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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

wetland national park declared in Vietnam and heenb
nominated by the Vietnamese government to be a
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level is now constantly higher
optimal level of 0.5m [8].

than the ecological

i CHINA
Dalle

Kupming

) MYANMAR
N VIETNAM
Maﬂld'ﬂfa‘{ Hanoi
LAOS 15
= — *Prabang
| *Chiang Mai 2

THAILAND

~

. Bangkok 'P\msf)af,;
‘ @)

+Siem
Riep

HCM City
.

Tram Chim
National Par

R

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

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

conservation program would generate a net social
benefit.

2. ESTIMATING THE COST OF REDUCED
RICE PROFIT

Rice production function approach

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

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

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

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

overall, it has negative impacts on the ecologsgatem.

Native plants have been replaced by invasive mimosgyroduction and water

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

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

be included in the farm survey questionnaire and to

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

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

To improve wetland Park

biodiversity, the

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

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

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

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

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

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

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

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

where

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

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

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

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

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

where

a2 is the coefficient of labour,

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

32 is the coefficient of training on rice production

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

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

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

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

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

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

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

[37 is the coefficient of the relative location ofrfes

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

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

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

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

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

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

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

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

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

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

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

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

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

Results

Distance from
Tram Chim

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

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

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

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

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

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

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

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

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

provide more insights into this issue. The fundivity be

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

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

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

the farmers may benefit from the wetland

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

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

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

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

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

showed positive net social benefits [9]. This siga

helpful in assisting policymaking so that betteicimed

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

generated from wetland conservation.

5. CONCLUSION

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

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

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

The provision method of an increase in the elagyric [8]
bill can be used, although further studies on aitéve
provision methods such as donations or taxes would

106

REFERENCES

Vietham  Environmental Protection Agency,
International Conservation Union and Mekong
Wetland Biodiversity Program (2005). Overview of
Wetland Status in Vietham Following 15 Years of
RAMSAR Convention Implementation, Vietnam
2005.

Torell, M. and Salamanca, A.M 2003. Wetlands
Management in Vietnam’s Mekong Delta: an
overview of pressures and responses. In M. Torell,
A.M. Salamanca, B.D. Ratner (edsYyetlands
Management in Vietnam: issues and perspectives
Penang: World Fish Centre, pp. 1-8.

Buckton, S.T.; Cu, N.; Quynh, H.Q.; and Tu, N.D.
(1999). The conservation of key wetlands site & th
Mekong Delta. Birdlife International Vietnam
Conservation Program Report No. 12, Birdlife
International Vietham Program, Hanoi, Vietnam.
World Bank 2002.Vietnam Environment Monitor
2002 the World Bank Groups, Washington D.C.

Do, N.T. (2007). Impacts of dykes on wetland
values: a case study in the Plain of Reeds,
Vietham’s Mekong River Delta. Research Report,
Economy and Environment Program for Southeast
Asia (EEPSEA), Singapore.

Barbier, E.B.; Acreman, M.; and Knowler, D. 1997.
Economic Valuation of Wetlands: a guide for policy
makers and plannerssland, Switzerland: Ramsar
Convention Bureau.

Emerton, L. and Bos, E. 2004Counting
Ecosystems as an Economic Part of Water
Infrastructure Gland, Switzerland: IUCN.

United Nations Development Program;
International Conservation Union; Mekong River
Commission; and Global Environment Facility



T.N. Do and J. Bennett / GMSARN International Jauéh(2008) 101 - 108

(2005), Integrated water and fire management methods. Report to Resource Valuation Branch,
strategy Tram Chim National Park, unpublished Damage Assessment Centre, National Oceanic and
report, Vietnam. Atmospheric Administration- US Department of

[91 Do, N.T. and Bennett, J.; (submitted for Commerce, January 1998.
publication). Estimating Wetland Biodiversity [24] Hensher, D.A.; Rose, J.M and Green, W.H. 2005.
Values: A choice modelling application in Applied Choice Analysis: a primerCambridge:
Vietham's Mekong River Delta. Cambridge University Press.

[10] Pacovsky, J. (2005), ‘Restoration of wetlands & th [25] Morrison, M. 2000. Aggregation biases in stated
Tram Chim nature reserve’, retrieved on May 13, preferencesAustralian Economic PapeB9: 215-
2005 from the world wide web: 230.
http://horticulture.coafes.umn.edu/vd/h5015/01pape [26] Boyle, K.J. and Bishop, R.C. 1987. Valuing
rs/pacovsky?2.htm. wildlife in benefit-cost analysis: a case study

[11] Hung, N.V. (2004). Tram Chim needs Cranes. involving endangered specie$Vater Resources
Vietham  Environmental Protection Agency. Researct?3: 943-950.

Viethamese Environmental Protection Journal.
Retrieved December 12, 2005 on the world wide
web: http://www.nea.gov.vn/tapchi/Toanvan/05- APPENDIXES
2k5-24.htm.

[12] Tram Chim Management Board (2005). Tram Chim
National Park Five Year Work Plan. Unpublished

Appendix 1. Definitions of Variables in Rice Prodution
Function

report. 75 pp. Variable Definition
[13] Garrod, G. and Willis, K. 1999.Economic Rice Rice vield per hectare per vear
Valuation of  the EnvironmentCheltenham: nedap pery
Edward Elgar. Capital The operating duration of machines injall
[14] Grafton, R.Q.; Adamowicz, W.; Dupont, D.; stages of rice production
Nelson, H.; Hill, R.; and Renzetti, S. 200%he Labour The number of man-hours for rite
Economics of the Environment and Natural production
ResourcesMassachuset: Blackwell Publishing. - -
. Fertil Al t of fertil d
[15] Hanley, N. and Spash, C.L. 19930st and Benefit erfizer Mmoun? of Tertizer use
Analysis and the Environmentondon: Edgar Seed Amount of seed used
P!Jb“Sher- Pesticide Amount of pesticide used per year
[16] Dillon, J. L. and Hardaker, J.B. 1993zarm Terbicid A T of herbicid "
management research for small farmer erbicide mount of herbicide used per year
development. Rome: Food and Agriculture | Experience The household’s experience in fice
Organisation of the United Nations. cultivation
[17] Kompas, T. (2004). Market reform, productivity | Training Have attended training on rice productipn
and efficiency in Vietnamese rice production. " ol
International and  Development Economics | 5% Soil quality
Program. Crawford School of Economics and | Plot Number of plots, representing fafm
Government, Australian  National  University fragmentation
Working papers No 04-4. 36 pp. _ _ Irrigation Distance to irrigation sources
[18] Nguyen, Q.H. 2006. Production frontier for rice . - :
production in Vietnam. Crawford School of | Disaster .Dllseés.ters thf‘t Qappehrled dgj;:ng dthe year,
Economics and Government, Australian National Including pests, droughts and floods
University, Canberra, Australia. PhD thesis. Location Location of the farms (used for capturing
[19] Greene, W.H. 200FEconometric AnalysisPrentice all other factors that might have impact pn
Hall: Upper Saddle River. rice productivity)
[20] Halvorsen, R. and Palmquist R. 1980. The | Flood Duration of floods per year

interpretation of dummy variables in semi-
logarithmic equationsAmerican Economic Review
70(3): 474-475.

[21] Bennett, J.W. and Adamowicz, W. 2001. Some
fundamentals of environmental choice modelling.
In J. Bennett and R. Blamey (edtfhe Choice
Modelling Approach to Environmental Valuation
Cheltenham, UK: E. Elgar. 37-69.

[22] Morrison, M.; Bennett, J; and Blamey, R. 1999.
Valuing improved wetland quality using choice
modelling. Water Resources Resear@b: 2805-
2814.

[23] Adamowicz, V.; Louviere, J; and Swait, J. (1998).
Introduction to attribute-based stated choice

107



T.N. Do and J. Bennett / GMSARN International Jauéh(2008) 101 - 108

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

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

108



