRD) have \,ather the change in current wetland management

great biodiversity. They support a large number of oo vices would generate a net social benefit.
herons, egrets, storks and ibises and some ramespe = g study helps to fill this information gap by

suph as sarus Cranes, black necked _storks, Iess%ronducting a cost-benefit analysis (CBA) of a pregb
adjuf[ants and greater adjutants [1]. In parhcula?uture wetland conservation program for Tram Chim National
semi-natural Melaleuca forest and seasonally in@wla p, in the MRD. CBA of wetland alternative

grasslands in MRD have a large number of birds and, ;.4 e e Al :

) - gement strategies is aimed at calculating #te n
support high numbers of globally threatened birelc#5 050t of a project on the economic welfare of eci
[2]. Fourteen of 194 bird species recorded in thedtdd by measuring all the costs and benefits of the egtoj

are globally threatened [3]. relative to some base case or status quo [6]. I&,CB

I:jlov(\j/ever, dthe wetla;]nds have ?xpenenced S]?”OUS Ir?sxs-,\nvironmental impacts are evaluated and measured in
an egradation. The area of mangrove forest a‘?nonetary units. This process not only has a sound

decreased by about 80 per cent over the last 38 {2 heoretical framework but also provides wetland

The increase in shrimp farming is the leading caSe \ana0ers with unambiguously quantitative data on
this loss. Other causes include the conversion of

. . which to make informed decisions [7].
wetlands to agriculture and construction land, war tna case study reported here was carried out in the
destruction and excessive fuel wood collection.

. ) IN Tram Chim National Park and its adjacent areathén t
addition, thead hocdevelopment of dykes in the MRD  pj5in of Reeds in the Mekong River Delta (Figure 1)
has altered hydrologic conditions and hence wetlandggiapiished as a national park in 1994, Tram Clsira i

health [5]. 9,000 ha wetland located in the Tam Nong District o

To address the wetland loss and degradation-, planf)ong Thap Province. Tram Chim is a habitat for 127
have been drafted by government agencies to ude pub plant species. It supports a large number of ramsh

funding to improve the protection of the wetlands. gt notably, Tram Chim provides a habitat for the
However, at present, there is a lack of informatarthe  g51,5 Cranes, the endangered bird species listétein

impact of _alternatlve management strategies qreesaﬂn’l World Conservation Union (IUCN) Red Book [8]. Due
wetlands in the MRD [5]. In particular, there islted 5 piodiversity value, Tram Chim was the first

wetland national park declared in Vietnam and heenb
nominated by the Vietnamese government to be a

Thang Nam Do (corresponding author) is a PhD cieliin the ~ R@msar wgtland site [3]. o
Environmental Management and Development Programawiord Tram Chim is enclosed by a 53-km dyke built in 1985

School of Economics and Government, Australian deti University, to retain water in the national park during the segson.

Canberra ACT 0200, Australia. Emalbnamthangl8@gmail.com ; ;
Jeff Bennett is Professor and Director, EnvironrmeManagement This heIpEd restore the wetland eCO|Oglcal systems

and Development Program, Crawford School of Ecomsmand ~ damaged during the Vietnam war [10]. Evidence of
Government, Australian National University, Canbe&CT 0200, ecological restoration came with the return of Sarus
Australia. Email: jeff.bennett@anu.edu.au. crane. However, in 1996, to prevent fire, the local

This study was funded by the Economy and EnvirorirReagram i ; ;
for Southeast Asia (EEPSEA). authorities raised the height of the dyke so thatwater
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level is now constantly higher
optimal level of 0.5m [8].

than the ecological
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Fig. 1. Location of Tram Chim National Park.
Source: Adapted from [9]

The current park dyke system has affected Tram
Chim's ecological system [11]. While the long

conservation program would generate a net social
benefit.

2. ESTIMATING THE COST OF REDUCED
RICE PROFIT

Rice production function approach

The production function (PF) approach is used to
estimate market values forgone as a result of govent
intervention to improve environmental qualities J[13
The complexity of the PF approach can range from
simply examining the PF for single use systems to
examining input and output market effects assodiate
with multiple use systems [14]. In general, thexsthree
types of models used in the PF approach: a traditio
model, an optimal model and an econometric modgl [1

The main algebraic forms of PF estimations are
translog, which include quadratic polynomial andag-
root quadratic polynomial, and Cobb-Douglas [16].
When there are three or more independent variaibliss,
generally best to use the Cobb-Douglas functiori.[16
This is particularly true for rice production inettMRD
[17]-[18].

In this study, a static PF approach was used imat&
changes in rice producer surplus as a result oélimg
the dyke surrounding Tram Chim. Current marketqsic
for rice were used under the assumption that aangés
in rice output in the Plain of Reeds would be
insufficiently large to affect the market pricesinputs
and rice. That is, it was assumed that resourceande
prices, and thus consumer surplus remained cong&gnt
using this approach, the effects of changes indfloo
duration resulting from the changes in wetland

inundation supports some deepwater aquatic speciesnanagement on rice profits were estimated.

overall, it has negative impacts on the ecologsgatem.

Native plants have been replaced by invasive mimosgyroduction and water

pigra while eleocharis or ‘nang’ grasses, the faieu
food of the Sarus crane, have been destroyed. aftter |

A literature search on the relationship betweem ric
management regimes was
conducted to make sure that all relevant variabes!d

be included in the farm survey questionnaire and to

has led to reduced numbers of this endangered birgxamine the suitability of using existing rice puetion

species visiting the park. The dyke has also hediéish
migration and hence reduced the number of fishiepec
living in the wetlands.

To improve wetland Park

biodiversity, the

models for this research. It was found that thexg theen
considerable research on this topic. However, mdriee
existing models of rice production included a flood
duration variable that could be used in this sti@dy

Management Board has proposed to change the current Among the rice production function models available
park dyke system and wetland management practices the literature, the model reported in [17] washed

[12]. The changes involve lowering the dyke, calfitig
the invasive species, increasing hydrological and
biological monitoring and enforcing against illegal

to be the most relevant to this research becaubadit
been recently developed based on Vietham’'s Mekong
Delta data. For this research, this model was ee@rio

encroachments. The main impact on local farmers isinclude a flood duration variable. The model takes

reduced rice profit due to prolonged flood duration
adjacent farms [5]. In the present study, this cwas
calculated using a production function approache Th
benefit of wetland conservation was estimated using
choice modelling approach.

This paper comprises five sections. Following this
introduction, Section 2 details the estimation afstc
associated with the proposed program in the form of
reduced rice profit of local farmers. Section 3aip the
process of valuing benefits derived from improved
wetland biodiversity. Section 4 discusses the tssof
the cost-benefit analysis of the proposed prograhe
paper ends with the conclusion that the wetland
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basic form:

Y=f(L,K,I,F, E) (1)

where

Y is the output of rice of a household in the stadi
year of 2005 (tones/ha)

L is labour input (human working hours/ha)
K is capital input (machine working hours/ha)

| is a vector of material inputs such as seedshfg/
fertilizers (kg/ha) and pesticides (100ml/ha)
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F is flood duration in rice farms (days) meaningful production function estimate.

E is the vector of other factors such as household TO achieve these objectives, a mixture of probgbili
characteristics, ~ farming  conditions ~ and Sampling techniques was adopted. The use of this
environmental factors. mixture of sampling techniques aimed to maximise th

advantages and minimise the disadvantages of efach o
A Cobb-Douglas functional form [17]18] was the sampling techniques. It involved three stagést,
applied as follows: four districts were selected from the list of 28tdcts in
the Plain of Reeds, using a simple random sampling
In (Y) = a0 +alln(A) + a2in(L) + a3In(K) + adin (1) technique. Second, each selected district wasifitdat
+ BOF +B1EL +B2E2 +B3E3 + BAE4 +B5E5+ into two strata: high dyke and low dyke. Third, 34
households in each stratum were selected using a
B6E6 +B7E7 2 : . X . ) :
systematic sampling technique. Using this technique
enumerators approached every"S@ouseholds in the
) ) stratum. Households were the sample units with a
Y, A L, K, I, F are the same as in the above équat  memper of the household who was over 18 years old
and being the unit of inquiry.
al is the model constant Using this sampling strategy, the following four
districts were selected: Tam Nong and Thap Muoi in
) o ] Dong Thap Province, Thu Thua in Long An Province
a3 is the coefficient of capital and Cai Be in Tien Giang Province. The survey was
04 is the coefficient of material inputs conducted in June and July 2006. A total of 241blesa
questionnaires were collected. The farm survey was
conducted across 272 households. Socio-demographic
characteristics of the sample were checked ag#inse
1 is the coefficient of farming experience of the population of the Plain of Reeds. It wasnidthat
E2 is training on rice production (yes =1, no=0) there were no significant differences betweenstraple
and the population. Therefore, the sample could be
considered to be representative of the population.

where

a2 is the coefficient of labour,

[0 is the coefficient of dykes
E1 is farming experience (years)

32 is the coefficient of training on rice production

E3 is the soil conditions (fertile soil=1, otheiils0)

. - . " Results
33 is the coefficient of soil conditions

E4 is the farm fragmentation, represented by the The correlation matrix method was used to check for
number of farm plots multicollinearity problems. No correlation of motigan
. - ) 70 per cent between the independent variables was
B4 is the coefficient of farm fragmentation found. That is, there was no multicollinearity ihet
E5 is irrigation conditions, represented by the independent variables.  Definitions and descriptive

distance to water sources (m) statistics of the variables are presented in Appesdl
B5 is the coefficient of irrigation conditions and 2 respectively. ) .y
E6 is disasters during studied year of 2005 (yes=1 The Cobb-Douglas functional form was estimated

_ 'Heteroscedasticity was detected using the BreusgaiiP
no=0) ) . X
method and corrected using feasible generalisest lea
B6 is the coefficient of disasters squares [19]. The model has an acceptable explgnato
E7 is the relative location of farms (upstreamief t power with the adjusted “Roeing 0.42. The significant

Mekong River=1, downstream of Mekong Variables have a priori expected signs.

River=0) It was found that an increase by one day of flogdin
reduces rice productivity by 0.06 per cent, siguaifit at
the five per cent level (Table 1). The model aloves
that the increase by one working hour per hectare p
year increases rice productivity by six per centh A
additional one year of rice farming experience éases
Farm survey rice productivity by 0.3 per cent. Using the metHod
interpreting coefficients of the dummy variables in
semilogarithmic equations [20], it was found thaittife
soil increases rice productivity by 12.7 per cent.
Similarly, rice productivity in upstream areas 3.4

[37 is the coefficient of the relative location ofrfes

Based on these models, the effect of flood duration
rice output was estimated.

A draft PF farm survey questionnaire was developed
based on previous studies on rice production irMR®
[17]-[18]. A pre-test was conducted in 27 housekahd
three villages in Dong Thap Province.

The two main objectives of selecting the sites istid
were representativeness and heterogeneity. Repaesen
tiveness means that the studied sites need toseire t Both Cobb-Douglas and translog functional formsenestimated.
rice production and flood duration in the MRD. Eo”ow'”g the method proposed in [17], the null affgesis of a Cobb-

. . . ouglas functional form of the production functiaas tested against
Heterogeneity means that the studied sites nedwe 2
sufficient variation in rice production input anditput ~ the translog functions. The resulting test staistvasy 5o= 29.3

conditions under different flood duration to produa  compared to a critical value of 31.4. This suggehts the Cobb-
Douglas is preferred to the translog form.
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higher than in downstream areas. Disasters reduee r 3. ESTIMATING BENEFITS OF IMPROVED
productivity by 5.1 per cent. WETLAND BIODIVERSITY
Based on findings reported in Table 1, the folloyvin . .
equation was used to calculate impacts of changes iCh0|ceModeII|ng
flood duration due to lowering park dykes on rice Choice Modeling (CM) is a stated preference teahmiq
productivity. used to estimate non-market values. CM involveingsk
survey respondents to choose their most preferred
Ln (rice) = 1.37 + 0.06*In (labour) - 0.0006*floed resource use option from a number of alternati24g. [
0.12*soil -0.05*disaster + In CM, samples of choice sets or choice scenanies a
0.003*experience + 0.16*location (3) drawn from all combinations of possible choice satd
presented to respondents. The objective of CM is to
It was predicted that the lowering of Tram Chimkpar quantify a person’s willingness to bear a financiast to
dykes would prolong flood duration in adjacent arbg  achieve some potential environmental improvemeiib or
16.2 days [5]. Using equation 3, it was estimated the  avoid some environmental harm. Using CM, not ohby t
lowering of the park dyke would decrease the ricevalue of changes in individual attributes but athe
productivity on average by 0.06 tonne per ha peuan value of aggregate changes in environmental qual¢y
With the average rice profit forgone being VND 1.24 estimated [22].
million per tonne [5], it was estimated that thevéming CM is based on the Lancastrian consumer theory that
of the Tram Chim park dykes would reduce rice profi utility or value is derived from attributes of arpeular
average by VND 0.07 million per ha per annum. good or situation [13]. Under this theory, preferenare

) ) B not based on single attributes but are based yoonl
Table 1. Impacts of Flood Duration on Rice Productiity

several attributes. In addition, CM is based onthe®ry

Variable Coefficient of information processing in decision making [2Bhis
(Standard error) theory indicates how individuals trade-off diffeten
Constant 1.37%* levels of attributes and form preferences overedéit
(0.24) alternatives. CM is also consistent with randontityti
Labour 0.06*** theory [23]. In RUT, utility is a latent construthat
(0.01) exists in the mind of the consumer but cannot be
Capital 0.003 observed directly. By using CM, some of this
(0.014) unobservable consumer utility can be explained lavhi
Fertilizer 0.03 some proportion remains unexplained.
(0.02) To estimate the choice probabilities using Condéaio
Seed 0.04 Logit (CL), it is assumed that the random composent
(0.03) are independently and identically distributed (LIRjhen
Pesticide 0.028 the data do not support IID, CL estimates might be
(0.018) biased. This triggers the use of other models aliatv
Herbicide 0.019 heterogeneity across respondents, for example orand
(0.02) parameter logit (RPL). Discussions of the CL and_RP
Flood -0.0006* are detailed in [24].
(0.0003)
Soil 0.12%+* Research Design and Survey | mplementation
ot (_%'%%)9 Detailed dis_cussions of.the questionnair(_a develcmme
(0.l008) and survey |mplementat|on are.repgrted |n_[9]. ﬂsr_;e
Disaster 0,05+ the questionnaire has the following five sectidfisst, it
(0.01) introduced Tram Chim National Park and its bioditgr _
Imigation -0.0008 loss _due to poor wetland management. Second, it
(0.0007) described the proposed plan for wetland improvement
Experience 0.003** and the outcomes of different management options.
(0.0008) Third, it explained that to implement the plan, the
Training -0.04 government would need to raise funds to cover tstsc
(0.03) of lowering the dyke, remove invasive species, oupr
Location 0.16** hydrological and biological monitoring and pay
(0.04) compensation to local farmers who would suffer from
Statistic summary subsequent changes in flood levels. Fourth, it ciske
R-square 0.45 respondents to select their preferred options pteden
Adjusted R-square 0.42 the choice sets. Each option presented severahmebtl
Std error of regression 0.18 and social attributes associated with a cost irfaha of
Included observations 227 a one-off increase in electricity bill. Exampleathoice

— - set is in Appendix 3. Last, it collected informatiabout
Note: *** denotes statistical significance at 1%veé& **  the demographic characteristics of the respondents.
denotes statistical significance at 5% level andienotes Personal interviews were conducted in three sub-
o 0 o .
significance at 10% level, samples of respondents: Cao Lanh, Ho Chi Minh City
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and Ha Noi. These sub-samples represented thress:zon costs of such a program. The costs include not only
inside the MRD, on the edge of the MRD, and outsideincreased electricity bills but also potential rased

the MRD respectively. The number of useable prices of rice and other agricultural products doe
questionnaires collected was 917. The samples werdarmers’ losses after the change in current wetland
found to have bias toward younger and better-eddcat management practices. Because Cao Lanh is clogiee to
males [9]. affected areas than Ho Chi Minh and Hanoi, the
respondents in Cao Lanh would bear these costs more
directly. The inclusion of these costs in respoislen
LIMDEP was used to run CL and RPL models of the minds when making their choice would have redubed t
choice data. The RPL was preferred to CL for two WTP of local respondents.

reasons [9]. First, the RPL showed heterogeneity in

respondents’ preference. Second, it had a bettefeimo Table 2. Willingness to Pay for Wetland Conservation
fit, with a higher pseudo-R square and significantl - -
lower log-likelihood estimates, as opposed to tHe C E;:h I\H/l?nﬁh' Ha Noi
model. Therefore, the RPL (Appendix 4) was used for

further analysis. Details of the model and its ables 40 km 250 km 2,000 km
are reported in [9].

Results

Distance from
Tram Chim

- ) Compensating| -13,304 | 78,178 93,910
The willingness to pay (WTP) or compensating surplus (VND)| (7,254 | (42,836 t0| (47,541

surplus for a specific management change scena® w to - 131,997) to
calculated for each sub-sample. The status quotfand 34,691) ’ 152,469)
change scenario in three years’ time predicted by Compensating 0 8 29 5’9
wetland managers were: surplus (USD)| (0.5~ | (2.7to | (3t09.5)
- Status quo scenario: 50% healthy vegetation, 150 2.1) 8.3)

Sarus Cranes, 40 fish species and no farmers edfect _ . ]
Note: Confidence intervals at 95%, calculated u&irigsky

- Change scenario: 55% healthy vegetation, 250 Saruand Robb (1986) bootstrapping procedure, are given i
Cranes, 40 fish species and 400 households to bérackets.
affected. ‘ ' denotes the WTPs that are not significantlyfefiént from

. . . zero at the 95% level.
The WTP were estimated using the following formula:

WTP = - (1fmonetary)*(V1 - V2) 4. DISCUSSIONS

where Based on findings in Sections 2 and 3, a cost-litenef
analysis for the proposed wetland conservation narog
was conducted. As discussed in Section 2, thepriofit
] o " . , » would reduce by VND 0.07 million per ha per annum
V2 is the indirect utility associated with the siiec  nder the proposed program. With 30,000 ha thatdvou
levels of the attributes describing the changedpe affected, the total loss in rice profit would B&D
resource allocation, and 2,100 million or about USD 131,250 per year, assgmi
Bmonetary is the coefficient of the variable codfi[2  that input choices and costs do not change. Otbstisc
would include biological and hydrological monitagin
The indirect utility of the average respondent was expenses and engineering costs for dyke reconistnuct
calculated using the coefficients and the samplens®f  The total estimated cost for a five-year progranubdo
the significant variables. As shown in Table 2, the be about USD 1.9 million [12]. Using the discouates
average WTPs for the proposed program in Ha Noi andof 5 and 15 per cent, the higher bound and lowenbdo
Ho Chi Minh City were VND 93,910 (USD 5.9), VND present costs were estimated at USD 1.65 and USD 1.
78,178 (USD 4.9) respectively. On the other hand, million respectively.
respondents in Cao Lanh were not willing to paytfar The benefits of the program were calculated based o
programi. This is because for respondents in Cao Lanh,the assumption that the benefits would be enjoye@.8
the marginal values for the wetland attributes weoeé  million households living on the edge of the MRDdan
large enough to compensate for the marginal vatdies 0.3 million households living outside the MRD. The
reducing the number of local farmers who would be aggregation was conducted using two approacheteln
negatively affected [5]. first approach, it was assumed that 30 per cemtoof
Hence, it can be surmised that the inverse distanceespondents had the same WTP of the respondents,
decay function arose because although the locgbleeo following the method proposed by [25]. In the saton
in Cao Lanh desire the benefits of wetland improestn  approach, non-respondents were assumed to have zero
they also know that they will be most affected bg t WTP, following [26]. The two approaches provided
higher and lower bounds of aggregate willingnessayp
values. The higher and lower bound WTPs for the
2 The confidence intervals at 95% of WTP of Cao Lezgpondents populations were about USD 2.23 million and USD 1.8

included zero, indicating that the WTP of the twb-samples were not million respectively These WTP estimates are the
significantly different from zero. '

V1 is the value of the indirect utility associat&ith
the status quo,
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present values of benefits of the wetland consiEnvat

provide more insights into this issue. The fundivity be

because being asked to state values for wetlandised for compensating the local farmers for thaigdne

improvement in three years, the respondents haddyjr
discounted the values when selecting choices.

incomes as calculated in this study. However, inltimg
run,

the farmers may benefit from the wetland

The lower bound net social benefit was calculatedconservation conversion due to improved fish stock,
using the lower bound WTP and higher bound cost.reduced invasive mimosa pigra and eco-tourism [5].

Similarly, the higher bound net benefit was estadaby
subtracting the lower bound cost from the higheurtab
WTP. The net social benefit of the program, therefo
ranged from USD 0.15 million to USD 0.96 millionhi§
suggests that the proposed wetland conservatiayrgro
would improve social welfare. It should be notéatt

These potential benefits can be used as incenfores
farmers to accept the changes in the current wetlan
management practices but have not been evaluated in
this study.

In conclusion, this study has showed that the psedo
wetland biodiversity conservation strategy for Tram

the results of the CBA for the same proposed pragra Chim would improve social welfare. Similar studies
varying the assumptions about the predicted outspme investigating environmental benefits and costs @ated
the number of beneficiaries and discount rates alsawith changes in current environmental practice \ddag

showed positive net social benefits [9]. This siga

helpful in assisting policymaking so that betteicimed

robust finding about a potential net social benefit decisions can be made to improve the wellbeinghen t

generated from wetland conservation.

5. CONCLUSION

region.
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main aspects were assessed. First, the costs hbat t
change in the wetland management would impose on
local farmers due to lost rice production; and selbp [1]
the benefits that would result from the wetland
biodiversity improvements. The impact of changethin
wetland management on rice profits was assessad asi
production function model. Estimates of the besefit
improved wetland biodiversity were carried out gsan
choice modelling technique. 2]

It was found that the benefits of the plan undeiens
would outweigh its costs. The biodiversity beneditshe
changes outweigh the costs of reduced rice praatucti
More specifically, the estimated net social benefithe
program ranged from USD 0.15 million to USD 0.96
million. This indicates that society as a whole Wou [3]
benefit from the proposed changes. However, indafd
farmers will suffer a loss of income. These indiatl
farmers should be compensated. Information predente
this study can be used for determining the level of
compensation paid to the local farmers. [4]

The positive net social benefit of the proposedamet
improvement program indicates that wetland biodiirgr (5]
conservation would improve social welfare. This
supports the proposed plan of using public fundimg
conserving the wetlands. Indeed, the funding for
implementing the wetland conservation program can b
mobilised from urban populations on the edge of and[e]
outside the MRD, as they indicated their positivd RV
for the program. This is in line with the Governmei
Vietham’s policy of socialising environmental
protection, which involves mobilising funding for [7]
environmental protection from all sources including
individuals.

The provision method of an increase in the elagyric [8]
bill can be used, although further studies on aitéve
provision methods such as donations or taxes would
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Appendix 2. Descriptive Statistics of Variables irRice Appendix 4. Random Parameter Logit Model
Production Function
Ha Noi Ho Chi Minh | Cao Lanh
Variable (unit) Mean | Max | Min | S.D Random
Rice (tonnes/halyear) 144 267 43 31 parameter
Vegetation 0.143E-0I" | 0.137E-01" 0.404E-01"
Land (ha) 2.3 12] 05 21 (mean) (0.453E-02) [(0.508E-02) | (0.116E-01)
Capital (hours/ha/year 587 33 4 584 Birds (mean) 0.200E-02 [o0.116E-02  [-0.109E-02
Labour (hours/halyear) 1,024 5,2882.4 | 699.1 (0.416E-03) |(0.483E-03) |(0.130E-02)
Fertilizer (kg/ha/year) 1126) 4,640.07.1] 539.4 Fish (mean) ‘()(-)2:;4EE'0022) ‘()(-)3;’2105E'0032) (()6159?55_0011)
l: . - . - . -
Seed (kg/halyear) 873§ 9P 297 IS5 I imers (mean)| -0.162E02 |-0.111E-02° |-0.377E-02°
Pesticide (100ml/ha/year 60.9 360 8 61.8 (0.286E-03) | (0.268E-03) | (0.961E-03)
Herbicide (100ml/halyear, 54.3 27p 3 5( Non-random
- parameter
Experience (years) 254 6 9 182 [arematve 0.12 0.862E-01  |-0.896
Training (yes=1, no=0) 0.7 1 0 0.5 (SAIOSeéi)fic Constant (0.6) (0.580) (1.027)
Sail (fertile soil=1, other 0.75 1 0 0.4 Cost 015704 l-0171E00 0313
soil=0 e ) e ) e
) (0.281E-05) | (0.245E-05) | (0.623)
Plot (number of plots) 22] 29 1) 1.8 ASC*age 0.400E-0T |0.231E-07 | 0.244E-01
Irrigation (m) 12.6 50 1 14.7 (0.118E-01) |(0.958E-02) | (0.160E-01)
Disaster (yes=1, no=0) 0.37 1 a 05 ASC*gender -0.5 0.682" 0.948
Location (upst 1 057 1 0 0.49 (0.238) (0.228) (0.365)
ocation (upstream=1, . . " - =
downstream=0) ASC*education | 3.112 0.324E-01 1.106
(0. 5086) (0.275) (0.594)
Flood (days) 336 12 0 38 ASC*income 0.923E-04 [-0.427E-04 | 0.449E-03"
(0.441E-04) |(0.289E-04) | (0.157E-03)
Appendix 3. An Example of a Choice Set ASCknowledge | 0.759" 0277 0.262
. . (0.251) (0.231) (0.505)
Scenario 1: Suppose options A, B and C are the ONigs —
; ASCHvisit 1.072 0.127 -0.524
available.
(0.917) (0.573) (0.441)
The following Option A | Option B | Option C ASC*option 0.237 0.989" 0077
factors will vary (status quo ' . .
under different - no change (0.252) (0.256) (0.396)
management optior)s ASC*bequest -0.171 1.12" 1.989"
Percentage of area (0.269) (0.256) (0.652)
having healthy 50% 60% 80% Cost*education | -0.275E-02 |-0.622E-02 | -0.501E-02
vegetation (0.286E-02) | (0.358E-02) | (0.689E-02)
Number of Sarus ASC*cheaptalk | -0.913 -0.109 n.a.
Cranes visiting the | 150 birds | 300 birdg 450 birds (0.275) (0.220)
wetlands per year Standard
Number of fish ] ] ] deviation
species 40 species| 50 specigg0 species Vegetation 0.45E-01" |0.150E-01  |0.381E-02
Number of local (0.131E-01) |(0.166E-01) | (0.185E-01)
households worse- 0 900 900 Birds 0.213E-02 | 0.105E-03 0.724E-07"
off (0.191E-02) |(0.360E-02) | (0.238E-02)
One-off change in Fish 0.419E-01 [0.124E-01  |0.191E-01
your ﬁ?ffelnt ity |No change L”C{/el\?;e t')”c';‘/agsDe (0.225E-01) |(0.273E-01) | (0.381E-01)
monthly electricity y y
. Farmers 0.361E-03 | 0.354E-04 0.139E-02
bill 10,000 50,000
(0.533E-03) |(0.506E-03) | (0.115E-02)
If there were a vote (in which if the majority vetfor the Model statistics
option you choose, then that option will be selégtgou Log likelihood | -1216.700 -648.145 454 502
‘4"%‘:38’,‘\’:; g)(r):x ONLY Pseudo-R2 0.22 0.21 0.22
Option A 0 Observations 1430 765 540
Option B O Note: Standard deviations are in parentheses. *&hotes
Option C . statistical significance at 1% level, ** denotesatistical

significance at 5% level and * denotes significartel0%
level.

108



B.N. Acharya / GMSARN International Journal 2 (2008) 109 - 116

e e, Indian Trade Policies and Performance of Nepalese
\# .
$ 5 % Agriculture
}"’r% B.N. Acharya
a,9

Abstract— This paper infers that Indian trade policy plays a crucial role for Nepalese producers and farmers. Due to
the geographic proximity and socio-political relationship with India, Nepalese economy remains indo-centric. Trade
intensity of Nepal with India is about 20 times higher with other South Asian Association of Regional Cooperation
(SAARC) countries. The long porous border has been accepted by the people of both the countries as a measure of free
flow of goods and people. The hurdle of the soft boarder for a small country like Nepal is to price the goods
independently because of the age old illegal cross boarder trading. Highly protected Indian agriculture sector makes
Nepalese product expensive and raises the issue of competitiveness in price. It is very difficult for Nepal to have
independent output price policy and the market has not been able to function independently. Custom union could be
one viable option to promote agricultural market. Replicating the success stories of other small-big country partnership
could be another alternative. Since Nepal has been importing majority of primary and secondary products, consumer
price could stabilize with appropriate reform and consumer get benefit to some extent. Nepalese trade sector is,
hitherto, dependent upon Indian policies and market situation than its own production and economy. The massive
reformin Indian agriculture sector provides space for hope. Nepal should more liberalize its trade not roll back as an
alternative back to subsidy regime to compete with Indian, regional or international products.

Keywords— Agricultural trade, informal trade, liberalizatio n, subsidy, tariff, trade policy.

relation with its large neighbor India. Nepal's dea
1. INTRODUCTION performance over recent years has been highly
inconsistent, reflecting the unnerving constrairts
realization of its potential. Even with structuchlange in
its merchandise exports, Nepal remains dependert on
relatively small basket of exports and a few deditom
o g X markets. A significant share of its exports hasnbee
Nepal [3]. Despite its geographical constraints #mel o0, ntering the pressure of gradually decreasingdw

dependence of three-fifth population in agriculiure yemang This poses challenge for  restructuringsof
Nepal has comparative advantage in agriculturalexport basket.

products and in a few other manufacturing segmamts More than a decade long conflict affected Nepal's

sectors. , . economic performance through different channels.
A country remains competitive in global markets asEconomic growth slowed, thousands of people haee be
long as it continues harnessing the resources Okjjaq physical infrastructure has destroyed, gends
comparative advantage_ In produ_cmg and exportisg it people have been displaced, economic disruptions
product_s to (_)ther countries, even if the countr:yllqaver have increased and development expenditures have
productivity in producing those goods. The gair@mr 4o jineq sharply. Private investment has also dedli
trade and global integration of a country depemgely significantly. Ra, Sungsup and Bipul Singh [9] fdun

on competitiveness of that country’s €conomy. that the economic growth loss attributed to theidedn
Competmven(?ss is a key concern for Nepalese rea evelopment expenditure ranges from 1.7% to 2.186 pe
sector. Nepal's low labor wage places the Coumrai — nnym These all has adversely affected the agsiall
comfortable position in manufacturing labor intefesi sector as well. However, various conflicts related

prqducts even in a condition of lower labor Pro‘m‘- studie$ have not specified about the agricultural sector
This essentially includes the cost of productioedst of  _ § its impact on agricultural production.

marketing and processing. With regard to trade policy, Nepal has significgntl

With the advent of perio_di<_: develo_pment plann_ing in opened up trade in the past decade and presemt trad
1956, Nepal followed restrictive and import suhsign policy is guided by its regional free trade arrangets

policies with the rest of the world while it hadesptrade ;4 basically by WTO. In addition, the high trart&at
costs associated with formal cross-border tradeh wit

Nepal, a heavily trade dependent economy, is alsoob
the most open economies of South Asia. Trade t® GD
ratio is 50%, an average tariff rate is about 8% duere
is virtually no quantitative restriction of impadirtade in

B.N. Acharya is currently student at The Universif Tokyo,

Department of Agriculture and Resource Economicayof 1-1-1, ! For details, please see Deraniyagala, Sonali (20P6litical
Bunkyo-ku, Tokyo 113-8657. Emada57402@mail.ecc.u-tokyo.ac.jp Economy of Civil conflict in Nepal; Parwez, Md. $td (2006), An

Research funding from Fuji Xerox Setsutaro Kobayasamorial Empirical Analysis of the Conflict in Nepal;, and kbed, S.
Fund is gratefully acknowledged. Expressions aréredn those of Moansoob and Scott Gates (2003), Spatical-Horizamégjualities and
author and any error too. the Maoist Insurgency in Nepal.
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India is diverting towards informal and unaccounted structure similar to that of India [5]. Lower tdrif
trade significantly over the years. Reduction loése  structure in Nepal provide incentive for trade defiion
costs at the border will be an important part @fdé  to India of the goods imported by it from the resthe
facilitation between the two countries. Strengthgni world causing drain in its foreign exchange resenie
Nepal's capacity to administer and implement tradeNepal provides export incentives, Indian goods Wl
policy will require institutional strengthening ass a  re-exported causing fiscal imbalances.
range of public and private agencies. Emphasisldhou On the process of tariff reform, custom tariff hmeeen
also be given on improving the process of tradécpol reduced, rationalized and simplified since theyea890.
formulation. The tariff rates fell from 245 % in fiscal year 188to
Competitiveness of Nepalese agriculture sectoelgrg 110 % in July 1994 then further down to 80 % in
depends on price effect of all tradable inputs like 1997/98. The number of tariffs categories also frelin
fertilizer, insecticides and non-price effect of nno more than 100 in 1980s to only 5 in the fiscal year
tradable like credit, irrigation, and knowledge cals 1995/96 and then to 7 in 1998/99. The prevailingfta
equally affect the competitiveness. Nepal largely structure include five basic standard rates (5,150,25,
depends on Indian market for major agriculturairatl 40), with the larger number of import items withime
as merchandise trade due to its geography, cuétnde  custom duty of 10 — 20 % and having a significant
social affinity. Since India is the convenient nmetrkor number of tariff lines with zero duty. These measued
Nepal, the relevant measure (effective rate ofqmtin) to decline in tariff protection. Both the trade gleted
affects competitiveness of Nepalese agricultural nominal rate of protection (NRP) as well as effextiate
products. Nepal's productivity and competitivenbssl of protection (ERP) fell substantially. The tradeighted
shown some increment over the 1990s but theseNRP fells from about 80 % in the early 1980s toldtsh
improvements were not sustained by the end of the% in 1996.The distribution of tariff rates in 19%md
decade. 2002 are presented in Table 1, which shows that the
The paper reviews the trade situations especiallyrecent tariff rates close to 14 %.
agricultural trade in response to the Indian tradécy

vis-a-vis liberalization in Nepal. Section 2 disses Table 1. Distribution of Tariff Rates

about trade policy reform in Nepal. Section 3 eka

the trade situation and determinants of trade.i@eet Tariff Rates No. of tariff 1990 (% in 2002 (% in
depicts the agricultural sector reform. Sectionriefly items 2002 each category)each category)

talks about the agricultural trade situation in Blep

Section 6 and 7 discuss about the Indian tradecipsli 0 "g 1’228 ;'4 202'8

ant its implication to Nepalese agriculture seetod the 51 173l 4 1

paper concludes with concluding remarks in sedion 10-15 1,729 2.8 32.2

15-25 1,582 2.7 29.4

2. INITIATION OF TRADE POLICY REFORM 25-40 543 37.1 10.1

40-50 0 4.4

Nepal’'s major trade reform took place in the ed®90s 50-80 388 05
after the restoration of multi party democracy émdla’s ' '

economic reform, although structural adjustment 80 plus 52 2.9 0.04

’ g J Total 5,374 100 100

program was launched in 1986. In 1990, Nepal kicke
off market oriented trade policy reform that operesed Average 39.8 13.8
new vista on economic integration and trade. The
reforms unleashed the barriers of restricted trade
decontrolled pricing. The other salient featuresenthe ~ Source: World Bank, Trade and competitiveness s2@3.
end of licensing and advent of deregulation. Theifm o .
exchange regime was also liberalized and currency There has also been substantial liberalizationdn-n
trading was made open. tarn‘f_ bgrners. T_hese include ellm!na'uon o_f qumtt\_/e
Nepal isde facto integrated with India for trade. High restrictions on imports and phasing out import rlie
cost of access to the third country markets andalag ~ @uction and replacing them with appropriate tarifis
the only transit point, the country took no pain to an aftempt to reduce anti-export bias, the expaty d
diversify its trade. Moreover, conventional tradibg drawb_ack scheme and the bon(_JIed warehouse facilities
petty merchants were benefitted by the long, poemgs ~ Were introduced. The export service fee was aldoaed
easy boarder. The nearest port for access to thkel wo t0 0.5 % of the export value from 2 % in 1993/4eTh
economy is about 900 km, which is far expensive anddovernment has also gradually reformed the exjpaot f
time consuming due to poor infrastructure in neayiny price system.
India. Moreover, Nepal has granted almost free st
Indian goods ever since its first agreement wititigr 3. DETERMINANTS AND TREND

India in 1923. The treaties with independent Indi&re Nepal's trade-to-GDP ratio increased over the fast
first signed in 1950, which has been subsequentlyyecades, from 23% during the 1980s to more than 50%
renewed with the latest one in March 2007. These al by the end of 1990s. The improved business enviemm

affect Nepal's initiation of trade liberalizationdireform greatly augmented rapid exports growth (by 30%
by compelling it to adopt protection and desigreimive annually from 1991 to 1995), driven mainly by
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manufacturing exports, especially carpets and gatsne borders, free movement of people and capital, &ed t
In the case of garments, export growth came ihitial special regime of trade and payments between two
from the spillover of Indian exports, due to quota countries are the major factors responsible foroexp
limitations for India. Additionally, improved prdéibility enhancement. Nepal's dependence on exports ta Indi
and increased willingness of domestic produceenter has recently increased sharply (more than 50%)tdue
the industry also stimulated the growth of Nepalesethe preferential trade treaty, and a sharp slowdawn
garments exports. exports has been observed to other key marketgalue
Within manufacturing, Nepal's export basket is elimination of the multi fiber arrangement (MFA) aja.
narrowly concentrated in a few products: garments,Also the country has not been able to proliferate
carpets, angrashmina®. These accounted for more than businesses in regional markets. As seen in Figth b
50% of total exports in the late 1990s. Furthermdrey export and import to and from India increased ditede
depend on limited external markets. Carpets arersag policy reform and the case is similar to the other
primarily to Germany and garments to the U.S. aiist countries as well. According to the least developed
trade liberalization, in 1992, export of textile dan countries report of UNCTAD [11], types of commodity
clothing was increased by 80 and 60 % respectively.export from Nepal remain the same as manufactured
Following the signing of a renewed bilateral Trade products (MAN) in the period 1980-1983 and 2000-
Treaty in 1996, Nepal has been exporting new2003. Similarly, number of commodities exported
manufacturing products, all destined for India. Sédhe increased from 37 to 63 during the same period.
include vegetable ghee, toothpaste, toilet soapyliac No significant changes have occurred in Nepal's
yarn, copper rod, zinc oxide, MS pipé&jazmola’, import structure over time. Manufacturing constgithe
Chyawanprash®, noodles and biscuits. Other exports largest share of Nepal's total imports, with maefyn
comprise a basket of about 20 agricultural prodactd  and transport equipment the most important product.
consumer goods, which route primarily to India.ekft These imports underpin much of Nepal’'s manufacturin
trade policy reform and implementation of th& fve export capacity. Intermediate goods constitutestieond
years plan in 1997, foot ware and textiles were thelargest share of Nepal's total imports, followed fbwd
largest exportable products and their export irmedeaby  and fuels. The almost stagnant structure of imports
average 20 %. Petroleum and other non-specifiedreflects the slow and narrow growth of manufactyrin
manufacturing products are the major imported items activities during these periods. If industrial deeing

The structure of export was same in 2003 as well. had occurred, marked increase in imports of capital
goods would have been evident. On the import front,
160.00 markets are relatively more diversified. More thhb

140.00

countries supply 90 % of Nepal's imports.

120.00 T

100.00

4. AGRICULTURAL SECTOR REFORM

Agriculture sector is central to the livelihood of
Nepalese, contributing to around 40% of the coisitry
GDP and employing 76% of its labor force. For 906 o
PU I AR g P Q&:Q&';Q&;@\@ the poor, which comprises households in the bo26ft
of the consumption scale, agriculture is the onboime-
—¥— Total Export —>— Export to India —&— Export to Other countries generatlng aCtIVIty' The Importance Of agrlCUlta&the
5 Total Import —6—_import from India & Importfrom Other countires single most important provider of livelihood for %0of
. ] Nepal's population implies that the commercialiaatof
Fig 1: Nepal's Trend of Export before and after itstrade  sgricylture will have a decisive effect on poverty
liberalization reduction. This sector remains the focal point eérall
Note: Export is on a F.O.B basis and Import is onFChasis development and it is likely to continue being gaame
in the immediate future. So, this sector is at ribat of
country’'s overall development. As seen from this

In the last decade, Nepal's dependence on the sam@rospective, agricultural modernizations need to be
few markets has also increased. At present, 90%sof €mphasized by commercialization and competitiveness
total goods are exported to India, Germany, andJtiSe; Agriculture value added grew at an annual average r

of the three, India is the most important. Longquesr ~ ©f 2.8% during the 1990-2001 periods, slightly
exceeding the average annual population growthaohte

2.3%. Agriculture growth accelerated during theosec
2 Pashmina refers to a type of fisashmere wooand the half of the 1990s to about 3.6%, with implementatis

textiles made from it. This wool comes from a pashimna goat the Agriculture Perspective Plan (APP) and increéase
which is a special breed of goat indigenous to kiitude of ~ Presence of the private sector in trade. The growith
Himalaya. agriculture sector and its composition are preskiiie
®Hazmola is a herbal medicine for digestive disorder Table 2.
4 Chyawanprash is an anciesyurvedic herbal preparation,
widely used inindia as well as in Nepal, as r@juvenative
energizerandimmunity booster. It is often called "the elixir of
life" due to its alleged nutritional properties.

80.00

60.00 T
40.00

Trade value in 000 millions

20.00

Fiscal year

Source: Central Bureau of Statistics, 2005
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Table 2. Growth of Agriculture Sector in Nepal and ¥ Agricultural Export —B— Agricultural Import
Composition
Growth Rates Growth Rates Share of Value 850
added vl F\/J
1990/1 t01995/6 t01995/6 to 1999/0 2 200 1
1994/5 1999/0 2 150 .
Agriculture, 1.75 2.97 S 00l
Fishery and 50 |
Forestry 100.00 o s
Food grains -0.88 2.32 34.70 @%"'@%“’@%“ \9%” \99?’ \9@ @%‘2’\9@ @QQ @ca“’@q"'@q“’ \9@“ \9@"’ @ca“ \9@ @q‘b@q‘” @QQQ/QQ“’
Cash Crops 3.44 5.55 7.56
Other Crops 5.41 3.02 18.73
Livestock 1.62 3.57 28.97 Fig. 2. Nepal’'s Agricultural Export and Import
Forestry 3.33 9.66 1.35
Fishery 2.51 0.26 8.70 Agricultural export has grown at 21 % on average

Source: Central Bureau of Statistics of Nepal occegipaper ~ during 1995- 2003, much higher than the overallaiais
1/01 high-value crops. This is further illustrated bytala
relating to growth of agro industries. Farmers are

Nepal's agriculture-sector policies were liberalize increasingly producing crops and livestock for stde
relatively late in the second half of the 1990sgsithen, agro based industries. Agro-Industries, which have
however, there has been significant progress. Aemor benefited from the liberalization of agriculture nkets
comprehensive reform of agriculture sector wastear and private sector participation during 1990s, now
in 1998-2001. Liberalization of both agricultumpits ~ comprise more than half of the manufacturing GDB an
and outputs was done by allowing them to be pricedabout 4.5% of Nepal's overall GDP. There has been
according to the market forces. Institutional rafoof ~ strong growth in agro industrial products. Growtragro
state-owned Agricultural Input Corporation (AIC)can products with strong external demand such as vblgeta
Nepal Food Corporation (NFC) took place. Until 1997 ghee, tea, noodles, and processed milk are thegstsb
the Nepal Food Corporation and the Agriculturaluisp ~ According to UNCTAD [11], the dynamic agricultural
Corporation dominated agricultural inputs trade,anca ~ 9oods as percentage of total primary exports ise®ea
lesser extent, food procurement, which adverselyfrom 27.6 to 61.2 in the period 1980-1983 to 20002
affected food supply and utilization. In 1998, Agricultural export and import pattern is presentad
government removed the monopoly of AIC allowing the Fig.2.
private sector to import and distribute the fezéls. Despite stronger performance of exports relative to
Government has also removed the subsidy on fextiliz imports in recent years, Nepal suffers from chronic
from the same time. Similarly, the role of statered  deficit in its agricultural trade, with exports esgts
NFC is modified to promote competitive agricultural accounting for less than half of import payments. |
produce markets by eliminating unnecessary marketcontrast to formal agricultural trade, informal ionts
distortion including the withdrawal of subsidiesfood  from India have been dominated by agricultural ps
grain distribution. Other reforms are the removél o (mainly food items), while Nepal exports some spice
irrigation subsidy and strengthening agricultursesech, ~ and vegetables. The extent of informal trading in
extension and training system. All price intervent  agricultural produce is estimated to be much highan
have been withdrawn, with the exception of deegtub that of formal trade between Nepal and India [1feT
wells in agriculture. Nepal has greatly liberalizétd share of formal and informal fertilizer imports findndia
external trade regime for both agricultural and is presented in fig. 3.
nonagricultural products, with average tariffs eutty
falling below 11%. 1200

100C
2oc — - u

5. AGRICULTURAL TRADE

Nepal's exports of agricultural products also shdwe fgﬁ e
greater dynamism in the second half of the 1990s. z0c I.I.I[
Indeed, the late 1990s witnessed rapid growth in 0
agricultural exports of items such as foods andidest 1997/58 1 956/99 1999400 2000/01 2307 /02 2002/03
an annual average rate of 11%, compared with 7%
growth in agricultural imports. India remained tmest mOfficial W Unctficial =Tatal
important partner in agricultural trade, accountiiog
80% of Nepal's agricultural exports and; 36% of its Fig_.3. Share of formal and informal fertilizer trade with
agricultural imports. Exports to India have beew th [ndia

major source of growth in agricultural exports dgrthe i , ,
second half of 1990s. In 1987, before economic policy reform, fruits and

vegetables were the major exportable commoditi¢stbu
turns major importable items in 2003. Live animais

Thouzaad tonnes
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exported and imported in the same proportion duttiad
period. Just after trade policy reform, in 1992ijté and
vegetable, and spice crops are major exports apdrex
value is increased by 300 and 15 % respectivelypemen

to 1987. During the same time the import commoslitie
did not change. In 1997, export items remainedstrae
but the import items changed to spices and cotied,
vegetables, which used to be the exportable contrasdi
in 1992. So, major export and import items were
vegetables and fruits, and coffee and spices dutirg
90s and early 2000. Export and import of agricaltur
commodities based on standard international
classification (SITC) Rev. 2 of the years 1987, 2,99
1997 and 2003 are presented in the bar chart Fig. 4

® W C

Agricultural commodities (SITC Rev. 2)

Fig. 4. Agricultural trade (in the year 1987, 19921997 and
2003 respectively)

From the data there is an irregularity in the
commodities traded and trade value. It is not cteat
such a variation is due to the trade policy or pfhetors
related to trade.

Several
agricultural products. First, the productivity oEphlese
agriculture is low. Nepal's labor productivity idaut
half that of India, while yields of most crops also low
compared with its South Asian neighbors (e.g., som
33% less than neighboring Bangladesh). Crop aguicul
is characterized by little diversification, withreal crops
accounting for more than 80% of gross cropped area.

Underdevelopment of markets and lack
commercialization are key factors underlying thisak
performance. Currently, only half of Nepali houslelso
sell any agricultural produce in the market, wiriksarly
all households in Bangladesh sell some of theidpce.
Such low levels of commercialization and produtyif
agriculture stand in sharp contrast with the coustr
significant potential, arising from its inherenfhvorable
agro-climatic conditions and regional diversity.
Domestic policies affecting agriculture that resed
trade and distorted prices until a few years ago,
competition from Indian producers who are suppohtgd
large subsidies and the poor state of Nepal's
infrastructure are the key factors behind the agist
low labor productivity and lack of market developthe

Analysis from the various experts about Nepal rbsvea

of

tradeareas,

factors constrain the competitiveness of
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that access to market and road infrastructure risapor
constraint to commercialization, diversificationnda
technology adoption in Nepal's agriculture. In didafi,
Nepal has a low productive processing sector (¢he.,
costs of rice milling are twice that of Uttar Pralde
India). Similarly, product losses during transpaxt,well
as transport margins, are extremely high. Nepab als
ranks low in both rural electrification and
telecommunications.

To improve the competitiveness of Nepalese
agriculture and stimulate non-farm activities inralu
significant  investments in rural roads,
electrification, and communications will be essainti
Other requirements include mechanisms to test and
verify quality according to international standards
disseminating marketing information in order toklin
domestic producers to foreign markets, developing
mechanisms to enforce sanitary and phytosanitary
standards, and establishing facilities to test haddle
chemical residue restrictions. Nepal will also nded
develop a research and extension infrastructure to
provide technical services to the farmers on apieaits
farming, harvesting, processing, and preservation
techniques. An important way to gain market aceass
access to technical knowledge will be to attraceifm
investment in these areas, which will require sifpjlg
regulatory procedures to facilitate foreign invesiin
6. INDIAN AGRICULTURAL AND TRADE
POLICIES

Liberalization reforms in India over the past dexad
clearly mark a significant departure from the coyist
protectionist past. India has been gradually bipaidy
shifting from its inward-oriented, state-led deveiment
strategy to a policy of active integration with therld
economy. The first round of trade reforms (1991-95)
was largely confined to the manufacturing sectaut B
recently steps have been taken to broaden trade
liberalization to cover trade in consumer goods and
agricultural products. By 2002, almost all quaritita
restrictions on agricultural imports had been aibmld.

®Tariffs are now the principal means by which India

protects its domestic industries and agriculture.

8
Procurement price (IRs/kg)
7 /
)
nd -

_/’<Rice (commo

5 T T T T T
2001/02 2002/03 2003/04 2004/05 2005/06 2006/07 2007/08

n)

Source: Trade and Export Promotion Center, Nep&i6 20

Fig.5. Procurement price of wheat and rice in India

The focus of these reforms has been on liberatizati
openness, transparency and globalization with acbas
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trust on outward orientation focusing on export wheat and rice in India, which are in increasingntt.
promotion activity and improving competitiveness of Similarly, fig.6 shows the regulated market pricé o
Indian industry to meet global market requiremeitts. wheat and rice for people above poverty line (ARhjl
early 2002, the Indian Government presented a Mediu below poverty line (BPL).

Term Export Strategy (MTES) for 2002-07 providing a  Undoubtedly, the reform initiatives undertaken in
vision for creating a stable policy environment twit Nepal and India have provided new impetus to trade
indicative sector-wise targets, with a mission ¢thiave activities of both the countries. More significanthe
one per cent of global trade by 2007. The new Bxpor treaties of Trade and Transit as well as the ageeeno
and Import (EXIM) Policy framed for the period 2602 control unauthorized trade have changed the trade
07 also seeks to usher in an environment free ofcomposition, in particular of the Nepalese trade.
restrictions and controls. Synergy between thedieip®

and strategies is expected to realize India’s gtexport 7. INDIAN POLICY AND NEPALESE

potential and enhance the overall competitivenddts o AGRICULTURE

exports. Most of the agricultural products prices of Nepat a

influenced heavily by Indian prices. Although India
Common Rice liberalized its agricultural trade regime during tfecond
12 half of the 1990s, it still applies quantitativestréctions
. //——--..‘K — on agricultural imports. Several price intervensicand
—— ~_— subsidies also distort producer incentives in adftice.
Because of open boarder and informal trade, it el
hard to regulate by policy measures and restristion
India’s agricultural policies, which heavily proteiheir
farmers, have been major issues for Nepal. Whike th
overall domestic policy environment for agricultuire
Nepal currently presents only few distortions and
anomalies, India still applies high tariff, quaative
restrictions and tariff rate quotas on imports. eal
price interventions and subsidies also distort peed
10 incentives in agriculture. The Central Governmeht o
N India provides subsidies to all major purchasedutap
/ \ APL (fertilizer, seed, and pesticides). Irrigation wafeom

— N~ surface schemes is heavily subsidized, along wothiep
_/—le subsidies for irrigation pumps. State governmengs a
provide additional support. The farm gate prices fo
major commodities are influenced by State trading
agencies at fixed procurement prices. The largsidigs
and price support programs accorded to major
agricultural produce in India provide important ttos
) advantage to Indian farmers (accounting for some 25
Source: ADB, 2005 50% of purchased input costs). This situation cduse
Fig.6. Subsidy and sale price of rice and wheat imdia high cost of production to the Nepalese farmers as
compare with Indian farmer. Private sectors inilfeer
India’s net food import dependence has fallen atalt  trading could not grow due to the same reason.
imports had declined. The strong net food export Given the reality that Nepal has a long and vitjual
position of India is, however not a reflection of open border with India, competitiveness of Nepal's
agricultural transition along the line of country’s agricultural products have been constrained byaimdi
comparative advantage but it is due to intervemion agriculture policies. The large subsides and fauppert
agricultural development policy regime that inclsde programs accorded to major agricultural produckadia
domestic price support, insulation from world maske provided important cost advantage to Indian farmers
trade restrictions and subsidization of inputs [Pjade While some of the Indian subsidies on traded inputs
opening has started to the intermediate and cagatads  (e.g., fertilizer) tend to benefit Nepalese farmieated
only and all consumer goods and agricultural pregluc in close proximity to Indian borders, most interioput
were kept on protected. The protections on agticall ~ markets are not well integrated into Indian markets
goods were still continuing even after the marketeas  limiting such spillover benefits. On the other hand
commitment of World Trade Organization (WTO) in output markets appear to be better integrated, sixgo
1995. India has been subsidizing export of excesks  Nepalese farmers to artificially low border pricdsge to
of wheat and rice by violating the market accessheavy subsidization of Indian agriculture. Desjhister
provision of Agreement on Agriculture of WTO. performance of exports relative to imports in reécen

Domestic price stability is a key objective for iagdso,  years, Nepal suffers from chronic deficit in botrrhal
Indian agriculture sector is still highly protecteohd and informal agricultural trade.
subsidized. Fig.5 shows the minimum support prite o
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AGDP deflators (agr. prices) India and Nepal
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Source: Graph based on World Bank WDI data.

Fig.7. Prices in Nepal and India

8. CONCLUSION

This paper has focused on the Indian trade policy,

Nepalese trade sector and situation of Nepales%]

agriculture trade. Since Nepal has de facto ecomomi
integration with India, it is clear that India’stte policy
will greatly affect Nepalese agriculture. It is yer
difficult for Nepal to have independent output pric
policy such as support price and price band destock.
High tariff rate, subsidy and price support in mdnake
Nepalese produce expensive and less competitive t®u

the open boarder and informal trade Nepal cannot[8]

regulate its market. Price is determined on cost of
production and market situation in India. Basically
producers in Nepal are greatly affected by subsitliz
cheap price in Indian side. However, some poskifect
has also been observed, pesticide and fertiliziee pn
the boarder area has benefited Nepali farmers. erhos
along the Nepal-India boarder have been procuring
fertilizer at cheaper rate, but supply and quaktyever
guaranteed. Similarly consumers have also beneffiyed
relatively cheaper price of illegally imported gsod

Nepal is becoming net importer in many products; so
Nepalese price will be higher. Nepal can assureesom
price stability but hard to do much. Independeiitipg
is not appropriate as well. Some regulation and
administrative arrangement for informal trade cohtl
useful. Custom union could be a solution so
implementation of South Asian Free Trade Agreement
(SAFTA) might be an answer. Cases from other small-
big partner such as Uruguay-Brazil; Paraguay-Argent
Niger-Nigeria, Botswana-South Africa will be usetol
get some concrete idea and apply some succesdfcase
possible.

The value of trade is simply enhanced; however,
further analysis is needed to conclude on policgdot
on trade. Exports and import of agricultural prasuc
have increased after trade liberalization in Nepal.
Various manufactured as well as agricultural
commodities have comparative advantage for Nepal.
Focusing on these items with liberalized policy Iwil
boost both productions and trade. Due to very édhit
destination market and few products, Nepal shoodti$
equally on the other aspects of trade along witlicies
in India.
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Analysis of Pipe Breaks in Urban Water Distribution

Network

Mofid Gorji-Bandpy and Majid Shateri

Abstract— The goal of this paper is to present a descriptive analysis of the water pipe breakage data to predict the
evolution of the annual number of pipe breaks and the application of the modeling strategy to the cities. To make a
general diagnosis, one must collect and analyses data on the characteristics of water pipes and on their breakage
histories. Snce many city water authorities have only a few breakage histories, a modeling strategy, inspired by
Survival analysis and using the annual number of water pipe breaks as an indicator of the structural state of a network,
was applied to three cities in Mazandaran province, north of Iran, characterized by their brief recorded pipe break
histories. The results show that the annual pipe breaks increase, but the rate of increasing of the annual pipe breaks

can be reduced by replacement of the old pipes.

Keywords— Pipe break, Weibull distribution, Survival functi on, Deterioration.

1. INTRODUCTION

A survey of water authorities in the province of
Mazandaran in the north of Iran has helped useatity
a few cities that maintain pipe break records. \Wsent

Nowadays, managing the city water infrastructure oo the results obtained in three cities, Behsh@ari

systems often means managing critical situatiorfenw
unhappy consumers report water leaking in the tstree
due to a water pipe break and flooding of their desu
due to a sewer overflow or even the collapse oftheet
pavement due to foundation washout.

and Ramsar. Of these three cities Sari has theefing
pipe break history available in a usable format.

The main purpose of this paper is to apply an
operational pipe break model to estimate presedt an
future structural states of water pipe networksl eerify

Tools are needed to assess the present and futurge performance in the above three mentioned urban

structural state of water pipes from readily obdbie
data. A mathematical model can help water autlesrit
the diagnosis and planning of repair, rehabilitatiand

replacement of water pipes. To model the overall

structural state of water pipes, it is necessarghmose
an indicator of their structural state. The averageual
number of pipe breaks on a water pipe network$eés t

most commonly used indication. The number of pipe

breaks is the most readily available data corrél&tethe
structural state.

In this paper, a pipe breaks is defined as a failur
resulting in water leaking to the surface, thus
necessitating an immediate intervention on the astw
Of course, water leaking from a failed pipe mayctea
the surface days after the initial break or it niglot
even reach the surface if, for example, sewertiafibn
is possible in the vicinity. The main difficulty in
developing mathematical models for this type ofgbem
is the lack of data on both the water pipe netvant the
pipe breakage history. For a thorough analysisipé p

breakage, information must be known on the physicalg,,

and environmental characteristics that have an énpa
pipe failure. Most city water authorities have lditt
information on their water pipes, such as pipe @izm
pipe material, and date of installation, but fewénaeen
maintaining thorough records of pipe breaks forgkm
than a decade.

Mofid Gorji-Bandpy is with Department of Mechanica
Engineering, Noushirvani Industrial University, P.Box 484, Babol,
Iran. Fax: 00981113234205; E-majbrji@nit.ac.ir

waters networks. The modeling strategy is desigioed
require minimal data and take into account the faat
the number of previous break is a key factor. Tlogl@h

is designed to answer a global but important pratti
question: What is the replacement effort a city tas
make in order to limit the number of annual pipeas
over a given period? The development of a model
dealing with the average annual number of pipeksréa
the first step in the diagnosis of the overall stiual
state of a network. By incorporating all of theadat a
database for model development, one can obtairifgpec
information on all pipe segments. It is necessary t
identify the factors that are important in the defztion

of water pipes and at the development of methodielo
urban water managers in assessing the structatel cf
their water networks. Using elaborate sets of daten
coupled with an economic assessment model, will
ultimately serve as a powerful decision making tfool
water managers [1-4].

Research efforts on water pipe degradation gewmerall
in the following categories; physical analysis
descriptive analysis, and predictive analysis.

Physical analysis consists of evaluating of thepsco
and severity of corrosion on the internal and eber
pipe walls, and the estimation of resulting stresfsem
the loads applied to the water pipe [5-10]. Dediugp
analysis consists of calculating descriptive dfiasto
provide insight on breakage patterns and trendss Th
kind of analysis can only be performed in the sitibat
have comprehensive databases on the characteidtics
the pipe and on the pipe breaks. Due to the |laakatd
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in the urban water breakage, there are very fewe cas
studies in Iran. This type of analysis is limiteg the
challenges faced for constructing databases and as

per 100 km and the perception of water manageth®n
global state of their water pipe networks, ratids40
breaks per 100 km and up are considered high and

matter of fact, building such databases has been #ndicate a network in poor condition.

concern for many researchers [11-13].

Predictive analysis is done by modeling past pipe
breakage behavior in order to project it in theufat
Different types of modeling strategies have been
developed to evaluate the structural state of wailee
networks [14-16].

There are three main types of models namely:

1) Aggregate models, which are exponential or
linear models of the number of breaks versus the
age of pipes [17].

2) Regression models, which considers factors thal
influence the degradation of pipe [18,19], and;
3) Probabilistic models, of which survival anadysi

is the most widely used approach.

Survival analysis has been used successfully tdigire
pipe breakage behavior by many researchers indke p
two decades, and most frequently used in the biarakd
fields, to water pipe failure problems [20,21]. §tkind
of analysis is a statistical technique that dedth time
to failure data, and incorporate the fact that,levsbme
pipes breaks, other do not, and this informatios ha
strong impact on the analysis.

Many researchers have shown that the breakags
pattern strongly depends on the number of previoug
breaks that pipes have experienced [22]. As a mafte
fact, the number of previous breaks is often requbds
the most important factor for predicting future dks.
Survival analysis is particularly useful in thigli when

Table 1. Some characteristics of Three Cities

Cities
Characteristics

Behshahr|  Sari Ramsar
Approximate 73696 | 205146 34038
population
Pipe network length | g5 8 | 48506  139.4
(km)
Ratio of pipe length
(m) per habitant 2.52 2.36 4.10
Percentage| 2000 38.8% | 40.7% 34.1%
of water
losses 2001 23.6% | 32.3%  29.3%
Year pf installation of 1956 1952 1954
first pipes
'Number of years of 5 7 5
recorded pipe breaks
Number of pipe breaks
per 100 kmin2002 | S°93 | 424 | 292

pipe break records have been maintained for a good

portion of the water pipe network history. This diof

Table 2. Percent of breakage in different years

analysis cannot, however, be used in this studyums
the recorded pipe histories in our case studiesnate
long enough to provide adequate information onpipe

breakage behavior. To our knowledge, we have faund
few studies that addressed the problem of briedro=d
pipe breakage history [23,24]. A methodology isduse
the present study to estimate parameter valuehef t

water pipe breaks model. The method on a statistical
basis is the relative performance of a Weibull
distribution compared to an exponential distribatfor a
given break order.

2. GENERAL CHARATERISTICS OF THREE
CITIES

Name of Percentage of breakage
cities Year
Network Branch

2000 36 64

Behshahr 2001 19 81

2002 36 64

2000 23 77

Sari 2001 22 78

2002 24 76

2000 36 64

Ramsar 2001 39 61

2002 31 69

Table 1 presented some general characteristicthéor
three cities. Water pipe loosely follows streettgrais in
the cities, so pipe segments are usually defingah fone
street corner to the next. The average length pipa
segment is highly variable and depends mainly an
discretization of the water pipe network adoptedthoy
city.

In terms of break history, Sari has the longesbneed
pipe break history and the highest ratio of pipeaks
per 100 km, while Behshahr has the lowest recopieel
break history. Based on the reported ratios of pigaks

th
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Networks with ratios between 20 and 39 are
considered in acceptable condition, while the mtess
than 20 indicate that the network is in good caadit
[25]. Overall, this represents well the perceptainthe
three water manager's interviewed in this studyolda
presents the percentage of breakage in the yedd, 200
2001 and 2002. We can see that the percentages of
breakage in branch are higher than in networketms
of the tendency in the annual number of pipe brdéaks
the duration of the recorded history, there is rangt
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increase in the annual number of pipe breaks with tn
all three urban water cities. These will be presént
along with the modeling results.

Fig.3 presents the number of pipe breaks versus
different pipe diameters for just asbestos pipé® most
number of pipe breaks is related to smaller diarseté

Because of degradation of networks we have anis because of their thinner pipe walls and smaller

increase in annual number of pipe breaks with fimal
cities. Information gathered on all pipe segmenmés as
follows:

1) Pipe diameter
2) Pipe length
3) Pipe type of material

4) Year of installation
5) Type of soil; and
6) Land use above the pipe

3. DESCRIPTIVE STATISTICS

Basic descriptive statistics are presented to gisaht
on the impact of different risk factors on the stuual
deterioration of water pipes. Statistics on pipantiter,
installation period, and pipe material are presknte

herein. These are calculated based on the tota pip

length in 2001, and with only the pipe breaks twild
be associated with a single pipe segment. Statistic
breakage rates are estimated by taking the ratithef
number of breaks on pipes in a given category aed t
total pipe length in that category in 2001. Thigegi an
indication of the breakage behavior in a given gaitg.

Fig.1 presents the length of pipes versus diffepié
materials for three cities. The asbestos pipesnadely
used in these cities, while steel pipes are us@méncity
and much less than asbestos pipes.

Fig.1. Pipe length versus different materials for three
municipalities in 2001

Fig.2 presents the breakage percentage in bottonetw
(NT) and branch (EN). Breakage percentages areshigh
for branches.
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Fig.2 . Percentage of pipe breakage for three citein three
successive years

moment of inertia [8,10]
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O Ramsar

I

300
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Fig.3 . Number of pipe breaks versus different pipe
diameters for just asbestos pipes

Sari can be considered as having the “oldest” water
pipe network, which has been developing the least
rapidly in recent years, where as Behshahr can be
considered as having the “youngest” water pipe agkw
which has been developing the most rapidly in recen
years.

Fig.4 presents the breakage rates of pipes in 1896
2002. There is an increase in breakage rate foatlbee
mentioned cities, which is the expected behaviaorao
deterioration process.

@ sari
B Behshahr
0O Ramsar

Breakage rate(no. of breaks/km)

1996 1997 1998 1999 2000 2001 2002

Fig.4 . The breakage rates of pipes in 7 successiars
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Fig.5 . Percentage of pipe breaks for the three tygs of
materials in 2000, 2001 and 2002

Fig.5 presents the percentage of pipe breaks for th
three types of materials in 2000, 2001 and 2003s It
obvious that polyethylene and PVC has the most
percentage of pipe breaks in Ramsar and Sari while
metal and polyethylene has the most percentagépef p
breaks in Behshahr.
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Table 3. Causes of breakage in percent

Causes of breakage
City Year Imp\::/litrt:)(:r?1 Ipipe CoIrDricl)Dseion Pipsorgra ;irgliilt;v " Inzitﬁﬁii%nrlt* prgisgsrlljre Unknown
EN NT | EN | NT EN NT EN NT | EN | NT | EN NT
2000 6.8 51 41 52 33.5 26 3.8 4 14 45 14 3.4
Behshahr| 2001 7 3.7 36 56 18 18.5 3 7.5 9 3 27 11.3
2002 7.5 4.3 34 64 155 13 4.5 78 12 4 25.5 5.9
2000 37 36 | 78 54 30.5 26.6 13. 18 3 3.2 9 10.8
Sari 2001 37 37 3 7.5 22.5 30.5 10{5 1B 19 3 8 9
2002 34 35 6 7 26 32 9 12 14 4 1 10
2000 6.7 75| 214235 11.5 4.3 17.9 19 39 41 3.9 417
Ramsar 2001 7.4 10.5| 225225 12.4 3 16.5 21 38 4( 3.2 3
2002 6.3 11.3| 212215 14.9 2.9 17.3 204 375 412 28 2.7

* Careless drilling operations done by differemdtitutions such as gas and oil, etc. companies

Table 3 represents the causes of breakage in three

cities in the year 2000, 2001 and 2002.

4. MATHEMATICAL MODEL FOR WATER
PIPE BREAKS

1- Weibull distribution
2- Exponential distribution.

The first one is associated with the first brealleor
(time to failure from installation to first breakjyhile the

predict adequately the annual number of pipe bréaks
the future in order to apply more effective strateg
reduce the rate of breakage. The modeling strataggst

take into account the installation of new pipese th

impact of pipe replacement, and the fact that tipe p

segments exhibit a different pipe breakage behavior

depending on their break history.

subsequent breaks (time to failure from first toosel
break, second to third, and so forth). This model i
referred to as the Weibull/exponential model.
The Weibull distribution is defined by two distinct
parameterg3and 1 . The exponential distribution is a
n
special case of the Weibull distribution whgh=1, with

The time step chosen for modeling is one year, whic oy one parametel,. Then the three statistical

was commanded by the time scale of pipe degradatior?un

and the uncertainty on the date of occurrence ealks
compared to their date of recording. The occurrefc
first break will likely result in other breaks irhd
vicinity, and that breakage behavior strongly dejseon
break order. To distinguish between the differentecs
of breaks, one must identify the time to failurevieen
the installation and the first break, between ih& find
second break, and so on. This is called data fatedidbn

in survival analysis [26]. Times to failure can be
modeled by different distributions, depending or th
breakage behavior associated with that break order.

Since records of pipe breaks rarely exist for thare
history of the networks, the real order of pipeabsis
often unknown for all pipe segments laid before ybar
when pipe breaks started to be rigorously recordiads
makes the use of textbook survival analysis impeakt
In this study the modeling strategy uses two digtions
to model the different break orders:

120

ctions can be used to represent a given disioitbu
and can be defined as, the hazard function, theévslr
function and probability density function. The haka
function A(t) corresponds to the instantaneous

probability of having a break betweert and

t +A t conditional to survival up to time t. The hazard
function is defined, for the Weibull and exponehtia
distribution, respectively, as [26];

A(t) :ﬁ (L)ﬁ—l (2)
nn

At) = B, @)

For the Weibull distribution, the shape of hazard
function depends on parametgr and is monotonously

increasing for [>1, decreasing for £<1, and
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independent of time when =1 (exponential
distribution).
Considering the Weibull/exponential model, the

average number of breaksy(T,,T,) on a given pipe
segment during the time interva(T,,T,) can be
computed as follows [27]:

(T, ;) =[F(L) -F)] + AT RO =Tla- R [ o )
®

where F(T,)the survival function is associated with the
Weibull distribution at time T, and f(t) is the

probability density function associated with the iljvél
distribution and are as follows;

Fm=e"” @

Bt G 5

f(t)==(—)%"e (5)
n-n

The reference time=0 corresponds to the year ofn.4

installation of the pipe. The development of Ecgd be
found in Ref.27. It has been shown by Mailhot e{28]
that complex models other than three simple modelin
strategies do not necessarily yield more exactltesu
Exponential distribution was used to describe e tto
failure between first and second, the second aid,th
etc. breaks and between breaks up & @@er [20] and

a unique parameter value for cities where it isaegible

to estimate different parameter values for diffétemreak

Table 4. Calibration Parameters for Weibull-Exponental
distribution for Sari, Behshahr and Ramsar

Parameters Sari | Behshahr Ramsar
Y 2.559 2.271 2.088
1
,7— 0.020 0.023 0.021
,52 0.021 0.023 0.022
1
Sari e
08 Ramsar ——
Befishalir  ____

0.6

0.2

20 40 B0 gl 100

Time (year)

orders with some degree of certainty. So, we used a Fig.6 . Survival function associated with the firstoreak for

average parameter value representative of the lbvera
aging process associated with subsequent breaks. Th

modeling strategy cannot take into account theatdity
in the annual number of pipe breaks due to faather
than deterioration resulting from the natural agiofiy
pipes. Severe winters, flooding, soil propertiesten

chemistry and traffic disturbances can cause higherf

breakage rates in a given year.

5. RESULTS AND DISCUSSION

The obtained calibration parameters are presemted icalibration strategy have permitted

Table 4 for the three cities. Pipe segments in Bahis

three cities

The following input data are required for each pipe
segment to run the model; the pipe segment nunifer,
year of installation, number of recorded breaksryaf
irst recorded break, year when recording begam, an
year of analysis.

Figs.7-9 present the observed average number of
breaks and those estimated by the model in eaghlnit
all cases, the sets of parameters obtained usiag th
the adequate
reproduction of the overall tendency of pipe bregka

are at the highest risk for subsequent failures, asespecially considering that the pipe break histotised

indicated by its value foj3,. After that Ramsar and then
Sari have lower risk but not much.
As we can see the parametef of Weibull

distribution is larger than 1 for all groups of e#
Survival functions associated with the Weibull
distribution (time to failure from installation tdirst
break) are shown in Fig.6 for Sari,
Behshahr. The value of the survival function gitks
proportion of pipes that have not failed at time t.
Therefore, the higher the curve, the longer it $afioe the
first break to occur. At time=0 (year of instaltat) none

of pipe segments have failed. As time increasegigthe
of first breaks increases because of degradation.

Ramsar and

for calibration were quite brief. As have previgusl
mentioned the risk of failure associated with the
exponential distribution is independent of time.e3é

values andf3, are presented in Table 4.

6. CONCLUSION

In this paper a descriptive analysis of the waigep
breakage was presented to predict the evolutiothef
annual number of pipe breaks and the applicatiothef
modeling strategy to the cities. To make a general
diagnosis, it is necessary to collect the data loa t
characteristics of water pipes and the breakagerfés.

A simple three parameter model, based on the etstima
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of the probability of break occurrence dependingttoan
break order (first and subsequent breaks), fortlites
that have recorded their break repairs for a radbti
short period compared to the history of their neksp

and predict tends in the annual number of pipeksréa
those cities. In ten years, the cities of Behshahrj and

Ramsar would see their annual pipe breaks incregse

10.81 %, 6.9% and 47.4 %, respectively. But the ot

This
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increasing annual pipe breaks can be reduced by

replacement of old pipes.
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Fig.7 . Observed and simulated annual pipe breaksi
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Fig.8. Observed and simulated annual pipe breaks in
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Fig.9. Observed and simulated annual pipe breaks in
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n

A(t)
F(t)
f()

n(T,,T,)

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

9]

(10]

NOMENCLATURE

Parameter of Weibull distribution

Parameter of Weibull or exponential
distribution

Hazard function

Survival function

Probability density function

Average number of pipe breaks on a given
pipesegment during intervdr,, T, ].
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Abstract— This research was done to identify morphometric variations in localized wild populations of the giant tiger
shrimp (Penaeus monodon) and the giant freshwater prawn (Macrobrachium rosenbergii). The number of each sex of
the two species is 500. The prawns were collected from Thanlwin river near Hpa-an township and the shrimps from
Indian Ocean shoreline near Thantwe township. Sx morphometric parameters consisting total length (TL), standard
length (SL), orbital length (OL), abdominal length (AL), carapace length (CL), second pereiopod (sp) length in prawn
and third pereiopod length (tp) in shrimp were measured in live and wet specimens after weighing. The measurements
were subjected to statistical methods of variance, ANOVA and linear regression by SPSS version 14.0 software to find
out the most variable as well as stable characteristics in relation to body weight classes in the two species. The
abdominal length (AL) was less variable in adult M.rosenbergii compared to adult P.monodon in both sexes among
body weight classes. AL had larger significant difference (P<0.01) in P.monodon relative to M.rosenbergii in both
sexes. Linear regression revealed that jump growths occur in both sexes of M.rosenbergii, but only in females of
P.monodon. Overall, regarding all six morphometric parameters, variation was lower, AL increment was slower and
growth had jumps in both sexes of the wild adult M.rosenbergii, compared to the wild adult P.monodon. The data of
this research could form the basis for development of high quality broodstocks and could be useful for improvement of
growth in pond cultures of shrimps and prawns.

Keywords— Black tiger shrimp, giant freshwater prawn, morphological variation, wild populations.

water of Mon state [11]. Sann Aung and Hla Htay
1. INTRODUCTION (1987), presented a field guide to identificatiofh o
. ) commercially important marine prawns of Myanmar. [9]
Myanmar has fairly large fishery resources and —y5\ever, study on morphological character variation
shrimps occupy a significant commercial positiortfie g4 their correlationships in the wild species lofirap

coastal fisheries. It is |mportant to gain f_urther and prawns has not yet been done in Myanmar. Hénce,
knowledge about penaeids and palaemonids to

et ) . Is necessary to study the quality and morphological
understand their fisheries and effects of commercia ,ations in the natural wild populations of theisps
exploitation [1], [2].

and prawns so that the data could be applied tce mor
M. rosenbergii (the largest palaemonid prawn) and B PP

, . effective genetic and quality control of the cutdr
P.monodo_n .(the largest penaqd shirmp) are of shrimps and prawns to meet the export quality stats]
commercial importance not only in Myanmar but &lso

: . and to develop genetically superior broodstocks for
other Southeast Asian countries. They are needé® to ., ercial applications.
cultured for export market because of their biggiee,
good taste, faster growth, high price, high protgintent
and high demand in market [1], [2]. 2. MATERIALS AND METHODS

In Myanmar, regarding the systematic study on the2.1 Study areasand study period

freshwater prawn collected from Yangon markets, Tin
Tin Soe (1970) described nine species of freshwate
prawn [10]. Similarly, Khin Nwe Mu (1980) reportd®
species of freshwater prawn found in the mouth gaN
Wun River, Pathein Township [6]. Htay Aung (1982)
recorded twenty eight species of penaeid shrimp
occurring in Mon state and Tanintharyi Division stz 2.2 Sampling
water [5]. Also, Myint Thein (1984) described teien Five hundred specimens each of adult males and
Species O.f freshwa_ter prawn  under  the 98NSt males of both species were collected from local
Macrobrachium found in Ayeyarwaddy Delta Regions wholesale dealers in the respective study areas
[8]. Win Win Myint (1988) classified and described '
sixteen species of freshwater prawns from estuarine2.3 |dentification of specimens

: M.rosenbergii adults were studied from Thanlwin
River near Hpa-an township in Kayin State durin@2,0
and P.monodon adults were studied from near shore
catches around Thantwe township in Rakhine state
during 2006-2007.

Identification, classification and sexing of bothesies
were done using keys and methods [3], [4], [7] Eid

Aye Aye Naing is with Department of Biotechnologgangon
Technological University, Myanmar. E-mail:
ayeayenaing7@gmail.com
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2.4 Morphometric study

After collection, identification and sexing, each 14
specimen of the prawns and shrimps were weighed for
wet body weight in grams (gm) and various respectiv
body and appendage lengths (i.e. total length,dstah

Total Variance
(0]
|

length, orbital length, abdominal length, carapecgth, 6 T =

2" perepiod length in prawn and” perepiod length in 4+

shrimp) were measured in centimeter (cm). All datae 2

recorded on data sheets and specimens were 0 0 = ‘
photographed were ever necessary. TL SL oL AL CL sp

2.5 Preservation of specimens Parameters

Specimens collected fresh from the natural wild Fig.2.Total variance of six morphometric parametes
catches were preserved in a solution of 5% formatin  based on body weight Classes in adult femalé. rosenbergii
5% alcohol in labelled glass bottles with capsftdure
reference.

2.6 Statigtical analysis of morphometric parameters —

Specimens from natural wild catches were studiet an
measured for key characters. The results recordme w
compared to that of standard parameters for the key
characters of the male and female in each species. 41

Data for the key measurements of the morphological 2

B o I
oL AL CL tp

Total Variance
»
Il

characteristics were subjected to suitable stedilsti
methods by using SPSS version 14.0 to identifyntbst
variable characters as well as stable traits withch
weight class of males and females of both species.

TL SL
Parameters

Fig .3.Total variance of six morphometric parametes
3. RESULTS based on body weight classes in adult makRemonodon

Seven body measurement parameters consisting body
weight, total length (TL), standard length (SL)pitel

length (OL), abdominal length (AL), carapace length 30 __
(CL), pereiopod length (sp or tp) were measured and g 2577
subjected to statistical analysis, and the follgniasults § 20 1 ]
were obtained. S 15 ]
3.1 Variance g 107 —
5 i —
In male M.rosenbergii, the abdominal length, which is o = =
important for marketing, had very low total varianc
(1.842) TL SL oL AL CL tp
In female M.rosenbergii, the abdominal length had Parameters

low total variance of 1.217.

In male P.monodon, AL had low variance in most
weight classes with total variance of 4.662.

In femaleP.monodon, AL had total variance of 7.432.

Fig .4.Total variance of six morphometric parametes
based on body weight classes in adult femakemonodon

3.2 Analysisof variance (ANOVA)
M.rosenbergii females had larger significant difference

zg than males for AL between weight classes (i.e. F =
§ 5 175.56 and F = 44.79; PG:01).
2 5 RegardingP.monodon, females had larger significant
g 15 | difference in AL between weight classes compared to
g 10 males (i.e. f=785.47 and f = 347.25; P.81).
"5 —‘ '—‘ | 3.3 Linear Regression
0 ; ; == N . o
T st oL AL cL sp In M.rosenbergn, female had stronger relationship in
Al to body weight compared to male. Females have
Parameters greater AL increments than males (i.e. 0.0247 cm/gm
versus 0.0127 cm/gm).
Fig .1. Total variance of six morphometric parametes In P.monodon male had stronger relationships between
based on body weight classes in adult mak.rosenbergii AL and body weight compared to female. Males have
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greater AL increments than females (i.e. 0.0908gom/
versus 0.0777 cm/gm).

M. rosenbergi wild adult males have jump or
“leapfrog” growth between 250gm and 300gm body

showed that AL variance is the lowest in 70gm and
80gm body weight classes and the highest in 50gin an
100gm weight classes in males; but the lowest ign®5

weight classes and the highest in 60gm and 100gm

weight classes; but wild females have a spurt ofweight classes in wild adult female.

“divergent” growth between 50gm and 75gm weight
classes after which the growth levels off moredihg

[
(<2}

y = 0.0127x + 8.4305
R®=0.6294

[
N

B
o N
\ ,

Abdominal length (cm)

o N A O ©

200 300 400 500

Weight (gm)

100

Fig .5.Relationship between body weight and abdomal
length of adult maleM. rosenbergii

127 - 0.0247x + 6.5986

R’ =0.782

10

Abdominal length (cm)

100 150

Weight (gm)

50 200

Fig .6.Relationship between body weight and abdomal
length of adult femaleM. rosenbergii

P.monodon wild adult males have a more or less
continuous and linear growth pattern, but femakesgeh
“jump” growth between 60gm and 80gm body weight
classes for 5 parameters of TL, SL, OL, AL and Cit b
was slight for tp growth.

4. CONCLUSION

Females have larger significant difference_(P.81)
than males in AL between body weight classes i bot
wild species.

In wild adult M.rosenbergii females have greater AL
increments than males, whereas aduthonodon wild
females have slower AL increment than males.

According to linear regression analysis, males have
jump or “leapfrog” growth; but females have a spoifrt
“divergent” growth in M.rosenbergii. In P.monodon,
males have a more or less continuous and lineavtgro
pattern, but females have a “jump” growth for 5
parameters of TL, SL, OL, AL and CL but was slifdnit
tp growth.

RECOMMENDATIONS

Specimens with good AL increment and low
variance could be selected from among the body hteig
classes, and cross to obtain progeny with stabfk an
improved AL increment for grow-out farming leaditay
higher quality headless category export.

Moreover, individual with shorter second or third
walking leg could be selected and bred for progeitl
less leg weight contribution to total body weight,
improving net meat weight yield.

Furthermore, through selective breeding improved
broodstocks with good qualities such as stablefasigr
growing TL and AL with low variance, small walking
legs could be developed for genetic upgrading nmgh
and prawn hatcheries. The data generated, in this
research work, could form the basis for developnunt
high quality broodstocks and for improvement ofvgito
in pond cultures of shrimps and prawns.
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