
VNƯ Journal of Science, Earth Scicnccs 24 (2008) 66-78

ưsing multi-criteria analysis as a tool to select the íeasible 
measures for sustainable development of brackish vvater 

shrimp culture in Quang Tri Province

Nguyen Tien Giang1-*, Tran Anh Phuong1, Tran Ngoe Anh',
Nguyen Thanh Son1, Nguyen Truong Khoa2

1 College of Science, VNU 
2 Department o/Natural Resources and Enviroivncnt of Quang Tri Provincc

R eceived 7 July 2008; rcccivcd in rcviscd form  23 A ugust 2008

A bstract. In rcccnt yoars, brackish vvator sh rim p  cu ltu rc in Q uang  Tri P rovince has deveỉopcd 
rapidly. T hanks to th is devolopm ent, lives of m any local íarm ers have bccn im proved , contribu ting  
considerably  to thc  po v crty  allcviation goal. Iỉow ovor, togcthcr w ith this positivo im pact, policy- 
m akers an d  sh rim p  farm crs arc íacing several issucs such as sp rcad  of sh rim p 's  discascs, watcr 
pollution and  salin ity  in trusion. Por thc p u rpose  of sustainablc developm cnt, it is ncccssnry to 
scarch for an d  im p lem en t thosc m easures which can soỉvc cffcctivcly thcsc cm crg ing  problem s.
This pnper proscnts thc rcsults on tho applica tion  of a m ulti-critcria analysis m cthod to  sclccting 
thc m ost ícasib le m easu res to  thcsc problcm s. 'Ihc M CA rcsults suggest thc four m ost ícasiblc 
m casurcs and  p inpo in t thnt the ccìmbincd option: sed in icn tation  rcservoir & reservoir w ith  culturc 
plus im provcd  íccd in g  and  w atcr m anagom cnt as thc "bcst" option.

Keỵivords: S h rim p  culturc; M ulti-critcria analysis; I;casiblc m casures; Sustainablc dcvclopm cnt; 
Q uang  Tri Provincc.

1. In troduction

Q uang Tri Provincc is located in the 
Central Vietnam. The province is bounded on 
the north by Q uang  Binh Province, on the 
south by Thua Thien H uc Provincc, on the 
vvest by Laos Republic and on the east by thc 
sca (Fig.l). The Province includcs 10 
adm inistrative units: tvvo tow ns and 8 
districts, in vvhich Dong Ha is the provincial 
Capital.

* Corresponding author. Tcl.: 84-4-2173940.
E-mail: giangntộ vnu.vn

As rogards topography, Q uang Tri has all 
types of topography: m ountains, hills, plains 
and Coastal sand  d u n c  vvith tvvo m ain rivcr 
systcms: Thach Han and Ben Hai. Lying in 
the tropical m onsoon region, the average 
tcm perature of Q uang Tri is ranging from 
20°c to 25° c, in vvhich the highest and lovvest 
tem peraturc usually happens on July and 
January7 respcctively.

Q uang Tri has a total annual rainíall of 
about 2000-2700 m m , but the rainíall is rather 
unequally distributed over từne and spacc. 
The rainy scason starts in September, cnds in
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January and accounts íor 75% to 85% of the 
total yearly rainíall, vvhcrcas tho dry scason 
lasts up to 6 m onths, from Fobruary to July 
and occupies only 15-25% of the total rainíall.

F;ig. 1. Qunng '1'ri Provincc.

Quang Tri has 75 km of Coastal lino and 
two river m ouths, nam ely Cua Tung and Cua 
Viet. In recent ycars, therc has bcen a rapid 
developm ent of brackish pond aroa in the 
provincc. As shovvn in Fig. 2, thc total area of 
brackish w ater shrim p culturc has increased 
approximately 4 times, from 251 ha in 2000 to 
902.5 ha in 2007. According to the provincial 
aquaculture developm ent plan [6], the total 
arca in 2010 vvould bc 1,889 ha, vvhich 
doubles the present's- value. Thank to this 
dcvelopmcnt, tho brackish pond culturc has 
improved rem arkably thc quality of lifc for 
m any íarm crs in the province, contributing 
positivcly to the poverty alleviation. Hovvever, 
during tho developm ent process, the local 
íarmcrs and authorities havo bcen íacing 
some problcms such  as vvater pollution, saiinity 
intrusion and thc spread  of shrim p's diseases.

This leads to tho dom and for seeking and 
ừnplcm onting m easuros to solve the conílicts 
betvveen econom ic goal and its negative 
im pacts, especially in tho íuture, vvhen the 
province has tho plan to develop the aquaculture 
to be the key sector of local econom ics [6Ị.

2000
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Y««r

Fig. 2. The devclopmcnt of brackish pond area in 
Quang Tri Province.

In order to have íeasiblc scts of measuros 
for thc above-statcd problem , a M ulti-Criteria 
Analysis (MCA) m ethod was uscd and its 
results aro prcsented in tho next scctions.

This paper is d iv ided into 5 scctions. 
Section 1 is involvcd vvith the problem 
statcm ent. Scction 2 is devoted to the 
overvievv of thc MCA m ethods. Section 3 
describcs stcp by step tho application of the 
MCA m ethod using pair-vvise com parison 
and its rcsults to tho problem  of brackish 
w ater shrừnp  culture in Q uang Tri Provữice. 
Subsequentỉy, scctions 4 and 5 present some 
discussions, conclusions on the results and 
the rcscarch outlook.

2. M ethodology

2.7. Fraincworkfor muỉti-critcria analysis

A ny dccision problem  can be structured 
into three major phases: intoliigence which 
exarrdnes the existence of a problem  or the 
opportunity  for change; design vvhich
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determines the alternativos; and choice which 
decides the best alternative 110]. MCA is an 
eííective tool used in a decision process. The 
major elcments involved in decision making 
proccss using a MCA m ethod can bc viewed 
systcmatically in a ừamevvork (Fig. 3).

Problcm  Dcíỉnition

Evaluation C ritcria 4

Decision M atrix <

Const raints

A ltcrnativcs

I
Pairvvise com parison Dccision Makci^s

m at rix 1’rcícrcnccs

_______ *______
C ritcrion W cights

ĩ
Select íeasiblc 

m easures

Fig. 3. Fram ew ork for m ulti-criteria analysis.

2.2. Problem dcfinition

A decision problem  is the diííerence 
betvveen thc dosired and existing State of the 
rcal vvorld. It is a gap rocogni/ed by the 
stakeholdcrs (dccision makors, sdontísts and/or 
íarmers). Any dccision m aking process 
begins with the recognition and tho deíinition 
of the problcm. This stagc is in thc intolligcncc 
phaso of docision m aking and it involves in 
scarching thc decision environm ent for 
conditions, obtaining, Processing and examining 
the raw data to identiíy the problems.

2.3. Constraints

After the problem  has been deíined, 
constraints (or boundary conditions) of this 
problem have to bc dctcrm ined for the 
íollovving tvvo rcasons:

- Tho studicd problem s are usually 
complicate, they are rclating to m any aspects 
and scctors. Thereíore, it is impossiblo to take 
into account all thcso effects in practice.

- On the othcr hand, for solving a 
problcm, many m easurcs would bo suggestod. 
The responsibility of the scientists is to screen 
am ong these altcrnatives the íeasiblc m casures 
bascd on applicability and suitability for tho 
local conditions.

2.4. Evaluatioiì critcria

Aítor tho problem  and its constraints havc 
beon detorm ined, the set of evaluation critcria 
should be dcsignated Ị2Ị. This stagc involves 
spcciíying a com prehensivc sct of obịectives 
that rcAects all concems relevant to the 
decision problem  and m oasurcs for achieving 
íhosc objoctivcs.

2.5. Critcrion wcights

Criteria vveighting is ono of the most 
im portant steps in the decision m aking 
process. A woight can be doíined as a value 
assigned to an cvaluation critcrion vvhich 
indicates iís im portance rolative to othor 
criteria undcr considcration. Assigning 
wcights of importanco to evalualion critcria 
accounts for: (i) tho changos in tho range of 
variation for each cvaluation critorion and (ii) 
the diííeront degrccs of im portanco bcing 
attachcd to those ranges of variation [3Ị. 
Bascd on this general dircction, a num ber of 
m cthods have bocn developcd and applied. 
Each of them has its ovvn advantagcs and 
disadvantages. Tablc 1 sum m ari/es som c 
thcse m cthods and thcir íoaturcs.

In com parison with thc ranking and 
ra ting  m cthods, pairvviso com parison and  
tradc-off analysis m ethods both havc m orc 
precise and objective undcrly ing thcory.
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Table 1. M ethods for determ ining criterion vveights [8, 9]

69

M cthods/H catures R anking Rating P airw ise com parison T rade-o íí analysis
N um bcr of ịudgm cnts n n n(n -l)/2 <n
Response scale O rđ inal Intcrval Ratio Intcrval
ỉ licrarchical Possible Possible Yes Ycs
U ndcrly ing  thcory N onc Nonc Statistical/ heuristic A xiom atic/ dcductive
Ease of usc Vcry casy Vcry casy Easy Difficult
TrustworthinGSS Low High H igh M edium
Precỉsion A pproxim ations N ot prccisc Q u itc  prccisc Q uite  procise
S(.)ftwarc availability Sprcndshects Sprcadsheets Expert Choicc Logical Dccision

Hovvever, vvhon it comos to the ease of 
usc, pairvvisc com parison is m uch bettcr than 
the trade-off analysis. For thoso reasons, 
pairvvise com parison m cthod was applicd in 
this study. The íollovving paragraphs 
introduce this mothod.

Tho mothod involvcs pairwise comparisons 
to create a ratio matrix. It takos pairwisc 
comparisons as input and produccd rclativo 
vveights as output. Tho pairvvise comparison 
m ethod involves tw o m ain stcps:

- Devclopm ent of a pairw isc comparison 
matrix: tho m ethod uses a scale with valucs 
range from 1 to 9. The possible valuos arc 
presentod in Table 2.

Table 2. Scale for pairw ise com parison [12]

Intcnsity of D eíin ition
im portancc
1 lỉqual im portancc
2 Lỉqual to m oderato ly  im portancc
3 ModeratG im portance
4 M o d era te  to strong  im portance
5 S trong  im portancc
6 S trong  to very strong im portance
7 Very s tro n g  im portancc
8 Vcry to  cxtrom cly strong  im portancc
9 Kxtrem e im portance

- C om putation of the weights: the 
computation of the  w cights involves three 
steps. The first One is sum m ation of the 
valucs in cach m atrix colum n. Ncxt, cach 
element in the m atrix should be dividcd by

its colum n total (thc rcsulting matrix is 
reícrred to as tho normalized pairwisc 
comparison matrix). In tho third step, 
com putation of the averagc of the olcments in 
each rovv of tho norm alized matrix should bo 
m ade vvhich includos dividing tho sum  of 
norm ali/ed  scorcs for each rovv by the 
num bcr of critcria. Thcse avoragos provide an 
estim ate of thc relativc wcights of thc criteria 
being comparod.

The advantage of this m ethod is that only 
two critoria have to be considered at a time, it 
can be im plem ented in a spreadsheet 
cnvironm ent [3]. O ne of the disadvantagcs is 
that the relative Lmportance of evaluation 
criteria is detcrm ined vvithout considoring the 
scales on vvhich the criteria are m easured. 
Anothcr disadvantage is the large am ount of 
pairvvise com parisons if many criteria cxist.

2.6. Dctermination of alternativcs

Based on the constraints and objectives of 
the problem  and the relating sectors, the 
m easures or combinations of m easures to 
solve the problem  is to be suggested. Thcsc 
m casures can be the oncs that have bcen 
being applied clsew here having ícatures or 
new technologies that arc íirstly considered. 
Thon, scores for thesc m casures vvith rcspect 
to diffcrcnt critcria will be assessod aíter 
expert consultation.
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2.7. Selcction of thc/casiblc measurcs

The íinal stage in tho decision making 
process is to estim ate thc scores for each of 
the altcrnativGS and ch(X)SO the most suitable 
m easures for the objectivcs and conditions of 
the study. Tvvo íactors used to dcterm inc 
thcse scores are scores for thc mcasurcs with 
rcspcct to different critoria and vvoights of thc 
criteria. The m oasures with highest scores 
will be selccted to solve the problom.

3. Application oí MCA to sclecting ícasible 
measures for sustainable development of 
brackish water shrimp culture in Quang Tri 
Province

3.7. Currcnt and/iiturc problcm

During the last couple of yoars, tho spread 
of shrim p discasos occurrcd ừequently in the 
study arca. Thesc discascs arc spread by 
brackish vvater, which is takcn in and out 
vvithout propcr pretreatmcnt and post trcatment 
by the shrim p íarm ers. The river vvater has a 
tendency to bc pollutcd duo to the vvastewater 
from thc shrim p íarm s and from other scctors 
such as industry and agriculturc.

Another problcm  for the shrim p íarmers 
is to kecp a dccent salinity rato for grovving 
black tigor shrim ps (Pcnacus monodon). This 
salinity rate changcs considcrably ovcr timc 
because of the tidal rcgimc. Only at certain 
periods w atcr vvith thc appropriate salinity 
rate can bo taken in by the íarmcrs.

3.2. Boundary conditions

Thcre are several boưndary conditions that 
need to be m entioncd relatod to thc problems 
and possiblc solutions of the wastewater

problems near shrim p ponds. These are:
(i) Spatial boundarics: the location of the 

shrim p íarm s has to stay ncarby thc rivcr 
cstuarics; The availablc space for a 
prod uction pond rem ains 0.5-1 ha.

(ii) Social boundarics: the Standard ()f 
living for the íarm ers should not be lovvered.

(iii) Ecological boundaries: the w ater 
quality in the ponds should be im provcd to 
the nccdcd standards for black tigcr shrim ps; 
W atcr quality in the river and in the estuarics 
should bo im proved; No m easures may havo 
negative effects on thc envừonm ent.

M casures suggested should meet thcse 
boundarics, otherw ise thoy vvill be rcm ovcd.

3.3. Obịcctivcs

Shrim p íarm crs vvant to m ake thcir 
living; thcy neod to m aintain thoir íamilies. 
Also becausc of thc rclative largc initial 
investm ent costs thcy are in dcbt and havo to 
rcpay tho banks in short terms.

The local govcrnm ent vvants a grow ing 
economy in Q uang Tri, and shrim p íarm ing is 
a grcat opportunity  for the people living in 
the lovver parts of tho provincc bccausc of its 
unique hrackish environm cnt.

A ítcr all requirem ents of all íactors aro 
takcn into account, thc study comes to 
conclude that the major objcctivo for MCA is 
to achievc a m ore stablc economic 
cnvironm ent. In trying to achievc this goal, 
sub-goals can bo reached like:

+ Bcttor w atcr quality in thc rivcrs and 
estuaries;

+ Bcttcr vvater quality m thc shrừnp ponds;
+ Bcttcr wcll being of íarm ers and thcir 

íamilies /  the communities;
+ Better íunctioning of all tho land uses in 

thc surroundings.
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3.4. Evaỉuation criteria

To choose critcria that are useíul for the 
multi-criteria analysis, several aspects arc 
kept in m ind. First of all, thc relating aspects 
can iníluence thc vvatcr quality in the river, 
estuaries and shrim p ponds. Secondly, the 
relatcd actors, cvery actor has his m ain 
interests, which arc im portant to find a 
m easure, or a com bination of m oasures that is 
suitable for all tho actors. Thirdly, all of the 
suggestcd criteria have to meet thc dem and 
of boundary conditions. Based on these 
rcquirem ents, the íollovving critcria vvcrc 
takcn into account in ordcr to cvaluate the 
cíícctivenoss of alternativcs:

- Costs of im plem entation: this critcrion is 
quite logical, as it is im portant for thc íarm ers 
and the local governm cnt that a m easure vvill 
bo affordablo.

- Tim e of im plem entation: this is very 
im portant for thc íarm ers. Many íarm crs novv 
are already in debt because of the loans thcy 
took for thcir initial ỉnvcstm cnt costs. For the 
local govcrnm cnt it is also im portant to havc 
a quick solution for the issucs at the íarms as 
the shrim p íarm ing industry itselí has great 
potcntial for developm cnt.

- M anagcability by íarmcrs: it is im portant 
that the mcasurcs are not diííicult to implemcnt, 
m aintain and operate.

- Economic beneíits: if m easures arc 
successíully im plem ented they could rcally 
contribute to a m ore stablc economic 
cnvironm cnt for both local íarm crs and 
government.

- Effcct on production: thc survival ratc of 
shrim ps vvill increase differently per m easure 
or in somo cases anothcr type of culture can 
be addcd to the production.

- Effcct on discascs: if pollutod substances 
in the w ater are reduced to the needed or 
desừed vvater quality standarđs, the

occurrcnce of diseases will decrease.
- Environmental impact: measuros can bc 

taken at the intakc or outlet of the shrim p 
íarms. In this way the impact can bc different 
per m easure.

- N eeded policics: dcponding on each 
m easurc the governm ent nccds to apply 
policies to the arca aííoctcđ by the m easure. 
This requires tim e-consum ing and costly 
effortSt

- Large scalo effectiveness: It is im portant 
to scc how large the inAucncc of a m casuro 
can bo, mostly for the íu ture planning of 
aquaculture in Q uang Tri Provincc.

3.5. Dctermination of critcrion ĩccights

VVhen the critcria have bccn selected, tho 
next step is to determ ine wcights for these 
critcria based on the im portance of each 
critcrion. Bccause thc m ain objective of the 
study is to create a m ore stablc economic 
environm ent for the íarmcrs and governm ent 
thc tvvo critcria, which arc economic proíit 
and environm cntal impact, will bo assigned 
the highest weight. O thcr objectives arc cost 
and timo of implcmontation, effect on 
discases. Pinaily, the iinpact and area of 
impact arc im portant for the aquaculturc, 
agriculture, industries and other land uscrs. 
Bascd on these criteria and thc preíercnce 
order, the following paragraph discusses how 
to determ ine thcse weights by thc pairwise 
comparison method:

Establishment of painvisc comparison matrix: 
Each pair of criteria vvas takcn from tho set of 
the criteria and com pare with each othcr. 
Experts' consultation was used for the 
rclative im portant level of one criterion 
betvvecn a pair of criteria based on 
iníorm ation ừi Tablc 2. The exercise vvas 
repcatcd for ail the pairs of criteria and the 
result is presentcd in Table 3.
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Tablc 3. The painvisc com parison m atrix

Critcria A B c D lí F G H l

A: Economic bcncíits 1.00 2.00 3.00 1.00 4.00 5.00 5.00 6.00 7.00

13: Costs of im plem entation 0.50 1.00 2.00 0.50 3.00 4.00 4.00 5.00 6.00
C: Tứnc of im plem entation 0.33 0.50 l.()0 0.33 2.00 3.00 3.00 4.00 5.00

D: linvironnicntal im pact 1.00 2.00 3.00 1.00 4.00 5.00 5.00 6.00 7.00

E: Effect on diseases 0.25 0.33 0.50 0.25 1.00 2.00 2.00 3.00 4.00

F; M anageability by íarm ers 0.20 0.25 0.33 0.20 0.50 1.00 1.00 2.00 3.00

G: Large scale effcctiveness 0.20 0.25 0.33 0.20 0.50 1.00 1.00 2.00 3.00

I I: Effect on  production 0.17 0.20 0.25 0.17 0.33 0.50 0.50 1.00 2.00

I: N ccdcd  policics 0.14 0.17 0.20 0.14 0.25 0.33 0.33 0.50 1.00

Sum 3.79 6.70 10.62 3.79 15.58 2Ĩ.83 21.83 29.50 38.00

Tablc 4. The standard izcđ  pairw isc com parison  m atrix

Criteria A B c D E F G H I Weight
A: Economic boneíits 0.26 0.30 0.28 0.26 0.26 0.23 0.23 0.20 0.18 0.25
B: Costs of im plcm entation 0.13 0.15 0.19 0.13 0.19 0.18 0.18 0.17 0.16 0.17

C: Time of ỉm plem entatỉon 0.09 0.07 0.09 0.09 0.13 0.14 0.14 0.14 0.13 0.11
D: ỉỉnvironm ontal im pact 0.26 0.30 0.28 0.26 0.26 0.23 0.23 0.20 0.18 0.25
E: Effect on diseascs 0.07 0.05 0.05 0.07 0.06 0.09 0.09 0.10 0.11 0.08
F: M anagcability by íarm crs 0.05 0.04 0.03 0.05 0.03 0.05 0.05 0.07 0.08 0.05
G: Large scalc cffcctivcncss 0.05 0.04 0.03 0.05 0.03 0.05 0.05 0.07 0.08 0.05
ỉ ỉ: Effect on  production 0.04 0.03 0.02 0.04 0.02 0.02 0.02 0.03 0.05 0.03
l: Ncedcd policics 0.04 0.02 0.02 0.04 0.02 0.02 0.02 0.02 0.03 0.02

Establishnicnt of standardizcd comparison 
matrix: This matrix can bc estim atcd by 
dividing cach elemcnt in thc pairwise 
comparison m atrix by its colum n total. The 
result is prescntcd in Table 4.

Computation of criterion ĩvcights: VVeights 
of each of the criteria w ere determ ined by 
computing the average of the elem ents in 
cach row of the norm ali/ed  matrix. The result 
is shovvn in the last column of Table 4.

3.6. Mcasurcs for Quang Tri's brackish water 
shrimp culture

To solve the problems relating to Quang 
Tri's brackish vvater shrim p culture, thc study

considcrs those mcasurcs that are being uscd 
in tho targct areas as wcll as íorcign countries, 
such as Indonesia, China, Bangladesh, 
Germany, Mexico, Colombia, USA. Somc of 
thcm  arc introduccd as íollovvs.

3.6.2. Structural mcasurcs

A ì:  Poỉyculturc
In the shrim p farm, the first crop vvill 

rem ain the sam e as bcíorc, but tho second 
crop Guly to October) vvill be used to produce 
not only shrim p but also other culture, likc 
oysters, crabs, mussels, fish, etc. In doing so, 
there vviU be two proíits: the nutricnts in the 
w ater stcm m ừig írom the first crop will be 
reused in tho second crop, and tho íarmers
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vvill have m ore cconomic certainty, bccausc 
thcy can bct on tvvo diííercnt horscs. Some of 
the semi-intensive shrim p íarms have already 
used the polyculturo m cthod, with fish and 
ricc.

A2: Bio-fìltcr
- A2.Ĩ: Mangrovc fĩltcr. This m easure has 

been alrcady conductcd by combining the 
shrim p íarm ing industry vvith the placing of 
mangroves in Colombia Ịl]. The cost of the 
m easure is around 100,000 USD (1995 price) 
for 120 ha of m angroves and 200 ha of 
production pond arca [1]. Construction of the 
m casurc cost about 100,000 USD, vvhich is 
very chcap in com parison vvith the cost of a 
constructcd vvetland as proposed by 
Schvvart/ and Boyd [ 1 ]. The most signiíicant 
bencfit of thc system , followod by Gauticr, is 
the BOD and TSS removal from pond 
cfflucnt. Anothcr potcntiai íinancial bcncfit 
C)f thc recirculation system  is tho possiblc 
prevention ()f bluo-groen algac bloom in thc 
estuary, which m ay cause an off-flavor to 
dcvclop in shrimp.

- A2.2: VVctlainỉ. A vvetland also can bo a
solution to Q uang Tri Provincc. Tho wetland 
is locatcd near thc shrim p ponds and consists 
of soil with a ccrtain slope and obstaclcs ừi it, 
so that w atcr will flovv through in a ccrtain 
direction. In this w ay the vvater gets cleaned 
bcíorc it rcachcs the  discharge channcl [11]. 
The costs of a constructed vvetland dcpend 
on the size of the w ctland noodcd, which on 
itselí dcpends on the am ount of flowing 
vvastcwater. The advantages of thc
constructcd w ctlands are that they can bc 
very effective in im proving vvatcr quality in 
the dow nstrcam  waters. They also are 
effectivo Ũ1 rem oving or stabilizừig 
sediments, hcavy metals and organic 
contaminants.

- A2.3: Scdinicntation rcscrvoir + rcscrvoir 
ĩoith culture (oỵsters, crabs). This system

includcs two basins: a sedim entation basin to 
settle tho suspended substanccs in the watcr; 
and a basin with bactoria, or other cultures 
likc oysters, musscls or crabs, to removc 
ccrtain nutrients (Fig. 4). Tho cost of this 
measuro is about 900 USD for 0.5 ha of 
reservoir.

L»o«nd:
1 -  Shrlm p Pond*2 - M*in Rlv«r
3 ■ Intah* C h a n n a l
4 -  D l»ch«ry« C h in n t l  

83SS3" Seđlm«nt«tlon Reaarvoir
R«»«rvolr Mltlì Cultur*

■■■■■ ‘ - Ịr»t«K* pip«Wchanntl«
R actrculálm o pip*« lch«nn*u

Fig. 4. A hypothctical cxnm plc of production ponds 
w ith sed im cntation  and  culturc reservoirs [4].

3.6.2. Non-structural mcasures

Bĩ: htiprovcd /ccding managcmcnt
(appropriate/ceding, less antibiotics)

The major problem s vvith Nutrients, 
Phosphates and BOD are maừily causcd by 
íeeding the shrim ps m ore than they can eat 
and giving them too m any antibiotics. The 
excess of these substanccs will rem ain in the 
w atcr and will also get in the sludge on the 
bottom of the shrim p ponds. By rcducing the 
íeeding and thc antibiotics, less substanccs 
vvill get into tho wastewater.

B2: Bcttcr ĩvatcr managcmcnt. Reducing the 
number of timcs that watcr is taken in should 
have a positive effect on thc am ount of 
polluted water taken in by farms. Though not
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changing the wator oíten enough may have 
negative effects on tho chanccs of discascs [5]. 
In order to conduct effectively this measure, 
the timing of thc fri?shwator intake should be 
changcd togethcr w ith thc output of 
vvastevvater, not only from shrim p farms but 
also thc vvastevvater output of industries and 
agriculture. VVhcn thoso tvvo events occur too 
closc to each othcr, shrim p farms vvill takc in 
polluted vvater. The pum ping in and out of 
saline and vvastevvater should íollovv the tidal 
regime scientifically.

In practice, in ordor to have more 
effective measures, a num ber of altcmatives 
(especially tho non-structural) are usually 
ừnplementod simultaneously. Based on the 
Quang Tri's local conditions and the ícasibility 
of altcrnativcs, 10 combinations bclow vvere 
takon into account in thc MCA process:

AI + A2.3: Polyculture + Sedimcnt reservoir 
Sĩ rcscrvoir vvith culturc.

AI + BI: Polyculture + Improvod íccding 
management.

AI + B2: Polyculture + Botter wator 
management.

AI + BI + B2: Polyculture + Improved íeeding 
management + BcUer vvater m anagemcnt.

A2.1 + A23: Mangrovc filtor + Sodimcntation 
reservoir & rcsorvoir w ith culture.

A2.1 + Bl: M angrove íilter + Improved 
íeeding managcm cnt.

A2.2 + A2.3: VVetland + Sodimentation 
reservoir & reservoữ vvith culturc.

A2.2 + Bl: Wctland + Improved íccxiing 
management.

A2.3 + Bl: Sedimentation reservoir & 
reservoir vvith culture + Improved íceding 
management.

A2.3 + BI + B2: Sedimentation reservoir & 
reservoir vvith culture + Improvcd íeeding 
managemcnt + Bottcr water m anagem ent

In order to score for each of the mcasures 
vvith the critcria, the m eaning of tho impact 
levels of m easures on the critcria should be

dcíincd. The m caning lovols are as íoUovvs:
Costs of impỉcmcntation: Tho lovver the 

scorc tho better.
Time of implcincntation: The lovver the 

am ount tho better.
Managcability b\j /armcrs: The easier thc 

better.
Economic bcncfits: The higher thc better.
Effcct on production: Tho higher thc effect 

the botter.
Effcct on diseascs: The highor the cffect the 

bettcr.
Environmcntal impact: The highor the better.
Ncedcd policies: The less tho am ount of 

policies necded (or guidanco by the 
government) the bctter.

Largc scaỉc ẹffèctivcness: The highcr thc 
scale the better

Based on these m caning, thc im pact levels 
and scores of tho suggcstod m casurcs for 
cach of the criteria should be asscsscd.

The cost of im plcmontation critorion: 
among measures, tho moasurc vvith tho highest 
and lowest cost vvill gct the scorc of 0 and 1, 
respectivoly. The othcrs vvill bo interpolatcd 
from the lovvest and highcst cost.

The tim e of implomontation critcrion: if 
thc im plem enting time of a m easure is longer 
than 4 m onths, equal to 2-3 m onths and 
shorter than 2 m onths, its score is 0, 0.5, and 
1, rcspcctivcly.

O ther criteria: this study evaluates impact 
of tho m casures in 3 lcvels: hard /m cdium / 
easy or high/m cdium /low  vvith 3 respective 
standard i/od  scorc of 0, 0.5, and 1.

Tho s tandard i/cd  scorcs for diffcrent 
criteria arc show n in Tablc 5.

Based on thc standardi/.ation scorirtg 
card, the study has consulted experts in thc 
somc of rolated sectors, local authoritios and 
residents about the impact lcvel of moasuros 
on each of the critcria. These evaluation 
results are show n in Table 6.
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Tablc 5. S tandardization scoring card

75

C ritcria Levels S tandard i/a tion

C osts of im plem entation high/m cdi um /lo w 0/0.5/1
T im e of im plcm cntation 4/2-3/1 0/0.5/1
M anagoabỉlity by íarm crs h a rd /m ed i um /ca sy 0/0.5/1
Economic bencíits h igh/m cdium /low 1/0.5/0
F.ffcct on production high/m edium /low 0/0.5/1
F.ffect on diseascs high/m cdiuni/low 1/0.5/0
r.nvironm cntaỉ im pact high/m cdiunV low 1/0.5/0
N ccd cd  policics high/m odium /lo^v 0/0.5/1
I .arge scaỉc cííccti vcncss h i gh/m ed i un ì/low 1/0.5/0

Table 6. Scoring card of com bination of m casurcs

C om bination  of M casurcs
C ritcria A1+A2.3 Al+Bl A1+I32 A1+B1+B2 A2.1+A2.3

C osts of im plem entation est: 335 cst: 220 est: 220 cst: 240 est: 737
Tim e of im plem cntation 2-3 2-3 2-3 2-3 >4
M anageability  by ínrm crs m cdium m cdium m edium m cdium m edium
Kconomic beneíits high high high high m cdium
F.ffect on productiơn high high high high m cdium

Rffcct on điseasos m cdium m cdiurn m edium m cdium m edium
[{nvironm cntal im pact m cdium m cdium nicd ium m cdium high
N ccdcd  poỉicics m cdium m cdium m edium m edium low
1 .argc scalc offcctivoness Ịow low low low high

C om bination of M casures
C ritcria A2.1+B1 A2.2+A2.3 A2.2+B1 A2.3+B1 A2.3+B1+EỈ2
Costs o f im plcm cntation est: 622 cst: 8351 cst: 8236 cst: 155 est:175
Tim e of im plem cntation >4 >4 >4 1-2 1-2
M anagcability  by íarm crs m edium m edium m edium m cdium m cdium
Fxonomic bcncíits m edium m edium m cdium m cdium high
E ííect on  production m cd ium high high m edium high
Effcct on  diseascs n ied ium high high m cdium m cdium
E nvironm ental im pact high high high low m cdium
N ccded  policies m ed ium m cdium m cdium high low
Large scalc cffcctivcness high m cdium nicd ium lovv lovv

Next, thc standnrd i/ed  score for tho cost 
of im plem cntation should bo estim ated so 
that the overall cvaluation can be done. Fừst 
of all, tho cost of im plem entation and applicd 
areas of som e projccts in other locations are 
collocted [1, 11]. Tho research assumcs that 
the cost to establish thcse moasurcs in Quang 
Tri Provincc is cqual to tho cost in other

regions. Those values, then, arc dividcd by 
thc shrim p pond area to gct tho standardized 
cost (USD/ha). The results are presented in 
Table 8. As a rule, the altcrnativo A2.3 + BI 
with lowcst cost (155 USD) will be assigned a 
score of 1 and the combination A2.2 + A2.3 
vvith highest cost (8,351 USD) vvill be 
assigned a score of 0. The others are
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intcrpolated from two of these values based 
on their cost por hectare. The scores for the 
costs of implomcntation corresponding to 
diffcrent m easures arc shovvn in Tablc 7.

Table 7. S tandardi/.cd scoro for costs of com binations

M easurc S tandard izcd  cost Standarcỉizcd score

A1+A2.3 335 0.978
Al+Bl 220 0.992
A1+B2 220 0 992
A1+B1+B2 240 0.990
A2.1+A2.3 737 0.929
A2.1+B1 622 0.943
A2.2+A2.3 8351 0.000
A2.2+B1 8236 0.014
A2.3+B1 155 1.000
A2.3+B1+B2 175 0.998

The final step in evaluating thc m easures 
is to determ ine tho weights for tho 
alternativcs. By reíerring to tho s tan d ard b ed  
scores in Tablcs 5 and 7, and scoring card of 
com bừiations in Tablc 6, the scores of 
alternativcs corresponding with diffcrcnt 
criteria are shcnvn in Tablo 8. From these 
scorcs and w cights of each of the criteria, tho 
evaluation score of the altcrnatives is 
cstim atcd as:

n
A, = X  V ,  ' 

>=1
in which, A, is the scorc of the /lh measure; 
is the weight of tho / h criterion and S ,J  is the 
scorc of the /th m easuro with rcspcct to t h c / h 
criterion.

Tablc 8. Final rcsults o f MCA

Criteria A1+A2.3 Al+Bl A1+B2 A1+B1+B2 A2.1+A2.3 VVoight

C o stso í im plcm ontation 0.978 0.992 0.992 0.990 0.929 0.17

Tim e of im plcm cntation 0.5 0.5 0.5 0.5 0.0 0.11

M anagcability by íarm ers 0.5 0.5 0.5 0.5 0.5 0.05

Economic bcncíits 1 1 1 1 0.5 0.25

Hffcct on production 1 1 1 1 0.5 0.03

Effect on discascs 0.5 0.5 0.5 0.5 0.5 0.08

Environm ental im pact 0.5 0.5 0.5 0.5 1 0.25

N ecdcd policics 0.5 0.5 0.5 0.5 1 0.02

Large scalc cíícctivcncss 0 0 0 0 1 0.05

Totaỉ 0.701 0.704 0.704 0.703 0.6S3

Criteria A2.1+B1 A2.2+A2.3 A2.2+B1 A2.3+B1 A2.3+B1+B2 VVcight

Costs of im plem entation 0.943 0.000 0.014 1.000 0.998 0.17

Time of im plem cntation 0 0 0 1 1 0.11

M anageability by íarm ers 0.5 0.5 0.5 0.5 0.5 0.05

Economic bcncfits 0.5 0.5 0.5 0.5 1 0.25

Effect on praduction 0.5 1 1 0.5 1 0.03

Effect on diseascs 0.5 1 1 0.5 0.5 0.08

Environm entaỉ im pact 1 1 1 0 0.5 0.25

N eeded policies 0.5 0.5 0.5 0 1 0.02

Large scale cffcctivcncss 1 0.5 0.5 0 0 0.05

Total 0.675 0.545 0.547 0.485 0.770
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Ít can bo sccn ÍTom Table 8 that the 
m easure vvhich has tho smallest score is 
option A2.3 + Bl. Basod on thc MCA result, 
tho 4 best combinations are: (1) AI + A2.3; (2) 
A1 + Bl; (3) AI + B2; (4) A2.3 + BI + B2. The 
last combination (Sedimcntation rescrvoir & 
rcscrvoir ĩoith culture + Iinprovcd /ccding 
inanagcment + Bcttcr ỉoatcr managcmcnl) is tho 
"best" alternativo vvith overall score of 0.770.

4. Discussions

Tho application results of MCA m ethod to 
thc problcm of brackish shrim p pond culture 
in Q uang Tri suggest several points vvorth 
discussing.

First, sustainahlc developm ent is a 
relativcly ncw conccpt \vhich requires taking 
both short and long torm goals of m ultiple 
stakoholdors into considcration. The use of 
MCA as a tool in this problem  holps decision 
makers in Q uang Tri Province to select tho 
íeasiblo measurc(s) and "bcst" option in a 
rational mannor. Particularly, the option 
"Scđinicntation rcscrvoir & rcscrvoir ĩoith culturc 
+ Improvcd /ccding managcincnt + Bcttcr ĩoatcr 
managcmcnt" is recom m ended due to its 
highost scorc w ith respect to nine criteria 
(Table 8).

Second, the tvvo effective m easures 
m angrovc and vvetland íilters havc low scores 
(Tablc 8) becausc, at present, tho cost to 
implcinent thcsc m easurcs is too high 
comparcd to other m easures. However, in the 
íuturc, w hen the shrim p activity is investcd 
morc by tho governm ent, thcy should bc 
considcred again because theừ  positivc 
impacts on the shrim p pond as vvcll as 
environment. This is relatcd to thc problem  of 
changing m anagomont objectivo over tữne in 
a dccision making process.

Third, the present research omploys 
ừiíorm ation rcgarding to the measurc 
im plem enting costs from literature vvhich 
stemmcd from other abroad projocts. Thereíore, 
somo assessm cnts are rclatively coarso 
estimation. In the future, it is necessary to 
have m ore prccise data and a vvider range of 
stakeholders serving for thc assossment task.

5. Conclusions

This papcr aims to prosont thc rosults of 
an application of MCA to find out thc most 
ícasiblc mcasurcs for sustainablo development 
of the brackish w atcr shrim p culture in 
Q uang Tri Provinco. The application of MCA 
includcs determ ining the emerging problems, 
objectivcs and requirem ents of related íactors, 
as vvell as tho alternatives that have been used 
ừi tho study area. From that it suggests the 
m casures to solve the problem s and apply the 
MCA approach for selccting the most suitable 
options.

Tho rcsearch detenninod that thc 
combination of m easures Scdimcntation 
rescrvoir & rcscrvoir ĩoith cuỉture + Improvcd 
ỷeeding managemcnt + Bettcr ĩoatcr managcmcnt 
is tho most suitable for thc Quang Tri's 
condition for the timo bcing.

From scientiíic poừit of view, the 
comploxity of Gnvironmcntal problems makcs 
necessary the developm ent and application of 
new  tcxìls capablc of Processing not only tho 
numcrical aspects, but also the expcrience of 
experts and vvide public participation, which 
arc all needed in the decision-making proccss
[7].

MCA is a qualitative analysis method 
vvhich allows the usc of participatory 
approach in  the docision m aking process. In 
othcr vvords, w ith MCA, all relcvant
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stakeholders (íarmers, scientists, decision 
makers) can be involved in this process. In 
doing so, tho conscnsus on the problem s and 
their solutions can be rcached. Hovvever, it is 
noted that MCA is subjective in its nature. In 
case the quantitative data are available, 
quantitative analysis (i.e. numerical 
modelling) can be uscd in combination with 
MCA to arrive at the "best" solution(s) in the 
dccision m akừig process. This is anothor part 
of our research.
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