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gttt Integrated Optimization with 3D Variable Density
5 % Groundwater Flow and Solute Transport Model to
5 LQ * Investigate an Efficient Groundwater Management Sceme
B\ in Bangkok Aquifers System

P. Arlai

Abstract— The study explores seven different groundwater g@amant schemes for the best sustainable future
groundwater restoration of the Bangkok aquifersesys The first three are “non-constructive” schemiesa second
part of this article, the study employs, for thstftime, a highly complex groundwater managenugatimization tool,
the GWM-model---which uses techniques of lineag@mming and nonlinear optimization---, to optimizarious
other recharge- and clean-up well configurations tfe best integrated non-constructive and constracschemes
investigated earlier (Arlai et al., 2007) and, iddition, optimizes three new schemes that use agmsupply trade-off
concept” for the in-lieu water supply cells of thecharge wells. Next, all seven schemes are refated with the
variable-density flow and solute transport modelASEAT-2000 to see how their efficiency is impactgdsaline
density effects. Finally, the author is doing aweareful evaluation and comparison of the hydmreuland the
groundwater-quality efficiency and of the totaldfirtial costs of all schemes investigated and prepame of them as
the best alternative for realization.

Keywords— Groundwater flow and solute transport, optimization technique, variable density effect, groundwater
management.

schemes from a previous paper (Arlai et al., 2007)
1. INTRODUCTION It should be noted that this consecutive approach i
theoretically, not completely wishful, as neithdret
solute transport, nor the density-dependency of the
groundwater flow are incorporated a priori in the&/&
analysis. Nevertheless it is the best that caadhéeved
with the modeling resources available at the pretaeie.
Given these caveats, | will re-evaluate in the @mées
article the three most efficient non-constructicesnes
found earlier in Arlai et al., 2006b by means o€ th
MODFLOW-96 & MT3DMS trial & error simulations
and will examine, additionally, 4 more new optima
groundwater schemes, i.e. a total of 7 schemesséeTlTie
eschemes are, namely, the

Even though the simultaneously acting two cradfedb®
major saline pollution in the Bangkok aquifer syste
have already been clarified and some sustainahléeaq
remediation concepts, consisting in both non-
constructive and integrating policies & construetiv
measures have been proposed in Arlai et al., 20&b,
latter may globally not be optimal, neither in termof
hydraulics nor of economics, as they have excliygive
been determined by human judgment or so-calledl“tri
& error”. Furthermore, the numerical method useztéh
i.e. MODFLOW-96&MT3DMS, did not yet take into
account the density-dependent effects of the salin

concentrations on the flow and solute transportthia (1) 1* scheme - the sustainable yield scheme (Arlai et

present article | will overcome these two limitaso al., 2006a),

partly by (2) 2 scheme — a non-constructive scheme (tH& 19
a) applicaton of the groundwater managementScheme from Arlai et al., 2006b),

optimization module GWM (Ahlfeld et al., 2005), whi (3) 3%scheme — another non-constructive scheme (the

embedded in MODFLOW-2000, to further optimize 10" scheme from Arlai et al., 2006b),

hydraulically and economically the number of recfeay (4) 4" scheme—optimizing the number of recharge-

clean—up wells and three new water trade-off cot&cep ang clean-up wells of the best integrated non- and

for the given set of head targets, constructive scheme (the 85cheme from Arlai et al.,

b) use of the variable-density model SEAWAT-2000 2006b),

to investigate the density effects on the optimized (5) 5" scheme- applied “water trade-off concept’ to
schemes proposed in @) and on the non-constructivgne pest non-and constructivé gcheme (new scheme)

(6) 6" scheme— applying “water trade off concept” to
the 2nd scheme (new scheme)

Phatcharasak Arlai is a lecturer at Program ofilCand (7) 7" scheme- applying “water trade off concept” to
Environmental Engineering and the head of Reseddciit for the 3d scheme (neW scheme).
Sustainable Water Resources and Environmental Mamegt, Faculty
of Science and Technology, Nakhon Pathom Rajabhatetsity, 85 The first three schemes are only re-modeled udiag t

Malaiman Rd., Muang, Nakhon Pathom, 73000, ThaildBdnail: . . .
hydrologistunik@hotmail.coniTel. and Fax: +66-34-261065. variable-density model-SEAWAT-2000 in order to
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reflect more realistically the density-dependefeas on NEUMAN boundary. All offshore cells in the uppermos
the groundwater movements and saline transportayer are set as Dirichlet BC based on bathymedry i
resulting from these schemes. THestheme is directly  specified. Cells at the southern"58w of the lower
obtained from applying GWM, to optimize the number modeled layers that are connected to the Gulf of
of recharge-and clean-up wells which can attairsiree  Thailand are treated as DIRICHLET boundary conditio
head targets from the previous trial&error simulas. at sea level.

The 8" to 7" “water trade off concept” schemes are
simulated with GWM to examine the least-cost effect
means to raise the water levels along the fronthef  Dirichlet constant-concentration BC’s for the salin
seawater intrusion up to zero meter (MSL)--- as theconcentrations are set at all active cells fortbelayer
modeled 2032 water levels in the productive waterreflecting the upper enriched saline clay layet #ws as
bearing units of these previously simulated remtemha a source of saline pollution inland over much oé th
schemes are below sea level---, either by shuttfhithe extent of the model domain. Another intrusion seusc
discharge wells or increasing freshwater injecticlose  the seawater offshore. Here some cells at tfer6tv of
to the shoreline through in-lieu water supply, imler  the 2 and ¥ layer which intersect the Gulf of Thailand
better restrain seawater intrusion or to reduce thehave also been attributed a constant-concentrB&n
polluted area of the “without scheme”. This apgioa

may particularly appeal to the Thai water authesitivho — 0 50000
are interested in a recharge concept for the Bdagko

aquifers system, to prevent further saltwater _
encroachment. However, as the GWM-model cannot  ,-40 ‘ -  K
take into account the density-dependent solutespra ‘ '
into the optimization process, these; firstly, optied
schemes 4 to 7 are re-simulated by SEAWAT-2000. z
Eventually, the best remediation scenario for the =
Bangkok aquifer system will is extracted from a g
comparison of these 7 schemes, based on thei
effectiveness with respect to (1) the saline pmlhut
reduction, (2) the groundwater-use policy to ergti
groundwater users and, (3) the scheme’s implenientat

and operational costs.

Solute transport model:

100000 150000

00000
200000808 200000
150000 150000
10000058

100000

50000 b y 50000

2. STUDY AREA AND MODEL IMPLEMENTA- 50000 100000 150000
TION Model - X (m)
a
Flow Model: @)

The Bangkok multi-aquifer system is located undatime
the lower Chao Praya river basin which is bordared
the east, north and west by ridges of hills and mains

and in the south by the Gulf of Thailand.
Hydrogeologically, the aquifers system is concelptad

as 9 layers, i.e., the topmost clay layer and eligiver
principle confined aquifers (Arlai et al., 2006a)he
groundwater flow model for the Bangkok multilayered
aquifers is implemented by the 3D finite-difference
model MODFLOW-96 and SEAWAT-2000, with 9
modeled layers whereby the topmost clay layereiatéd

as an unconfined aquifer and the 8 lower ones as
confined aquifers. The model is divided into 55 scand

52 columns with grid sizes varying from 2*2 krto
16*16 knf, following the approach of Arlai et al.
(2006a) (Fig.1). The top boundary of the model is
specified as constant head, representing the vieibés.
The main recharges into the aquifer system aréhat t
outcropping basin flanks and are simulated also as
constant head that is set equal to the terraituddi (b)

Because the topmost clay layer has a thickness thatig.1. The FD grid in the 5th layer of the groundwéer flow
varies from 15 to 30 meters, then recharge raidérthe  and solute transport model (a), and the 3D FD griaf the 9-
basin is zero. The bottom of'dayer is assigned as a Multilayered model of Bangkok aquifers system (b).
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3. THEORETICAL STATEMENT OF THE heads h at 42 spatially- fixed locations along tive
GROUNDWATER MANAGEMENT lines of the proposed recharge wells and clean-afp w
PROBLEM barrier in layers 3 to 5 are not dropping belowcses

values H---- obtained from an earlier MODFLOW
calibration of the “non-optimized” well scheme with
The ground-water management (GWM) problem is setthe Bangkok Aquifers system (Arlai et al., 2006bnd
into a form that can be solved using so-calledaine that appears to be appropriate to repel future ataw
programming techniques_ As such the GWM pr0b|emintrUSi0n (Cf Reichard et al., 2003) With thesralg the
consists of a (linear) objective function Z of thecision =~ GWM-problem is mathematically stated as follows:
variables x that is either maximized or minimized,

subject to constraints of these decision variahles(cf. [
M * + +R, + + + *T
Ahlfeld et al., 2005). |n(§ IBH (RSn Q3n 4n Q4n RSn QSn) Qw,

Linear programming formulation

(4)
Maximize (minimize) Z = cTx (1)
subject to the constraints
subject to
0<R,<12000k = 345;n=1,..31
Ax= b (2) Ra )
0<Q,,<12000k = 345n=1..31
and 0<x<u 3)
k=5 n=31 k=5 n=31 (6)
were Z is the value of the objective function; cais (m'n:l R < k=3'n=1Q"”]
transposed column vector of objective-function
coefficients associated with the decision varightels a4 hoo2H ., Ci+j+k =42) @

column vector of decision variables with upper basin;
A is a matrix of coefficients defining the form tfie
constraints; and b is a column vector of right-haite ~ Where R, is the recharge rateQq , the clean-up
coefficients associated with the constraints.  The(discharge) rate in layer k and well site n (nl5Smax.
constrained linear programming problem (2) to (8) i number of flux decision variables for layer K}, is the

solved by the well-known Simplex method. cost or benefit per unit volume of water withdraan
. . o recharged at well site n, (if only flow-rate is ibpized,
Nonlinear constrained optimization approach B is set to a dimensionless value of 1M, is the

system is fully convertible between a confined amd identical withTow, = 7665 days (for the stress period 2
unconfined aquifer (setting the parameter LAYCOIg = Detween year 2012 and 2032) at all well sites; thes

in MODFLOW), there will be a nonlinear relation Modeled head at the 42 head constraint locationelat
between the position of the water table and thel, OW = j, layer = k and stress period 2; and the
discharge- or injection stresses. Thus the comewai Named head constraint acting as a flow barrier.
optimization problems become nonlinear which isenor  (2) For the optimization of the"5to 7" scheme-
intricate to handle computationally. The usual apph  the objective function is to minimize the monetaosts
consists then in linearizing the nonlinear objestiy PQ Of the “water trade-off concept” of possible 93

function through a Taylor series expansion andhti@io recharge wells and 123 in- lieu delivered waterpiyp

a linear programming problem as above that can becells ---with the number of recharge wells andigH

solved as stated by the simplex method. This teghenis dellvered' water supply cells taken from thos cells
o : whose discharge wells have rates are greater th@n 5
also called sequential linear programming (SLP).

CMD (Fig.2), subject to the constraints that, (hg t
Formulation of the objective function and the maximum recharge and extraction well rates Q are, i

constraints for the Bangkok aquifers GWM problem turn, equal or less than 12000 CMD, their existing
pumping rates of selected discharged cells adthe

According to the goals of the GWM optimization computed heads h at 42 spatially- head constralatsy
schemes for the Bangkok aquifers explained abdwe, t of the proposed recharge wells in layers 3 to 5ndb
constrained groundwater management optimizationdecline below specified values H = 0 meter (MSLY an
problem is formulated in two ways: that which appears to be appropriate to avert éutur
seawater invasion (cf. Reichard et al., 2003). tigat,tthe
objective function and the constraints can be fdatea
mathematically as follows:

(1) For the optimization of the 4th scheme the
objective function is to minimize the rates Q (osts) of
possibly 93 recharge and 93 clean-up well-candi&date
(Figure 8.1), subject to the constraints that (ag t
maximum recharge and extraction well rates Q ase le
than 12000 CMD, (b) the total recharge rate carneot
greater than the extraction rate and, (c) the caedpu
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NRr=31;3Ny=31;4Ny= 60; Ny~ 32(

Bo*| R + Ry,

Mm[

subject to the constraints

ng=Lkny=1

0<R,<12000k= 34,5 1..3 (9)

0<Q,<Q, k=345 31,60,

hix220 (10)
and Qi+j+k=42) (1)

whereRy, is the recharge rat€)y, , the in-lieu delivered
water rate cell in layer k and well site n (n =8t Rkn
and 31, 60, 32 fof,, are max. number of flux decision
variables for layer k=3,4 and 5pR and pW are the
operational recharged- (approximate 0.43 USD; niedlif
from Pyne, 1995) and in-lieu delivered water cost p
CMD (approximate 0.4 USD; modified from the
Bangkok Metropolitan Water Work Authority; assumed
40 Baht ~ 1 USD) at well site Moun is the total active
duration of the flow-rate that is taken here aniétal
with Town = 7665 days (for the stress period 2 between
year 2012 and 2032) at all well sites; is the nxdle
head at the 42 head constraint locations at cokew =
j, layer = k and stress period 2.

As stated, the GWM problem for the present
application is nonlinear, i.e. the hydraulic hedépend
in a nonlinear manner on the well-pumping (recharge
discharge). Therefore the problem is solved thrabigh,
once the head constraints are linearized through- 1s
order Taylor series expansion with respect toflins-
rate decision variables (R,Q) as follows:

By (RyandQ,) =, (R, and(, )

N ¥

o Z bk

n=l m«&m andg’ ))({ &HOFQ-" ) 8 (Rmfmdg; ))

12)

where the superscript denotes the iteration levet ik

is the head at col.= i, row = j, layer = k and s¢rperiod

2 obtained when the set of withdrawal and in licatexr

supply rateS(anandQn) is applied, (R,andQ,) is the

new set of withdrawal and in lieu water supply saaed
o, are the response coefficients. The SLP

0(RandQ,)

algorithm recalculates the response coefficient tfar
heads at each iteratiom from a new set of optimal
withdrawal- and in-lieu water supply rates whicke ar
obtained from the linear programming solution oé th
previous iteration using the simplex algorithm.
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4. DISCUSSION OF THE VARIOUS GROUND-

WATER MANAGEMENT SCHEMES

As mentioned 7 schemes will be evaluated in this
chapter, and for practical purposes, are to be eoaapto
the reference scheme, the so-called “laissez-faire
scheme (Arlai et al., 2006b).

4.1 T'scheme - sustainable yield

The sustainable vyield is defined as “the maximal
groundwater yield that may be withdrawn so that the
water levels in the third, forth and fifth layer dwt
decrease by more than 25% of their current watezide
(Dec, 2002)". This scheme constrained pumping @& th
6th to 9th aquifer by projecting into the future fhe
next 30 years (2003 to 2032) the acceleration cdite
pumping from 1983 to 2002. Finally, the sustaingpil
condition for the above conditions can be met i th
pumping in layers 3, 4 and 5 is to be decreaséukatate

of 1.2%, 1.2% and 1.9% per year, respectively (Aeta
al., 2006a).

4.2 2nd scheme -non-constructive scheme

It consists in keeping the present pump rate (2002)
each layer from 2012 to 2032, but decrease the pgmp
thereafter to 60% of today in low-sensitive zones a
shut off completely the pumps in high-sensitive esn
This scheme is allowed to give 5 more years for law
enactment.

4.3  3rd scheme - non-constructive scheme

It comprises maintaining the pump rates in layeas@ 4
at the same rates than those of the WOS scheme fro

exploited, but completely stopping groundwater pungp
in layers 5 to 9 which should retard vertical gk
mechanism of the salt plume from the upper sourc
layers. This pump-shutoff in the lower layers wi
executed from 2012 to 2032, leaving 5 more years fo
legal enactment.

4.4 4th scheme - optimized integrated non- and
constructive scheme

The scheme is to minimize the least cost of “tial
error” integrated non- and constructive managemen
scheme which combines recharge, clean-up wellsaand
cease of groundwater pumping in the 6th modeleerlay
31 recharge wells and 31 clean wells along theuerj
seawater intrusion in each layer are specifiediltiag in

a total of 93 recharge- and 93 clean-up wells (Fegu3)

in order to attain the heads at the 42 head canstra

locations with a complete cease of the groundwater

withdrawal in layer 6, and keeping the extractiates in
layers 7 to 9 at the present-day rate (2002). Therse
will be operated from 2012 to 2032 leaving 5 yefars
realization.

4.5 5th scheme- applied “water trade-off concepd”
the integrated non-and constructive scheme (4th
scheme)

e

t

This scheme is to optimize the “water trade offaapt”:
93 recharge wells and 123 in-lieu delivered watgpsy
cells candidates are applied (with no clean-upsyelhd
keeping the 21 head constraints equal to zero meter

sheight (MSL) at the end of 2032. The in-lieu delae

water supply cells are selected from those pumpéils
located closed to the shoreline (UTM Y: 694000 to
720000) that have the pump rates in a FD-cell 500
CMD---as the author has tested and found that éf th
existing pumping rates in a cell are specifiedetss|than
500 CMD, the dimension of the optimized problem
becomes too huge to be treated computationallynin a
acceptable time---. The GWM-optimization of this
scheme is to ensure least costs for constructjgeration
and maintenance for its realization. This optimized
scheme operates from 2012 to 2032, allowing 5 more
years for governmental ruling (Fig.2.).

4.6 6th-scheme- applying “water trade off concepd’
the 2nd scheme

It applies the “water trade off concept” as desulibin
the 5th scheme with thé%scheme.

4.7 7"-scheme- appliying “water trade off concept” to
the 3 scheme

It applies the “water trade off concept” i' Scheme
with the 3 scheme.

5. RESULTS
5.1 Optimization results for the 4th scheme

For the “trial & error” well scheme which combines

2012 to 2032, as they are the main aquifer Iayers%Charge’ clean-up wells and a cease of groundwater

pumping in the 6th modeled layer, 31 recharge vaails
31 clean wells along the tongue of seawater irgrug
each layer are specified, resulting in a total & 9
recharge- and 93 clean-up wells (Fig.3). Each ek¢h
wells is operated at a rate of 7000 CMD. Hencetdke
water circulation rate in this scenario is 6.51*TMD.
On the other hand, using the MODFLOW-GWM
optimization code to solve the GMW-objective fuocti
and constraints, results in a total of only 37 ezgk-(15,
10, 12 wells in layer 3, 4 and 5) and 27 cleandf 6, 5
wells in layer 3, 4 and 5) wells to control the atie at
the 42 head -constraint locations. And the water
circulation rate is merely 3.17*10CMD. Hence,
compared with the “trial & error" well scheme, the
MODFLOW-GWM “optimized” scenario results in a
significant reduction in both the number of wellsda
total water circulation rate (a 51% reduction),.,i.e
obviously a tremendous cost-saving, as discussegvbe
Fig.4. illustrates that the modeled heads for R&82
of the “trial & error’- and “optimized” well scherse
coincide pretty well at the locations of the head
constraints—but less so in the seaward zone winere t
named water circulation rate differences are pemal
with the effect that the “trial & error”- computdtbads
in the gulf area are higher than those of the fojed”
one (Fig.4.). The minimum head recoveries in 20&2 f
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the two schemes are listed in Table 1. One notesthie candidates for the recharge-wells and the in-lieu
head recovery for the “optimized” scenario is lrettan delivered water supply wells which are able to weco
that of the “trial & error” one which is due to tfect that  the piezometric heads up to the constraints of meter
some of the, evidently redundant clean-up wellsha$ (MSL), and the least costs achieved. The tablstithtes
somewhat arbitrary scenario have a detrimentatetfe that the 7th scheme is the most effective, at |eatt

the head recovery. Table 1 lists also the economicregard to the costs of installation and operatibrihe
benefits of employing the “optimized” instead ofeth recharge wells, as both the number of recharges\aeidl
“trial & error” — scheme---the former being calcidd by  the recharge rates are at a minimum while satigfytie
associating a unit price in the objective functidi)---. zero meter (MSL) head constraint as a water barrier
One clearly observes that, not only is the “optediz  layers 3 to 5. However, at this current stageaitrot be
well scheme cheaper by 154 million US Dollars foe t concluded that this is really best scheme, since, i
project implementation, it results also in annual principle, for each optimized recharge well andiéur
operation and maintenance cost savings of 76.7iomil  delivered water supply cell configuration the maedel
US Dollar compared to the latter scheme. should be re-simulated using SEAWAT-2000 to check
S for possible solute density effects on the schemes’
5.2 Optimization results for the 5th to 7th schemes groundwater flow effectiveness, neglected so far.
Table 2 lists the optimization results obtained thuree

new schemes (57" scheme), namely, the cell

ChailNat—"

(@ (b) ) (

Fig. 3. Trial-and error well scheme: Orange area shws the distribution of the present day pumps, bluarea the line of recharge
wells, with the clean-up wells located 4 cells ndrvard of the former.

NS

"‘ Symbols

4.0 An optimized clean-up well

An optimized recharge well
Head Constraint

Fig. 4. 2032-heads for the “trial & error’- (solid lines) and “optimized” (dashed lines) well schemin layers 3(a), 4(b) and
5(c); a blue circle is an optimized clean-up wella yellow triangle is an optimized recharge well, aed plus is a head
constraint.
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Table 1. Comparison of head recovery and values obst-function (hydraulic costs) and monetary costsof implementation
and operational & maintenance for the two restoraton schemes proposed.

Unit Cost of recharge project implementation
Unit Cost of clean-up project implementation
Unit Cost of O&M of recharge project

Unit Cost of O&M of clean-up project
1.Piezometric head
recovery

2.Cost

b.Minimum head (m. MSL)
a.Number of recharge well
b.Number of clean-up well

c.Total recharge rate (1GMD)
d.Total clean-up rate (1CMD)

Aspect |Original well scheme Optimized well scheme
Layer3| Layer{ Layer$ Layer6 Laye[7 Tota) Laygr3 Laypr4 Léeayer6| Layer] Total

1.Head recovery
a. Yes Yes Yes Yes Yes Yes Yes Yes Yeq Yeq Yep
b. -54.79] -64.82] -82.2¢ -31.1p -28.56 -82.p6 -55|00 -59.64.82|-31.61] -28.04 -67.
2.Cost
a. 31 31 31 93 15 10 12 37
b. 31 31 31 93 16 6 5 27
C. 217 217 | 2.17 6.51 | 1.45| 0.87] 0.85 3.1
d. 217 217 | 2.17 6.51| 1.85|] 0.72] 0.60 3.1
e. 100 100 100 300 77 36 33 146
f. 49.90 [49.90] 49.90 149.70 36.3y 18.94 17.69

emark

210 Usl&/CMD, cf. Pyne, 1995

251 USI&r/CMD,cf.Henthorne,2003
0.43 US DollaMD,cf.Reichard et al., 2003
0.2 US Dollar/@\ef.Henthorne, 2003
a.Similarity along the head cairds

e.Project implementation cost (Million US$)
f.Operational&Maintenance Cost/year (Million US$)

Table 2. Summary of optimization results for the 8 to 7" scheme

Scheme Recharged In lieu well

Optimized recharged wells

Optimized in lieu delivered water supply

well cells
. - Number Total Annual Number Total in lieu Annual
candidates candidates X X .
of wells | recharge rate operational cos of cells| delivered water = operational cost
(CMD) (10° USD) SR Y R (10° USD)
(CMD)
5 93 123 30 229035 36 123 2.42E5 38
6" 93 123 30 163612 26 123 2.42E5 38
7" 93 123 23 160570 25 123 2.42E5 38

5.3 Quantitative analysis of variable-density effex all
schemes

4000 mg/l-locates nearby/closed to shoreline, wiité
reduction measured relative to original pollutedaaof
the WOS-scheme. The % head recovery is specified by

As the GWM-MODFLOW-2000 module could no the ratio of the minimum head of each scheme tbdha
simulate the density-dependent groundwater flow andthe WOS- scheme. The diagram shows that the 6th

solute transport, the WOS-scheme and all othernsebe

scheme is clearly the best one to reclaim both the

will be re-run using SEAWAT-2000. The most salient piezometric heads and the groundwater quality, sn a

results obtained in this manner---with respectimse of
the WOS-scheme---are summarized in terms
groundwater hydraulics, -quantity and —quality lyers
3 to 8 of the aquifer in Fig.5. The vertical saliplume
pollution- and horizontal seawater intrusion extémt
Fig.5. are, in turn, defined as that contaminategh a
where the salinity concentrations are higher thah &nd

much as the average head recovery is 68%, anaréae

of polluted by vertical saline plume intrusion is redd by

9 % and that affected by horizontal seawater #ibru
by 18%. Not surprisingly, all the 5th to 7th --etlfwater
trade off concept” schemes--- reduce both pollateths
better and result in better head recoveries thiaotlaér
schemes.
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Percent of minimum head recov
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Scheme

I % averaged reduction of saline pollution are&& % averaged reduction of seawater intrusion|area
% averaged recovery of minimum head

Fig.5. Summary of % averaged reduction of verticakaline plume pollution area, - seawater intrusion a and head recovery
in layers 3 to 8 relative to the WOS scheme.

5.4 Detailed cost-analysis of the various schemes pipe construction as stated above. The total @stshen

The schemes discussed can be divided into thregeﬂned as the sum of the initial costs of impletagan

categories, namely, (a) non-constructive schemge 1 plus annual operational cost in the target yea22U8e

3" scheme, (b), optimized non-and constructive schemeC0st summary of Table 3 unveils that the sustagabl
4™ scheme and (c) applied water trade off schethes5 yield-scheme requires the smallest investment anading

7" scheme. For the category (a) schemes, the unméfe other schemes, naTer 2.22 million USD, wtile t
water demand (umd) and which is defined as theinvestment costs of thé"&cheme are the lowest among
difference between the total withdrawal rate défese  the group of integrated non- and constructive s&sem
between the WOS-scheme and the pumping rate unddr€. 65 million USD. One an interesting point temtion

the policy of that scheme is assumed to be seryed bis that the 6th scheme---which has been the bett wi
surface water supply from Bangkok Metropolitan Wate respect to the efficiency in recovering the grouathw
Authority (BMWA). Hence, the costs for the non- heads and the — quality--- requires only one mmllgSD
constructive scheme must be estimated by taking int more than the 7 scheme. On the other hand, if the
account the construction costs of the deliveringewa schemes’s impact on the groundwater use policgkisrt
supply pipe, connected to a water supply distributo into account, one must consider also the unmetrwate
station of BMWA, i.e. construction costs of a 8hnc demand (umd), since a higher umd would be more
diameter — pipe, 20 meters long are 5350 USDaffecting existing groundwater users. From thigipof

(including 7% VAT) which can provides water supply yiew, the 4th scheme would be the least painfuttiem.
934 CMD (assuming flow velocity in a pipe 1 m/s and

operating 8 hrs/day), mea.nwhile the costs for the af 6. DISCUSSION

the additional water supplied are assumed to bereov

by existing groundwater users there, namely 0.4 @8D From the results obtained, it is difficult to gieeclear

a cubic meter of water supplied (BMWA- service rate “cut” for the best aquifer restoration scheme when

and assuming 1 USD ~ 40 Baht). considering the recovery of the groundwater quatite
These assumptions apply also for the unmet demiand ocosts of implementation & operation, and the impafct

the other two scheme-categories. The costs of sehem the groundwater use policy of each scheme on the

category (b) are taken from Arlai et al. (2007)eTdosts ~ €xisting groundwater users. As a trade-off and iplss

of the scheme-category (c) are determined bygwdance to the water authorities of Thailand toade

calculating the implementation as well as the ojemal ~ @mong the various options proposed, these threeanet

expenses for the recharge wells using the valuéartfi parame(;ers, 1.€. reduc(:jtlon OL toftal prc:llut;]on artmall
et al., 2007), while the costs of the in-lieu wagapply cost and unmet water demand of each scheme atecplot

is taking into account only the costs of deliveringter in Fig.6.
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Table 3. Summary of costs in each scheme.

Scheme Unmet water Cost of water Cost of Recharge Annual Total Cost
Demand supply wells Operational cost of in 2032
implementation Implementation Recharge well N
10°CMD for unmet demand in 2032 in 2032 Million USD
1A Million USD Million USD
Million USD
1 0.39 2.22 2.22
2 0.86 491 491
3 0.88 5.02 5.02
4 0.16 0.94 146 73 220
5 0.72 4.14 48 36 88
6 1.00 5.74 34 26 66
7 1.00 5.73 34 25 65
12 250
%0 _5 10 10 10
o 0 T T
2438 9 o 9 9 [ 2004
T O E >
C - 8 -+ 7 c
© T € o
= 6 6 150 =
L D5 =
— o O 6 T ~
g =>a B
S g 4 4 | 108
= T 4T T
Q5 0 =
Es 2 2 P
@)
O — __n_'_—__,_l_'___ — O
1 2 3 4 5 6 7

Scheme

Il Unmet water demanf= % averaged reduction of saline pollution aica Total cost of each scherlpe

Fig.6. Comparison of unmet water demand, averageceduction of saline pollution area and total costsf@ach scheme.

Fig.6. discloses that thé®3cheme appears to be the considerably impact the existing groundwater usiesy
optimal one for sustainable groundwater managementatter may get a compensation from the construction
and restoration of the Bangkok aquifers systemsThi  costs saved of the water supply pipe connectinthé¢o
because the'3scheme can not only reclaim the total BMWA distributor and may thus pay only the unit tos
saline pollution area up to about two third of tbathe of the water used.
best schemes---thé"@nd 7' scheme--- and also retard
the vertical sinking of the salinity plume from thpper
marine clay layers (as shown in Fig.7), but it also
requires also an investment of only 5.02 millionDJf®r
construction costs which is 92% cheaper than the to
costs of the Band 7' scheme. Even this%scheme may
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(b)

Fig.7. Saline concentration profile (UTM-X = 66200Gn.) of the WOS-scheme (a) and theé3scheme (b) located at the western
side of the Chao Praya river, concentrations in kgh®.

determination of the flow and saline transport thuese
7. SUMMARY schemes. The"™scheme is set-up by applying GWM-
Seven different groundwater management schemes areptimized recharge- and clean-up wells to the hest
investigated for the best sustainable future grouater constructive scheme investigated earlier, and 5fe6"
restoration of the Bangkok aquifers system. Thetfir and 7' scheme uses also GWM to optimize “the water
three non-constructive schemes that have beentseélec supply trade-off concept” with the™s 2@ and &
from a previous paper where they have been sintllate scheme, respectively. After optimizing thd" 40 7"
only by the constant-density groundwater flow aoldite scheme, the optimal non-and constructive- and the i
transport model MODFLOW-96&MT3DMS (Arlai et lieu water supply concept schemes are re-simulattd
al., 2006a and b) are re-run by the newest versidhe the variable-density flow and solute transport nhode
variable density groundwater flow and solute tramsp SEAWAT-2000. Next, the hydraulic- and the
model-SEAWAT-2000, allowing for a more realistic groundwater-quality efficiency and the total finaic
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costs of all schemes are evaluated and compared. with the variable-density flow process (VDF) and
Eventually, the § scheme appears to be the optimal the integrated MT3DMS transport process (IMT).

scheme in all points of views and it is the ond thay USGS report 03-426.
be recommended to the Thai water resources audsorit [9] Reichard, E.G. et al. 2003. Geohydrology,
for possible realization. Geochemistry, and Groundwater Simulation-

Optimization of the Central and West Coast Basins,
Los Angeles County, California, U.S. Geological

ACKNOWLEDGMENT Survey Open-File Report 03-4065, 184p.

[10] Sanford, W.E. and Buapeng, S. 1996. Assessment of
a Groundwater Flow Model of the Bangkok Basin,
Thailand, Using Carbon-14-Based Ages and
Paleohydrology, Hydrogeology Journal, v.4, no.4.
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e e, An Approach to ICT Enabled Solution Architecture for
W g . .
% Critical Social Security Issues and Challenges fae-
3 LQ = Governance
}"’r% W. JebersonGurmit Singh and T. Mohanadhas
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Abstract— Across the globe, countries have recognized Information and Communication Technology (ICT) as an
effective tool in catalyzing the public services activity for efficient governance, and in developing human resources.
Thereisa lot of growing recognition of the newer and wider possibilities that technology presents before society in the
modern times. ICT has brought about unprecedented changes in the way people communicate; conduct business,
pleasure and interact socially. The evolution of new technologies and e-Forms of applications makes the lives of the
people better and more comfortable in several ways. With the emergence of ICT, technology is totally utilised as a tool
for good governance, sustainable development, globalization of the economy and social empowerment. Information is
also a key element of democracy. This paper attempts to provide a total solution architectural framework which
enhances the potential for e-Governance in tackling some of the social security issues and challenges, which are
hindering the growth process for extension of e-Governance activity, if not eliminate the entire present problems.

Keywords— ICT (Information and Communication Technologies), eGovernance, Security, Digital Divide.

Government Process Re-engineering and relatedmsfor
and regulatory frameworks are yet to mature endogh
allow true e-Governance in place.

This paper discusses various issues pertainindndo t
hindering growth process of e-governance. Soméef t
issues discussed are related to e-governmenttivdésa

1. INTRODUCTION

With the advent of IT, it has become possible toe t
common person to access global information. Now
villagers can access information in their localgaage,

thatr:kslto _Un|c0((jje, Iloca:jlangcljjage tecgnolcigmstifmm organisational barriers, technological barrierscico
technologies and related products and tools. Trezriat cultural barriers, data and information barriersyary
has become the network for bridging the gap betweern,,y gecyrity barriers, social security issues in e-

citizens and governments while the Intranet bridgks government, identity theft and identity fraud, fiain

central governmental - organisations. However, theqnjine nayments and disparities in access of inégion
security of the Internet and Intranet based apiitina systems

has not improved to reflect its use as a missidcal
infrastructure component. It is clear that Intereeabled 2
applications are essential for delivering servitesivil '
society with infrastructural capability even to Kk
disaster and crises effectively.Various approaches  security issues, which hinders the growth procels o
applied in support of privacy, security and trustd-  effective e-governance initiatives. Let us explsoene of
Governance for enhancing the G2C service deliverythe areas where there are barriers.
mechanism. These are public key cryptography (PKC)
and public key infrastructure (PKI) including digit
signatures developed for secure G2C transactions.
There are various reasons for the lack of e-Goverma

th

ISSUES IN E-GOVERNMENT INITIATIVES

Almost all countries are facing lot of barriers [dhd

2.1. Organisational Barriers

Since e-governance is a client-centered approadiasi
to face lot of critical organizational challengdse e-

progress. To some extent, these may be due toitathn
issues, regulatory issues and economic issuesatieat

very hard to eliminate. Lack of e-Learning toolsdan
translation of contents affect the penetration of e

governance is purely for the citizens and goverrtmen
employees. It works in different way comparable to
traditional service delivery mechanism by which the
services are delivered to the citizens with thep hef

Governance to rural areas. Government departmentinformation and Communication Technologies (ICT)[3]

have not fully attempted to computerize their back-

offices to throw open the service deliveries to lgub

The delivery of electronic services forces governtae
to change their organisation. The external objectiive-

Many a times, departments are offering front-end government is to satisfactorily fulfill the publ&c’needs

services, which are more error-prone and problemati

W. Jeberson (corresponding author) and Gurmit Siagh with
Dept. of Computer Science & Information TechnologyAl-DU,
Allahabad, India -211007. Phone: +91-9452248375;mdH:
jeberson@rediffmail.comgurmitsingh3@rediffmail.com

T. Mohanadhas is with National Informatics CentétlQ),
Bangalore, India. Email: tmdhas@gmail.com

and expectations on the front office side, by sifpiplg
their interaction with various on-line services. tine
back-office, the objective of e-government is toilftate

a speedy, transparent, accountable, efficient #adtizve
process for performing government administration
activities. Real cost of the e-governance is orBlised
when there is a true integration between the feomt-
and the back office systems. Achieving this eneéid-
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integration requires administrative reforms, depetent database. If there is a need of reference of thia dy
of new skills, and redesign of traditional processe other state government, it is not easy to trandlatie
Implementing the necessary changes is a complexespective local languages. Citizens face diffiesliike
process for governments with transparency. in the case of a Ration Card transfer from oneestat
another state with each state making it mandatohate
their data in respective local languages.
To develop a technological infrastructure firstréhés a Therefore, there is a need of a new kind of
need to design and implement the technical comgsnen infrastructure to integrate data, one that confoless to
that are necessary to realise the architecture. Irexisting government boundaries.
introducing an adequate technological infrastrutur
governments should aim at a full ICT alignmentltatee
government entities, which integrate national leggdte =~ E-government will only succeed if the customersehav
level and local level governments. Some of the full trust in all the backend processes of e-goaace.
technological divides are as follows: Without trust, e-government will never reach itdl fu
(Potential.

The privacy and security issues are at the cora of
_ i ) ) trusting relationship between governments and esiz
- Multiple operating systems such as Windows/Linux Thjs is understandable and known the importance and

2.2. Technological Barriers

2.5. Privacy and Security Barriers

= The environment of the government departments an
private departments are heterogeneous.

/Macintosh sensitivity of the information governments colldaim
- RDBMS such as Oracle/Sybase/DB2/SQL Server citizens.
- Front ends such as VB/FoxPro/NVC++ Privacy and security issues drive or drag the

information economy. Without sufficient protections
uiied archisctre 5o ot possile o icarn Lo 1 %% 1 Sonsner onfence I egoverinen
information systems from various state governments. government is safe and secure for users. The digdib
= Some government departments have legacy systemgr e-government is certainly more if there is more
that are not in a situation to obey the Data centerconsistency in violation of security and privacyligies
standards. by information systems.
= Network systems are poor in the sense of
performance and bandwidth to enable latest3. SOCIAL SECURITY ISSUES IN E-
technology infrastructure to the entire public et GOVERNMENT
nuke and corner of the country.

= The environment in the State/Central data centers a

E-government changes the face of social securityn1

Therefore, throughout the country all the governtmen an immense way. Citizens and employers will receive
should co-ordinate to have a unified technological information with confidence from the governmenttié
architecture. new services delivery mechanism developed with
reputation and credibility of the social securitf an
organisation[7]. That may of course increase thadsrd
Cultural resistance is the greatest obstacle wgmted  operations cost. It introduces radical changes hia t
on-line public services. There are bureaucraticprocessing of claims for benefits, the assessmént o
procedures, which hinders the implementation pmoés  workers’ entitlements and the payments of benedlitsf
e-Governance. Indeed the most perplexing problems a which will be administrated by the new information
usually created because of the political affairgl an systems designed to strengthen the processes ingguir
customary restrictions in the country. If thessuiss get  client attention while, at the same time, reducthg
the kind of consideration among public, then paper work to complete these processes[8]. Fewhef t
implementing e-government programs will be a much- security issues discussed below

complicated exercise[8]. 3.1. Identity Theft and I dentity Fraud

Identity theft and identity fraud are emerging ssuthat
Citizens, employers and the employees tend to Isee t arise both in the security and in the economic erim
public sector as one single institution. Howevéiist context. Identity theft and identity fraud haveuitshed
view changes when they have to provide differentin recent years. Public is in fear of economic atiuer
government institutions with the same informatiéng. risks prompted by this problem. A search for new
For the case of passport and driving license, sépar security features on identification cards and other
application forms with almost same information trdse ~ smartcards, which provide the basis for many
given. This problem is caused by the fact thatlipub commercial transactions and interactions with
institutions do not share their data to one another government. Identity and confidential informatioivem
Another case in point is the different databasested  to the governmental organizations by public oorethé
and used by Central Election Commission and Statéhands of frauds or criminals, which may leads to
Election Commission. destructive effects to public and less confidende o
All the state governments use their own languages f government ICT based services among public.
the user interfaces and the way they are stored in

2.3. Socio-Cultural Barriers

2.4. Data And Information Barriers
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3.2. Fraud in Online Payments trust. Digital certification is one of those areabkere
many actors are busy to develop proprietary satstio
According to a survey made by Deloitte Touche rédgen
shows that 45 % of firms have some sort of PKI otu

in place. Digital certificates can be provided for
applications that are given in table .1 below tharce
the security level, if not eliminate the presertipems

A troubling aspect is that ICT and electronic cormree
now becoming viewed as increasingly susceptible to
misuse, especially in the case of online payments o
the Internet. There appear to be mounting risks
associated with data confidentially, availabilitytegrity,

and Consumer & merchant authentication. Problents no
only give rise to direct costs for firms and indivals,

but also indirect costs associated with loss ofilfiiity,
goodwill, market positions, strategic opportunitiesc.

To a major extent, the issue boils down to a need f | e.Governance | Tax authorities, tax report, tax forms
ensuring privacy and security, that leads to limger
subtle values of trust among public. Addressings¢he
concerns is likely to be of great importance fa &ility e-Tenders
of the world community to realise the potentiatwés of e-Voting
ICT. However, the risks stretch further because the
opportunities for on-line transactions graduallyeenn
more area, which may accumulate tremendous power if g, Internet Bank
destructive hands, and may undercut confidence in Transactions

legislation as well as prevailing market forcesnion- ATM

digital spheres as well. A case in point is the afs&28- Applications for sending payments
bit encryption by most of the payment gatewayshia t
country when it is known that such encryptions have
been broken long back [8]. Recharge of Cash Cards
e-trade/e-commerce

Table 1. Services with the potential to gain from wes of
Digital Certificates

e-procurement

e-District

Credit applications

4. DISPARITIES IN ACCESS OF INFORMA-

Cross border Payments
TION SYSTEMS

Another challenge for e-government is disparities i | O’ Secure Communication
computer access. This challenge includes two policy Health Care
issues: the often-described “digital divide” and Education/Exams

accessibility for people with disabilities. In tloase of
the digital divide, not all citizens [1] currenthave equal
access to computers, whether due to a lack of diahn Invoice applications

resources or necessary skills. While the placenaént Legally valid certificate like birth
Internet-enabled computers in schools and public certificate

libraries is helping address this issue, thesertsffare
still progressing. Some observers point out thathmof
what governments do involves interactions with peop
least likely to have access: the poor, the elderly, To fulfill the requirement of “non-repudiation”,
language-limited persons, and the less educatedagreements must be clear and indisputable from the
Similarly, supporter for the disabled observe thatoutset. For achieving global reach, the legal fraork
computers can present new obstacles for citizecls as  within each country, and the legal interpretatiosed to

the blind or physically impaired, which may require be addressed. Many certificates are in place today
costly hardware or software for their computerghsas  because of various public and private initiatii@smost
screen readers or oral controls, to be able tossawaline  cases, however, they are primarily national in s¢c@mnd
information and services. Such peoples require thehave limited geographical as well as sector-based
resources in such a manner that makes them adeessibvalidity. Most of the leading ICT adapting counsrieave

Knowledge transfer

position to represent

using these tools. still not adopted the use of digital certificatas @ wide
scale. Some of countries in Mekong Subregion (GMS),
5. PROPOSED SOLUTION ARCHITECTURE even though topper in technology development among

other nations, an understanding of how to develagp a
implement solutions that rely on digital certifieatis not
fully developed for adopting it in e-governance.r Fo
digital certificates to be truly effective, theyosid work
similar to a driver's license or passport, which is
accepted wherever the person go. The certificatelgh
be valid and easy to use.

A generalized multi purpose national framework dor

Various approaches applied in support of privacy,
security and trust in the digital world. In pari&y
public key cryptography (PKC) and public key
infrastructure (PKI), including digital signaturg$],
which developed for, secure Internet enabled
transactions. There are various reasons for thie déc
progress. To some extent, these may be due toitathn
nature, regulatory issues and economic issuesWite |\ iional infrastructure  that  will  enable strong

ve_% hard to ellmlntatebm this argza;. ¢ qaininuthentication of users involved in electronic
ere appears 10 be a need for new ways ot gaining,ansactions [3]. A common bridge to enable thetalig
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certificate infrastructure to the entire countrylittk all developed for every department and agency to aiert
central government organizations even to the globalthe PKI facility.

extent developed will satisfy one of the security
requirements of “non-repudiation” in G2C service
delivery models. Today, the issues are clearly aball
one. The national infrastructure developed withhhig
available secured digital certificate managementese

to serve the national framework throughout the tgun

® The proposed model of security infrastructure will
interconnects all the critical infrastructure seed at
international, national, state level and local le¢teough
the security infrastructure enabled by authorizatio
policy and security technologies.

7. SOLUTION ARCHITECTURE MODEL FOR

6. PROPOSED APPROACH TO ESTABLISH
SECURITY INFRASTRUCTURE FOR E- EUGBOR\I/E%ITQ)IQI\(IEEAIS,;I GREATER MEKONG
GOVERNANCE

The solution architecture is a generalized architec
n provides all the basic information about how the
Information and Communication Technologies (ICT)
utilised to enable the technology framework for e-

= All State government should follow a Commo
Security Infrastructure (CSl). Current State Wideed
Networks (SWAN) should be modernised of not to be
de\(eloped to maintain the common security standards Governance integrating all the levels for Govermate
satisfy the minimum needs of CSI. provide services to citizens with security. FigO 1.

= Digital Certificates are maintained and controlled explains the solution architecture for secured e-
within the National Cyber Security Authority (NCSA) Governance. All the state governments are insisted
which is a body formed for national security under strictly follow the norms of generalized architaetand
ministry of defense. Other country and third party standards to make the integration of state govemhme
participation duly avoided in case of digital cctite. with central government to fill the gap of inforriat

= Public Key Infrastructure (PKI) should be divide so that the services to the citizens caddiwered
implemented from the top level to the lower levél o to their doorsteps without any inconvenience.
freedom in the e-Governance system infrastructline.
digital certificates should have adequate lengtiavoid
frauds

= Unicode concept implemented using firewall
protected Unicode servers, which should bridge in
between national and state level infrastructure.

= National and state level datacenter enabled with

o
Intranet Cloud

Firewal

digital signature, firewall and 24x7 availability ittv
distributed database facility. — i
= Information superhighway (backbone network

. NTRANET ‘ |
channel) for national level network should be depet ANUTERNET
for the communication of information with futureaity

large capacity bandwidth, which should support to a

least next 100 years. (Statistical principles $hcue -
applied to find out future demand of bandwidth)
= Security priority levels developed by identifying Fig.1.0 Solution architecture for e-Governance

the sectors with high-level risk to low-level risind
classified as higher, medium and low level. i.efeDse,
police, finance, will be classified under highewvde
Business, Universities, Hospitals will come under : ! ) e
medium level. Library, warehouse etc. will come end security layer which will act as the backbone infation
lower level. Based on the classification contingenc SUPerhighway for the entire Thailand.
planes should be developed for disaster management. = Central, State and Local government may do some
» Smart card should be given to citizens with activities manually or partial electronically e.g.

integrated biometric identity (Technology should be El€ctricity, water spot biling. Data collected dg

developed to minimize the expense). Smart carceissu manual operations are transferred to the Local Area
to citizens in co-ordination with NCSA and the dmtse  V€twork (LAN) based systems, which are directlyetb
should be centralised. in remote databases under intranet framework fdhén

. . hiah id-acti hprocessing. Some of the services were deliveretheo
NCSA appoints a high power rapid-action research o mers/Government employees / public manually by

and development group to analyse every day securityhe government offices (e.g. Universities send ek
threat and to take the contingency plan quicklyesolve —

the problem. . ~were available through internet also e.g. Resudfrksiof
= NCSA develop an independent certification exams were available in internet or by voice respon
authority for the interoperability of PKI and fatyl system or VOIP through telephone system.

= Central, State government offices and
organizations were interlinked [3] by an intrar@iough
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= The intranet backbone network linked with Local,
Central and District level datacenter through sigur
layer will work with 24x7 architecture.

8. SECURITY INFRASTRUCTURE FRAME-
WORK FOR GREATER MEKONG SUBRE-
GION (GMS)

= For exchange of data from state government toTq enable improved security and privacy there ieed

central government with multilingual compatibility
Unicode server should be maintained for the int@nge
official language to any other desired languaget@é
government should form an authority for regulatmn
linguistics as Central Linguistics Control Authgrit
(CLCA). All state level governments should take
initiative steps to develop Unicode for their own
language with the guidance from the CLCA.

= Storage Area Networks (SAN) developed with
generalized security architecture to store cezedlidata
are enabled with Intrusion Detection System. Dadanf
State, Central and Local governments will be stdred
various levels of datacenters. The datacenter dhoul
include security layer to protect intrusion of haxkand

to secure the entire network of e-Governance with
multilayeredsecurity model. This approach will cover the
entire system, which provides security for evemetain
OSI| model so that consistency in security of entire
network of e-Governance from physical layer to
presentation layer is applied. To enable this hayired
security [2], the layers logically organized intuee
levels by grouping some of the layers in each lkalgic
group, which are named as follows:

The Network Security Layer provides security
functions at OSI layers 1 to 3 (physical to network
layers)[2].

The Network-Assisted Security Layer provides

unauthorized users to access data. Certified and€curity functions at OSI layers 4 to 7 (transpiort
authenticated users only allowed fetching data. PKiapplication layers) [2]

implemented in SAN datacenters.

= For online financial transactions, digital certiie
based security is enabled to have a smooth hassde f
transactions.

The above said architecture hierarchy is pictoriall
explained in figure 3.

Ministry of Defense

NCSA

State Governments
A

CLCA
A

NCSA- National Cyber Security Authority
CLCA- Central Linguistics Control Authority

Fig. 3. National security flow hierarchy diagram

® For Disparities in access of information systems,
there is a need of initiating awareness among thsiq
by the joint effort with NGOs and education based
governmental bodies. Improving the literacy ratdl wi
thrive lot of changes among public. Indeed thixpss is

The Application Security Layer provides security in
layer 7 of the OSI model [2]

Security functions such as VPN, VLAN (Virtual
LANS), port security, IP security, encryption aretgre
dynamic routing operate purely at the Network Siggur
Layer. Others such as fire walling, intrusion détetg
SSL encryption, content filtering and virus scagnin
operate at either the Application security layer or
Network-Assisted Security Layer. Thus by enablihg t
multilayered security in a structured fashion theusity
can be tightened overall in the e-Governance
communication networks and in service delivery
mechanisms.

The following general principles are to be followed
enable the security infrastructure for e-Governance
Greater Mekong Subregion (GMS) countries:

= Use a uniform access management system for
entire network that enabled in central, state avwhll
government level with the appropriate level
authentication and resource access authorizationetet
the basic security standards.

= Use of e-Governance standards
= Use of Standards like Web 2.0, e-Forms etc.

of

® Use acentralized authentication mechanism to
facilitate administration and remove the need émally
stored passwords. Figure 2 explains the model of
centralized authentication system.
Authentication systems are used to ascertain igenti

There are various types of authentication in presen
scenario they are (i) Single-factor authenticatitses

a time consuming process to implement. For peoplegser ID /password combinations to prove identiy.(i

with disabilities government can initiate the regtpe

Two-factor authentication requires two components,

welfare organisations (e.g. Blind Federation, Deafysyally a combination of something the user knosuslf

Federation) by funding to start training programsrain
such disabled peoples with special
accessibility devices specially designed to acdbss
information systems for that types of peoples thay be
enabled with voice recognition etc. for their negtus
the gap of the digital divide can be reduced drakly to
have a better future.

as a password) and something the user possesshsatu

electronic 3 physical token Secure ID card). (iii) Three-facto

authentication adds a biometric, a measurement of a
human body characteristic [4].
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Centralized
Aumhentication
Server

8

=

practices and the guidelines given will improve the
credibility and reliability of the e-Governance \#ee
delivery mechanisms among the public. No system
connected to the Internet is safe from attack Ineat t
solution architecture provided will reduce dradticthe
frequency of attacks in the network if not elimmadhe
entire attack and increase the confidentiality agntre
public. This paper gives a practical approach mlog
coverage for the multi-dimensional facets of e-
Governance in terms of social security and chabsnaf
Mekong Subregion (GMS) based countries. The saiutio
architecture along with appropriate e-Governance
standards for Meta Data, Security, Systems
Development, language technologies, etc. would pave
the way for new generation e-Governance practices.

(1]

Fig. 2. Model of centralized authentication system

» Use acentralized authorization system tightly
coupled with authentication system, with approgriat
granularity for the enterprise [3]. 2]

Once authenticated, authorization mechanisms
control user access to appropriate system resources
Authorization can be categorized according to the[3]
granularity of control. Authorization is often “ml
based” whereby access to system resources is basad
person’s assigned role in an organization. The eByst (4]
Administrator role may have highly privileged acsés
all system resources whereas the General User rolgs)
would only have access to a subset of these resaurc
Authorization may also be “rules based” wherebyeasc
to system resources is based on specific rulesiassd
with each user, independent of their role in the [6]
organization. For example, rules may be set udltova
Read Only access or Read/Write access all or pertai
files within a system, or access only during certanes
or from certain devices.

» Enforce strong, complex rules for all passwords. 7]

The Single Strong Password system enforces strict
password rules. For example, passwords must coatain
least eight characters, both upper and lowercaterde
and at least one number or symbol. Additionally, [
passwords must not contain dictionary words of four
characters or longer, a previously used password, a
password that matches an account name, contaittea da
or year, keyboard patterns, or repeating charadtbssrs
are required to change passwords at predefinexdvatse

8]

» Securely store all passwords in encrypted standard
format.

e Securely log or record authentication and

authorization events for audit purposes.
9. CONCLUSION

The New approach and solutions would enable the tru
empowerment of both government employees and public
of Greater Mekong Subregion (GMS) Countries best
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e e, Development ofExcellent Entrepreneurs in Small and
W . . . -
$ 5 % Medium Enterprises in Laos and Cambodia
}"’r% Nittana Southiseng, Makararavy Ty, John Walsh aachpol Anurit
a,9

Abstract— Laos and Cambodia share many similarities: botlugtied against the French colonists and the United
States in the Vietnam War, and both also startédrdy national development through a market-oriehézonomy in
the 1980s. To strengthen economic growth and ppveduction objectives, the enhancement of Small Madium
Enterprises (SMEs) was used aa critical engine to boost the success of socimendc growth. With the
administrative and financial support of governmeNpn Governmental Organisations (NGOs) and intdomst
organizations, the number of SME entrepreneurs imaseased in various businesses, including foodcessing,
garments, construction materials, wooden furnitueeirism, trading, transportation and so on in batbuntries. This
contributed to more job opportunities and higimational income, and reduced the unemploymentohtbe countries.
The competition amongst the SMEs became intensdi@tichallenged the entrepreneurs in terms of sging modern
technology, limited capital and management skillsis study uses evidence from in-depth interviewvexplore the
similarities and differences of the SMES' entreprgial characteristics, business experiences, poild and
supporting requirements in Laos and Cambodia. Theirfgs lead to recommendation aimed at upgradiffgcéive
entrepreneurial skills, as well as proposing sonitraative considerations for the policy makers fexcellent
entrepreneurial capacity advancement.

Keywords— Cambodia, Laos, Entrepreneur Development, SMEs.

to investigate the nature of the SMEs, the conglai
1. INTRODUCTION faced by the entrepreneurs, and how those chabenge
. L were tackled. The characteristics of the entreprene
Laos and C"?‘mbOd'a share many similarities: b(_)thand supporting requirements in the SMEs of Laos and
struggled against the French colonists and theednit ,mnadia were explored. Afterwards, the findingsewe
States in the Vietnam War. Both Laos and Cambodiaz,mpared and discussed in order to address thentess
also started driving natlor_1al development_towarldst learnt and to draw up recommendations aiming at
same goal of a market-oriented economy in the 19803fortifying SME development and promotion in thes® t

To strengthen economic growth and poverty reductionq, nies. All these key elements are dicussechis t
objectives as requested by the Asian DevelopmenkBa study

(ADB), the enhancement of Small and Medium
Er_lt.erprises_ (SMEs) are particularly recog_nized_ as & | I TERATURE REVIEW

critical engine to boost the success of socio-egono

growth. Just a few years ago, due to the admitiistra Concepts of Entrepreneursand SMEs
and financial support of governments, Non
Governmental Organisations (NGOs), and internationa
organizations, the number of SMEs in Laos and
Cambodia hasncreased. These ventures halayed a
significant role in employment generation in hanalits,

An entrepreneur is someone who is always burstitig w
new ideas, highly enthusiastic, hyperactive andtiably
curious [1]. To make a success of a business, an
entrepreneur has to (1) hold a lot of commitmerd an

. . . . hard work, (2) accept uncertainty to minimize risk
small-scale agricultural processing, timber prouumt calling up more information, (3) have good health t
textiles manufacturing and trading; reduced the plug any gaps caused by otr’1er people’s sickneyde(4
unemployment rate of the countries; and contribuited self-confident to make the venture succeed, andhdsg
national income as a whole. However, S_ME develoﬂmeninnovative skills do old things in new ways [1]. & are
was not easy as several constraints have beel?our main forms that a business can take such ks so
encountered by the entrepreneurs as a consequénce Rader partnership, limited company, and publiited
many substitute products/services and many coropgtit compz;\ny (PLC or blc) A sole trader, normally relis
existing in the market, lack of access to modern ;

technolo and inconsistent macro-policies for SMEloanS from banks or individuals and other non-gquit
9y, P sources of finance. Partnership is for two or neple

development. This study uses evidence from in-deptht . : .
) . : . to agree to carry on a business together, intentbn
interviews of SME entrepreneurs in Laos and Canodi sharg the profits.yThe limited compan%/ is formechiug g

shareholders, one of whom must be a director, the
company’s assets are separate from the people who o
Nittana Southiseng, Makararavy Ty (correspondinth@r), John it. PLC is formed by anyone to back a venture véth
Wa_lsh qnd Pacapol Anuri_t are wiichool of Management,_Shinawatra country-specific value of nominal shares. Besidese
University, Bangkok, Thailand. Ematl. makararavy@gmail.com four, a co-operative is an alternative registered form in
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which shareholders can share profits and contrberey
each member has only one vote.

enhancement for Cambodia (25%), Laos (10%) and
Vietham (25%) [6]. To meet the commitment of

In research [2], the definition of SMEs employed by investment in a sustainable development way, the
the Australian Bureau of Statistics is that a srfiath entrepreneurs are required to differentiate
employs between 5-19 workers and a medium firm hasproducts/services and segment markets, as spetified
between 20-199 employees. However, in the Lao gbnte the Law [7]. The study on Generating Employment
SMEs are viewed differently. According to the Decre through Micro and Small Enterprise and Cooperative
on the Promotion and Development of Small and Development in Lao PDR confirmed that SME
Medium Sized Enterprises (No. 42/PM), SMEs are enhancement did not only contribute to the creatibn
defined as dependent enterprises that are legallyemployment, but also contributed to mobilizationtlod
registered and operate according to the prevaliing of country’s resource with less external dependenag a
the Lao PDR [3]. A small enterprise normally has an help family members to utilize their available taand
annual average number of employees not exceeding 1€esources to operate single or multiple enterprises
persons or total assets not exceeding US$25,0Ghor Around 259,000 full-time workers were employed in
annual turnover not exceeding US$40,000. A mediumsmall enterprises - 10 times the employment crebied
sized enterprise has an annual average number dbarge enterprises in 1996 [8]. The promotion and
employees not exceeding 99 persons or total agséts development of small business operations furtheemor
exceeding US$210,000, or an annual turnover notprovided alternative opportunities for farmers aedior
exceeding  US$100,000. However, the SME governmental employees to obtain jobs upon their
classification determines the nature of the supportretirement. The study showed that 43% of former

measures available, according to the actual sitnadif
the social and economic development in each stage.
Cambodia is at the crossroads of
development. Development is taking place
increasingly competitive regional and international
marketplace, making it imperative that SME issued a
challenges are successfully identified and adddesse
However, Cambodia does not have a legal definitibn
what constitutes an SME. The problem with definag
small industry on the basis of the size capitahat the
cut off point needs to be revised over time in orte
allow for inflation. However, because not all firms
revalue their capital in a uniform manner, incotesisies
can also arise. An additional problem with defining
SMEs is that any definition must serve several pseg.
According to the Ministry of Industry, Mines and &gy
[4], one definition could be based on employmend an

farmers and 30% of retired governmental employees
were occupying a career in small business, mainly

economicengaged in the commerce and manufacturing sectors.
in an further 6.8% or 162,420 persons with disabilitis®§tly

resulting from accidents with unexploded ordnamcthée
North of Xieng Khoung and the South of Savannakhet)
were investigated by the National Committee for
Handicapped Persons. Based on that problem
assessment, government agencies and international
donors organized rehabilitation and other technical
training courses to improve and enhance theirsskitid
performance to help them into employment until they
able to run a micro business or become SME
entrepreneurs.

Key international agencies of business developments
in Laos are JICA, ADB and UNIDO which support
through mainly providing rural access roads, power

the other on size of capital in real terms. SMEs ingeneration, and distribution. With cooperative supp

Cambodia are divided into three sectors (1) Praduct
sector including agricultural processing, manufaot
and mining; (2) Service sector; and (3) Tradingtaec
including wholesale and retail. There are four typé
enterprises which are defined according to the rarmb
employees and the value of fixed assets (excluiding),
such as micro enterprises, small enterprises, mediu
enterprises and large enterperises. Micro ent@pris
employ less than 10 people and have fixed asseeval
less than US$50,000; small enterprises consistodf n

more than 11-50 employees and fixed assets valudhe small

from goverment, NGOs and international organizatjon
the number of SMEs in Laos significantly increafedn
10,735 units in 1995 to 25,993 in 2005 [9]. Neveltlss,

it was found that there were unfair practices icessing
finance, credit unions, and raw materials as thgela
enterprises got more support whereas the smaller
enterprises faced complicated and lengthy admérise
procedures and corrupt practices by officials. Even
though small ventures existed; they were still less
competitive in terms of price, quality and disttilon.
enterprise owners often have limited

between US$50,000-250,000; medium enterprises hav&nowledge of business law and taxation. A study by

between 51-100 employees with the value of fixezbtis
around US$250,000-500,000; and finally large
enterprises employ over 100 people and have fisedta
value of more than US$500,000 [4].

Previous Study of SME Development in Laos and
Cambodia

The World Bank is one inportant participant thajusd
that fostering economic growth through free andnope
markets was the better way to alleviate poverty\#iile
the ADB supported an investment of around $5miliion

ADB on SME development in Vietnam, Laos and
Cambodia also showed that SME operation in theseth
countries still encountered many constraints sigtha
lack of capital, limited demand in the market, shmilar
competitors, lack of access to modern technology an
inconsistent macro-policies for SME development][10
To enhance SME development and promotion
sustainably it is necessary to obtain considerable
assistance in terms of infrastructure development,
accessible credit unions, marketing study, and
development of transparent macro-policies as SMigs h

the Mekong Enterprise Fund (MEF) to support SME different target markets, faced different challengad
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required alternative support, as argued by Thike.[ people, and gradual industrialization and modetitna
The development of small enterprises of Laos isto contribute to the sustainable growth of the oral
confronted with many challenges, mainly the lack of economy. SMEs in Laos are categorized into three
awareness of skill deficits, low competition inrter of groups (1) SMEs operating in the commercial goods
quality, implications of modern technologies fosimess  sector, (2) SMEs operating in the trade sector, @d
management and  communication, productivity SMEs operating in the service sector. The mandate o
enhancement and marketing. Medium ventures afe stiiSME Promotion and Development Organizations at the
challenged by products/service quality improvement, national level consists of (1) the National SME
scale of production, unit and transaction costs.d€al Promotion and Development Committee (NSMEPDC),
with these challenges, medium enterprises urger@dd  which will operate and advise the Government ofd ao
to improve the business environment, acquirea deefGoL) on policies and SME promotion and development
understanding of accounting and finance managemenprojects and programs, (2) The Standing Commitfee o
and the implications of Total Quality Management the National SME Promotion and Development Office
(TQM), Balanced Score Card (BSC), and obtain on-(SCSMEPDO)— not more than nine members of the
going updated market information [12]. These issares  National SME Promotion and Development Committee

explored in the following sections. shall be appointed as the members to assist the
NSMEPDC, and (3) the National SME Promotion and
3. METHODOLOGY Development Office (NSMEPDO), to administer the

practical operation of SMEs. The goals, howevenjldio
never be achieved without the contribution and high
efforts of the individual entrepreneurs themselves.
Consequently, the next session will address the
entrepreneurs of SMEs in practice.

To explore the context of entrepreneur developnoént
SMEs in Laos and Cambodia, 28 key informants were
interviewed face to face. Thirtheen individuals ever
randomly selected in SMEs in Vientiane Municipality
and Savannakhet Province of Laos and 15 entrepieneu
of SMEs in Phnom Penh, the capital city of Cambodia Profiles of Entrepreneurs and Attributes of Expected
The entrepreneurs are involved in a variety ofvitas Employees
z]u:tgr%ﬁ ?;Zﬁregsrﬂgg;ycferlzti[uﬂ,'gnﬁgﬁffg@ﬁ; All 13 interviewees were of Lao naupnahty e}nd
selected by u,sing convenience and snowball tecksiqu BUd(.thStS. (6 in Savannakhet and 7 in Vientiane
These approaches were considered to be useful anglunlmpallty). Eleven o thgm were f_emale
ntrepreneurs, and 11 were married, one was siagte,

suitable for this empirical study since, by intemwing one was widowed. Five of them were 21-30 years old:
unknown entrepreneurs in the private business seitto three were betwee.n 31-40 years old: three weredsatw '
was assumed that they would be hesitant to .Shar%l-GO years; and the other two were 51-60 years old
mformatlon, opinions or experiences of their besi Five of them held bachelors degrees majoring it

fields.  Consequently, convenience a_nd SnOWba”.administration or engineering; and the rest hadouar
approaches were chosen as it was behe_ved tha_t thlgducational backgrounds, such as Lower-Secondary
WOUId_ provide ~ accurate and_ reliable |_nf0rr_nat|on. School, High School and Vocational School in eleitir
Interview "%‘ge“das were desgned to identify the and teaching skills. All of the SMEs had been ddliy
characteristics of enirepreneurs in SMEs, the probl registered before starting operations. In pracseseral
facing SMEs in the globalization era, assistancd an of them had registered capital of less than US$ID,0
support frqm governmgnt and c_)thgr relevant agencies, 4 a few had registered capital of around US$ld 00
Further, this research is a qualitative study, agnio 50,000, which means most of the key informa'nts

:;?rlgr?engal:trur%'gvefgemgg?c?;rercgogragage Cogmts)c':/élizainterviewed had small rather than medium enterprise
P P Most SMEs were under the family ownership and

During interviews, the researchers made records inControl meaning that businesses have family mesmer
compliance with direct observation, and used theert ' g Y

. : . ._employees, influence in decision-making, and ewig
analysis method to analyse the obtained information : . ST

) : . a particular intent to transfer the family firm fnoone

Content analysis, a tool for measuring the semantic

content of a communication [13], was used to diagno generation to the next generation. Other business
the findings of the primary and se,condary data ownership structures also existed, including a ress

registered as a limited company but still owned &y
family. Interviews revealed that SME business veggu

4. RESULTS AND DISCUSSION have been continuously established from 1991 until
4.1 Case Study of Laos 2007. As start-up businesses, the number of empfoye
employed ranged from 2-4 and 5-8 persons; eight
employees represented the highest number hired
including the owner, family members and others;
females were more likely to be employed than males
were (25 female employees and 10 male employeE3 at

The promotion and development of SMEs in Laos is
chiefly administered by the SME Promotion and
Development Office, in accordance with the Decrae o
the Promotion and Development of Small and Medium
Sized Enterpnses (.NO' 42/PMm), Wh'qh IS aw_ned at SMESs); the capital for start-up investment wasaigly
expanding commercial goods production, trading anddependent on the nature of the business and rérged

service business activities as well as contributing US$1.000-8.000: US$8.000-13.000: and US$13.000-
employment creation, the raising of living standand 5430 999 as a maximum. The businesses that initially
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invested around US$1,000-8,000 and US$8,000-13,00Qvas high customer demand in the market; and (4)esom
mostly appeared to be commodity grocery shops,of them saw their friends doing good business &ey t
copying and office equipment, bicycle shops, difbs, viewed it as something which was not difficult to
clothes boutiques, and so on; meanwhile the buséises manage. The products which are currently availatle
which invested higher capital (around US$8,000-the market included domestic and imported products.
200,000) were in wooden furniture, schools, touram The domestic products were largely related to Lao
car retailing and food manufacturing. The 13 cigarettes, Lao plastic bags, Lao soft drinks (Mig,
entrepreneurs revealed average annual revenues dfepsi, Coca-cola), Lao beers, sweets, papers, ggme
US$1,000-3,000; US$3,001-7,000; and maximum powder and others. For imported products, mosheifnt
US$7,001-54,000. These figures show some businessesere imported from Thailand (food commodities, cdfi
were loss-maing and others profitable. Howevewyds equipment, bicycles and clothes), China, Vietnacoks
common for many businesses to sustain losses &r thand some food commodities), Hong Kong (clothes),
first or early years of investment as investors ttagay = Japan and Italy (cars) respectively. From the vigers,
several operating costs, especially for fixed a&sset it was clear that most investment capital was owned
Nevertheless, a few of them still obtained higher jointly or shared by family members, as it was canm
revenues in comparison to capital invested in fh&t f for family members to help or lend to each other to
year, showing that it was not always true that thecontribute to business investment even if theyegagat
businesses suffer losses as a start-up businesm As-  they would lose capital early in the business ventu
going operating or existing enterprise, most of the Another important source of capital was self-
business owners accepted that they kept increabeg contribution. It is very important for businesstiaiors to
capital on operating cost annually, based on sauidl  have their own money before borrowing from other
economic circumstances (ranging from US$500-11,000;sources to start-up a business; otherwise it wdidd
US$11,000-42,000; and US$42,000-56,000); and theuncertain whether they would be able to repay their
number of hired employees also increased, rangomg f  creditors. Very few of the interviewed entrepreseur
2-8, and 9-18 employees. Again, the facts showatl th intended to borrow money from other lenders asasw
more women were required (29 females and 13 maledlifficult to convince the informal lenders if theld not
within 13 SMEs). These figures indicate that the already know one another well. Approaching formal
performance of SMEs develops as the size of theircreditors was even more complicated and difficiits
businesses grow and are required to employ morghey had to prepare many official documents, priyper
employees to facilitate/provide services for cussnin certificates and many steps to be processed.
addition to operating their own businesses, sontberh
are also worked for the government sector or other
private companies. The number one characteristic of successful
According to the interviews, most of the entreprese  entrepreneurs was to be highly educated and hatre bo
said that they initially preferred to hire emplogegho conceptualized skills to form ideas and direct rthei
have good interpersonal skills and ability to intgrwell thinking, and technical skills in terms of marketin
with customers, are honest and offer sincere opsio finance, business administration and practical
towards a particular situation, as well as havingigh experience. Secondly, it was important to obtaia th
level of responsibility in dealing with their duie involvement of employees. Thirdly, they should be
Besides, potential employees should be cheerfahdty initiators to introduce new ideas, have competitive
and good looking to attract new customers as w&ll a endeavour to accomplish objectives, be confidemt an
maintaining existing ones, and be able to speakroth certain of what will happen and that it will follow
languages such as Vietnamese, Chinese and, piiigcipa defined direction, and be passionate that the basiwill
English. Females were preferable for most SMEs aspositively influence people’s lives and bring fircsad
entrepreneurs believed that women were hardworkingrewards to the enterprise, as well as dealing with
tolerant and worked well with clients. Family problems openly and honestly in order to create
membership was another critical attribute to which organizational trust and make employees feel thay t
business owners gave first priority in employment are of value to the firms. Fourthly, the interviesealso
decisions. It emerged that educational levels wese  observed that the entrepreneurs were to be clezut ab
very important in recruitment decision-making asgas  what they expected to do, be ready to take immediat
applicants have working experience related to thedecisions and take risks in the event of eitheagd@et or
available jobs. In addition, several entreprenchasl unpleasant unexpected events. Listening to th@mess
moderate intent to hire relatives before considerin certainly helped the entrepreneurs to adapt theivice
employing other people like neighbours and friendi® to satisfy customers’ needs too. However, surgglgin
are already known. The main reasons that theeven though it is largely known that the business
entrepreneurs opted to invest in such businesss areaoperation would not be able to achieve its goatbavit
mentioned above are (1) the entrepreneurs firsduldv ~ the contribution of employees, entrepreneurs neithe
like to be their own boss and manage the businéss w prioritized skill development of employees nor piad
their own management style, (2) then pursue theirto reward employees for their performance enhanoeme
personal interest such as inventing wooden objelcish appropriately.
illustrated their abilities, talents and experienda a
particular ventures, (3) to seize advantages wtieree

Successful Traitsfor SMEs Entrepreneurs
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Benefits, Constraints of SMEs and Problems Solving ensure the quality of products/services. Providing
variety of products/services and expanding newdiras
to different markets in combination with suitabdeation
selection were other techniques that had beeneappdi
develop business performance. It is not surprishag
very few ventures planned to go to internationatkets
such as Europe, Japan, Vietnam markets and others
because the products to be exported were requaed t
meet international standards. Additionally, mosttlod
\AProducts available in Lao market are imported from
neighbouring countries and suffer from the limiatiof
ﬁogistic channels, knowledge and capital capadityvall
as high labour cost in other countries; it is difft to
expand the business in regional/international ntarke
Mhe new potential entrepreneurs of SMEs were Ihjtia
uggested to be clear first of all about what thaiget
arket would be, obtain adequate capital and bayrea
cope with potential challenges. Shop decoration and
convenience-focus organization of stores was observ
in almost every venture. In addition, new entramnee
also advised to be tolerant and brave to investtake
risks, to love their jobs, and have good connestiwith

Several entrepreneurs observed that they obtairsad/ m
benefits from their businesses operations. Pripattiey
absolutely held the entire decision making thenmesglv
while the earnings gained from these ventures kelpe
generate household income for family members asal al
contributed to an increase in national employment.
Operating their own businesses was more enjoyatile a
they felt relaxed and flexible enough to changeckjyi
or adapt to different circumstances and develop ne
skills at the same time. Besides, some interviewee
pointed out that they had an independent life dtyléeal
with their own businesses and had more opportsnitie
meet and get to know other people. However, eve
though it was acknowledged that starting a newurent
was expensive, these ventures more or less helpe
entrepreneurs to gain moderately satisfying retufhe
entrenepreneurs’ skills and abilities furthermore
improved, and they undoubtedly had time to stayhwit
thier families and directly communicate with custom
and suppliers. Not only did entrepreneurs acquinede
adva_ntgges_, but the SMEs also contributed to ppvert others in society. These attributes were required f
alleviation in terms of unemployment rate reduction . . -
success because experience alone was insufficient.

household income generation and national income Briefly. Lao SME f is highl ated
contribution through taxation and other supportieg DOrety, Lao. performance Is highly associate
with the assistance of GoL agencies, NGOs and

gggngz ?Os b?sgt]et(rj\ebge:?(?rnlwzvr\lléeHgfn?ﬁé gwtlré;?ﬁé‘international organizations, a}nd predominantly ke t

should facilitate and strengthen the competence Ofstrong endeavour and capacity of venture owners. h

entrepreneurs. To gain high return or sustain theness entrepreneurs, therefore, ~are required to undetstan
j recisely what they are doing and where they ar¢hi®

was not an easy exercise as a number of recurre . . ) .
. y . . . oment in order to bring their own capacity to baad
constraints were confronted, in particular manyssitite to minimise risks

products/service and plenty of competitors, whielvey
customers more bargaining power. The technology4.2 Case Study of Cambodia
development and economic dimensions were further
constraints to business growth, while the inflatemd
exchange rates had strong influences on producitser Fifteen Cambodian interviewees from Phnom Penh
prices. Social and geographic phenomena are alsagreed to give interviews in regards to this projad of
important, including the climate and the fact t8@%o of them are Buddhists. Two-third of the interviewees a
the population live in the countryside, which have male; 8 are single; 10 are between 21 to 30 yddrs3o
negative business effects because the number oéire in early middle age (31-40) and the remainiraye2
customers is reduced (the customers in these SMES abetween 41 and 50. Among the 15 interviewees, #l use
chiefly regular customers). In brief, these coristea  to study in primary school, 1 in lower-secondarkcs,
possibly made some businesses close down aftewa fe3 in high school, 1 in vocational school, 5 in ersity
years of operation. Apart from these constraintagio  and the remaining 4 are pursuing Masters’ degneéise
restrictions included inadequate capital for buséne field of management and business administratiox.oSi
expansion and development, lack of managementskill the businesses were home-based business, 2 weilg fam
and limited experience, as well as unfair suppminf  businesses, 2 were sole proprietorships and 5 were
relevant authorities, for instance, slow processofg partnerships. Partnerships were important becausst m
documents. of the relevant interviewees were young university
In terms of dealing with these problems, many graduates and they did not have enough capitdls ski
entrepreneurs chose just to let things be, whiteerst  and experience to set up business alone. Eighttesht
preferred cautiously to study the customers’ nemu$  said that, at first, they had the idea to run aesol
provide a variety of products or offer more choites proprietorship business but it seemed very riskyttiem
meet demand, as well as continually adjusting theto invest their entire capital alone. They decidedsk
business strategies in response to the marketheir close friends and relatives to share partthef
environment. Some ventures used strategies of pricdusiness. To do this, they made sure that manyl@eop
discounting, sales promotions and giving extrasgift can help each other to make decisions concerniag th
coupons etc. In the education business, for exartipde  investment in this or that type of business adésit It is
business owners opted to recruit skillful and dfiei  true that partnership provides a lot of benefitshsas
teachers, adapt the teaching curriculum, set apiptep  sharing the risk, providing a larger pool of capaad
rules and regulations, and facilitate targetedausts to  complementary skills [14]. For the young university

Entrepreneurs Profile and | ssues Challenging SMEs
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graduates to start SMEs, partnership would be #st b classified the reasons for failure into four carégm (1)
choice for them. In regard to the financial sourcee High regulatory compliance costs. The cost of
third used their own money, one third from the figmi establishing a business is about three times highdr
and the remaining third from other partnership mersb  takes more than 15 times longer than in Austrdl2;
Owing to business secrecy, six interviewees preferr Lack of clear and market-oriented framework for SME
not to reveal the source of their investment capitaen development. Despite the importance of the SMEosgct
starting their business or even the revenue eapeed the government has been unable to develop a frarkewo
year. Others claimed that their investment staftech for its development. As a consequence, various@gen
US$3,000 up to US$40,000 for starting up the bissine and line Ministries are developing their own SMEs
and the capital was keeping growing because theg tr programs, which are at times redundant and even
to expand their business by adding more products ancontradictory; (3) Limited Access to Finance. Local
other modern equipment. Most of the businessekitn t banks provide only 1% of working capital and 1.7% o
study were created during the early 2000s, when thdnvestment capital overall. Despite the liquidity the
economy of Cambodia was starting to grow. According banking system, it is difficult for banks to lendedto
to the National Institute of Statistics, the GDP1®99  weak fiancial infrastructure, which makes the lcam
grew by 11.9% and the rate of growth declined &%%. collateral system uncertain. This is due to thek lat
in 2002 and then started growing again to 13.5%006 financial information resulting from the weak acoting
[15]. This shows that economic growth has a strongstandards and absence of a credit information rspari
impact on business. The majority of the interviesvee system; and (4) Poor market access infrastructace a
strongly agreed that the political situation, eaoi®m  information. It is difficult for local producers tmeet
situation, technology, social and geographical éssu both domestic and foreign market demand due to poor
represent direct constraints for their businessesroad conditions, limited internet and other
Examples of this included the following: during the telecommunication services and a lack of associatio
election, where political stability was uncertabyyers  assist in gathering information about quality amsign
tended to save more money, thus spending less $#caurequirements.
they were afraid that they would not have enough
reserves for their family, since things can chaniggdst
a blink of the eye. This is part of the trauma erdtl by
the people of Cambodia. Another issue related toThe majority of the interviewees strongly agreedtth
technology, interviewees who operated businessentrepreneurs should, firstly, have clear visiond an
activities needing new technology to produce prtgluc specific goals and objectives in doing businessbse if
claimed that the customers’ buying decisions wdse a they do not know what they are going to do, theyildo
related to what type of technology they were uding not be successful in their businesses as well dheiin
produce the product. For example, in the conswocti lives. Secondly, they should have at least some
service business, the customers would look at et educational background, experience, some management
of new technological equipment or machine that theskills such as marketing, accounting, finance aaent
service providers used because they consideredélvat  for the business activities that they are exergisithis
technology could build higher quality buildings or means that if they sell books, they should at l&kastv
houses in a shorter period of time. This issue shibvat  how to read the title of the books (in Khmer, Eslgi
customers nowadays have high bargaining power @ue tFrench or Japanese languages). If they are nottable
strong competition in the market. It is one of the read, they will not know which books they should lto
challenges that SMEs in Cambodia now face. Accardin keep in their stores or which books will appeal to
to the interviews, the difficulties that the SMExé in  customers. The respondents suggested to potemtial n
this globalized and competitive world are price entrepreneurs to take into consideration what they
fluctuations caused by inflation, which generates/ |  going to sell and they should know in detail abihatse
profits, competitive pricing, cutomers’ bargainipgwer, things in advance before starting the businesstdihi
high technology, time and human resource managemenentrepreneurs have to be initiators, innovators aod
In order to solve the aforementioned problems,followers because the environment can change at any
interviewees declared that they have to be patiethow time without notice. Since it is impossible to gsea
up market pricing, make good relationships with these changes, it is recommended to keep changing
customers aiming to keep a good image and lifelongproduct/service quality, price and design, as wasll
relationships, provide good quality product andtiome including other innovative ideas about products or
delivery and finally satisfy the needs of cutomers. services in order to create value added. Fourthly,
In order to obtain a slice of the market, SMEs hive entrepreneurs should be decisive decision-makeds an
compete with domestic and international competitors
The majority of domestic SMEs fail to perform wdlle

to hlgh costs and uncertain business enVIronmdﬁ]t [1 as chair, Ministry of Commerce as vice chair, Miryioof Agriculture,

The annual report of SME SUb'Comm|&e¢16] Forestry and Fisheries, Ministry of Economy andafite, Ministry of
Tourism, Ministry of Women’s Affairs, Ministry of &bour and
Ministry of Rural Development as members) workinighvihe Phnom
Penh Chamber of Commerce and other private seefmesentatives

! The SME Sub-Committee was created in August 204 ia with the responsibility of implementing the SME [Répment
composed of eight Ministries (Ministry of IndustiMines and Energy Framework.

Successful Characteristics of Entrepreneurs in SMEs
and Some Suggestions
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risk takers. Nine interviewees agreed that it ipantant competitive environment. They even suggested tese
that the investment decision should be made quicklyskills should be included in the formal education
when the opportunity emerges and not wait in case t curriculum. Some people could not continue theidigs
opportunity disappears. Sometimes, they know that t the family businesses need their help. They sugdest
investment comprises many risks but the competitivethat some vocational skills in the lower secondautyool
situation urges them to take those risks in ordekeep  curriculum should be included. Twelve of the
updated with changes. interviewees gave the importance to governmentcpoli

Additionally, hiring the right person for the rigjatb is and law reinforcement in SME promotion and
very crucial for the success of entrepreneurs. Mdst development because it seems that there is no clear
them preferred to hire people whom they alreadywkne framework, rules or regulations for SMEs. Howevbg
such as their relatives, friends and neighbourse Th remaining interviewees said that the law was alead
people concerned have to be honest, have goodssued but the ones who implemented it do not éserc
interpersonal skills and abilities, high levels of their duties properly. They used those laws and
responsibility and be creative, although experieand regulations to obtain bribes because most SME
skills are viewed as less important because mosEsSM entrepreneurs do not have knowledge about legadsss
employees_ work in less Sk””‘!' jobs Whi(?h requithem SME Contributions to the Economy and Poverty
to use basic labour only. Business activities sascbook eduction
shops, grocery shops, car spare part supply ancfe
hairdressing, are more likely to employ women mathe Cambodia has a population of approximately 13.5
than men since those jobs do not required physicamillion people. Over 80% of the population livesrural
strength to perform the needed duties. By contiast, areas and agriculture, which accounts for over %
construction materials selling, construction, repaid ~ employment [17], is where most poverty is foundeOv
maintenance service providers, male employees ardive million people or 36% of the population livelow
preferred. Seven respondents noted that they gavéhe poverty liné with 90% of these were found in the
rewards to employees who have achieved and perébrmerural sector [18]. 99% of the firms, and 45% ofatot
well in their jobs. Most rewards were in the forfrcash, ~ employment are dominated by the SME sector in
materials and holidays. Finally, successful engepurs ~ Cambodia’s economy [16]. They playing various caii
have to be competitive, confident and passionatritab roles not only in enhancing regional development bu
what they are doing, as well as being good listener ~ also in boosting the free market economy. The irgpar
both customers and employees. roles of SMEs are summarized as following: (1)

In brief, existing entrepreneurs recommended to newGenerate employment opportunities, raise incomeldev
entrepreneurs to study supply and demand in th&ehar and living standards, especially in the regionsyepty
find good locations, employ new technology, provide reduction; (2) Create an entrepreneur class, wisicso
good services and products at reasonable pricesglhs necessary for industrial development; (3) Increase
as respecting quotations given) in order to buildttand ~ material supplies, especially to manufactured etgpor
long-term relationships and, finally, create a gimdge ~ Which boost economic growth; and (4) Create self-
and keep monitoring and responding to changes tmpde €mployment, which would enable people to live and
competitors. work with dignity.

They mentioned that their success could not stand Small-scale enterprises dominate economic activitie
alone without the support of the goverment. Someand account for a substantial part of employrhetnt
suggestions were made during the interviews to the2005, the Ministry of Industry, Mines and Energy
governement. The majority of them pointed out the (MIME) [4] determined that there were 29,297 small
importance of access to credit in order to helpmthe industrial establishments with fewer than 50 empk:%(
establish their business. This means that som@éesht This represents an approximate 21% growth in the
have plans to expand their business to other madteb number of establishments since 1999. Food, beverage
extend their branches to many other provinces eit t ~and tobacco manufacture represent the largest nuofibe
wishes could not be realized due to the lack cirfre. If ~ small industrial ~ establishments. ~Among these,
the government can help to set up some policiestwhi approximately 90% are rice milling enterprises.
allow them to obtain loans, their future plan cob
realized. Other suggestions referred to supporiesiy
in building basic infrastructure such as water $ypp

electricity, road installations and others. Nowaay 2 The definition of the poverty line is based on tiash value of

' . . _what it take to consume 2,100 calories and 58 g@msotein per day
SO”_‘e SMEs are located in rural areas ,prOducmgper person and to cover basic items like clothind ghelter. This is
agricultural products and they could not bring thei equivalent to US$0.45 per day.

product to sell in the centre of the city becausee bad ® Accurate figures are not available. The dominamcsmall-scale
road conditions and transportation systems. Thay ca enterprises incorporates economic activities in thilee sectors-

. : . .y agricultures, industry and services, and includgerprises based on
only sell their product in nearby villages. The firds the household and micro-enterprises.

very low compa_red to those people who can bring the 4 pata on small industrial establishments is progitig the Ministry
products to sell in the city. Furthermore, theycheeme of Industry, Mines and Energy. The Ministry, thrbuigs municipal-
training and development courses such as marketingPrOVi”Cia| departments, gathers information on $madustrial
accounting and decision making, in order to improve establishments nationwide, including the numberestablishments,

. . . . . . capital investments, capital investment, labourrme status and
their skills and knowledge in doing business in a gytput.
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Registered private enterprises constitute whagfisrired Apart from these similarities, some differences
to as the formal private sector and number appratem between the entrepreneurs of SMEs of Laos and
12,000. These enterprises acquire legal status a€ambodia have been identified; they are summardzed
companies and sole proprietors through registratitin in Table 1.
the Ministry of Commerce (MoC) and are required to Laos retains the monolithic state mentality thatinge
pay profit tax based on the real regime systemgchwvhi rules and regulations are created and enforcedalfor
relies on the submission of financial statements. kinds of economic activities, even though technical
It is difficult to estimate the exact number of dima capacity of state agencies often tends to be veryed
enterprises, because there are so many unlicenseid practice. Cambodia, on the other hand, has beme
industrial establishments. According to MIME [4hete exposed to capitalist society and Cambodian
were a total of 21,516 small rice-milling enterpssof entrepreneurs seem to have a more intuitive
which over 10,000 had not obtained operating pearmit understanding of the needs that entrepreneurs must
and were operating informally. These small ricelingl manage, while at the same time operating in somgthi
enterprises accounted for 73% of all small indaktri of a vacuum in terms of government support ancgead
establishments and employed over 47,500 peopled Fooregulation.
processors accounted for 81% of all small entezpri
23,727 in number. Almost 12,000 of them did nothav 6. RECOMMENDATIONS
operating permits. .
Regarding the interviews, the respondents answered To enhance the promotion and development of SME

the question of how can they contribute to the piyve entrep_reneu:js tgf Lalos a;ndt kCﬁrr:goma, government
reduction policy of the government by pointing koete agencies and other relevant stakeholders are segges

major issues: firstly, SMEs provided employment (1) put strong effort into organizing a systema!tixining
opportunities to people who had litle experiencel a course for SME entrepre_neurs in either .management
skills and had low educational backgrounds, which Sk'”.s or rules and regulations enforcement; .(2995]“
resulted in household income generation for eachbaSIC infrastructure such as water supply, eletjrand

employee; Secondly, they paid income tax and Valueroads_ improvement, together with .convincin_g dortors

Added Tax (VAT) of 10% to the government, so the contnbyte to SME .developmen.t, and remforce_ the
latter generated the revenue to pay national exsens regulations  to av_0|d a spemal. connection/biased
such as civil servant salary payments. Some irdeees treatment for pa}rtlcular operators;  (3) .develop. the
claimed that they had contributed to charities sasthe educational curriculum to meet the international

Cambodian Red Cross and some orphanages as well. Th%tandards and compete with other neighboring cammtr
entrepreneurs in the study were optimistic aboeirth and ~encourage female entrepreneurs; (4) support

contribution to the economic growth and the poverty f’;\ccgssmlt?[ credit for b.‘:ﬁ'g_essb_ﬁ?‘”"t‘p? and Bméﬂél)
reduction policy of the government. inspire entrepreneurs with disabilities to comenfand to

demonstrate their skills and even to establishr thein
businesses. Moreover, the tax rates should be aimle
as their daily revenue was very low in comparisath w
To conclude, the performances of SMEs in both Laosannual capital investment; everyone should getcarale
and Cambodia have gradually improved due to the facchance to access the credit unions; and the prdoess
that the number of SME entrepreneurs keeps ingrgasi credit accessibility should consist of fewer steghjle
yearly. However, the main challenges that SME government should urgently intervene in these ssun
development in these two developing countries faee  solve the disputes.

the unclear legal framework, the uncertain rulesl an The recommendations explained above are strongly
regulations for SME establishments, lack of actd¥ssi proposed for either entrepreneurs themselves or the
credit, shortage of entrepreneurial and manageriakrelevant agencies in both countries. However, each
vocational training centres, competition in ternmigce country still acquires distinctive attention to irope its

and quality and the need for other support from theSMEs performance, as addressed in Table 2.
government and relevant agencies. To be successful Laos already has certain institutions which migat b
entrepreneurs, they should be knowledgeable andised to help transmit necessary skills and compigten
tolerant, have experience, obtain adequate capitdl,of  to entrepreneurs, perhaps in cooperation with NGOs.
course they should precisely understand the nafuttee Cambodia, on the other hand, has very little instibal
market and their target customers. However, it apgme  support and will need to rely, therefore, much more
that very few entrepreneurs had a focus on devwedppi strongly on market-based provision of services.
and strengthening employees’ skills and performanceManaging these two different systems requires wdiffe
even they recognized that the employees are the onetypes of skills and resources from the government
who most closely work with customers. To sustai@ th systems in place and will be influential in struatg the
development of business, both entrepreneurs andelationships between government and entrepreneurs.
government agencies are the main stakeholders tdlore research is required into the issue of howemvh
intervene and contribute support in all capitakestiment  and to what extent increased revenues will resolnf

5. CONCLUSION

efforts and regulation reinforcements. provision of the proposed services to entreprenands
whether government expenditure can be clawed back
accordingly.
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Table 1: Differences of SMEs Entrepreneurs in Laos an€ambodia

Nature of SMEs Entrepreneurs in Laos

Nature of SMEs Entrepreneurs in Cam

- The definition of SMEs in Laos prevailing in tBecree
on the Promotion and Development of Small and Mad
Sized Enterprises (No. 42/PM), the small and nmad
enterprises are defined according to the an araueahge
number of employees, total assets and annual tarnov

- Some attempts of the Lao government and o
agencies towards the development of the SN
entrepreneurs have been emergent among the S
entrepreneurs as some of them accepted that thklydsm
invited to join some of the training programs

accordance to the interviews.

- But surprisingly, the entrepreneurs in SMEs obs
have not yet attempted either to enhance their @yepk’
skills or plan appropriately to reward employeestfeir
performance enhancement.

- Cambodia does not have a legal definition of w
wconstitutes an SME. But according to Ministry ofilistry,
ilMines and Energy, the definition could be based
employment and size of fixed asset values.

theNone of the respondents claimed that they rede
VIEeThnical support and advice from government a@sn

agencies.
in

n- Many respondents had recognized important rofe
their employees by rewarding them, especiallyeims of
cash, materials and holidays, aiming at motivatingir
employees to achieve and perform well in their jelost
of the rewards were given in term of cash, materdald
holidays.

MEgh demonstrated the shortcomings of the goventahé

hat

on

ve
Ci

o

Table 2: Different Recommendations for SMEs Entrepreners’ Improvement in Laos and Cambodia

Recommendations for Laos

Recommendations for Cambodia

- Initially, the venture entrepreneurs themselvas
suggested to be self-enthusiastic in innovationthefir
skills and acquisition of continuous-learning atfiés in
order to diversify new products according to therkat
needs as well as satisfying the customers’ needs.

- Women should be encouraged to join as memberseg
Lao Business Women’s Association (LBWA) as t
association tries to unite all Lao women and tdecol
their wisdom and creative ideas to improve and ten
Lao business women and their products and services.

- For both small and medium enterprises, entrepran
urgently need to have a clear understanding of et
are doing, where they are now, and what they exfme
achieve. At the same time, they provide specifiedes
skills of: accounting and finance management, niarge
implication of Total Quality Management (TQM
Balance Score Card (BSC), Innovation and Developm
and have on-going update market information if t
expect to sustain their business where there gfe fates
of new entrants, substitute products, and high dangg
power of the customers [12].

- It would be great if an e-commerce platform
products and services of SMEs group were introduce
order to develop the Lao product and services tirgc
and link them to the GMS region to support for
regional transactions through GMS e-commerce pbrit
based on the basic rules of each individual couritry
would be even more beneficial if the logistic, slyp
chains and payment system (through e-finance
banking) for each professional business associabb
Laos are officially and securely developed anddohkvith
other GMS countries.

a It is necessary for entrepreneurs to have b
knowledge and skills about the products and sesv
provided management skills such as basic accoun
finance, human resource management, quality co
management, decision making analysis and to reg
their business in order to get some rights to a&c
government support.

fth Additionally, entrepreneurs need to have clearovis
higoals and plans for their business; to know whay tre
doing and encourage and reward employees for ¢
nperformance and contributions; to employ n
technology, and finally entrepreneurs must be téders,
immediately decisive, patient, passionate and ¢
listeners to customers as well as employees.

eur As strong competition arose domestically
internationally, SMEs are recommended to build opdy
crand names supporting high quality products. T9sse
could not be done without the technical and adyis
support from the SME Secretariat committees and
related civil society working in the field.

en

ney

g

or Last but not least, to respond to the fore
dcompetitors, the local producers and the serviceigers
who have the same or substitute products to wotkam
hey set up an association in order to reduce dom
competition  and to concentrate the power. T
associated members have stronger bargaining povesr
bthe suppliers as well as customers.

and

h
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e e, Economic Integration and Adaptive Strategies ofFarmers:
}" - - - - -
$ 5 % How Garlic Farmers in Chiangmai Coped with FTA
/m% Narumol Nirathron
a,9

Abstract— The paper examines the effects free trade, a second degree of economic integration, on the livelihood of
farmers who grow garlic in Chiangmai, a northern province of Thailand. It also describes different strategies adopted
among farmersin order to survive fierce competition and limited alternatives. The concepts of adaptive strategies and
stakeholder analysis form the major theoretical framework. The areas studied include Chaiprakarn, Fang, and Mae Ai
- major areas for garlic production. Stakeholders interviewed were garlic farmers, local merchants, government
officials, academics and representatives of NGOs.

The study found that small-scale farmers are ill-equipped to cope with risks arising due to economic integration.
The adaptive strategies in which the farmers engage depend largely on their economic, social and cultural capital. The
study recommends that alleviation of negative impacts of economic integration should take a two-pronged approach:
(1) Chronic problems in the agricultural sector such as oversupplies of produce and excessive use of chemical
substances must be addressed; and (2) appropriate adaptive strategies are needed both for farmers who want to keep
their occupation and for those who decide otherwise.

Keywords— Free trade agreement, agricultural workers, adapwe strategies and sufficiency economy.

discussion of the research findings. The paperludes
1. INTRODUCTION with a recommendation which takes into considenatio
the alternatives of adopting coping strategiesrretof

The free trade agreement between Thailand and China,.q,omic integration

under the framework of the Asean-China FTA, took

effect on October 1, 2003. Tariffs on vegetable fnd

products were eliminated, subject to HS 07-08, utite 2. THEORETICAL FRAMEWORK

Early Harvest Programme of the Framework Agreement.Free trade is based on liberal theories of intésnat
Theoretically, free trade aims at cutting tarifistween  trade. The most oft-cited theories are the Priecipl
countries. The basic reason for Thailand’s active Comparative Advantage and The Heckscher-Ohlin or
engagement in these trade liberalization effortghes Factors Endowments Approach. Both theories emphasiz
opportunity to enhance economic growth and cost-effectiveness due to expertise, efficiency and
development. Nonetheless, as Stiglitz [1] has oleskr  availability of resources as factors determiningiolth
trade liberalization brings enormous benefits wtere  commodities should be produced. There are alsts cos
is full employment and the economy is mature. Viith associated with free trade itself. The most fretjyen
employment, a worker who loses his job can quidikigt cited negative consequences are social repercgssion
another. Where these important conditions arenrmett ~ affecting the livelihood of farmers who are major
however, liberalization can expose developing coemt  stakeholders. Theoretically, these negative raatibns

to enormous risks. In particular, the less-privildg can be effectively dealt with through proper pregian
people in poor countries are ill equipped to cojité tine and adjustment, but joint efforts are required frara
attendant hazards. parties concerned.

This paper was part of a study on the effects ef th The theoretical framework employed by this research
FTA on farmers in the northern region of Thailaiitie consists of stakeholder analysis and adaptiveestyatin
focus here is on farmers who grow garlic in Chiaagm this analysis [2], stakeholders are in the valuairghi.e.
province. An overview of the situation of garlic farmers, casual workers, and garlic merchants,elsas
production in Chiangmai is followed by a brief dnd of those persons with the expertise to intervene and t
theoretical framework and methodology, and a control the intervention. According to Bennett [3]
adaptation refers to ways of dealing with resouramed
people in order to solve problems and attain gioetisne

This paper is part of a 2006 research project fdriethe Office of ~ Of Change. Adaptation should include preserving the
Agricultural Economics of the Ministry of Agricute and environment. Sustained adaptation implies goal
Cooperatives. The author was in charge of a PostASsessment of  gttainment by individuals or groups and an on-going
the situation of local producers of selected aduical products, — peeq for environmental preservation. Balancinésdal
namely garlic, onion, tea, fruit and vegetablelk wiorms, and dairy . . .

economic benefits with the duty to preserve the

and beef cattle. : . - . e
Narumol Nirathron is a member of the Labour and Ifsve environment is vital to the sustained livelihood of

Development Department of the Faculty of Social Adstration of farmers.

Thammasat University in Bangkok 10200, Thailand: ¥66-2-613- ; At
2518 or +66-81-702-3500; Emailarumolnira@hotmail.com Farmers in the context of globalization have to ag
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internal and external conditions in order to obtdie Ai districts in Chiangmai province, which produdeet
resources they need to survive. They must maintairhighest yield of garlic. Fifteen farmers were intewed.
relationships with fellow farmers, cooperatives, Among them were members of agricultural cooperative
middlemen, and government agencies. Farmers ave alsand landless farmers. Other stakeholders intendewe
exposed to various temptations which affect theirincluded two middlemen, seven government officials,
consumption and way of life. Proper adjustmentzede two academics and two NGO staff.

on factors such as understanding challengesndpav

good social networks and sufficient time to prepared 4, GARLIC FARMING IN CHIANGMAI

being supported by enabling policy. In order to be . . . .
surmounted, challenges must not be too complicated. More than 90% of the garlic plantations in Thailand

The ability to adapt of individual farmers varies are in th_e northern region, but statistics fror_n Ywar
considerably. 2003 indicated a continuing decrease in garlic fagm

: ; The planting season in Chaiprakarn, Fang and Mae Ai
6 ?eztridgft(;frlmgi(r:; g fag’rae\zz-lr-nim igg‘; [ﬁ]torzg(;g;ﬁ? runs from October to November and the hgrv_esF edak
in more than 100,000 farm households were jebles place from January_ to Febr_uary. F_resh garlic isitiid
Mexico alone, the number of poor households ina@as in January and dried garlic begins to appear on the
from 36 percent to 52.4 percent. The study alsadou market about two weeks_later._ Generally, farmers s
that capital intensive, commercialized farming and b.Oth fresh and dried garlic. Dried garlic keeF’S'V‘@"
farmers who had larger operations, extended sociaP™ months.  Most farmers rotate crops of rice ligar

networks, and were more in favor of the FTA werkeab sweet corn, bapy comn and other vegetables. _Garlic
to capitalize from the free trade agreement. Ferriost requires approximately 100-120 days from plantiog t

part, small farmers did not benefit from FTA becao$ ”;atl:“(tjy'. Bec;oret harvekstltrt:g the %arlf'(_;’ (t:'T'I“ ﬁm are
their lack of resources. Some were able to formP'anted inorderto make the most ot tertilize n

cooperatives and increase productivity, but ot to th?r:]'eld' | hain of d lic start ith
leave for big cities to find work. Interestingly amgh, f € va Ee c I?I'Ph 0 unprf[)celssel g.g:j'lc star ;‘@WI
more labor intensive, subsistence farming with less armers who sell Iheir crop 1o local middiemen. See

of chemical substances allowed farmers a bettenccha Shtepreneurs trz?msfer produce to provincial wai. tes .
to adjust. These ‘independents’ formed small merchants. The important markets in Chiengmai are i

: ; Sanpatong, Hang Dong and Chom Thong. The produce
cooperatives or bargained for better access to etgark L9 . .
They also engaged in alternative occupations whichi$ then distributed to the Talad Tai and Si Mooma¥ig

enabled them to offset many of the risks imposeérésy Markets in Rangsit before being passed on to eztail
trade. Farmers were also found to be making goedtis
waste, which in some instances provided them with a5' IMPORTED GARLIC
higher income. This study recommended a closevall Statistics from the Customs Department confirm a
up on adaptation. In 2005 [5], a subsequent studysharp increase in garlic imports since 2003, asvshia
confirmed that subsistence farming tends to createTable 1.
resilience among farmers. The highest volume of imports comes from China,
In the case of Thai farmers, another 2005 study] [ Myanmar and Laos, respectively. The volume of
brought more news of the negative impacts of th&.FT imported garlic from China increases in the thimt a
This study suggests that Thailand’s more lenientfourth quarters of the year, while imports from Myaar
examination process facilitates the influx of proglu surge in May and June, periods during which loealig
from China. The same study found that Thai farnuses  has already been distributed (Table 2). By contrast
a number of different adaptive strategies. For eam imported garlic from Laos floods the market from
they participate in the Royal Project to reduck, égljust ~ January to March. The major export markets are
their farming system, invest in more expensive Malaysia, Indonesia, Japan and Taiwan.
equipment to upgrade the quality of their own Prices on imported garlic from China are relatively
production, and learn to act as middlemen. Thep als low, compared to local production. Since 2004, the
receive assistance from the government and segk helaverage price, per kilogram, of garlic from Chinash
from the Bank of Agriculture and Agricultural been less than 6 baht. The price of this importicvh
Cooperatives. This study recommends that anyarrives on the market at the same time as the ljocal
assessment of FTA impact take into considerationgrown, tends to undercut local prices in other quisias
contextual factors such as the socio-economic andwell. Furthermore, the cost of production of Tharlic
cultural characteristics of the community. has tended to increase every year, as shown ire Babl

3. METHODOLOGY 6. FARMERS AND THE FTA : IMPACTS,
This study takes a qualitative approach, focusing o ADAPTIVE STRATEGIES AND
group discussion and in-depth interviews. The usa o GOVERNMENT MEASURES

qualitative method enables the researcher to vétties  |n all three areas of this study, only farmers where

process of adaptation, in addition to analyzingrthle of ~ members of cooperatives understood that the falling

other stakeholders. price of garlic was a consequence of the Aseann&hi
The areas studied included Chaiprakarn, Fang arel MaFree Trade Agreement. The more well-informed asdert

158



N. Nirathron / GMSARN International Journal 2 (2008) 157 - 162

Table 1. Volume (in%) and price of garlic importedfrom China

Volume of import (in %of total volume) Unit: 1,000 Tons
Year| 1 2 3 4 5 6 7 8 9 10 11 14  Tofal
2002| 0.12| 0.80| 4.43 7.086.41| 12.4915.50|11.31 | 11.84 6.87 | 10.32 12.86| 15.07
2003| 4.06 | 5.32| 8.65 5.8L16.90| 7.12| 12.7811.76 | 5.05| 8.40[ 11.7512.19|41.16
2004| 8.13 | 7.89| 7.75 4.4p10.72| 7.24| 10.808.89 | 9.25| 4.98| 8.29 11.650.52
2005| 7.62 | 5.09| 8.100 8.286.99 | 7.62| 11.9%11.98 | 7.83| 6.20] 11.766.53 | 43.79
2006 16.99| 15.83| 13.66| 7.38| 7.21 | 5.73 10.15?8.94 464 442 297 184 26.08

Price of garlic Unit : Baht/kilogram

Year | 1 2 3 4 5 6 7 8 9 10 11 12  Total
2002 | 6.97/9.16|6.93|6.50|6.74|6.91| 6.10 | 6.26 6.11| 5.74| 6.44| 6.52| 6.42
2003 | 6.44 5.86|5.69|6.89|6.64|6.79| 6.39 | 5.69 5.64| 5.26| 5.03| 4.61| 5.79
2004 | 4594.82|4.3714.31|14.12|4.70| 4.42 | 458 5.10|4.91|6.08|5.18| 4.77
2005 | 4.853.80|6.07|5.00|4.17|4.74| 6.05| 4.82 5.38| 4.73|6.54| 3.74| 5.15
2006 |3.28|3.34|3.49|3.93|9.21|9.45| 11.48|9.03| 8.49| 7.78| 8.68| 8.97| 6.21

Source : Customs Department

Table 2. Production of Garlic and Other Crops in Chaiprakarn, and Imports of Garlic from Selected Courtries

Garlic 1 2 3 4 5 6 7 8 9 10 11 12

Local

Fresh o—1 o
Dried ® ®

Imported
China
Myanmar

Laos »
Others

Rice

Corn and Rhubarb

that most farmers did not know about the FTA. Theseto keep on adjusting rather than begin plantingfarént
better informed individuals expressed anger towthed  crop. For many farmers, garlic farming is their waly
government. The farmers said they had neither beenlife and their culture. One village headman lamente
informed nor consulted about the FTA. They asderte “We have been in garlic farming for more than 6@rge
that only a select few were benefiting from the Garlic has been our way of life since the days gf m
agreement, and that the government’s action wahat parents.” Another village headman said “We grew up
term solution’ which showed no consideration foe th with garlic. It is our livelihood.”
long term survival of Thai farmers. Farmers are engaging in various adaptive strategges
Garlic generally earns farmers higher returns, follows:
compared with other crops such as soy beans or. corn
Though much more investment is required, retures ar
also higher. Farmers would rather assume some risk

1. By reducing his area for garlic farming, a farmer
can receive a 12,000 baht per Fasubsidy.

rather than switch to other crops. Though the pdte However, this option is open only to farmers who
garlic has continued to fall, many farmers haveasred own their land or rent land under a written
contract.

At the time of the study, Thaksin Shinawatra was frime
Minister of Thailand. 21 rai is equivalent to 0.4 acre.
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Table 3. Areas of Garlic Plantation, Volume of Prodction, more assertive about reducing the price of fediliand
and Prices on Local and Selected Imported Garlic chemical substances, promoting off-season farmimty a

C contract farming, and providing marketing inforroati
Year 2002 2003 2004 200p 20p6 They also hope that the government will be mor@ser
Area (rai) 7,192 5,842 5,20p 2,508 about strengthening agricultural cooperatives.

Volume (ton)| 25,172 20,447| 18,217| 8,778 _ Offlplals in the Agricultural Promotion Departmgnt
explained that the government has had a clearyptdic

Volume/rai reduce areas of garlic farming since 2003. Compiamsa
3,500 | 3,500 | 3,500 | 3,500 - . A .

(kg.) for farmers who stopped farming garlic was raisexf

Costkg. 1,500-2,000 baht in 2003 to 12,000 baht in 2005. To

(baht) substitute for garlic farming, the government idwoed

N a rubber plantation scheme requiring an investnoént
Fresh >11] 6.18 6.43 6.76 ’ approximately 30,000 baht for 10 rai. But 6-7 peare
Dried 6.11| 7.18| 7.43 7.76 - needed till the investment pays off, and not exapa is
suitable for growing rubber.

Price/kg. Officials said that measures to counter the impct
Local the FTA should take into consideration the need to
Fresh 6 4-5 5 7-8 - upgrade the quality of garlic, to cut productiorstsp and
Dried 5 22 13 34 _ to preserve the environment, particularly the dyadif

the soil. They recommended the following measures:

2. Farmers can switch to other crops such as potatoes 1. Enforce zoning.
or sweet corn under a contract farming system 2. Promote a contract farming system that is just and

recommended by the government. But for farmers, fair to provide more alternatives for farmers. Any
this is not a good alternative, as they have no such system should take into consideration the
bargaining power. Furthermore, returns on corn interests of the farmers and enterprises concerned
tend to be very low. The investment is not 3 Encourage cutting production cost through the
interesting, since profits tend to hover around jus reduction (not the elimination) of  chemical
2,000 baht per rai. substances and the promotion of  organic
3. Some farmers are considering planting rubber trees fertilizers. Farmers should also learn more abloit t
as the government is urging them to do. Rubber is importance of caring properly for the soil.
a valuable economic crop, though the investment 4 Agricultural cooperatives need to be stronger so
takes 6-7 years to turn a profit. that farmers will have more bargaining power.
4. Some farmers have tried to reduce their dependence 5. |ntensive campaigning should promote the use of
on expensive chemical fertilizer by producing thei Thai garlic.

own organic fertilizer on a trial an.d error basis. These suggestions are supported by some academics
5. Few farmers have become middlemen. Such agng NGOs who have reaffirmed that the governmélht st
course is possible only for farmers who accumulate|ags far  behind in alleviating problems whichetiten
sufficient capital. Being a middleman also requires the |ivelihood of farmers. Academics recommend that
another set of knowledge and skills, beyond thosethe government obtain more reliable information wbo

developed in farming. farmers and their organizations. Farmers are arshve
6. Some farmers who own land have stopped farming,group in terms of mode of production, size of land-
offering their lands for rent. holding and access to resources. Measures to atlevi

7. Farmers without capital may hire themselves outProblems must take this diversity into consideratid
for manual labor. Unskilled or semi-skilled male has also been suggested that farmers make uséwhtu

laborers receive 120 baht per day, female laborersc@pital by seeking out niche markets and by crgasin
100 baht. new identity for their goods and services. Farmens
8. Some farmers have migrated to the city have potential should be encou.ra}ged to enter new
' ' markets. They should have sufficient knowledge to
9. One landless farmer said, “I really had no exercise their economic rights. Given the many &iofl
idea....How can we possibly cope with this? | wish interventions possible, academics emphasize the
the government would help us more.” importance of cooperation among the agencies
Farmers were not impressed by the government'sconcerned.
initiatives in coping with the impact of the FTAha&y NGO staff sees the FTA as damaging the country’s
have felt that official the measures do not goefaough  food security. They stress that remedial actioneisded
in solving their problems. Many are resentful aboat at the structural level — a reorientation of agjtural
being informed about a policy that has so negativel policy which emphasizes the balance between
affected their livelihood. Most farmers want tdaia subsistence and export-oriented farming. Organic
their occupation. They expect the government terdiso  farming, alternative markets and a sufficiency ecop
them and to be more sincere with them, for they areall grow in importance in this view. The governrhen
major stakeholders. They expect the governmenteto b should promote self-reliance in production and aers
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the possibility of subsidies. Green markets shdudd every 2-5 years. His volume of production also
established in all provinces along with a globatwmek fluctuates. At the time of this interview, he wdarging

of organic farmers. only 10 percent of his land to garlic and was tgkin
advantage of the state’s compensation scheme.
7. CASE STUDY The land where he once cultivated garlic is cutyent

given over to eggplant, chilies and sweet corn. He
7.1 A Local Merchant currently works as an independent farmer and afsa o
The subject of the study, a small-scale, local imamt, contractual basis. He understands that importéitda
was formerly a farmer. He became a merchant aftercoming in, not only from China, but also from Myaam
garlic prices fell in 2003-2004. This enterprising Cambodia and Vietnam. He believes that the fredetra
individual collects garlic on a round-the-clock isafsom agreement benefits only the industrial sector awidtime
farmers in the village to sell to buyers. agricultural sector. He suggested that the govemhme
The merchant owns his own land and continues tofind ways to slow the influx of imported garlic. &
cultivate rice and peas for family consumption. rtRd should encourage cooperatives to buy garlic frooallo
his land has been rented to other farmers. In 2685, farmers as storage is expensive. Citing his expeeie
decided to take advantage of the compensation schemand his observations in Japan, the farmer saidakenb
offered to garlic farmers by the government. Thmnay confidence in his own government because Thai
he obtained from that was used as start-up cdpitalis ~ politicians have too many vested interests.
new venture as a middleman. This farmer-turned- This farmer’s ambition is to be a broker in the tcact
businessman also borrowed from the Bank of Agricalt  farming system. He noted that agricultural coopesat
and Agricultural Cooperatives. could also act as brokers, but the cooperativeesysiere
The decision to become a merchant came after hds not strong, and the interests of the farmersatavell
made his own ‘cost - benefit analysis,” in which he protected.
compared what was to be gained from continuing as a
garlic farmer with the perceived benefits of beaognia 8. ANALYSIS

garlic merchant. This turning point occurred afterhad Analysis of the interviews and previous research

bZﬁir(‘: l?g?r?]lgr' f(')rrhi ﬁﬁczgfmug\ﬁ )rqga:]%;g;gr:/]vggmg)e?wee confirms that measures to facilitate adaptive sgiats of
9 ) Yarmers should consider the following:

four and five hundred thousand baht per year. The
merchant told how he started his new career asal sm 1. Cooperation among stakeholders, i.e. farmers,
businessman. In 1991, he married and received 5,000 government officials, NGOs and academics.

baht as a wedding present from the parents of rice.b Facilitating adaptive strategies is not the sole
The young couple began selling vegetables in th&ebha responsibility of any single Ministry. It is
as well as cultivating garlic on rented land. Afie8 imperative that the parties concerned be aware of
years they were able to save enough to buy momr lan their roles. The Ministry of Labor, the Ministry of
and a pick-up truck. Education and the Ministry of Social
Emphasizing the importance of frugality, the mertha Development and Human Security, for instance,
said that they started from a small purchase azhéel should be cooperating to reduce the vulnerability o
the trade gradually. In his view, most farmers eveot farmers and to create a social safety net fordahm f
well prepared for the impact of the free trade agrent. sector.
To offset the hardships it caused, farmers havéeo 2. Respect for the economic rights of farmers includes
frugal and practice good financial planning whikey ensuring they have good access to the information
await some helpful intervention by the government. which affects their livelihood.

3. Small scale farmers also have a role in ensuriag th

7.2 A Farmer nation’s food security.

This landless farmer was 40 years old. Before 19@0, 4. More reliable data on the diversity of farmers in

farmed his parents’ land. As he explained, hiep&r terms of size, mode of production and access to
were so poor that their children had no clothegubon. resources is needed.

They farmed garlic and occasionally hired out asuah 5. Strengthening farmers’ organizations will help

laborers. In hopes he might escape poverty, hisrpsir sustain the strength of farmers themselves. Good
asked him to ordain as a novice when he was eleven access to information and occupational skills

years old. contribute to the formation of strong groups.

He left the monkhood in 1988 and married in 1993.

His wife died when their daughter was only eightnths 9. CONCLUSION AND RECOMMENDATION
old. The child is now 11.

In the year that he left the monkhood, the farmentw
to Japan, where he worked as a manual laborer for
years. When he returned to Thailand, he startediggp
garlic on rented land. After the harvest, he wenivbrk
in Japan again. This was before his marriage ir8199

According to this farmer, the price of garlic fluates

Economic Integration puts farmers in a more vulbkra
2situation. The free trade agreement is having mpielti
damaging impacts on farmers. For example, it
exacerbates the farmers’ already chronic problefs o
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high debt§ and overuse of chemicals, and increases
imbalances between demand and supply. These farmers
are not prepared to compete in a free trade envieoi,
particularly with the enormous influx of cheapeoghce
from China. Even the most basic requirements of
readiness are not in place amangst Thai farmers, who
are the major stakeholders in this scenario. Th& Ras
taken them more or less completely unawares. Adapt
strategies of individual farmers depend on their
economic, social and cultural capital. In genefidai
farmers are using strategies similar to those eyepldy
farmers in other countries. Nor do the adaptivatsgies

of farmers reflect concerns for environment. The af
organic fertilizer emerges from the need to redcost
rather than from a desire to protect the envirortmen
Government interventions do not seem to recognize
diversity among farmers.

This study recommends that alleviation of negative
impacts of the FTA should be two-fold.

(1) Basic and chronic problems in the agricultural
sector such as the oversupply of produce, the sixaes
use of chemical substances and need to empower
floundering agricultural cooperatives must be segip
addressed. (2) Dealing with FTA-related problemils
require that farmers who want to remain in their
occupation be introduced to appropriate adaptive
strategies, as should those who decide otherwisis. |
imperative that the government acknowledge the
diversity of farmers and those they collect andvigle
more reliable statistics for research. Farmers rreedss
to appropriate technology and plenty of social s
well, etc. Cooperation among concerned agencids a&sic
the Ministry of Labor, the Ministry of Social
Development and Human Security, and the Ministry of
Education is also recommended.
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Greenhouse Gas and Aerosol Emissions from Rice Fadehnd
Forest in the Mekong River Basin Sub-Region

Sirintornthep Towprayoon, Sebastien Bonnet, Sa@aivait
and Amnat Chidthaisong

Abstract— GHG Emission in term of methane and nitrous oxideewestimated using IPCC method with specific
emission factor derived from the experimental Bitd hailand. The estimation covered rain fed andgation rice
fields both first and second cultivation in a yeand the typical forest types in Thailand and Canidod5IS emission
map of two land use were established for MekongrRBasin Sub-region using the information from eaohintry.
Identification of high emission and sensitive aaea at the northeast region of Thailand and arodimhleSap area in
Cambodia. Carbon monoxide and particulate mattemfrice field residue burning and forest fire watlso estimated
using method developed from IPCC. Data from rersetesing was used to compare the result of GIS rsableshed
from the studies. Hot spot of forest fire and bisshurning in Mekong River Basin Sub-region wesniified. Both
forest fires and paddy field burning activities areserved to peak during the first and last few hewf the year from
January to April and October to December. This seatity pattern corresponds to the dry season, qebriluring
which there is a lack of rainfall and vegetatiore§ are therefore detected to take place. Congigdsiomass burning
and biogenic GHG emission, forests in GMS are samiof CO and TPM from biomass burning as welllass
significant amount of D from forest soil but are the sink of methamenf forest soil. Rice fields with the high
contribution for methane emission are likely to éagize in terms of CO and TPM for local emissioobpems, while
emission from forest should be concerned for tlygoreal or trans-boundary problems.

Keywords— GHG emission, biomass burning, Mekong river basinsoil forest, rice field.

1. INTRODUCTION

South East Asia covers an area of 410 million hesta
with forest and agricultural land representing
respectively about 77% and 20% of the total arde T
agricultural land use in South East Asia has exednd
only slightly from 16.8% of total land area in 19%%
19.6% in 1992, but for the period of 1990-1995, Alséa
Pacific forests observed a reduction by 17 million
hectares, with the fastest rate in the Mekong regio
(1.6% per year) and in South East Asia (1.3% par)ye
Deforestation via burning and intensive agricultura
activities results in the increase of GHG and adros
emissions in the region, which are of main condem
their impacts on the regional air quality and globa

2. CLASSIFICATION OF VEGETATION LAND
USE IN GMS

To classify the vegetation land use of the GMS, we
developed a Geographic Information System (GIS),
incorporating a database of digital maps of the 4
countries included in the paper, i.e. Cambodia, BBXR,
Thailand and Vietnam. Geographic data and their
associated attributes, such as vegetation typesndary
data collected from literature review, from goveemtal
agencies in charge of land development or land use
management, e.g. Land Development Department in the
case of Thailand, and from field surveys.

Two types of vegetation land use are consideredisn
study: forest and paddy fields. Regarding foredyps

climate change. To ensure the sustainable deveigpme were identified in Thailand including, mixed deacidis

of the region, GHG and aerosols emission invergorie
need to be established to provide scientific infation
relevant for the formulation of appropriate contesid
mitigation strategies. In this study, we genera@®®
maps of vegetation land use and corresponding emsss
for the Mekong River Basin Sub-region (GMS), the
calculation methodologies and data required togperf
those emissions calculations were identified.

Sirintornthep Towprayoon (corresponding authorgb&stein
Bonnet, Savitri Garivait and Amnat Chidthaisong wi¢h The Joint
Graduate School of Energy and Environment, King Niis
University of Technology Thonburi 126 Pracha-Utibd® Bangmod,
Tungkrue Bangkok 10140, Thailand. Phone: +66-2-8309 ext 4133;
Fax: +66-2-872-9805; E-madirin@jgsee.kmutt.ac.th

forest, dry evergreen forest, dry dipterocarp fonemist
evergreen forest and hill evergreen forest. Thegmés
were selected on the basis of the calculation ngetho
established to estimate biogenic emissions frorestor
since emission factors to be used are specifibaaytpe

of vegetation. Likewise, for biogenic emissionsiiraice
fields, the emission factors are function of thetewa
management system used for rice cultivation, anttde
the classification of paddy fields was categorizetivo
major classes, i.e. rained and irrigated areas.

From the developed general GIS, the 1:250,000 scale
map of vegetation land use including only forest an
paddy fields was created, in order to serve asbhtwe
layer for locating emission areas.

The land use of the 4 countries of the GMS pathisf
study is classified in 3 major categories and jrted in
Table 1. The corresponding GIS map is displayed in
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Figure 1. According to this land use classificati®n  aerosol emission, we estimate CO and TPM (total
results that Thailand, with 170,157 knhas the largest particulate matter) from biomass burns in the fosesl
forest area, followed by Lao PDR, Cambodia and agricultural residue (rice straw) burning in theerffield.
Vietham. However, with regards to the ratio of &irto Emission of these studied GHG and aerosol were
total land, Cambodia and Lao PDR, , are largeladhe expressed in GIS map to show the area of emission f
the region with about 60% of the country coverethwi four countries in the Great Mekong Sub-basin namely
this forest. Concerning paddy fields, Thailand and Thailand, Laos, Cambodia and Vietnam.

Vietnam possess the highest numbers. This refthets
position of these two countries as major world jpicsts
of rice. a) Estimation of amount of biomass burned:

Emissions from biomass burning activities [1]

In order to estimate the amount of biomass burrexd p

Table 1: Land surface of forest and paddy fields (k) . . .
year as a result of vegetation fires the followgeneral

Type Thailand Cambodia | Lao PDRVietnam equation is used:

Forest 170,157 108,990 | 142,602| 58,613 M=AxBxa (1)
(33%) (61%) (60%) | (18%) M is the amount of biomass burned per year, (kgjyea

Paddy | 105,754, 17,024 2,556 | 48,611 A is the area of land cleared (burned) per yedr ffar

fields (21%) (9%) (1%) (15%) year), B is the above ground biomass density (kg/ m

anda is the Fraction of above ground biomass burned.
Others 237,450 55,021 91,642 | 223,809 In the case of crop residues burning, the amount of
(46%) (30%) (39%) | (67%) biomass burned is determined using a modified eersi
Total 514,361 181,035 | 236,800 331,033 of the expression given in the IPCC revised guithsi
(1996)[2] and also used in works of Hao and Liu94R

[3] or Streetset al, (2003)[4]. It is as follows:

M=PxDxBXxFxa (2)

M is the total mass of crop residue burned in figlg), P
is the crop production (kg), D is the crop spediésidue
to product ratio, B is the dry matter fraction @omass
load if P is expressed in unit of surface instefdnit of
mass), F is the percentage of dry matter residuesed
in field, anda is the burning efficiency

Thailand

Table 2: Data for estimation of amount of tropical brest
and crop residues burned in Asia [2] [3] [4] [5], 6] [7]

_ Biomass load
Tropical | range (kg/rf)

Forest
107 0.2

Residue{ Dry | Dry matter| Dry matter
Crops to-crop | matter | burned in| burned in
ratio | fraction| field** field***

Burning efficiency

Cambagdia

- Rice 1.76 | 0.85""| 2596° 179"
Fh‘ N 3PPC (1996); PLevine (2000);Koopmans and Koppejan
A (1997)%Hao and Liu (1994)%Streets et al., (2003YOEPP,

Thailand (1990)

b) Estimation of emissions from biomass burning:

The amount of atmospheric emissions generated
annually by biomass burning can be estimated by the
product of the amount of dry biomass burnEdyation
1 or 2) and the emission factor of a specific pollutas,

Fig. 1 Land use of GMS

3. ESTIMATE EMISSION

follows:
In this study, we estimate amount of greenhouseggas E =M x EF 3)
term of methane and nitrous oxide from two major X~ X
sources, Forest and rice field. The soil forests ar E is the emission of the compound x (g/year), Mhis
differentiating by forest types and rice fields are mass of dry matter burned (kg dm/year), and EF the
differentiate by water management regimes. While emission factor of the compound x (g/kg dm burned).

164



S. Towprayoon, S. Bonnet, S. Garivait and A. Chidting / GMSARN International Journal 2 (2008) 1858

A comprehensive study from Andrea and Merlet Table 5: Emission factor of water management systeifor
(2001) [1] provides emission factor for various egpof rice fields [9]

biomass burning including tropical forest fires amrdp Emission Factor
residues burning. These are reported in Table 4. 1SSl 5 1
Water management (mg CHym“d")
Table 3: emissions factorgl]. [6] CH, N0
Tropical Forest‘ Crop residues Irrlgated (Single aeration 97.2 0.29
Compounds Emission Factors (g/kg) Rain fed 45.7 0.29
Cco, 1580 + 90 1515 + 177 * Towprayoon et al 2005 and personal communication
CO 104 + 20 92 +84 ** t = average 120 day
CHa 6.8+20 2.7 4. GREENHOUSE GASES AND AEROSOL
N,O 0.20 0.07 EMISSION FROM FOREST
NOx 1.6+0.7 25+1.0 Greenhouse gases emission in term of CH4 afl \Wwas
PM 20° 10 estimated from forest soil using 6 types of forast
representative of GMS forest type. However there ar
“Andrea and Merlet (2001} evine (2000) limitation of data accessibility from Laos and Viem
therefore the estimate focused only for Thailandl an
Emissions from biogenic activities Cambodia. Emission factors derived from the expenim

in Thailand which showed the negative emission of
Biogenic emissions from forest can be estimatedgusi methane. Total methane emission sink of the two
the following equation: countries was -173.22 ton as seen in Table 5. Mixed
E = A xEF (4) deciduous was the major contribution of negative
methane emission in both Thailand and Cambodia.
E is the emission of the compound x (mg/year), &&s  Emission of nitrous oxide from soil forest, althbuthe
land area of the forest vegetation ®mand EF is  global warming potential was 310, was relativelyam
emission factors (mg hd™) Aerosol in terms of CO and TSP from biomass
In order to perform these biogenic emissions burning activity in GMS was estimated. The biomass
calculations the type of forest considered is to beburning activities observed by ANDES for the 4
identified as the emissions factors to be applieel a countries included in this paper are reported and
vegetation (soil) specific. Emission factors arpoméed converted burning area from the fire counts using t

in Table 4. resolution of the satellite sensor, which was qadarse
in this case since it was of 2.7 km x 2.7 km.
Table 4: Emissions factors for major types of forestound Consequently, each detected fire count was assuoned
in the GMS [8] correspond to a 2.7 km x 2.7 km burned area. It was

found that the peak season of forest fires in Einal)

Emission Factors Cambodia, Lao PDR, and Vietnam runs from January to

Types of forest Ch N,O April. Indeed forest fires are significantly detedtfrom

Mixed deciduous forest 0.8 0.3 October onward, i.e. starting month of the dry eaas
the region. Result of emission of CO and TMP shibwe

Dry evergreen forest 15 0.4 in Table 6. In general fires occurring in dipteage and

Dry dipterocarp forest -0.8 0.3 mixed deciduous forest, are generally surface ourpl
fires, consuming only biomass accumulated on the
ground surface or litter. These underline the irtgoar
Hill evergreen forest -2.4 0.3 influence of local conditions or specificity on the
emissions, especially those related to area of kmd
type of biomass burned. It is therefore of most
importance to continue setting up field experimeantsd
surveys to determine and monitor these parameatetsei
GMS, so as to be able to improve the mission iramgnt
CH4 = Area x EFw x t (5) and its assessment. Highest emission of CO and TPM
were from Thailand.

Moist evergreen forest -1.4 0.1

Vanitchang and Chidthaisong (unpublished data)

Biogenic emissions from paddy fields can be estihat
using the following equation:

EFw is the emission factor (kg GHia® day?), t is the
cultivation period of rice (day), and A is the hasted
area of rice (ha)

The emissions factor indicated in Equation 2 actoun
for the differences in water regime during the rice
cultivation period. Values are reported in Table 2.
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Table 6. Emissions from forest fires and forest soil

Aerosol Emission GHG Emission from soil
CO (ton/year) | TPM (ton/year CHton/year) | NO (ton/year)
Thailand 6,123,520.00 1,177,600.00 -144.2 39.6
Cambodia | 2,860,416.00 550,080.00 -29.022 12.030
Vietnam 1,323,920.00 254,600.00 NE NE
Lao PDR 2,116,192.00 406,960.00 NE NE
Total 12,424,048.00 2,389,240.00 -173.222 51.6

Table 7. Emissions from rice field

Aerosol Emission from burning Greenhouse Gas Eomisfrom cultivation
CO (ton/year)| TPM (ton/year GHton/year) N,O (ton/year)
Thailand 79,705.85 8,663.68 1,059,330.17 5,630.82
Cambodia 7,944.40 863.52 147,328.60 827.13
Vietnam 37,303.55 4,054.73 NE NE
Lao PDR 1,205.78 13.,06 NE NE
Total 126,159.58 13,581.93 1,206,658.77 6,457.95

the EF of negative methane emission in the papaér is
the early step of study. Both forest and rice fiale
source of nitrous oxide but not in the significant
emission. On the contrary to GHG emission, aerosol
shows greater contribution from forest which is dae
the large burning area as well as control and mamagt
system in each country. CO from forest fire is gérge
when compare to rice field. Although small amouft o
€co come from rice field burning but this sourcelsser

to large community. The magnitude of aerosol erissi
can help confirm that emission from forest is likeb
involve in regional problem than rice field which
contribute more or less on local problem.

5. GREENHOUSE GASES AND AEROSOL
EMISSION FROM RICE FIELD

Using the emission factors obtained from
measurement in Thailand, emission of ,Céhd NO
from rice field of the whole country was estimatbdsed
on the total area and land use classificationnizgton is
only possible in these two countries because th
information on land use classification in other cies
is not available. Estimates were divided into mtid and
non-irrigated rice. Irrigated rice accounted fooab32%
of the total CH emission because rice is usually grown
twice a year and emission per unit area for irédatice
is about twice that of the rain-fed. On the othand
although rain-fed rice area accounts for about 8% ACKNOWLEDGEMENT
total growing area, it contributed around 68% ofato This work was supported by Asia Pacific Network
CH, emission (1.1 x106 tons). However, only about 18% for Climate Change Study under the CAPaBLE Program.
of total ;O emission was from irrigated rice. Amount of Special thanks to Ministry of Environment Cambodia
CO and TMP estimate from rice field burning were and Joint Graduate School of Energy and Environment
lower than emission from forest due to the lowepant ~ King Mongkut's University of Technology Thonburi
of residue burn. Major emission from rice field eesn  Thailand.
from cultivation.
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Comparing two major emission sources, forest aod ri
field in GMS, rice fields act as the GHG sourcadmm
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Emission of Methane from Rice Field and Forest in Thailand and Cambodia 2005
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Fig. 2. Total CH, and N,O emission from rice field and forest in Thailand anl Cambodia
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Figure 3. Total Emission of CO and TMP from GMS counties.
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getenifen, Air Pollutant Emissions from Paddy Residues Open Bining
5 < and their Potential for Bioenergy in the Greater Me&ong
3 5 a Sub-Regior (Cambodia, Lao PDR, Thailand and Vienam)
O}"fr%m Savitri Garivait, Sébastien Bonnet and Orachorn Keeal

Abstract— An inventory of emission and emission factors of carbon monoxide (CO) and total particulate matter or
aerosol (TPM) from biomass open burning in the Greater Mekong Sub-Region (GMS) was developed, in order to
document the characteristics of this significant source of air pollutants in the region. This was conducted using remote
sensing data in combination with ground-based observations, and vegetation land-use in each country. First, we
prepared monthly gridded emission maps, to identify vegetation types subjected to open burning, and to investigate its
spatial and temporal distribution. Preliminary results indicate that the major types of vegetation land use subjected to
open burning in the GMS are forests and paddy fields. For the latter, the amount of rice straw and stubbles available
for open burning in the GMS countries is estimated and converted to the energy equivalent in order to assess their
potential as renewable energy resource at the national and regional scale. Results obtained in the case of Thailand
show that about 48 million tons of rice straw and stubbles are available to open burning annually. Considering their
calorific values for heat production, rice straw and stubbles may give rise to about 680 PJ.

Keywords— Bioenergy, Emissions Inventory, Open Burning, Padly Field Residues, Greater Mekong Sub-Region.

biomass open burning emissions in Asia, and more

1. INTRODUCTION particularly in the Greater Mekong Sub-Region (GMS)

. L i including Cambodia, Lao PDR, Thailand and Vietnam,
Biomass open burning is defined as the combustfon o, hich could support the regional air quality modgli

the world’s living and dead vegetation, including anq monitoring in order to better evaluate theipaets
grasslands, forests and agricultural lands afterdsa for on regional air quality and climate

land c_:Iearing and 'af?d'use change. It has__ been: ag part of this process, this research study fatuse
recog_nlzed as a key dr|ver_ for global change, sihce a spatial and temporal inventory of biomass open
constitutes one of the major sources of gaseous an{l,ing in the GMS, using remote sensing data in
particulate emissions to the atmosphere. Theserlatt .o mhination with ground-based observations, in otde
contribute to global environmental change by afféft  yevelop a database of emissions and appropriate
local, regional, and global air quality as well By gnssion factors of carbon monoxide (CO) and total
disrupting rainfall patterns. In the ASEAN regidhey o icylate matter or aerosol (TPM). Preliminarguies
lead toan aquuallty problem named transbou.ntiaz;e, indicate that the major types of vegetation lan@ us
especially during the dry season in both hewspthre . subjected to open burning in the GMS are forests an
2]. In the northern hemisphere the peak period iS4y fields. Rice is the major economic crop ie th
_obser\_/ed during _January to March in th(_e regIon GMs countries; the burning of rice residues, iteavg
m_cludlng Cam_bodla, Lao PDR, My_anmar, Tha_uland and 4 stubbles, may affect not only local and rediama
Vietnam, and in the southern hemisphere during Atigu quality, but also national economy through the iotga

to October, with a transport of haze from_ '”dO'T“?‘F’aO of these burning activities on the soil structaneg so on
the southern part of Thailand. To remediate thigoral the production yield

air quality issue, which was the origin of high rham of In this study, a monthly 12 km x 12 km gridded
patients among the population suffering of respimat o ission maps of CO and TPM associated to open
diseases, the ASEAN approved to set up the ASEANburning of paddy fields in the GMS was developed, i
Agfeer_“‘?”t on Transbqqndgry Haze on a voluntarsbasi g ger to investigate spatial and temporal distidgutThe

of participation gnd rat|f|cat|_on. Once a membeartoy obtained results are analyzed and discussed, vidbus
accepted to ratify, the National Master Plan on 10pe ., emission characteristics of this type of airlygahts
Burning Con_trol and the Open Burning COF‘UO' Pldn 0 soyrce. Their contributions to the formulation ohtrol
Implementation should be developed and |mplemented,Stra,[egieS and mitigation policy measures, in orier

_Howeve_r, there is still a lack of reliable an_d F”Pd?‘te support the ASEAN Transboundary Haze Agreement,
information on the spatial and temporal distribatiof are also evaluated. The amounts of rice straw and
stubbles available for open burning in the GMS toes

are also estimated and converted into energy elgnitva

Savitri Garivait (corresponding author), SébastiBonnet and ; ; ; icarad
Orachorn Kamnoet are with the Joint Graduate Schb@nergy and in order to assess their potentlal, at the nati

Environment (JGSEE), King Mongkut's University ofedhnology ~ €gional scale, for renewable energy.
Thonburi, 126 Pracha-Uthit Road, Bangmod Tungkandkok 10140,

Thailand. Phone: +66-2-4708309-10 ext. 4134; F&6-2-8729805;

E-mail: savitri_g@jgsee.kmutt.ac,tisebastien@jgsee.kmutt.ac.dmd

orchorn.kam@kmutt.ac.th
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2. METHODOLOGY

Table 1. Land surface of forest and paddy fields iGMS

Vegetation coverage of GMS

To classify the vegetation coverage of the GMS,
Geographic Information System (GIS) was developed
incorporating a database of digital detailed lasd-u

maps of Thailand, Cambodia, Lao PDR and Vietnam
Geographic data and their associated attributese wer
collected for the base year 2000 from governmental

agencies in charge of land development, land us
management, national statistics. The two main tygfes
vegetation being accounted in this study are foaest
paddy fields, and a 1:250,000 scale map includimly 8
types of land-use (forest, paddy, and others ccaimgyi
vegetation, constructed area, etc.) was createedoh
country of the region, in order to serve as a bate
layer for classifying emission areas (Fig. 1). e tase
of Vietnam, bush was also included to better actéam
vegetation frequently subjected to open burning.

Type | Thailand | Cambodi Lao Vietna | Total in
a PDR m GMS
Forest
ki? 170,157| 108,990| 142,602 58,613|480,362
Mha 17.02 10.90 | 14.26 | 5.86 | 48.04
(% NL) (33%) | (61%) | (60%) | (18%)
EPaddy
kn? 105,754| 17,024 | 2,556 |48,611|173,945
Mha | 1058 | 1.70 | 0.26 | 4.86 | 17.39
(% NL) (21%) (9%) (1%) | (15%)
NL*
ki? 514,361| 181,035| 236,80| 331,03 1,263,2
Mha | 5144 | 18.10 | 2368 | 3 29
33.10 | 126.32

Cambodia

Fig.1. GMS vegetation map — Base year 2000

Figure 1 indicates that paddy fields are mosthated

*NL : National Land

From Table 1, Cambodia and Lao PDR are observed to
be the two countries of the region to be mainlyezed
by forest, i.e. about 60% of the total nationaldiawhile
Thailand and Vietnam dedicate 15-20% of their matio
land for rice cultivation.

Assessment of biomass burning activities using Hite
data

Biomass burning activity was assessed using remote
sensing data. This method provides an overview of
geographic positions and temporal changes of biemas
burning areas. The satellite data used in thisysaré

fire hotspots retrieved from satellite launched emthe
Asia-Pacific Network for Disaster Mitigation Using
Earth Observation Satellite (ANDES) research progra
The DMSP-OLS sensor enables to detect areas where a
temperature higher than a threshold, qualified as
reference temperature of an open burning (>T50 is
observed and named as hotspots. The resolutioheof t
detection instrument is 2.7 km x 2.7 km, which is
considered as a coarse resolution for satelliteatien;
however it is sufficiently fine for geographically
indicating the position of biomass burning areaj &or
calculation of the associated emissions. Basedhin t
resolution, the size of a hotspot is assumed tedorl to

2.7 km x 2.7 km. The ANDES hotspots data were
available daily from 1998-2004. The base year of
hotspots’ data collection for this study was therye
2002, since for this year no major interruptiorsafellite

in the central part of Cambodia, in the central andgaia collection was noticed; hotspots had beerecte

northeastern part of Thailand, and in the northeart
along the border with China and in the southernt pfr
Vietnam. In the case of Lao PDR, the main vegatatio
the country is forest, and lands dedicated to peatdy
still limited and spread throughout the country. A
summary of land surface of each type of vegetaison
reported in Table 1.
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for the whole year enabling to document the tempora
changes of open burning activity in the region.

The daily data were first processed into monthliada
of fire hotspots in the form of a GIS map, in order
investigate the seasonal variability over a yean A
example of monthly hotspots map is given in Fig@re
Each hotspot was classified according to the véigeta
in which it occurred, by overlaying the monthly siobts
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map to the vegetation coverage map, in order to

qualitatively and quantitatively assesses the tygfe
biomass subjected to open burning.

M=AxBxa (2)

where, M is the amount of biomass burned per year,
(kglyear), A is the area of forest burned per yearper
year), B is the above ground biomass density (Rg/m
anda is the fraction of above ground biomass burned.

Agricultural crop

In the case of crop residues burning, the amount of
biomass burned is determined using a modified @ersi
of the equation given in the IPCC revised guidaline
(1996) and also used in works of Hao and Liu (1994)
Streets et al. (2003) as follows.

M=PxDxBxFxa 3)

where, M is the total mass of crop residue burnefteid
(kglyear), P is the crop production (kgf.year), D is the
crop specific residue to product ratio, B is thg dratter
fraction (or biomass load if P is expressed in gfit
surface instead of unit of mass), F is the perggntat
dry matter residues burned in field, amds the burning
efficiency.

The data used in this study and their sources fuoth
forest fires and rice residues burning, are reploite
Table 2.

Table 2. Estimates of tropical forest biomass and op
residues burned in Asia

Fig.2. An example of monthly hotspots map - 2002

In order to systematically geo-reference the pmsitof
the hotspots, a grid map with a resolution of 12)kd?

km was developed.

Biomass load range Burning efficienc
(kg/n) J Y
'II:'roplcaI 107 0.2
orest
. Dry
Residue- Dry matten matter | Burning
Crops to-crop : o
. fraction | burned | efficiency
ratio S
in field
Rice 1.76 0.858"" | 2506 | 89%

Estimation of air pollutants emission from biomass
open burning — Calculation method

The emissions of air pollutants from biomass open
burning on a yearly basis can be estimated usieg th
equations, initially developed by Seiler and Crat£8],
based on the basic chemical reaction of combustion
which represents the relationship between the
combustion process and its emission as follows.

E,= M xEF, (1)

where, E is the emission of the pollutant x (g/year), M is
the mass of dry matter burned (kg dm/year), andtb¢
emission factor of the pollutant x (g/kg dm burned)

From Equation 1, it is evident that before estimgti
the emission, M and EBhould be first quantified.

a) Estimation of dry matter biomass burned:

Forest

In order to estimate the amount of biomass burreed p
year as a result of forest fires the following gahe
equation is used:

3PPC (1996) [4] ; PLevine (2000)[5] ; *Koopmans and
Koppejan (1997)[6] , Hao and Liu (1994)[7]; *Sreets et al.,
(2003)[8]; 'OEPP, Thailand (1990)[9]

b) Estimation of emission factors of air pollutants of

interest

A comprehensive study by Andreae and Merlet (2001)
provides emission factors for various types of Aem
burning including tropical forest and crop residu€be
emission factors reported by Andreae and Merlef [10
come from an updated review of practically all esh
works performed over the last 30 years on emission
factors measurements worldwide. The emission factor
of air pollutants of interest are reported in TaBleFor
Total Particulate Matter (TPM) or aerosols, the ssioin
factors used are from Levine (2000), since theyehav
been obtained from experiments representative of
burning conditions occurred in Asia (Table 3).

In order to systematically assess the open burning
emissions of a given pollutant, a grid map with a
resolution of 12 km x 12 km, identical to the meged
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for evaluating open burning activities, was set by for the year 2002. For RPR, the calculations were
incorporating the equations and data required ltutze conducted using two values: (1) the value of 1.757
air pollutant emissions, as inputs into the GlSabdase.  reported by Koopmans and Koppejan [6], and (2) the
Monthly emission maps were prepared for each of thevalue of 0.750 obtained based on field survey iis th

pollutants considered in this research study. study. The difference observed between the twoegaisi
due to the quantity of stubbles left in the field.
Table 3. Emission Factors of air pollutants of inteest Regarding the corresponding energy release, this
- ; L represents the energy content of the residues,wasd
Tropical Forest‘ Crop residues . . . .
Compounds estimated using the following equation.
Emission Factors (g/kd)
E = MXCV 4)
CO, 1580 + 90 1515 + 177
where, E is the energy of the total crop residueraf
co 104 + 20 92 +84 harvest (PJ), Msis the total mass of crop residue after
CH, 6.8+2.0 2.7 harvest (Mt), CV is the calorific value of the mhse
N,O 0.20 0.07 considered (MJ/kg).
NOx 16+07 55+10 Straw and stubbles have the same CV value of 14.00
_ MJ/kg [11].
TPM 20° 10
aAndrea and Merlet (2001)[10]; Levine (2000) 3. RESULTS AND DISCUSSION

Biomass open burning activities

Estimation of amount of straw and stubbles consumed The biomass open burning activities observed by
and corresponding energy released by open burning ~ ANDES satellite for Thailand, Cambodia, Lao PDR and

Stubble corresponds to the lower part of the plent to ~ Vietnam, are reported in Figure 3, for both fireunts
the root, which generally stays on the ground after@nd burned areas. This latter is converted frora fir
harvest. Straw constitutes the part coming withgten counts based on a satellite sensor resolution7oki x
during harvesting. Based on field surveys in Thnalla 2.7 km. . o

and Cambodia, it is to underline that in the pasgw Results from Figure 2 indicate that the peak season
was moved out of the fields to be used as anindddo, ~ forest fires in Thailand, Cambodia, Lao PDR, and
and stubbles served as additional fodder for caiti¢  Vietham runs from January to April. Indeed, forgsts
buffalo labors as well as supplement organic matdre are _S|gn|f|cantly detected from_ October_ onward, i.e
incorporated back into the soil during land prepara  Starting month of the dry season in the region. _
for the new plantation. At present, with intensifion of Regarding paddy field burnings, the peak season is
rice farming, animal labors are replaced by machine |0 observed during the January-April period in
and straw and stubbles are being more extensivelyl Nailand, Lao PDR and Cambodia, while Vietnam
burned in the field, especially in the region wherter ~ displays a different pattern with frequent burning
resources are sufficient to enable the plantatién o Occurring throughout the year. Also with regardstte
secondary rice. In addition, the length of strawd an INtensity of paddy field burning, Thailand and Viamn
stubbles varies greatly with species and harvesting®'® far ahead. The particular seasonal patterradéiyp
methods. A paddy field harvested mechanically leame ~ f1€ld burning observed for Vietnam seems to confam
the field stubbles of 20-30 cm height, while when agro-intensification of rice producu_o_n in this (_m[y.
manually collected leaves stubbles of over 50 cightie ~_ 1he frequency of fires, quantified by fire counts,
Also, long-lived (about 180 days) species planted i |nd|c_ates that forest is rr_1uch more affected by open
some parts of northeastern region of Thailand mayPUming than paddy fields, although there are
provide straw of 1.5-2.0 m in length, while shaveb uncertainties in these estimations, notably indage of
species (90-120 days) would have a length of leaa t satellite detection of rice residues open burning.

1.2m. Monthly emission maps

The amount of straw and stubbles consumed by open L .
burning can be estimated using the residues-totatod An example of monthly emission maps of TPM during

ratio (RPR) or D in the calculation of emissionirastes the peak period (January-April 2002) is reported in
based on the following equation Figure 4, in order to investigate the spatial distion of

biomass burning during the high season of biomass
Mres= AXP X RPR ¢ (4) burning.
where, Mg is the total mass of considered crop residue From Figure 4, it is observed that paddy fieldsrope

after harvest (Mt), A is the cultivated area (MHa)s the ~ PUrMing occurs in Thailand in the central and ie th
crop production (tha), RPRs the specific considered Northeaster regions of the country, especialljainuary
residue-to-product ratio. and February. In Cambodia, burning is also intense

In this study, A and P are collected from Food and during these two months and is located in the eepart
Agriculture Organization (FAO) statistics (FAOSTAT) around the Mekong delta. In the case of Lao PDR, as
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paddy fields and forest coexist, and the rice alibn
land is very limited, the burning is observed toesg
throughout the country with very low intensity or
frequency. Finally for Vietham, only rice fields the
south along the border with Cambodia are affected b
burning and are characterized by a similar intgnsit
throughout the four months studied, confirming a
possible intensification of rice farming in thigjen.

H R
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ietna
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.‘o‘{/&rdwf‘,;r@-‘i/
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January 2002

Fabrua

ry 20012

GWh in order to investigate their order of magn&ud
relative to electricity demand in each country.

Fig.4. Monthly emission maps of TPM in GMS during
January-April 2002.

= = ,.‘ Table 4. Amount of straw and stubbles and correspating
/‘/ f energy content, RPR = 1.757
i -
« iE”\\ - Paddy Amoc;unt Energy | Energy
iy N Country | lands residues content| content
el O AL (Mha) PJ) (GWh)
(Mt)
Fig.3. Fire counts (counts, in line graph) and burad area -
(ha, in bar graph) in Thailand, Cambodia, Vietham and Cambodia 170 °.724 80 22,260
Lao PDR in 2002 for a) forest, and b) paddy fields. Laos 0.26 1.410 20 5,482
I g
In addition, the January to February period Thalland 10.58 48.499 679 188,607
corresponds to a dry wintery season for the regimm, Vietnam 4.86 | 39.197 549 152,43p

so to the period where high pressure and cold agses
from China covers the North and Northeast of Timal)a
the north of Cambodia, Lao PDR, and the north of

energy content, RPR = 0.750

Table 5. Amount of straw and stubbles and correspating

Vietham. This contributes to a poor dispersion of
pollutants emitted from different sources in the
atmosphere, and so to an increase in their ambient
concentrations including the level of particulatattar,

which can exceed the national standards. On ther oth

hand, the dry weather conditions favor a fast pgagan

of the fires. Therefore, it is recommended to aaintr
paddy fields open burning from January to March, in

particular in Thailand and Vietnam, the top two cies

in rice cultivation of the region.

Paddy |Amount of| Energy | Energy
Country | lands | residues| content| content
(Mha) (Mt) (PJ) | (GWh)
Cambodig 1.70 1.437 34 9,502
Laos 0.26 2.314 8 2,340
Thailand 10.58 1.957 290 80,509
Vietnam 4.86 3.443 234 65,068

Amount of straw and stubbles consumed and
corresponding energy released by open burning

reported in Table 4 and 5. They are also displaped

Results reported in Table 4 and 5 represent agttre
gross amount and energy availability of straw and
Results obtained for the 4 countries in the GMS alestubbles. The use of 2 values of RPR enables taefra

the range of this gross availability. It resultednfi our
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field survey that the value of 0.750 correspondshi
part of the residues able to be moved out fronfithds,
and so available for different utilization, while757

represents the whole residue cut few centimeteoseab
the ground. The net amount available for energy

production will depend on two other main factorthes
utilization and biomass to energy conversion tetmo
in use.

Other significant factors influencing the net

availability are the cultivation practices and theel of

difficulty to collect, string the straw and stubble

together, and move them out of the fields. It stdog
noted that the size of paddy fields in the 4 cdestof

the region studied, is quite small, less than 1lirha

general, compared to the size reported in EuropgSa#,

and consequently quite difficultly to access by a 4]

commercialized tractor. Moreover, the plantatioil &o
relatively soft, and so the load of a heavy dugctor

would compact the soil, resulting in a hard plowing

during the land preparation phase.

4. CONCLUSIONS AND PERSPECTIVES

The emission maps developed in this research wavk h
allowed to easily monitoring seasonal changes @&nop

burning, and the GIS database to identify the tgpe

vegetation that is being burned. These developments
have enabled to investigate the spatial and terhpora

distribution of paddy fields open burning in the GNbr
the year 2002.

The results obtained in this study show that Thalila
and Vietnam are the two countries, where paddy fiel

open burning occurs most frequently. The peak pesio
this type of burning runs from January to April,thvi

January and February as the climax period. As thisl 7]

period corresponds to the time when forest firesthe
most intense and atmospheric stability is the ratadile,

i.e. difficult dispersion of air pollutants, it is

recommended to control more stringently agricultura
open burning to reduce impacts on air quality and
therefore support the ASEAN Agreement on

Transboundary Haze.

The quantification of gross amount of rice stravd an [°]
stubbles consumed and corresponding energy relégsed
open burning was helpful in estimating the energy
amount that could be recovered from the waste tBgma

However, further investigations, especially on updp

the RPR values, and on the material flow of strad a
stubbles after harvest via field survey in the GMS

countries, are needed in order to support the ftatiom
of national action plan of promoting the use ofex@able

energy resources, and of reducing agricultural open

burning.
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gttt Promoting Cooperation in the Mekong Region through
& < Water Conflict Management, Regional Collaboration,and
3 LQ - Capacity Building
}"’r% Patrick R. MacQuarrie, Vitoon Viriyasakultorn, aAdron T. Wolf
619

Abstract— There are over 263 international river basins i tlvorld covering almost half of the Earth’s landfage.
Over 145 nations are riparians to one or more afsh basins, some sharing with up to 17 countriballénges facing
the Mekong River Basin are prompting increased $oon water conflict prevention and management aglonal
collaboration. Discarding the water wars myth, rasgh and case studies have shown that greatertitistal
capacity can prevent water conflicts, leading tdhv@mced cooperation in international basins. Strategartnerships
and conflict prevention activities such as trainiagd “hotspot” mapping are current examples of ablbrative
cooperation in the Mekong Basin. Regional cooperats driving most collaborative efforts includitize emergence
of civil society and stakeholder participatory pesses at the basin level. Examples from the NileGalumbia River
Basins provide evidence from outside the Mekongmegupporting claims that cooperative managemastitutions
and collaborative processes are effective policfes promoting peace and cooperation transboundanyd a
international water basins.

Keywords— Basin cooperation, basin institutions, capacity bilding, institutional capacity, Mekong, regional mllaboration,
river basin organization, transboundary water, wate conflict management.

Myanmar, Laos, Thailand, Cambodia, and Vietnam,

1. SHARED INTERNATIONAL BASINS — THE terminating in the South China Sea, draining over

SETTING 795,000 km [5]. Thailand and Laos both share the
highest percentage of area in the basin with 23 2&hd
percent, respectively, while Laos contributes treatpst
amount of flow (35 percent) [5]. Vietnam has thghast
population density (236 personsAmand the lowest
percent of basin area (8%), posing potential caorscer
with respect to its political influence [6]. The ktng's
annual flow varies widely based on the monsoon®sgas
ranging from 78.8 to 475 cubic kilometers dry tinya
seasons, respectively [7].

There are over 263 international river basins ie th
world, covering almost half of the Earth’s land fage,
nearly 40 percent of the world’s population, and 60
percent global river flow [1]. Surface water,
groundwater, and water quality and the ecosystenalr
interconnected and widely utilized for a multitudé
purposes, ranging from biological, economical, igymt,
cultural and domestic needs [2]. Over 145 natiores a
riparians to one or more international basins ewlorld.
Some basins, such as the Danube, share up to 17
countries whilst many others share three or more

boundaries between them [3]. Oregon State Uniwessit e :9%@&
Transboundary Freshwater Dispute Database (TFDD) N . o
houses over 300 international agreements on - M
international basins seen in Figure 1, an indicatimat A ™
cooperation may be prevalent on international Rareements i}g

transboundary water issues [4].

Beginning at over 4500 meters elevation in the
Tanggula mountain range in Qinghai province, the
Mekong flows for over 4800 km through China,

Fig. 1. Cooperative international agreements per ksn [4]

Patrick R. MacQuarrie is a PhD student focusingvaier conflict
and cooperation on international river basins, Depent of The Mekong faces some monumental challenges in the
Geosciences, 104 Wilkinson Hall, Oregon State Usitye Corvallis, - years to come. Over 21 percent of the basin iSiI(-lZgOd

OR, 97331-5506, USA. Phone: +1.541.737.1201; Fax: ith lv 31 fi iginal f lefita d
+1.541.737.1200; Emaihatrick.macquarrie@geo.oregonstate.edu with only percent of its original forests act an

Vitoon Viriyasakultorn is Senior Governance Spestalat the ~ only 5 percent under protection [7]. Two percent
USAID ECO-Asia Governance Project, SG Tower, 5toF| Unit 506, population growth over the next 50 years combinét w

161/1 Soi Mahadlek Luang 3, Rajdamri Road, Patumvgamgkok ; ; ; ;

10330, Thailand. Phone: +856.86.7731492; Emaikoon@eco- |ncre_asmg environmental d_egra_datlon Iee.lds the UMEP

asia.org predict severe and negative impacts in the areas of
Aaron T. Wolf is Professor of Geography in the Dépant of stream flow, pollution, loss of habitat, fish poptibns,

Geosciences, 104 Wilkinson Hall, Oregon State Usityg Corvallis, and community health to those who rely on the Mekon

OR, 97331-5506, USA. Phone: +1.541.737.2722; Fax: ©hvali ;
1.541.737 1200: Emaikolia@aeo.oregonstate.edu for their livelihoods [7]. What is needed to prepdor
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these changes?

Water management is, by definition, conflict

T.MWV&GGMSARN International Journal 2 (2008) 175 418

that shared water provides compelling inducemeats t
dialogue and cooperation, even while hostilitiegera

management. There is no such thing as managing wateover other issues.

for a single purpose as all water management igi-mul
objective and based on navigating competing interes
Within a nation these interests include domestiersis
agriculturalists, hydropower generators, recreation
enthusiasts, and environmentalists - any two ottiaire
regularly at odds, and the chances of finding milyjtua
acceptable solutions drop exponentially as more
stakeholders are involved. Add international bouisga
and the chances decrease exponentially yet aggin [8

This paper makes a case for promoting cooperation i
the Mekong region through principles of water cimfl
prevention management, regional
collaboration, and multi-scaled capacity buildiddnese
activities must be clearly relevant; not to be gad by
war or thwarted by political upheaval. Therefore vt
refute the myth that wars are likely, and insteak g
evidence that water conflict, instead, is a catafgs
cooperation. Built on this premise, cooperative
management techniques and collaborative effortse hav
their greatest influence on strengthening instiuai
capacity in the Mekong region.

2. WATER WARS OR CONFLICT
MANAGEMENT AND COOPERATION? *

Many observers claim that increased geographical
interdependence of water boundaries combined with
population pressures and increased water scaetys|

to greater conflict. In contrast, historical evidenand
current research demonstrate that tensions ofteonte
catalysts for cooperation, a much more prevalent
strategy. People do affect their environment,tbwwhat
extent is the opposite true? Just how deep is dsat
relationship between environmental stresses and th
structure of human politics? This relationship isttze
heart of understanding the processes of envirorahent
conflict prevention and resolution. If, as the krgnd
growing “water wars” literature would have it [9]1&e
greatest threat for water conflicts is that watearsity
can and will lead directly to warfare between mnadio
The “water wars” idea potentially diverts a hugeoamt

of resources to arrest these processes at the shighe
levels. When if fact, if the processes driving dizhfare
actually both more subtle, scalable, and more ldacal
nature as suggested by [14, 15-18], then so todhare
potential solutions to conflict over water [8].

It is important to note that shared water does lead
tensions, threats, and even to some localized ngele
Later we offer strategies for preventing and mifigzg
these tensions. However, conflicts over water yaledd
to war. Moreover, these tense “flashpoints” or “pots”
generally and eventually induce the parties invblve
enter negotiations, often resulting in dialogue ,and
occasionally, precipitating creative and resiliamirking
arrangements. Also significant is evidence disceder

! This section is largely taken from Wolf, Aaron 2Q07, “Shared
Waters: Conflict and Cooperation,” Annual Review Erfivironment
and Resources 32: 3.1-3.29.
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$ his 1996 article [26].

An examination of the “water leads to war” thesis
sheds some light on its relevance to reality on the
ground. Although the extreme water wars literature
mostly began to fade in the late 1990s, a number of
articles dating back decades argue quite persupdive
some degree of causality between environmenta$sstre
and political decision making, employing rapidly
approaching resource limits as a justification. ©aenot
discuss water institutions, for example, withouwtdking
Wittfogel [19] and his classic argument that thevelito
manage water in semiarid and tropical environmésds

cooperation andboth to the dawn of institutional civilization, de#bed

by Delli Priscoli [20] as the “training ground for
civilization” and to particularly autocratic, degjmo
forms of government. Consequently, his argument was
quite effectively challenged by Toynbee [21], among
others. The premise that there is a critical ligkween
how society manages water and its social struciace
political culture remains as an important and valid
insight.

This thread of causality between the environmeut an
politics has been taken up regularly over the yaaitsen
Sprout & Sprout [22] describe the environmentatdes
inherent in international politics, it becomes tthieect
intellectual  precursor to today’'s blossoming
“environmental security” literature, as spearheadbyd
Homer-Dixon [23]. A summary of Homer-Dixon’s
findings, along with a debate on the topic is pinése in
[24]. In his defense, Homer-Dixon’s arguments, glon
with many in the water wars camp, have become more
muted over the last few years: In 1994, he wroide"
renewable resource most likely to stimulate insgest
resource war is river water” [25, p.16], which lepeats
He modifies the claim,
elaborated in his 1999 book [27], “In reality, warger
river water between upstream and downstream neighbo
are likely only in a narrow set of circumstances
...[and]...there are, in fact very few river basarsund
the world where all these conditions hold now ogimi
hold in the future” [27, p.139].

The treatment of nations as homogeneous nations,
rational entities linking internal and externaleirgsts is
critical when we look at violent international cbictis
[28], [29]. Gleick [30] is widely cited as providinwhat
appears to be a history replete with violence avater
resources. However, Wolf [31] points out that what
Gleick and others have actually provided is a hjstde
with tensions, exacerbated relations, and configcti
interests over water, but not State level violentlf
[31] contrasts the results of a systematic seamh f
interstate violence with the much richer record of
explicit, legal cooperation with 3600 water-related
treaties. In fact, a scan of the most vociferousngas
around the world reveals that almost all the sdts o
nations with the greatest degree of animosity betwe
them, whether Arabs and Israelis, Indians and Rakis
or Azeris and Armenians, either have a water-rdlate
agreement in place or are in the process of ndgaia
one.
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International river basins

The Register of International River Basins of therla/
[32] defines a river basin as the area that coutiei
hydrologically (including both surface-and groundeva
to a first order stream, which, in turn, is defireg its
outlet to the ocean or to a terminal (closed) lakiland

sea. We define such a basin as international if any

perennial tributary crosses the political boundaaktwo
or more nations.

Similarly, the 1997 UN Convention on Non-
Navigational Uses of International Watercoursesnasf
a watercourse as “a system of surface and underdrou
waters constituting by virtue of their physical
relationship a unitary whole and flowing into a acoon
terminus.” An international watercourse is a waterse
with parts situated in different States [33].

Within each international basin, demands from
environmental, domestic, and economic users inereas
annually, while the amount of freshwater in the lor
remains roughly the same as it has been throughou
history. Given the scope of the problems and the
resources available to address them, avoiding wate
conflict is vital. Conflict is expensive, disrupy and
interferes with efforts to relieve human sufferinggduce
environmental degradation,
growth. Developing the capacity to monitor, predastid
preempt transboundary water conflicts is key
promoting human and environmental security
international river basins, regardless of the saalghich
they occur.

A closer look at the world’s international basirgeg
a greater sense of the magnitude of the issuest, Hie
problem is growing. There were 214 internationaihs
listed in a 1978 United Nations study [32], thet lime
any official body attempted to delineate them, #mete
are over 263 today [1]. The growth is largely tasuit of
the internationalization of national basins through
political changes, such as the break up of the eBovi
Union and the Balkan states, as well as accesslty's
better mapping sources and technology.

A way to visualize the dilemmas posed by
international water resources is to look at the Ineirrof
countries that share each international basiiiahle 1

to
in

Nineteen basins are shared by five or more riparian
countries: one basin—the Danube—has 17 riparian

nations; five others are are shared by betweend914n
countries; and the remaining 13 basins have betvgee
and 8 riparian countries [3].

Fortunately, there is room for optimism due to the
global community’s record of resolving water-rethte
disputes along international waterways. For exanthke
record of acute conflict over international water
resources is overwhelmed by the record of cooparati
Despite the tensions inherent in the internaticedting,
riparians have shown tremendous creativity in
approaching regional development, often through
preventive diplomacy, and the creation of “baskefts
benefits,” which allow for positive-sum, integrativ
allocations of joint gains. Moreover, the most vekat
enemies around the world either have negotiate@rwat
sharing agreements, or are in the process of dsongs

n
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of this writing, and once cooperative water regimes
established through treaty, they turn out to be
impressively resilient over time, even between otise
hostile riparians and even as conflict is waged atleer
issues. Violence over water does not seem straiibgic
rational, hydrographically effective, or economigal
viable. Shared interests along a waterway seem to
consistently  outweigh  water’s  conflict-inducing
characteristics.

Table 1. Number of countries sharing a basin. Sourc¢l]

Number of
Countries  International Basins

3

Asi (Orontes), Awash, Cavally, Cestos, Chiloango, Dnieper, Dniester, Drin, Ebro, Essequibo,
Gambia, Garonne, Gash, Geba, Har Us Nur, Hari (Harirud), Helmand, Hondo, lli (Kunes He),
Incomati, Irrawaddy, Juba-Shibeli, Kemi, Lake Prespa, Lake Titicaca-Poopo System, Lempa,
Maputo, Maritsa, Maroni, Moa, Neretva, Ntem, Ob, Oueme, Pasvik, Red (Song Hong), Rhone,
Ruvuma, Salween, Schelde, Seine, St. John, Sulak, Torne (Tornealven), Tumen, Umbeluzi,Vardar,
Volga, and Zapaleri

Amur, Daugava, Elbe, Indus, Komoe, Lake Turkana, Limpopo, Lotagipi Swamp, Narva, Oder
(Odra), Ogooue, Okavango, Orange, Po, Pu-Lun-T'o, Senegal, and Struma

La Plata, Neman, and Vistula (Wista)

Aral Sea, Ganges-Brahmaputra-Meghna, Jordan, Kura-Araks, Mekong, Tarim, Tigris and
Euphrates (Shatt al Arab), and Volta

Amazon and Lake Chad
Rhine and Zambezi
Nile

Congo and Niger
Danube

and achieve economic

3. SCIENTIFIC EVIDENCE OF WATER AS A
CATALYST OF COOPERATION

Basins At Risk (BAR) projeé

In order to cut through the prevailing anecdotgirapch

to the history of water conflicts, researchers atdon
State University undertook a three-year researofepr
which attempted to compile a dataset of every tepor
interaction between two or more nations, whether
conflictive or cooperative, that involved wateraascarce
and/or consumable resource or as a quantity to be
managed. The central focus of the study was thé¢rwa
was the driver of the all events over the past &ary.
The study documented a total of 1831 interactibosh
conflictive and cooperative, between two or mortéoms
over water during the past five decades and foined t
following (see Figure 2) [18].

First, despite the potential for dispute in inteimaal
basins, the record of acute conflict over inteovsl
water resources is historically overwhelmed by the
presence of cooperation. Over the 50 year studyeth
were only 37 acute disputes (those involving vio&n
of those, 30 were between Israel and one or anofhiex
neighbors, and the violence ended in 1970. The only
water war between nations on record occurred 0604
years ago between the city-states of Lagash and &Jmm
in the Tigris-Euphrates basin [31, 34).

The total number of water-related events between
nations of any magnitude is likewise weighted tavar

2 This section is largely taken from Wolf, A. T., aika Kramer,
Alexander Carius, and Geoffrey D. Dabelko. 2005.aftér 5:
Managing Water Conflict and Cooperatidm State of the World 2005:
Redefining Global Security30-95. Assadourian, Eet al. Washington,
D.C.: The WorldWatch Institute.
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cooperation with only 507 conflict-related evenessus  basin institutions to enable greater cooperati@ining,
1228 cooperative events. The figures suggest thaand capacity building among basin riparians.

violence over water is neither strategically rasipn D trati f i ¢
hydrographically effective, nor economically vialple]. emonstralions of cooperation over water

There are numerous examples of cooperative perseste

= 7=Fomal War found between riparians along shared waterwayaelisr
jzu“'w"“ and Arabs since the 1950’s, the Indus River Conionss
Pty ot At which survived two major wars between India and
a0 ot Acts Pakistan, and decades of dialog and cooperatiothen
i 2-SHang/ficil Vrsal osty Mekong River are all examples of cooperation while
- =NidUnofical Verbl Hosiy disputes remained unresolved among neighbors.
0=Neutl,Norsigifcan Acs Israel and Jordan have held secret “picnic takdést
e St on managing the Jordan River since the unsuccessful
T e JOhNSton negotiations of 1953-1955, even though the
oo ey Econ, Tech. nust were technically at war from Israel's independefte
vy, Eci, Sitag Sppt 1948 until the 1994 treaty [36]. The parties hadesed
| |mesmematonr ot ey a policy of cooperation over water rather than bomnf
7065 4 3 2 10 123 4 8 6 7 |W=Unicaloninto One Neon developing new water resources, sharing information
] and providing assistance to alleviate water shegag
Figure 2. Number of events by BAR scale. Source:§} Institutional examples of this include arrangemefots

joint monitoring of common water resources and data

Second, despite the occasional fiery rhetoric ofexchange through the establishment of a Joint Water
politicians - perhaps aimed more often at their own Committee.
constituencies than at the enemy - most actionentak  The Indus River Commission survived two major wars
over water are mild. Almost two thirds of all evemiere ~ between India and Pakistan [3], [37]. Despite all
only verbal, and more than two thirds of those had evidence to the contrary, India and Pakistan cadpdr
official sanction [18]. over the Sutlej River and signed the Indus Wateaiy

Third, there were more issues of cooperation than oin 1960, during which the broader conflict contidue
conflict. The distribution of cooperative eventvered a  over the Line of Conflict within Kashmir. The
broad spectrum, including water quantity, quality, intervention by the World Bank was an important
economic  development, hydropower, and joint institutional stop-gap that sponsored India andgeaik's
management. In contrast, almost 90 percent of thedevelopment of institutional capacity [38], [39].

conflictladen events related to quantty and With regards to the Mekong, cooperation goes back
infrastructure. even further than the Mekong Committee to 1949tard

Finally, despite the lack of violence, water acasi  establishment of the Bureau of Flood Control andena
both an irritant and a unifier. As an irritant, emican ~ Resources [40]. Following this, the Mekong Comreitte
make good relations bad and bad relations worseWwas established by the governments of Cambodias,Lao
Despite the complexity, however, international wate Thailand, and Viet Nam as an intergovernmental agen
can act as a unifier in basins with relatively sgo in 1957. It exchanged data and information on water
institutions [35]. This historical record suggestsat ~ resources development throughout the Viet Nam War
international water disputes do get resolved, eranong ~ [39], [41], and during the wars in Indochina, still
enemies, and the institutions they have creatednoft managed in 1970 to produce medium and long range
prove to be resilient even when relations in otkeras  plans to develop water resources in the lower Mgkon
are strained. basin. Even after the withdrawal by Cambodia in5,97

Research done through Oregon State University'sthe Secretariat continued to meet in Bangkok, exadiyt
Program in Water Conflict Management and setting up the Interim Mekong Committee in 1978tWi
Transformation suggests that institutional capasityey ~ intense involvement by the US and Asian Development
to successful and enduring cooperation. Resulisarel ~ Bank (ADB), there is good evidence to suggest that
that conflict in a basin is more likely if 1) theaee rapid  existing cooperation in the Mekong was being offeas
political or physical changes in the basin, ancha3in an alternative to war in Vietnam and Cambodia [42].
institutions are unable to absorb and manage thosélydropower works, such as the Nam Ngum project,
conditions. International river basin institutiorsan ~ were also seen as a link between Thailand and Laos,
effectively absorb and manage major changes ivex ri connecting Nam Ngum Dam to Vientiane to Udon Thani
basin through a number of instruments, including:in Thailand and on to Nam Pong Dam in the Ubol
treaties, cooperative arrangements, creation andRattana province [42]. Eugene Black, one of thet fir
distribution of technical data, stakeholder invohent in ~ presidents of the World Bank in 1949, voiced his
management plans, equitable allocations, and thePerspective on cooperation explicitly,
distribution of reasonable costs and benefits [B§],

[35]. Tools such as databases combining hydroldgica M
geographic, socioeconomic, and political data iredato
transboundary water can be a valuable asset fer riv

“The most important aspect of the development ef th
ekong Basin is to provide a means for inhibiting
violence in the region, and evoking among riparian
countries a sense of what is possible if they vaii# the
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habit of working together.” [43].

Again reinforcing the notion that strong institutfo

enable cooperation, the Mekong River Commission
signed the Agreement on Cooperation for Sustainabl

Development in the Mekong River Basin in April of

between partners such as the MRC and ECO-Asia serve
to provide a foundation to enhance regional codmera
in Basin activities and increase capacity for joint

eolanning, cooperation, and resolution of transbauynd

water-related issues in the Mekong region [45].

1995 [40]. Regional cooperation took another stepWater conflict prevention and management training

forward in 1992 by the formation of the Greater deg
Subregion (GMS) to jointly development natural
resources and infrastructure through increasedosaion
cooperation.

4. REGIONAL COOPERATIVE ACTIVITIES
TOWARD CONFLICT PREVENTION IN THE
MEKONG REGION

As the Mekong sub-region develops, riparian coastri
have been constructing dams, dikes,
infrastructure, and navigational waterways
potentially impact river livelihoods. A challengerf

Joint MRC and ECO-Asia workshops on conflict
prevention and management are aimed at strengthenin
human and institutional capacity, including faeiting
the identification of potential transboundary issaeross
the wide range MRC program activities including the
environment, flood management and mitigation,
agriculture, irrigation, forestry, and watershed
management, navigation, fisheries, basin developmen
planning, and water utilization. In addition to hiely

irrigation develop capacity at the MRC in the prevention and
that resolution of transboundary issues, training atiigialso

promote cooperation between the MRC Secretariat and

countries in the Mekong region is the adoption andNational Mekong Committees (NMCs) in each of the

implementation of policies and practices that emabl
participatory and collaborative engagement for piag
and development, that support sustainable developme

four member countries and line agencies. Theseitesi
are designed to dovetail into existing MRCS and NMC
programs. Feedback from stakeholders and partraess h

and that both protect vital ecosystems and promoteindicated that training should be focused on gdnera

economic and social

prevention, management and mitigation of conflict.

Regional institutions in the Mekong region are wogk
to enhance regional cooperation

mechanisms such as strategic partnerships, conflictearning objectives.

management training, public participation, stakdbol
involvement, and institution building [44].

The Mekong River Commission (MRC) fosters inter-
governmental cooperation among the four lower Mgkon
countries of Cambodia, Lao, Thailand, and Vietnaire
MRC and the National Mekong Committees (NMCs)

prosperity, while ensuring conflict prevention and resolution tools and teglueis

[47].
Water conflict prevention management training aims

through severalto enhance regional cooperation through three $ewél

The first type of training
encompasses introductory training in transboundary
water conflict prevention, management and coopmmati

It provides a broad overview of transboundary water
issues, basic knowledge, principles and practices i
cooperation, and prevention and management oficanfl
This type of training is designed specifically tailtd

have a mission to preserve the natural resourcds anawareness and improve the general understanding of

environmental quality of the river basin while protng

conflict prevention and management practices foesd

the interdependent and economic growth of the Mgkon target stakeholder groups within the Basin [47].

region. The MRC’'s goal is to achieve this mission

through participatory and collaborative decisionking
within and among the Mekong countries [45].

Cooperative partnerships

The MRC Strategic Plan for 2006-2010 includes Gboal
for the MRC to enhance effective regional cooperati
One objective under this goal is, “To identify puial

The second type of training focuses on buildindlski
in facilitation and mediation at the national ardel
agency level. In the Mekong region, training is eihat
NMCs and line agencies, which may be called upon to
assist with potential transboundary issues or wiffees.
Their responsibilities include information sharimagd
facilitation of meetings, activities requiring keskills
essential to effectively address potential conflict

transboundary issues for negotiation, mediation andinvolving shared water. In this setting, the tragiis

conflict prevention, and develop mediation and toinf
management capacity” [45]. To achieve this objegtiv

the MRC is working to develop new mechanisms anddeveloping practical

institutional arrangements for addressing transtann
issues and differences in cooperation with intéomnal
and regional development partners. One such paidner
Planning and Development Collaborative Internationa

designed to assist staff to carry out these tasks
effectively, employing exercises and practices airae
skills rather than concepts.
Examples of skills emphasized in this area include
communication, negotiation, facilitation, and méidia
[47].

The third type of training being conducted is dieet

or PADCO, which implements the United States Agencytoward policy makers and senior water managerss It

for International Development (USAID) Environmental
Cooperation-Asia (ECO-Asia) Governance project [46]
The MRC'’s strategic partnership with ECO-Asia aims

critical that these participants have some knowdedf
national, regional, and international legal isstedating
to water. Policy implications are best understosthg

promote collaboration by the adoption of improved real life examples, and case studies and evenysisal

conflict prevention policies, plans, and mechanisahs
regional and national levels. Cooperative arrangesne

play a large role in developing these skills withligy
makers [47].
Finally, all conflict

the water prevention and
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management material is combined into a cohesiveAs part of this effort, stakeholders developedecidt that
package. Training programs need to be modular @b th could be used to identify issues and to identify an
skills and concepts can be delivered in bite-size,illustrative list of potential transboundary issuéhe
digestible, and practical chunks. Hydropolitics and criteria discussed were well-defined, existing otemtial
transboundary  water are included in the activities that could result in significant impa@sross
conceptualization of international water, stagesvafer national boundaries. Hotspots were designated as
conflict transformation, water use and internatidas, geographical or non-geographical. This activity hiaes
and the effect of boundaries on basin managem@it [4 potential to be an important step in building ingional
The states of negotiation, a critical component to capacity within the MRCS, the national committessd
managing water conflict, are put in the context of line agencies, engaging local stakeholders and NiBOs
environmentally-based disputes. The training thewes the capacity building process [45], [47].

to the concept of benefit sharing and institutional In addition to mapping hotspots, employing a
capacity, an active ingredient in preserving peand collection of historical events on conflict and peoation
cooperation in transboundary waterways. Moving tois an essential tool used to dissect indicatorsouiflict
more practical training, specific skills in wateondlict or cooperation in the basin geography. As already
prevention and management are taught, includingnbuit  mentioned, data from the TFDD and subsequent asalys
limited to public and stakeholder participation, have led to published conclusions indicating greate
collaboration, alternative dispute resolution, rtegimn, institutional capacity reduces the possibility ofter
mediation, and other conflict management methods.conflicts [35]. A well conducted study of the Melkgpn
These concepts, combined with collaboration, region with local, national, and regional levelal& an
communication, and negotiation skills, have the=ptaél excellent opportunity to enhance cooperation and
to vyield significant transformations in participant strengthen institutional capacity among stakehaslder
involved. Initiating shifts in the thinking and iatides of ~ partners, and institutions.

participants is an integral part of a complete and

successful conflict prevention management training5. COOPERATIVE MANAGEMENT

program. Additionally, tools such as databases, @ INSTITUTIONS AND COLLABORATIVE

other mapping tools provide systematic ways of PROCESSES - EXAMPLES

understanding transboundary water conflict preeenti
and help to furnish current and legitimate data for
making accurate situational assessments. Using idata
addition to case studies provides powerful examples
how conflict can be transformed into cooperatiom an
reinforces cooperative approaches to resolving mwate
issues [31], [44]-[50].

Much of the research internationally confirms that
cooperative management organizations emphasizing
collaborative processes can reduce potential abrily
including conflicting interests in decision-making,
providing forums for negotiation and discussion,
building trust and confidence through stakeholder
collaboration, and encouraging stakeholder and
Mapping “hotspots” participatory involvement in basin planning and
development projects [49], [50]. Examples of basins
employing these methods include the Nile and Colamb
River Basins, among others. Some of these prirgiple
and approaches may be developing in the Mekong
region.

Civil society has a potential role in these ingtitns,
although its role is not fully being realized ineth
Mekong region. Badenoch [51] makes the point that t
lack public involvement in national planning acties
permeates into regional institutions, suggestirg the
role of stakeholders and civil society in organizas
such as the MRC is limited. Compared with European
and American standards this may be the case, howeve
regional organizations such as the MRC are invglvin
civil society directly through integrated basin
development planning [52].

Phase Il of the MRC’s Basin Development Plan (BDP)
facilitates various degrees of stakeholder pardibim
through a number of mechanisms, ranging from public
f hearings, consultations, sub-area forums, to multi-
stakeholder forums or “regional multi-stakeholder
dialogues” [52, p.33]. The forums provide an ongoin

The identification of potential transboundary “hmits”
and  historical events through a collaborative
participatory process contributes to the transfeivea
initiative to strengthen capacity in the Mekong
transboundary basin.

The theoretical benefits of identifying transbouryda

issues are that prevention is more effective and
inexpensive than fixing a problem or issue afteea@nt.
In fact, the process of cooperation in addressimg t
operative issues may identify options and oppotiesi
not previously realized. Because the MRC
fundamentally aimed at promoting cooperation arel th
sustainable development of Mekong River Basin,
cooperation requires capacities to address contdrai
impacts, priorities, and opportunities, and dingctl
addressing issues contributes to these goals. fduess
of addressing issues allows the MRCS to focus gnemg
the prioritization of the most critical issues. Rping
clear criteria in this process allows for early uiss
identification = and  proactive = management 0
transboundary issues [47].

As part of the MRC and ECO-Asia joint program,

representatives from MRC Secretariat, NMCs and "nemechanlsm for civil society to provide input intbet

agencies met and identified potential transboundaryplannlng process .Wh”e Regional Te(_:hnlcal Wo_rkln_g
. . . . Groups (RTWGS) involve the academic community in
issues in an effort to raise awareness and proside

foundation for capacity building and tools develap: basin planning details. BDP has also created ite ow
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training program aimed at capacity building at oegil, regional, state, county, tribal, and local agences
national, and community groups. In this respect th working together to integrate recommendations fsi f
MRC is tapping into civil society, NGOs, and the 881  and wildlife management while considering the re&io
through its regional planning process despite bweace  needs for efficient, economical, and reliable powdre
of stakeholder involvement at the national level — Bonneville Power Administration operates most of th
championing a regional-based collaborative appraach dams on the Columbia River and is tasked by the NPA
basin planning. with funding the majority of costs for the NPCC'sslir
Some observers are critical of collaborative and Wildlife Program. Other federal agencies inediin
approaches to decision-making in river basins, fead managing the basin's dams and hydropower, like the
they complicate regional cooperative approaches toCorps of Engineers, are responsible for acting in
water governance. They think that these local-basedaccordance with the plans devised by the council.
efforts may exacerbate tensions and strain relation Importantly, the NPCC also cooperates with the BPA
between riparians [53]. The problem with thesenctais and Army Corps of Engineers (USACE) in managing the
similar to the water wars debate already discusthede Columbia Basin Treaty (CBT) between the United &tat
is simply an overwhelming amount of credible evicen and Canada [58].
to the contrary. In the state of Oregon, local watershed councits ar
working with agencies to restore the ecologicadgnity
of the Columbia River Basin as well as other bagins
The Nile Basin Initiative (NBI) is an example of Oregon. While also motivated by federally mandated
collaborative management of a river basin at aorei Endangered Species Act (ESA), local stakeholdeds an
level. Its mission is to cooperatively share tiverj share  private landowners are making decisions and taking
substantial socioeconomic benefits, and promot®nad actions on the ground, improving the quality ofithe
peace and security in the Nile Basin. The NBI sthits respective watersheds, and interacting with agsnate
organizational development with a participatoryqess  many scales of governance. Communities are devejopi
of dialogue among the riparians (10 countries)ylizsy social and institutional capacity at multiple sesale
in an agreement on a shared vision to “achieveinvolving local, tribal, state, and regional andideal
sustainable socioeconomic development through thestakeholders in the process.
equitable utilization of, and benefit from, the aoon The contemporary trend in river basin management is
Nile Basin water resources” [54]. In addition to to organize into integrated units — around hydrigalg
providing security and peace among Nile ripariahs, boundaries. Many communities in river basins are
NBI also ensures that cooperation and action igrtak seeking new ways to cooperate and participate dadav
jointly. The NBI contains the NBI Strategic Action conflict, resulting in the emergence of new and
Program, which has two main legs: the Shared Visioninnovative governance models. Throughout this
Program (SVP) and Subsidiary Action Programs (SAP).important but at times erratic process, a few lessare
The SVP contains the primary coordination component available. Stakeholder participation is critical to

Nile basin

focusing activities on stakeholder involvement, azty institutional effectiveness. Institutions that pkamd carry
building, and training, including on-the-groundiwities. out significant water resources management measures
By 2004, more than $35 million dollars had been without stakeholder involvement often end up reviragk
allocated toward these activities by donor coustfib]. major projects or paying large (legal) mitigatiarsts. In

Outside funding has been a key component to thésNBI fact cost recovery is proving to be elusive when
success in building institutions that are long-giag, stakeholders are left out of the planning procésaany
stable, and well-defined resulting in cooperatiather water projects [49].

than conflict in the basin [56]. The evolution of  Alaerts [50] lists a number of distinctions thapaeate
cooperation has been largely process focused,ibgild water management necessities from other resources.
collaborative structures and sustainable instihgiat Importantly, he provides an analytical framework to
both the national and regional levels, expandirgaciy model successful river basin institutions and togtinal

in water uses, and importantly, building trust agstn  frameworks, placing cooperative and collaborative
riparian states. decision-making with stakeholder involvement firniy

the center of the model. Moreover, his analysiswsho
that “smaller is better,” meaning that decisionsdmat
Conflict resolution through collaborative managetmien  the lowest levels have the greatest chance of sacce
actively working in the Pacific Northwest on the [50].

Columbia River Basin. The Northwest Power and

Conservation Council (NPCC), is an example of an6. CONCLUSIONS

institution that is responding to ecological and
institutional dilemmas, bringing together federal

Pacific northwest

Water is daily basin need to humans. Access ta it i
' being recognized by some as a human right. Catckhimen

regional, state, local and tribal actors. It wathatized based cooperative water management has been athieve
by the 1980 Northwest Power Act (NPA) that prompted P anag .
where water users put their common long-term istere

Oregon, Washington, Idaho, and Montana to enter A hhead of their desire for short-term personal gaihese
interstate agreement for devising basin-wide plagiior P 9

: i o . are not new ideas. Bali'subak village-based system,
energy conservation and fish and wildlite protectand Spain’s medievalconfederacioneshidrograficas [50]
restoration in the Columbia River Basin [57]. Feder P 9 ’
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and the tribal Berber allocations of time rathentlwater  [14] Carius, A., Dabelko G. D., and Wolf, A. T. (2004).

[59], are old examples of cooperative institutioimsthe Water, conflict, and cooperation. Policy Brief
modern context, the complexity of borders, popatati Paper. UN Global. Security Initiative. UN
growth, changes in governance, and climate change a Foundation.
placing pressures on shared water users and demgandi [15] Elhance, A. P. 1999Hydropolitics in the Third
that effective, sustainable, and peaceful solutibes World, Conflict and Cooperation in International
found to conflicts. Research and case studies ghatv River BasinsWashington, DC: US Inst. Peace.
water conflict prevention management, regional [16] Marty, F. 2001.Managing International Rivers:
collaboration including civil society, and capacity Problems, Politics, and InstitutionBern: Lang.
building at all scales provide credible solutionsthhese  [17] Chatterji, M, Arlosoroff, S, and Guha, G, eds. 2002
challenges, creating an environment of peace raifzer Conflict Management of Water Resources
conflict on international and transboundary watersva Burlington, VT: Ashgate.
[18] Wolf, A. T., Yoffe, S. B, and Giordano, M. 2003.
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i, Effect of Paddy Area Conversion to Rubber Plantatia on
”’o% Rural Livelihoods: A Case Study of Phatthalung Wateshed,
5 - Southern Thailand

2., Anisara Pensuk and Rajendra P. Shrestha

Abstract— This study examines the land use change, paddy to rubber in particular, for last three decades in
Phatthalung watershed of Thailand to explore the effect of land use change on rural livelihoods. Land use change was
studied using remote sensing data acquired over 1976 to 2006 where as livelihood assessment was done using
household data collected through household survey. The study revealed that rubber plantation has been growing in the
area with the decrease in paddy area and others and the driving factor is better income from rubber. Overall livelihood
between two groups of households (rubber-based and rice-based) is although not significantly different, there are some
differences at individual livelihood indicator level. The result however explains some important characteristics, such as
poor status of natural asset compared to other assets, on which the sustainable rural livelihood resides.

Keywords— Land use change, Livelihood assessment, Thailand.

resources, etc.) and environmental services (hgdical
1. INTRODUCTION cycle, pollution sinks, etc.) [7]-[8]. Financial st
e . includes financial flows and stocks [6] as well ash,
The modification of land use and land cover com8S oo inas and credit are the basic needs for livetisoFor

o watershtlad degradation th_lrougcT |mportallnt example, livestock [4], [9]-[12], and remittanc&], [[12]
environmental consequences on soll and water guallt 5.0 the financial asset indicator. Social assetaiber

biodiversity, methane emission and reduction of,CO complicated [6]-[7]. It can be networks and conieet

absorption [1]-[2]. There have been number of ®8di o mnerships of formalized groups and relationships

relating to lf'md use changes in the past but eritcll to the relationship of trust [8]. Density of activenamunity
understanding the causes and effects of land useges ;4 penefit from kinship could be other social asse

on biophysical aspects. Studies on the effectard se  jicators [9]-[10], [12], as well as the colleatiaction

changgs on rural Il_vel|hoodsfare stil Ifrlwadequatle_. gy 2nd accessibility to knowledge [4]. Physical asset
Land use is an important factor influencing live comprises of basic infrastructure and producer good

OT farmers. In the c?ntext of Thailand, I?nr(]j USBUES \yhich are needed to support livelihoods [6]. Houmses
plays an important role as majority area of thentouls . pational  equipments are basic physical asset

under ggriculture [3] employing the majority of Tha indicators [8], [10]-{11], as well as road and
population. The change in farming system, throwgil 5 ration [9]. Vehicles, machinery, shops atfter

use change and modiﬁ‘?ation can .affgct _farmeragricultural implements can be also considered as
livelihoods and also the livelihood strategies liramrging physical asset [12].

circums?ance [4]'[5].' This study was carried out in Phattalung waterstfed
Sustainable L|veI|_h00_d Approach (S_LA) developed by 1p4iiand where the agricultural systems are undeggo

DFID 6] was applied in this study in ordgr to amse change driven by a variety of internal and external

farmers’ livelihoods due to the change in land use¢y.cag The objective of the study was to examiiiece

system. According to SLA, livelihoods resources o anq yse change, in particular paddy to rubber
comprised of five different capitals or assets, @8m ., ersion. on rural livelihood

human asset, natural asset, financial asset, sasgat
and physical asset [6].
Human asset is skills, literacy, knowledge, abitity 2. THE STUDY AREA
labor and health of household members which enable The study area, Phatthalung watershed is located
achieve their livelihood objectives [6]-[7]. Natli@sset ~ between 7° 5°-7° 557atitute and 99° 44" to 100°
is very important for livelihoods, especially foural 25’longitute covers Phatthalung and Songkhla pamvin
households in which most household activities areof the Southern part of Thailand (Fig.1). The weste
resources-based activities. Natural asset can begart of the area is mountainous covered by evengree
considered as the natural stocks (soil, water,gaingetic forest. Rest of the area is flood plain with sorolling
terrain. The watershed area is approximately 3@[&0
and the elevation in the area ranges between 0-&200
above m.s.l. The annual average rainfall is 1,853
o TAenCiﬁigelloPensgko(coErgrgfpgndlié}gnautfﬂﬁgnis wggﬁ?ﬂthgétltgée with average annual rainy days of 154. Rainfall
Thailand. Phone: _+66-2-524.'6433;9Fax; +86-2.5048718-mail. glsgtlgrl:ﬂ)oer: tl,s J;’:]Tg?yalén;v'me tshr?ortlorg?nsr?rlgfn I;c;r; .
Anisara.Pensuk@ait.ac.th

Rajendra P Shrestha is the Coordinator of NaturesoRrces June. The average annual temperature is 28.149C [13
Management Program at the Asian Institute of Teldgyo
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IMAGINE software. The maximum likelihood
classification algorithm requires training area ethi
represents the spectral behavior of every landcless

for classes identification [14]. For this study,veé| of
land cover classification as suggested by Andeeial.
was followed [15]. Seven major land use classeseham
forest, rubber and perennials, paddy field, urbaouild-

up land, aquaculture, wetland and water body were
classified as presented in Table 1.

Nakorn Sr1 Thammarat

Table 1. Description of Land Use Types

Luang'Lake

Land use/cover Description

Deciduous forest, coniferous and
Forest :
8 evergreen forest, and mixed foregt

Phatthalung &
g Para rubber and| Para rubber plantation, fruit trees

perennial including perennial trees

Trang

g Paddy field Paddy field and rice field

Urban and build | Cities, towns, villages, highways
Shiekhla Laks up area and transportation areas

+ E

Shrimp farms, fish farms and othe
types of aquaculture

-

Aquaculture

Songkhlz
ongkhla Wetland Mangrove and swamp areas

Satun + + o ]
15 o % Water body Lake and man made reservoirs

Fig.1 Map of Phatthalung Watershed The final land use classification of three timeipes

) ) was examined against all available reference dath a
The estimated households (HH) and population of thefie|q information including author's own experiene

study area are 140,618 and 500,000 respective?p0®&  he siudy area by constructing the confusion metic
[13]. Agriculture has been primary source of lihelod which compare on category-by-category basis, the

for the majority of population. Land use activities relationship between known reference data and the
include rubber, rice, orchards cultivation and sipriand results after classification [16].

livestock farming. The major farming system corssist _ _ o
a highland rubber plantationHévea brasliensis), Socio-economic and Livelihood Assessment

intercropped with pineapple, and a lowland rainfed The secondary socio-economic data and the household

paddy in some areas. Majority of population are survey were used in order to analyze the socio@oim
smallholders with an average land holdlng size 661 and livelihood of farmers. The Secondary socio-

ha. economic data e.g. numbers of households and
population were obtained from the Ministry of Inberof
3. RESEARCH METHODOLOGY Thailand (MOI) and were used for sample size

determination. Out of 140,618 HH in the study area,
total of 140 HH was determined as sample size usiag
In order to investigate land use change, the remotesample size determination technique given by Agkia
sensing data (Landsat images, Path/Row-128/55) wer€olton [17]. A total of fifteen villages who havesdn
used. Landsat Multispectral Scanner (MSS) datapracticing paddy and/or rubber cultivation wereestdd
acquired on 30 March 1976 was downloaded fromin the first step to draw those 140 sample HH. @it40
http://glovis.usgs.gov/. Landsat Thematic MappeM]T  HH, 95 HH including those who changed from paddy
acquired on 1 June 1990 was obtained from GLCFfield to rubber plantation, called as Group | ie fmaper.
(Global Land Cover Facility) ahttp://glcfapp.umiacs. The second group of HH (Group Il) consisted of 43 H
umd.edu:8080/esdi/index.jspand Landsat Enhanced who have been growing rice throughout the study
Thematic Mapper (ETM+) acquired on 27 August 2006 periods at least for last 30 years.
was purchased from the United States Geologicale§ur A household survey was conducted by administering
(USGS). structured questionnaire which included both clasd
Remote sensing data was interpreted to produce landpen-ended questions to collect qualitative and
use maps of three time periods, i.e. 1976, 199@, an quantitative data on households and their actiitihe
2006. The interpretation was done using a supelvise questionnaire was pre-tested and revised before
maximum likelihood classification procedure in ERBA  conducting interview of sampled HH. The survey was

Analysis of Land Use Change
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carried out in January and February 2007. reduction rate was higher in 1990-2006 (-11.56%)
The surveyed household data were analyzed by usingompared to the eriod of 1976-1990 (-4.22%). The

Statistical Package for the Social Sciences (SP8S). depletion of forest was basically due to the

three point rating scale with discrete value d®8.8,and 1  encroachment, particularly rubber plantation (Table

was used for measuring and rating the livelihood

indicators. Table 2. Land Use Change between 1976, 1990 and 2006

Natural asset index was computed from three
indicators, namely, land holding size, soil fetilstatus  |Land use Year %Change
and the availability of water. Households holdinigrger types 1976 | 1990 2006 1976-29901990-2006
plot of land were given the higher score than hbakis
which hold smaller land area. The soil fertilitatsts and Forest 15.30 14.65 12.96 -4.22 -11.56
water availability indicators were derived from the

i i Rubber

perception response of households. The ‘increase ' |44.369 44.65| 61.20 +0.67 +37.05
perception in soil fertility and water availabilitwas plantation
given the highest score of 1, the ‘no change’ wasrga Paddy 3623 3723 2376 4283 -36.24
medium score of 0.5, and the ‘decrease’ was giten t |field ' ' ' ' '
lowest score 0. Income from crop and livestock |wetland 410! 3.42] 1.97 -16.62 -42.37
production and loan were used as indicators for Water
computing financial asset index. In the rural aace body 0.01 | 0.02| 0.07| +50.71 +341.76

household income generally comes from crop and
livestock production, both sources of income wesedu
as financial asset indicators. Higher income wagmi
higher score than lesser income whereas it wasveisa
amount of loan. Human asset index was computed fro
three asset indicators, namely number of househol
member, working age labor (15-60 years old) and ful
time labor in agriculture. Higher score was giverhigh
value in each indicator. Social asset index wasveer
from the accessibility to knowledge (literacy lévahd
benefit from kinship (remittance). High educatiavel
was given higher score and so was the remittanee, i
higher the remittance higher the score. Physicsdtasan
be defined as the basic necessary infrastructuriehw
however does not vary considerably within the study
area. However, accessibility to market was seleeted
only physical asset indicator for this study. Higkeore
was given to households which located near the etark . )
and the lower score to those located far from thekat. ~ &'€ replaced by rubber plantation compared to ég
Scores of all indicators in each asset were sumumed 0f 1976-1990.

and categorized into three classes with score saf@, Assessment of Rural Livelihood

0.5 and 1 in order to generate livelihood assegxnaf
rural livelihood in the study area. A compared mesth
independent T-test was employed at p<0.05 level to
examine the difference in various livelihoods irsdars
between two groups.

Similarly, wetland area has been depleted from A% i
1976 to about 2% in 2006 (Table 2). The total gross
mdepletion was observed higher in the later period
O(:ompared to the former period under study, i.e.62%
during 1976-1990, and -42.32% during 1990-2006 and
the reasons are encroachment of paddy field anidmebt
areas mostly under aquaculture due expanding rubber
cultivation and infrastructure development.

At present, more than 80% of study area is under
agricultural area, mainly paddy and rubber, whereas
residential area is less than 1%. Paddy field cecup
h about 37% in 1976 and 1990 but has been decreased t
23% in 2006 (Table 2). During 1976-1990, nearly 25%
of paddy field has been converted to rubber plantat
The conversion rate of paddy field was higher ip th
recent past (1990-2006) as more than half of padesgs

The livelihood indicators are presented in Tabl&8an
comparison through independent T-test for two HH
groups under study indicated that the three vagabl
chosen to represent human asset indicator did haw s
any significant difference between the groups while

4 RESULTS AND DISCUSSION comparing respective score means. So was the ddse w
' human asset index, calculated based on those three
Land Use Change variables, however the calculated human asset ingex

The land use change analysis conducted for three ti Slightly higher for Group II (0.5) compared to Gpou

periods (1976, 1990 and 2006) and the results ard0-47)- -
presented in Table 2. The classification resultsewe In case (_)f natural asset indicator, there was no
reasonably satisfactory in terms of classification Significant difference between two groups as shdyn
accuracy as suggested by Anderson et al. [15]hén t natural asset index, however the computed index was
past, paddy cultivation was dominant in lowlandaaeé ~ SIightly higher for Group I (0.47) compared to Gpol
Phatthalung watershed while rubber plantation was(0-43)- When considered the variables of naturabias
mostly confined to the hill side of watershed. het indicators, water availability status was highar Goup
recent past, there has been decrease in forestetrahd Il (0.58) as opposed to Group. l_(_0'44)' It_was also
area and even paddy field and area rubber planthtis observed that, means were significantly different a
tremendously increased. p<0.05. The other two variables, namely land holding
Forest cover has been depleted from 15.30% in 19761ze, and soil fertility status, scored slightlygher for
to 14.65% in 1990 and 12.96% in 2006. The forestGrouP | compared to Group Il.
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Table 3. Livelihood Asset Indicators

Group | Group Il
Livelihood indicator Sig
Average SD Average SD
Human asset
Household members 0.61 0.41 0.60 0.38 0'944
Working age members 0.54 0.37 0.59 0.43 0'465
Agriculture as main occupation 0.47 0.35 0.47 0.34 0.912%
Human asset index 0.47 0.40 0.50 0.41 0.6%9
Natural asset
Land holding size 0.51 0.42 0.37 0.43 0.662
Soil fertility status 0.51 0.28 0.50 0.30 0.919
Water availability status 0.44 0.29 0.58 0.34 0.015
Natural asset index 0.47 0.39 0.43 0.46 0.6%1
Financial asset
Income from crop production 0.38 0.41 0.19 0.32 03.0
Lﬁg%?&lgﬁm livestock 0.15 0.33 0.09 0.27 0.256
Credit and loan 0.77 0.36 0.68 0.43 0.%71
Financial asset index 0.54 0.32 0.40 0.31 0.019
Social asset
Access to knowledge 0.53 0.41 0.50 0.41 0723
Kinship 0.04 0.18 0.33 0.16 0.9%3
Social asset index 0.56 0.41 0.50 0.41 0.0%8
Physical asset
Access to market 0.89 0.26 0.99 0.07 0.020

Source: Field survey (2006)
ns = Non-significant at p>0.05, * Sgnificant at p<0.05

Financial asset index presented significant diffeee  sanitation was considered as the important physissét
between two groups as indicated significantly higing indicators and included also in this study due t®o i
compared index of income from crop production (.38 contribution of better livelihoods, but it was assed and
for Group | and 0.19 for Group Il. When considetkd considered to be of same level for both groups.
other two variables, namely income from livestocid a The livelihood index of each livelihood asset dedv

credit and loan, both indicators scored higheiGooup | from livelihood indicators are presented througdara
compared to Group Il, however there was no sigaific  diagram in Fig.2 in order to compare and differateti
difference between groups. better-off indicator of each asset over others. HH

Social asset was assessed through two variablegGroup | tended to be better-off in terms of finah@sset
namely access to knowledge and kinship. Group | haglue to more income generation, however Group Il was
higher score in access to knowledge while Groupatd better-off in physical asset due to easier marketss.
higher score in kinship. However, those two vagabl Human, natural and social asset were found noteto b
and also composite social asset index were obsdoved significantly different between the groups.
have no significant difference between two housghol
groups although Group | (0.56) showed slightly leigim 5. CONCLUSION AND RECOMMENDATIONS
overall social asset index compared to Group B@D.

Accessibility to market, as social asset, wa
significantly different between two groups, Group |
(0.99) had higher accessibility to market than @rdu
(0.89). However, the accessibility to basic infrasture
e.g. road, school, hospital, electricity, water and

s The land use change study showed a dramatic dealine
rice growing area due to expansion in rubber ptamta
area. The study revealed that, many rice growingédas
tended to convert their land to rubber plantatiole do
the higher income from rubber production. Land tenu
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as such was not a major problem in the area siregt m [2]
of the farmers do own their lands.

Human
1 (3]

Physical Natural

(4]

(5]

Financial

(6]

EiGroupl

aGroupll

Fig.2. Livelihood Pentagons of Rubber-based HH (Gnp
I) and Rice-based HH (Group II).
7

According to the statistical results, both HH greup 17l
have moderate level of livelihood for four out ofef
livelihoods assets (human asset, natural assetndial g
asset and social asset). In general, rubber-based
households are relatively better-off in financisset than
rice-based households due to higher price of rutizer
rice. In order to improve financial asset of houdds,
livestock can be an alternative source of incoméchvh
should be promoted since livestock can generate the
additional income for households. However, both
household groups have low level of natural asset as
indicated as the lowest score compared to otheetsas  [g]
This implies there is the need to take into accaamt
these indicators, such as land holding, soil andema
quality, for developing appropriate strategies.
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