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Abstract

In order to successfully achieve the dual goalsredf protection and income
generation, the management of Ras Mohammed needanderstand visitor
preferences for reef quality, congestion leveledsites, entrance fees and other
attributes of the park. Management plans and tbapportunities should be based on
these preferences as well as the physical chaistaterof reef sites. Especially, there
is an urgent need to plan for the increasing nurobeisitors. By incorporating these
preferences for distinct alternatives featuringedént levels of the attributes, welfare
measures can be estimaseaithus more efficient targeting of efforts can beiacad
Based on the results presented in this study tibdwe that the visitors attach the
highest value is the reef quality which indicateshte importance of maintaining this

feature in order to keep the popularity of Ras Moheed as tourist destination.
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1. Introduction

Ras Mohammed National Park declared in 1983 anceromy an area of 460
kilometres squared. The area includes the islarfd3iran and Sanafir and all
shorelines fronting the Sharm el Sheikh tourismetigwment area. Ras Mohammed
is home to some of the most spectacular coral edsbest known SCUBA diving
areas in the world. This recognition is based endiversity of flora and fauna, clear
warm water devoid of pollutants, their proximity gborelines and their breathtaking
beauty (South Sinai Protectorates brochure). Thimshination plus the accessibility
in most weather conditions and proximity to Eurapéaurists form the basis of Ras
Mohammed popularity as a tourist destination. Thenimer of visitors to Ras
Mohammed increased from hundreds in 1988 to maaea 850,000 last year. The
volume of tourists has degraded the reefs, a swinsrerkeler or diver resting,
walking or standing on a coral surface damagertdngilé tissue surface of the animal.
Over-development along the coast, dredging, polfytsedimentation, sewage and
overfishing are other threats to coral reefs. Brgral. (1998) cited in Spalding et al.
(2001) noted that around 61% of the coral reefEgygpt are at a serious risk from
anthropogenic threats. There has been a declioeral cover by 20 to 30 % at many
sites in the Red Sea (Jameson et al 1997). Thedeggfdation and the loss of
productivity and biodiversity would have seriousisequences. Lack of awareness,
insufficient enforcement of protective legislatianarket failure and undervaluation

of resources are the root causes of several thieatsal reefs.

Of great interest to the management of Ras Mohamisetie need to: capture and
develop additional and potential revenue sourcesretain at least a portion of these
revenues to pay for the necessary and sudden eegegstablish formal connection
between those taking an action and those affectedt; bincentives systems for

stakeholders to conserve natural treasures; hgtearnance for fisheries and marine
ecosystems to overcome the legal mandates ovenigpaind solid cooperation at the
highest national levels, involving the coast guaadd police, to stop different threats
to coral reefs and illegal fishing. Finally, unleessonomic values are taken into
account, efforts to manage coral reefs are nolylikebe effective. If decision makers
are aware of reef services, and the amount of mthvayreefs bring to their economy,

then a more concerted and united efforts can leetfely established.



2. Characteristics of the Study Area

“It is the first time any country has made a mapaek its first national park, and Egypt can
be proud of it. Ras Mohammed is an example of wéiatbe done to save a precious part of

our planet, truly one of the seven underwater wesdéthe world Eugenie Clark.

The unique geological and bio-geographic featuféseRed Sea provide appropriate
environment for numerous species and habitatsait be the most diverse coral reef
area away from the coral reefs in Southeast Agial@iihg et al. 20001). The salinity
varies from 36.5ppt at the south to more than 4Hiphe north in summer with
minimal freshwater inflows and high rates of evapion (Kotb et al. 2004). The
water is clearer in the north (40-50 m) compareth®south (~5 m) (Hassan et al.
2002) The water temperatures range between 21°C and @fa@kins and Reports,
1994). The fringing reefs lying close to the shigrthe basic form of coral reefs in the
Red Sea. In the north, Sinai Peninsula dividesRibe Sea into the Gulfs of Suez and
Agaba which both have markedly different morphadsgiThe Gulf of Suez is a flat
bottomed basin with a depth of 73 m (average 3Gmyth of 250 km and breadth of
32 km. The western side of the Gulf of Suez hasadisnuous fringing reefs, where
the eastern side is characterized by much smaibdeeh up fringing and patch reefs.
The Gulf of Agaba is a deep steep basin with a mari depth of greater than 1800
m. However, it is shorter and narrower with a léngt 150 km and a breadth of 16
km. It has a narrow fringing reefs and verticabmbffs (Spalding et al. 2001,
Ashworth 2004).

Table 1: Number of genera and species of reef building
corals in the Egyptian Red Sea Gulf of

Suez

Sinai
Gulf of

Sharm Aqaba

Al-Sheikh
Region Genera Species : P
Gulf of Agaba 47 120
Gulf of Suez 25 47
North Eed Sea 45 128
Central Fed Sea 49 143
South Red Sea 31 74

(Source: Abou Zaid, 2000)

Figurel: Coral reef coverage
along the Egyptian coastline



The Red sea has high biodiversity including appmately 209 hard coral species
(Veron 2000). The coral diversity is greater in testeral, northern Red Sea and the
Gulf of Agaba (Pilcher and Abou Zaid 2000). A totdl 1000 species of fish have
been recorded of which 17% are endemic to the Red(Bandall 1983, Ormond and
Edwards 1987 cited in Ashworth 2004). The statusarfl reef in the Red Sea is
generally good with average percentage of live lcooaer 45% at 5m and 33% at
10m (Hassan et al. 2002). The northern Red Seadialseen affected by the 1998
bleaching event (Kotb et al. 2004). Egypt has 1J@®0of coastline and 3,800 Krof
reef (Cesar et al. 2003). Live coral cover varresnf 11 to 35% on the reef flats, 5 to
62% on reef slopes and from 12 to 85% along redis\i@bou Zaid 2000).

Ras Mohammed occupies part of the southern poofidthe Sinai Peninsula (27°44'N
34°15'E) extending from a point opposite the QadHaddan lighthouse on the Gulf
of Suez to the southern boundary of the Nabq Pwedearea on the Gulf of Agaba.
The area includes the islands of Tiran and Sarsafd all shorelines fronting the
Sharm El-Sheikh tourism development area, and soaerarea of 460 Kn{327 knf

of sea area and 133 kiiand area and covers 56 km of coastline) . ShdrBhEikh is

a large tourism resort on the Gulf of Agaba anahis of Egypt's best known and most
visited resorts. It is located to the north of Réshammed. The coastline of Sharm
El-Sheikh was declared a Protected Coastline ir213%e Coral reef ecosystems
found in Ras Mohammed are recognized internatigradl among the world's best.
They vary from shallow slopes with sandy plateag.(@urtle Beach) to steep walls
(e.g. Shark Reef and Shark Observatory) (PearsdnSaehata 1998). The fringing
reefs are the most common reef type in the park aviteef flat ranging between 5 and
50 m along the coastline and a reef slope depthesafrom 10 to 85 m. The Patch
reefs occur in the strait of Tiran and the northéhs park with a shallow sandy
platform ranging between 10 and 140 m and a regiestirops to depths range from 3
to 200 m. The western side of Ras Mohammed hasmistious fringing reefs with a
shallow reef flat ranging between 200 and 1800 rwitith (PERSGA, 2003). It is
believed that the popularity of Ras Mohammed agsination for tourists depends
on the natural attractiveness, the aesthetic vaiuethe diversity of coral reefs. In
addition, the endemic species living in this arése gt a global significance as a
repository of biodiversity (Kotb et al. 2004). Moreer, Ras Mohammed is deemed

the major marine environmental education for Egypt.



3. Data

A visitor survey was conducted between March andustiof 2008 to obtain data on
the perception, socio-economic characteristicSsfors to Ras Mohammed and their
attitudes towards coral reefs. The questionnairgduded a short introduction
explaining the reason for it. The first sectiondssigned to elicit respondents’
experience visiting the reef sites in the park atiebr substitute reef sites, reasons for
visiting, trip information such as mode, length ass$ociated costs. The next section
comprised background information, opinion on theamance and the satisfaction
with reef quality, level of congestion and diveesitnumber. This is followed by
guestions about the lacking facilities at Ras Mohmea, the respondent’ expectations
to visit the park again, and the respondent’ infation about coral reefs and decline
causes. The third section covered the choice axpati questions in which the
attributes of coral reefs in terms of recreatidmeefits form the hypothetical market.
A short descriptive introduction to define the @itin which respondents are to
assess each choice set was provided with a synapsist coral reefs and related
information in terms of challenges and possibleisahs as background information
to elicit WTP while some justifications for not Vifigness to pay were presented. The
improvement levels were visualised by digital imagepicting either more or less of
the underlying attributes in order to avoid misipteting verbal descriptions and
clarify the changes in attribute levels. The firsction was on socioeconomic
characteristics of the respondents. Because ofliverse nationalities of tourists,

English, Italian, RussiaandArabic formatof thequestionnaire were used.

A series of interviews and consultations were valth marine biologists, coral reef
group and experimental design experts from the &mity of East Anglia and tour

operators, park managers and staff from Ras Mohatrimdesign the survey and to
confirm questions appropriateness and attributefniien. Focus groups were

arranged to assure respondent understanding tayubetions and the ability to
complete the choice tasks. Then a pilot surveyssased out to test readability of the
guestionnaire and identify the potential problemsthwthe survey and its

administration. Suggestions made on the most @ffechatter in which problems

could be solved. Consequently, many improvementg wdded to the main survey,
which were proved that they were correct decisamghe questions worked very well
in the field.



4. Survey results

Completed questionnaires were obtained from 1,23pandents. The survey was
designed under the assumption that there are tatoncli populations: International

Tourists (IT) and National Tourists (NT).

97% of IT came to Sharm EI_Sheikh by plane whefs 0% NT used the bus. More

than 90% of IT visits were for holiday purposesthathe remainder being for work,

business, conference or other purposes. Divingmergioned as a purpose of visit by
31% of IT (18% of NT), while snorkelling represetht&1% (34% for NT). The length

of stay was 9 nights on average for IT and 5 niggtdNT. As for the type of vacation

package, 96% of IT and 74% of NT had an all-inclesvacation package with an
average price $1,742 ($197 / night) for IT and LE&53 (LE 503 / night) for NT.

The distribution of number of yearly visits to Rdshammed in which visitors were
sampled is reported in table 2. From its conteist fitoticeable that 9% of IT and 37%
of NT cited this visit as a repeat visit. 39% of(B8% of NT) indicated that they have
visited other reef sites in Egypt and 21% (3.5%\®j indicated that they have visited

reef sites in other countries within the last year.

Table 2: Distribution of number of visits

number IT NT
of visits Frequency Cumulative % Frequency Cumulative %
1 546 91.00% 378 63.00%
2 21 94.50% 70 74.67%
3 13 96.67% 55 83.83%
5 9 98.17% 42 90.83%
7 5 99.00% 18 93.83%
10 5 99.83% 19 97.00%
15 0 99.83% 8 98.33%
20 1 100.00% 4 99.00%
50 0 100.00% 5 99.83%
>50 0 100.00% 1 100.00%

33% of IT (28% of NT) hold diving certificate and® (70% of NT) have
snorkelling skills. The number of dives and sndrkgltimes range from 7 to 9 times
on average for the two sets of tourists. IT fe#t thost important features to their visit
to Ras Mohammed were, in decreasing order, reeftgukevel of congestion, and
number of dive sites while the importance orderNdrwas reef quality then number

of dive sites and finally level of congestion.



Table 3: attributes importance to visitors

IT NT

reef level of number of reef level of number of

quality  congestion dive sites  quality  congestion dive sites
not important 1% 5% 10% 1% 8% 4%
somewhat important 3% 14% 10% 3% 17% 7%
important 16% 29% 32% 12% 27% 24%
very important 33% 30% 29% 21% 27% 34%
extremely important  48% 23% 19% 63% 21% 31%

The third of respondents expressed their dissatisfawith the level of congestion at
the park while 80% were satisfied with reef quadityd dive sites number. 32% of IT
and 61% of NT affirmed that Ras Mohammed need rfawities such as toilets and
showers (29%), shelters (16%), rubbish bins andnitg (16%), staff and patrols
(15%), cafeteria (15%), signs (10%), first aid aardbulance (8%), paved tracks
(6%), brochures (6%), new dive sites (5%), buoy®)(4dvisitor centre (3%), diving
equipments (2%), and souvenir shops (2%). In regéwdinformation about coral
reefs, half of respondents confirmed their knowtedf reasons behind reef decline.
They attributed this decline at Ras Mohammed tdkingl and standing on the reef
(30%), lack of awareness (27%), mass tourism (25%lution and waste (15%),
boat accident (13%), overfishing (6%), natural &tsg5%), and other reasons (2%).

The sample demographic profile for IT was 49% matethe age bracket 25-45
(86%). 30% of the respondents hold a bachelor @egigile 42% completed high
school. 13% are members in environmental orgaoisstiThe monthly income is
above $1,000 for 66% of the respondents. The fasilg was between 1-4 persons
for 92% of the respondents. 40% of the respondeadsno children and 11% were
single. Visitors from 19 countries participated the survey. The main countries
represented in the sample are ltaly (42%), Ruskido], United Kingdom (12%),
Poland (8%), Fance(5%), Germany(4%), Austria (4%), Netherlandg2%), USA (2%),
and otherg5%). For NT, most (73%) respondents in the sample wexesnin the age
bracket 25-45 (89%). 58% of the respondents holshehelor degree while 23%
completed high school. 19% are members in enviroaherganisations. Only 6% of
the respondents reported a monthly income above081,The family size was
between 1-4 persons for 56% of the respondents.H&?mo children and 2.5% were
single. The sample included participants from 24&egoorates mainly from Cairo
(20%), Alexandria (12%), Giza (8%), Dakhalia (7%®mailia (6%), Shargia(6%),
South Sina(5%), Monufia (5%), andothers(31%).



5. Methods

5.1 Contingent Valuation vs. Choice Experiments

Morrison et al. (1996) summarised the main diffeesnbetween contingent valuation
(CV) and choice experiments (CE) in the behavioaral theoretical basis, statistical
analysis, and methodology. The dichotomous cho@€-CV) and binary choice

experiments were employed in this study to reduch slifferences.

Both methods are based on Random Utility Theory{RWBor the CV method, RUT
assumes that the probability of choosing a gooohfam array of goods is dependent
on the utility of this good relative to the utilitgf other goods (Hanemann and
Kanninen, 1996). The utility of a good depends disesvable components (V),
containing a vector of attributes (X) and sociofemuic characteristics (S) as well as
unobservable components ) which are assumed to be random.

U; =V(X;,5) +¢;
The CE method is an application of RUT combined whth ¢haracteristics theory of
value (Lancaster 1966). Respondents derive utilignf the characteristics or the
attributes of goods rather than from the goods Hedwes (Alpizar et al., 2001). As
with CV, there is an observable component and asbservable component for the
utility. The method depends on the estimation offesponse between choice
probabilities and attribute levels. The probabibfychoosing an alternative increases
as the levels of desirable attributes rise relativéhe levels of the attributes in the
other alternatives (Bennett, 1999). Thus, the redpotn will choose the alternativg
over alternativen if and only if:

ProbU, >U,; ,00h# g) =Prob{V, +¢&, >V,; +¢&,}

When the error terms are assumed to be indepemdand identically distributed
(lID) with an extreme value (weibull) distributiothe probability of an alternativg
being chosen can be described in terms of thetlogistribution (McFadden, 1973):
expVy)

Prok(g) = —Z exXpN.)

wherey is a scale parameter which is inversely relatatiecstandard deviation of the

error distribution anglrefers to different alternative in the choice set.



Alpizar et al., (2001) concluded that the economiodel of DC-CV can be

considered as a special case of the model undgriyil, where there are only two
profiles (before and after the programme). In addjtboth methods utilise binary
logit. However, CV does not require experimentalige and the statistical technique
is less sophisticated. The elicitation questionm®rthe most obvious difference
between the two methods. In the dichotomous ch@i¢erespondents were asked
whether they are willing to pay for their recreatiexperience with healthier reef. In
CE respondents were asked to choose their prefaiterhative. Since CE method
shares the same random utility framework and a combasis of empirical analysis
in limited dependent variable econometrics (Gre€&®7) as dichotomous choice
CV, the same sample of individuals, terminologypdiyetical setting and attributes
describing the change to be valued were used ih bwthods to get comparable
estimates. Moreover, two functional forms wereisgill to elucidate the difference
between the two methods. The first is a simple yamlwith bid and alternative

attributes as the only independent variables. $imgple analysis allows comparison
between the two methods. Another analysis thatuded socio-economieand

attitudinalcharacteristicandalternativefunctionalformswereperformed

5.2 Fixed Parameters vs. Random Parameters

There are an increasing number of applications gmuaving popularity of using

random parameters models to estimate willingnesgap and account for the
preference heterogeneity. Because they are maxiblleand powerful, the random
parameters models have overshadowed other modedy. Fave the ability to treat
correlated and heteroskedastic alternatives, iserd¢lae opportunity of indentifying
sources of preference heterogeneity, make theedéschoice model less restrictive in
its behavioural assumptions, allow for unrestrictedbstitution patterns and
approximate any random utility model with total @ston (McFadden and Train,
2000; Hensher and Greene, 2003). In addition, timesthods are preferable if the
sampled individuals are drawn from a larger popata{Greene, 2007) and “simply
because people are different” (Eggert and OlssdQ9R The random utility

expression is restated and the structure of théoramparameter vectgtis presented

as follow (Hensher and Greene, 2003):



Uy ::Bixjti T Ey

B =B+0z +n, =B +Az +Ty,
wheret is the choice situationz is observed datay; is a random term whose
distribution over individuals relies on underlyipgrametersy; represents a vector of
uncorrelated random variables ands a lower triangular matrix that allows the
random parameters to be correlated. The conditipreddability for choiceg is given
by the product of logit functions:
eXp(cBi’thi)

Prob_, Q,%,z,h,V)==—-—
gti (g | X’[ ) Zexpﬁ,xg“
¢]

The unconditional probability for choiagis a mixture of logits with as the mixing

distribution: Proby; (g [Q,x;,z,h) :JProbgﬁ(g |Q,%,,z,h,v)f (B |Q,z,h)ds,.

where Q represents the component structural parameteids,haims a vector of

variables (e.g. individual characteristics) thateerthe variances. The integral is
approximated by simulation and a valuefpfs drawn from its distribution for many
draws. From these values a sampling distributionbEabuilt and inferences about the

mean and standard deviation can be obtained.

Each element offi has mean and standard deviation and specified @sdGom
parameter as opposed to a fixed parameter thds tlea standard deviation as zero
(Hensher et al., 2005). By allowing for random easariation and correlation in
unobserved factors, the random parameters modedscawe the limitations of
standard logit models (Train 2003).

More behavioural information could be added by actimg for heterogeneity in the

variance (Heteroskedasticity) of unobserved efféGieene et al., 2006). This shed
light on the sources of heterogeneous preferenaésnwthe sampled population.

Moreover, recent studies allowed the preferencegaty both within and between

individuals and addressed other sources of hetagitye Hensher (2006) and Puckett
and Hensher (2009) discussed the process heteiygand how respondents process
information throughout the different choice tasigss et al., (2008) investigated the
reference effects and the presence of asymmetpyeferences. Rose et al. (2009)
elucidated the impacts of the design dimensionsratidnalities on the behavioural

outputs of choice models.
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5.3 Willingness to Pay (WTP)

The marginal rates of substitution (MRS) betwednattes could be estimated by
modelling how respondents change their preferrdopn response to the changes
in the attribute levels (Bennett, 1999). Thus MRSween any two attributes is the
ratio between their parameters (e.g. the amountisifor access people would be
willing to forego to have higher reef qualitypy using the cost variable (i.e. the
entrance fees attribute in this study), it is poiesio estimate the willingness to pay to
achieve more of an attribute (implicit price). TWETP (for a linear utility function)
for an attribute is the ratio of that attribute’arameter estimate to the parameter of
cost estimates (Hensher and Greene, 2003). Morethewillingness to pay to move
from the current situation to a specific alternatoan be estimated. Thus the value of
aggregate changes as well as the value of changés individual attributes can be

estimated by employing choice experiments (Morrigbal., 1996).

. expl’)

WTP=b'In{ &——
" Y ewt)
Where\ is the utility of current situationy* is the utility of the alternative option,

andb, is coefficient of the price attribute.

The drawback of this way is that the estimated rhpdeameters are not constant but
random variables with a certain probability distition (Armstrong et al., 2001). The
random parameters models dispense with this problederiving WTP values using
either the population moments (unconditional patamestimates) or the common-
choice-specific (conditional) parameter estimatelenSher et al., 2005). Several
models with different specification were estimatea illustrate the problems

associated with the derivation of welfare estimatiéb each class of models.
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6. | mplementation

The sets of options were presented to the visitodetermine how they would like to
see Ras Mohammed reef sites managed and whichctéiastics matter to them.

These options defined in terms of four attributesf quality (REEF); uncrowding

conditions (PEOPLE); number of dive sites (D_SITES)d the possible increase in
entrance fees (FEES). C, = f(REEFR,PEOPLE,D _SITES, FEES)

Reducing the level of congestion and maintainiregréef quality are considered to be
a mechanism to manage reef carrying capacity dad @ertain tourists to enjoy less
crowded reef sites. The need to assess the préfeumber of dive sites as an
important attribute was stressed by park manaddrs.willingness to pay for park
entrance to access the reef sites, with some irepnents to the park and reef quality,
was expected to be greater than the current emtriaes. The range of increase in
entrance fees was chosen according to the redutteedfocus groups and the pilot
survey. However, any higher amount than $25 wastdéebe unrealistic for a daily
entrance fees to Ras Mohammed. The survey instriunves identical for both
national and international tourists. The only exmays were the language used and
the denomination of the entrance fees. This iotoedance with the applied system,
where the foreign tourists pay the entry fee in diflars and Egyptians pay it in
Egyptian pounds. Four levels were used to secufécismt variation in the
alternative option. Table 4 lists the attributes] davels presented in the choice
experiments.

Table 4: attributes and levels used in the choice experimen

Attribute Short Name Levels

Increase in Reef Quality REEF No change; 15%; 30%; 45%

Congestion Level PEOPLE usual number; 25% fewer people;
50% fewer people; 75% fewer people

Number of Dive Sites D_SITES 15; 20; 25; 30

Increase in Entrance Fees FEES $5; $10; $15; $20 for IT

LE5; LE10; LE15; LE20 for NT

22 The exchange rate in August 2008 was $1= LE 5.5.

The hypotheses are: higher percentages of reefityuaie preferred to lower
percentages (ceteris paribus); less crowded réefase preferred to more crowded
sites (cet. Par.); more diving sites are prefetmedess diving sites (cet. Par.); and

cheaper visits are preferred to more expensivés\iset. Par.).
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16 choice sets were produced and presented torméspts for estimation purposes.
The design was blocked into four versions, each fatrr choice sets containing two
alternatives. Versions were balanced such thaatiute levels appeared the same
number of times within each attribute for the dadig ensure that every attribute has
equivalent statistical power and not correlatechwiite intercept. Such binary choice
experiment considered as the attribute-based mettiothe dichotomous choice
model used in the contingent valuation (Holmes Addmowicz, 2003). However,
respondents are asked to make a sequence of chegasling different situations
instead of being asked only one question regardimg proposed situation. The
current situation option was included in the choses¢ to avoid overestimation or
forcing respondents to select between the availaldenatives. Also, this makes CE
model more consistent with utility maximising andntind theory (Hanley et al.,
2002). Respondents were asked to compare an ditermgtion against the current
situation. If respondents choose the alternativ®@opthen they are assumed to prefer
the levels of attributes in that option over theels of attributes in the current
situation. The attributes of the alternative optieere expressed as increments to the
current situation (figure 2 shows an example ofhaice set). Thus, the values of
interest are the additional benefits and costsltiegurom the implementation of the
alternativepolicy. Themodelframeworkwasestablisheéh accordancith theconcept

of change at the margin and consistent with thacppies of benefit cost analysis
Respondents were asked explicitly to consider omdy attributes introduced in the
choice task and to treat each choice task indepgiyd@lso, they were reminded to

take in account their own personal income condsaamd all other things that they

have to spend money on.

Current Situation Option A

Increasen Reef Quality no change 15%
Number of People usual number | 25% fewer people
Number of Dive Sites 15 20
Increase in Entrance Fees - $5

| would choose D D

Figure 2: A representative choice set
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7. Results

The best specification for the attributes shouldekamined and whether they should
be linear, not linear, interacted with other atitds or with characteristics of
respondents. Consistent specifications for thet logpdels were found. First, the
standard logit models were employed by enteringvtir@bles in the utility function

in linear form. Then the impacts of different caglimethods were produced with
comparison between the linear and non-linear modéls random parameter models
were presented after that, accounting for tast&tian in the preferences of visitors

and allowing for correlation in unobserved factors.

7.1 Binary Logit Models

I nternational vs. national tourists

The preferences of international and national sisirvere expected to be distinct.
This assumption was confirmed by conducting a illad ratio test (Swait and
Louviere, 1993; Hearne and Salinas, 2002). The didarfor this test is:

-2 (LL pooled data— L Linternational tourists— LL national touristy = 54.8 ~ X

Given that the corresponding critical Chi-squarki@at the 95% confidence level is
11.07, the equality of the combined parameters éetwthe two sets was rejected.
Since the two populations represent different peafee orderings and have
underlying models with different parameters, twodels were presented.

Table 5: Results from Logit modets

] I nternational Tourists Nat i onal Tourists
Vari abl e _ —
Coeffi ci ent P-val ue Coefficient P-val ue

CONSTANT -0.993662 0. 0000 -0.704863 0. 0018
REEF 0. 036770 0. 0000 0. 056975 0. 0000
PECPLE 0. 013509 0. 0000 0. 003217 0. 0540
D SI TES 0. 031006 0. 0001 0. 027455 0. 0010
FEES -0.074814 0. 0000 -0.088171 0. 0000
Log Li kel ihood -1492. 605 -1392. 649
Chi - squar ed 339. 9700 0. 0000 527.0673 0. 0000
Hosmer - Lemeshow

. R 46. 48249 0. 0000 48. 22675 0. 0000
chi -squared
Correct prediction 66. 50% 72.25%
(bservati ons 2400 2400

a The logit models were estimated using NLOGITsi@r 4.0 (Greene, 2007).
b The Hosmer-Lemeshow chi-squared statistic isiipéar the binary choice models and it asseshesntatch between actual

and predicted values (Greene, 2007). If the vafubeostatistic is large, the model is inapprogriat
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The two models are statistically significant (Chitare equal to 339.970 and 527.067
for the international tourists and national towisespectively with 4 degrees of
freedom and P-values equal to zero). In both maalelhe attributes are statistically
significant, have the expected signs and their gearin magnitude are consistent
with the hypotheses (i.e. higher reef quality, lowengestion, more dive sites and
lower entrance fees will result in higher utiligviel and a higher probability of that

alternative option being selected).

It is worth noticing that the coefficient of congjes level in NT model is significant
at 90% probability level. Therefore, whereas thesnmational tourists prefer less
people at reef sites, this attribute is not highignificant among national tourists. The
choice probabilities for each respondent within saenple were calculated and the
sum of the probabilities for the alternative optiwas 1,234 within 2,400 choice sets
(51.4%) for international tourists and 1,294 (53.9%6) national tourists. The
contingency table of the predicted choice outcoagbased on the model produced
versus the actual choice outcomes was examine@tgrmdine model performance.
The choice model correctly predicted the actuatouie for 66.5% and 72.3% of the

total number of cases for international and natitmarists respectively.

Figure (3) presents ROC (receiver operating charatics) which produces a
measure of fit and can be used to compare modeke(@, 2007). A greater area
under the ROC curve means a greater model fit.r@a af 0.5 implies a model with
no fit. For example, the area under the ROC cuhavs improvement in fit from
0.71 in IT model to 0.75 in NT model. The secondrthiepicts the cross tabulation
of predicted values versus observed values. Sheaa of observations are predicted
to be a “0” when the actual value is zero is sigaiit and almost equals the no of
observations are predicted to be a “1” when thaaatalue is 1, this shows that both

models are stable, balanced and perform well.
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Figure 3: ROC curve and cross tabulation of predicted valuersus observed values

The impacts of coding methods and attribute specifications

Models with both linear and non-linear specificaiowvere investigated to test the
impacts of the coding method upon the models atiliShe non-linear dummy codes
were assigned to attribute by attribute when thedr effects format was retained for
the remaining attributes to test whether an atteitsinould be specified as being either
linear or non-linear. Multiple Wald-tests for limeeestrictionswere performedto
examine the specification of the experiment attebu The resultant probability
values of these tests were less thaof 0.05. Thus at 95% level of confidence, the
linear effect would sufficiently capture the infaation observed using the non-linear
effect specification, except for the congestioneleand dive sites attributes in NT
model, where the p-values of Wald-test for linegstrictions were high and exceeded
alpha of 0.10. Although, the test proved that tmeceding attributes should be
specified as non-linear, the log likelihood ratsttshowed that this specification does

not statistically improve the model (-2LL valuesre®.3 and 4.3 for the congestion
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level and dive sites number respectively which lass than corresponding critical
Chi-square value of 5.9). There therefore existsade-off between the estimates
derived for the attributes employed and the overaldel performance which may
leave the analyst in a quandary. Hauck and Donb@r7) showed that the Wald
approximation underestimates the change in lodiiked and the test gives small
statistic values and p-values larger than thoghelikelihood-ratio test. In a similar
vein, Nelson and Savin (1988) demonstrated thafitiite sample power function of
Wald test can be non-monotonic and perform poasiygared to the likelihood ratio

and Lagrange multiplier tests.
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Figure 4: Coefficient magnitude
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Policy Scenarios Valuation

The choice probabilities and WTP were calculatedrank and assess different
management options. The most preferred scenagtnglto the alternative option for
the two sets was that included improving the readlity by 45%, reducing the
number of people at the reef site by 75%, increagiegnumber of dive sites to 30
sites, and paying additional entrance fees of $b(for NT). Approximately 90% of
respondents who answered this choice set chos#téreative option over the current
situation with WTP ranging from $41 to $43 for Ificafrom LE32 to LE36 for NT.

Table 6: Choice probabilities and WTP for policy scenarios.

Probabilit WP
Reef Dive robability : -
Quality People Sites Fees Linear Non-linear

IT NT IT NT IT NT

1 nochange 25% fewer people 25 +$10 37% 34% 488 -1.30 6.66 -3.08
2 15% 50% fewer people 15 +$20 43% 37% 2.62 -3.81 1049 2.60
3 30% 25% fewer people 30 +$20 42% 43% 11.69 9.64 19.02 13.14
4 45% 25% fewer people 15 +$15 71% 76% 17.85 19.66 20.89 19.57
5 15% 25% fewer people 20 +$5 66% 73% 15.18 11.83 28.20 22.38
6 nochange 50% fewer people 30 +$15 31% 21% 6.46 -3.83 476 -8.68
7 nochange usual number 15 +$5 8% 6% 122 -0.33 -5.00 -5.00
8 45% 50% fewer people 20 +$10 63% 75% 29.43 27.13 32.69 27.40
9 15% 75% fewer people 25 +$15 55% 42% 16.28 521 22.73 11.30
10 30% 75% fewer people 15 +$10 60% 75% 2450 16.79 26.04 17.88
11 30% 50% fewer people 25 +$5 88% 83% 29.13 23.99 35.02 26.79
12 45% usual number 25 +$20 34% 62% 12.48 16.86 10.44 15.26
13 15% usual number 30 +$10 53% 71% 9.81 9.03 14.05 14.64
14 nochange 75% fewer people 20 +$20 31% 14% 1.83 -11.04 -0.51 -14.16
15 30% usual number 20 +$15 51% 65% 8.03 10.61 11.07 14.65
16 45% 75% fewer people 30 +$5 91% 88% 43.09 36.16 41.22 32.67
Average 51% 54%

Although it is expected that respondents act toimee their individual utility in the
short term and thus they choose the least resgigtblicy scenario, Manning (1999)
showed that if the study area was overused, regmisidgenerally accept use
restrictions. The least desirable option with thedjcted probability around 7% was
the one contains the same levels of current sitnatkcept an additional entrance fee
of $5 (LE5 for NT). Scenario 7 also had the low®8TP ($-5 — $1.22) for
international tourists. However and in contrast@atriori expectations, scenario 14
which encompasses a 75% reduction in the congdsti@hhad a lower implicit price
than scenario 7 for national tourists who would uiegy compensation between
LE11.04 and LE14.16 before they would accept itrédwer, in scenarios 1 and 6,
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the levels of each attribute were increased exiwephe reef quality, which was held
constant. The WTP values for these scenarios wemgative indicating that

importance of the reef quality attribute to thep@sdents and their willing to support
a use limitation in exchange of higher reef quality

Elasticities and marginal effects

Louviere et al (2000) defined the direct elasti@ty “the percentage change in the
probability of choosing a particular alternativettie choice set with respect to a given
percentage change in an attribute of that samenatiee”. Since binary experiments

are employed in this study, only direct elastidgyaddressed (for other types of
elasticities and the different methods of calcoladi see for example: Louviere et al
(2000) and Hensher et al. (2005)). Unlike elasésitmarginal effects are expressed

as unit changes (not percentage changes).

Table 7: Elasticity and marginal effect for attribute in grability

] El asticity Mar gi nal Effects
Vari abl e
I'T NT 1T NT
CONSTANT -0.24776 -0.17423
REEF 0. 392437 0.572864 0. 00917 0.01408
PECPLE 0. 240298 0. 053910 0. 00337 0. 00080
D _SI TES 0. 330918 0. 276047 0.00773 0. 00679
FEES - 0. 443595 -0. 492518 -0.01865 -0.02179

The elasticity for fees attribute is calculated -@s44 and -0.49 for IT and NT
respectively. This suggests that a 1% increase framece fees will decrease the
probability of choosing the alternative option by in the IT model and 0.49% in
NT model, ceteris paribus. This is consistent wfith hypothesis and demand theory
(raising the price is likely to decrease the demattbwever, the entrance fees
elasticity is relatively inelastic (<1). For therpananagement, this suggests that the
revenue gained by any increase in the entrance @ésoutweigh the negative
impacts the fees increase will bring. Another natdtwy issue is the small percentage
of the elasticity for congestion level attributetire NT model (0.05) which implies
that any changes in this attribute will slightlfeaft the choice outcomes. The inverse
effect is evidence for reef quality attribute. $t also informative to calculate the
marginal effects. For instance, an increase iretiteance fees of 1 unit will decrease
the probability of selecting the alternative optlmn0.018 for IT and 0.021 for NT, all
else being equal.
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In order to distinguish between respondent segmeaesitify which attributes are
perceived to be valuable for different visitor tgpand investigate the impacts of
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Figure5: WTP values of different segments of respondenteébmquality

As can be seen from figure 5 the individual chamastics have an effect on the
welfare estimates. In the IT model, the WTP forhieigreef quality is greater when
the respondent is male, old, member in environn@nggnisation, repeat visitor, has
high income, has small family, or visits the regé¢s only in Ras Mohammed. Also,
the highest WTP values are for the visitors from &€l USA where the visitors from
Germany (not significant) and Poland have the |eW¢EP. For NT, the respondents
hold diving certificate, have snorkelling skills;eafemales, young, or graduates are
WTP more for improving reef quality. In additiometrespondents from Dakahlia and
Ismailia have the greatest WTP whilst the lowestRM&lues are for respondents
from South Sinai and Monufia. Interestingly, thespendents who have rich
information about coral reefs or have small farsilee WTP more for uncrowding
conditions in IT model. In terms of nationalityaliens and Russians have the highest
WTP values for this attribute. Conversely, theefiéint groups in the NT model have

low or negative WTP values for this attribute.
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7.2 Random Parameters Models

Impacting on the marginal rates of substitutionAle®n attributes, the heterogeneity
should be included in the model to obtain efficiergtimates of choice model
parameters. The preference heterogeneity coulefieed by the random parameters
through the standard deviations and through theractions with other attributes and
individual characteristics (Hensher et al., 200Bjve specifications of random
parameters were estimated in which (i) the undeglyattribute parameters were
randomised; (ii) the heterogeneity around the meas considered; (iii) the
heteroskedasticity of the standard deviation waswald; (iv) the correlated
parameters were incorporated; and (v) the disiohubf random parameters was

constrained.

Base Model with Random Parameters Only
Table 8: Random Parameter Logit

. I nternational Tourists Nati onal Tourists
Vari abl e _ S
Coefficient P-value Coef ficient P-val ue
Non-r andom par anet er s
CONSTANT -0.931781 0. 0001 - 0. 654621 0. 0021
Means for random paraneters
REEF 0. 055612 0. 0001 0. 072535 0. 0000
PECPLE 0. 021770 0. 0000 0. 005473 0. 0007
D _SI TES 0. 044955 0. 0000 0. 029408 0. 0001
FEES -0. 156004 0. 0000 -0.112044 0. 0000
Scal e paraneters for dists. of random paraneters

REEF 0. 137939 0. 0000 0. 170274 0. 0000
PECPLE 0. 083611 0. 0000 0. 006586 0. 0436
D _SI TES 0. 053148 0. 0000 0. 040249 0. 0000
FEES 0. 332348 0. 0000 0.213529 0. 0000
Log Li kel i hood -1340. 438 -1279. 022

Chi - squar ed 304. 3336 0. 0000 227. 2531 0. 0000
shuffl ed Hal ton draws 200 200

I ndi vi dual s 600 600

Cbservati ons 2400 2400

Both models are found to be statistically significavith 9 degrees of freedom and P-
values equal to zero. The parameter values foattndutes and their corresponding
standard deviation are significant. Statisticaligngficant parameter estimates for
derived standard deviations of the experimenthaites in the two models refer to the

presence of heterogeneity over the sampled popuolaiound the mean parameter
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estimate. As such, different respondents have pateamestimates that may be
different from the sample population mean paramestimate. In comparison to the
binary logit models, the estimation of RPL modekssults in a substantial
improvement of fit and the hypothesis of homoggneit the models parameters is
rejected (-2LL values were 304.33 and 227.25 foatil NT respectively which are
greater than the corresponding critical Chi-squatae of 9.48). It is obvious that the
individual-specific parameters characterise theliloglihood function more precisely,
presenting more accurately the observed choiceaddiition, it is worth referring to
the larger mean values for the attribute parametietise RPL models compared with
those in the basic models. The explanation ofehiargement is the specification of
random parameters decomposes the unobserved compdngility, normalises the
parameters through the scale fagioand diminishes the variance of the stochastic
term (Sillano and Ortuzar, 2005). Different distitional forms were assigned to test
for better model fits and the model was re-estichatgh greater number of draws to
ensure results stability. 200 intelligent drawsuffled Halton sequences) was found
producing statistically similar results to higheaws (300, 500 and 1000).

To illustrate the difference across respondentthéncoefficients, a centipede plots
were produced for the respondent expected valugéseotoefficient on experiment
attributes. For each of the 600 respondents, thgeravas given by the mean * two
standard deviations. This range captures at le&88 @f the distribution. The
individual specific point estimates are presentgdhie dots in the centres of the bars.
The figures (6, 7) show that there is a consideraohount of variation across
respondents in both means and standard deviatioaddlition to individual level
heterogeneity, these graphical summaries of estsnptesent general conclusions
about relationships among variables. The Kernekit\erestimators were plotted for
the distribution of individual parameters. Suchimeators outperform the traditional
histogram because they do not rely on the assuniesl &#nd the underlying

distributions are continuous (Hensher and Greed@3)2
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Revealing Preference Heterogeneity around the Mean of Random Parameters

In the preceding section, the RPL models were tsel@étermine whether there exists
heterogeneity around the mean through the estimati a standard deviation
parameter associated with underlying attributesloan parameters. In this section,

RPL models were used to determine the possiblecsswf preference heterogeneity.

In contrast to the attributes of the good underluat@n, those of the individual
remain the same across alternatives and thus d¢anter into the model directly. The
interactions between the individual characteristéoced constant term or choice-
specific attributes were used in many studies toorporate the observed
heterogeneity into the model. However the prefezdmeterogeneity around the mean
and its sources can be revealed by using the rapadoameters instead of creating the
interaction effects through the data. Tabkuénmarises the sample characteristics for
the two sets. Little difference was observed imteof age and education; however
the average income of the international tourist$arsgreater 45 times) than the
national tourists. Also, the family size and thepmrtion of males are higher in NT.
While more international tourists hold diving cédates, national tourists have better
snorkelling skills.

Table 9: Sample Characteristics

Vari abl e Descri ption Mean
I T NT

I ndi vi dual Characteristics

MALE Equals 1 if male, 0 if female 0. 49 0.73
AGE Age in years 33.87 32.20
MEMBER Equals 1 if member in environmental organisation 0.13 0.19
EDU Years in formal education 14. 09 15. 43
I NCOVE Monthly income ($) 2602. 38 493. 96
FAM LY Visitor’s family size 2.92 4.32
CERT Equals 1 if respondent has diving certificate 0.33 0.28
SKI LL snorkelling skills (1= very bad to 5=excellent) 0. 67 3.15
I NFO Information about corals (1= v. poor to 5 = v. gpod 3.42 2.92

Trip Characteristics

PERI CD Length of Stay (nights) 9. 05 5.11
TC Travel cost ($) 1742. 08 482. 67
N_VI SI TS Number of visits to Ras Mohammed 1.28 2.64
REPEAT Equals 1 if it is a repeat visit to Ras Mohammed 0. 37 0.09
SuB Equals 1 if respondent visited alternative reefssit 0.29 0.48
N_DI VES Number of dive 7.50 8. 38
N_SNORKEL Snorkelling times 7.70 8.74
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The insignificant heterogeneity in the mean paramestimates was removed and the

models were re-estimated.

Table 10; Random Parameter model with interaction effects

International Tourists Nat i onal Tourists
Vari abl e Coefficie
nt

P-val ue Coefficient P-val ue

Non- r andom par anet er s

CONSTANT -0. 975535 0. 0000 -0. 653417 0. 0023
Means for random paraneters

REEF 0. 087506 0. 0000 0. 075117 0. 0000

PECPLE 0. 022784 0. 0000 0. 009063 0. 0002

D _SI TES 0. 047803 0. 0000 0. 019167 0. 0157

FEES -0. 165078 0. 0000 -0. 159575 0. 0000

Scal e paranmeters for dists. of random paraneters

REEF 0. 132042 0. 0000 0.172093 0. 0000

PECPLE 0. 082874 0. 0000 0.017774 0. 0000

D _SI TES 0. 068221 0. 0000 0. 030541 0. 0000

FEES 0. 328535 0. 0000 0. 215746 0. 0000

Het erogeneity in the neans of random paraneters

REEF: REPEAT -0.017037 0. 0015

REEF: SUB -0.010813 0. 0152 0. 019968 0. 0000

REEF: MEM 0. 025018 0. 0062

REEF: EDU -0. 001561 0.0279

REEF: | NCOVE 0. 000002 0. 0575

REEF: FAM LY -0. 003996 0.0273

PECPLE: SUB 0. 010510 0. 0001

PECPLE: CERT -0. 009305 0. 0001

PECPLE: | NFO 0. 002703 0.0212

PEOPLE: MALE - 0. 004110 0. 0681

PEOPLE: MEMBER 0.011323 0. 0409

PECPLE : FAM LY -0. 003681 0. 0008

D_SI TES: REPEAT 0.021024 0. 0002

D_SI TES: MEMBER 0.014181 0. 0035

FEES: MALE 0.017811 0. 0080

FEES: AGE -0. 001333 0. 0001

FEES: MEMBER -0. 044756 0.0334

FEES: EDU 0. 002658 0. 0542 0. 002753 0. 0158

FEES: | NCOVE 0. 000004 0.0745

Log Li kel i hood -1310. 095 -1264.098

Chi - squar ed 365. 0195 0. 0000 257.1012 0. 0000

shuffl ed Hal ton draws 200 200

I ndi vi dual s 600 600

Observati ons 2400 2400

The overall models are found to be statisticalgngicant (Chi-square statistics equal
to 365.019 and 257.101 for the international tdsr@d national tourists respectively

and P-values equal to zero). The mean sample populparameters estimates and
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the spread of the underlying attributes are alisgteally significant. The likelihood
ratio test showed that the inclusion of interactdfects led to gains in model fit but
at the cost of 15 and 6 additional parameters iarld NT models respectively (-2LL
values were 60.69 and 29.85 for IT and NT whichgreater than the corresponding
critical Chi-square values of 24.99 and 12.59 retpely).

The significant interaction terms explain as to whg preference heterogeneity may
exist. Foreign tourists who visit other reef siteaye higher education or have larger
families are more sensitive to reef quality whilege with higher incomes or are
members in environmental organisations tend to ées Ireef-quality-sensitive.
Respondents with larger families or holding divetiieate appear to be more
sensitive to uncrowding conditions while those tvisubstitute reef sites, have a
membership in an environmental organisation, hafécgent information about coral
reefs are less sensitive for reducing the numb@eople at the reef site. Also, male,
more educated respondents or those with high inamékely to be less sensitive to
entrance fees where old visitors or the membeeninronmental organisations tend
to be more fees-sensitive. It is worth mentioningttinteracting the D-Sites random
parameter with the observed individual variablesdpced statistically insignificant
results for the IT suggesting that the differenicethe marginal utilities held for this
attribute cannot be explained by these variablesrellver, the snorkelling skills

variable does not explain preference heterogeivedyy of the underlying attributes.

National tourists who are repeat visitors or meraberenvironmental organisations
are less sensitive to the number of dive sitesp&sdents who visit substitute reef
sites or are more educated are less sensitive db qeality and entrance fees
respectively while repeat or male visitors tendbéomore sensitive to reef quality and
lower congestion level respectively. There is ngapnt explanation for the

surprising results that the respondents who areeraducated (in IT model) and the
repeat visitors (in NT model) are more sensitiveetef quality or for foreign tourists

who hold diving certificate or are members in eonimental organisation and being

more sensitive to lower congestion level and ecgdres respectively.
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Heterogeneity in Variances (Heteroskedasticity)

Heterogeneity in the variances is as importantetsrbgeneity around the mean of
random parameters. The influences of specific charstics of sampled individuals
may be rejected in one domain and resurface thrtheylother (Greene and Hensher,
2007). The random parameters models allow the weguiances to be dependent
on individual characteristics.

Table11: HeteroskedastiRandom Parameter models

I nternational Tourists Nat i onal Tourists

Vari abl e . -
Coeffi ci ent P- val ue Coeffi ci ent P-val ue
Non-random par anet er s
CONSTANT -0. 704616 0. 0022 -0.512509 0.0147
Means for random paraneters
REEF 0. 055582 0. 0000 0. 068742 0. 0000
PECPLE 0. 022839 0. 0000 0. 006494 0. 0000
D _SI TES 0. 043219 0. 0000 0. 024360 0. 0011
FEES -0. 171407 0. 0000 -0.109389 0. 0000
Scal e paraneters for dists. random par aneters
REEF 0. 084314 0. 0000 0. 235040 0. 0000
PECPLE 0. 063279 0. 0000 0. 005377 0. 8187
D _SI TES 0.113799 0. 0000 0. 072826 0. 0926
FEES 0. 238604 0. 0000 0.201243 0. 0098
Het erogeneity in the variances of random paraneters

REEF: EDU 0. 022437 0.1197 -0.017304 0. 2063
PECPLE: EDU -0. 008190 0. 5098 0. 030685 0.9122
D_SI TES: EDU 0. 026560 0.0410 0. 085731 0. 0244
FEES: EDU 0.131299 0. 0000 0. 279856 0. 0000
Log Li kel i hood -1345. 903 -1282.528

Chi - squar ed 293. 4043 0. 0000 220. 2423 0. 0000
Hal ton draws 200 200

I ndi vi dual s 600 600

Observati ons 2400 2400

Although both models are statistically significamth Chi-square values of 293.40
and 220.24 for IT and NT models respectively, te likelihoods are flat indicating
to the lack of fit of the models. The education hastatistically significant influence
on number of dive sites and entrance fees. Theip®sign on both D_SITES and
FEES suggests that more educated visitors are mocé heterogeneous in terms of

the marginal utility associated with these attrésut
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Correlated Parameters
The random parameter models allow the error compusni@ the choice sets to be
correlated. Having done that, the standard deviatimve been no longer independent

and the Cholesky decomposition matrix parameteavsldibe used instead.

Table 12: Random Parameter model with correlated error congmis

Vari abl e I nt t.er r.1ati onal Tourists Nét i.onal Tourists
Coefficient P- val ue Coefficient P-val ue
Non-random par anet ers
CONSTANT -1. 058210 0. 0000 -0.792370 0. 0004
Means for random paraneters
REEF 0. 056711 0. 0000 0. 083816 0. 0000
PECPLE 0. 024421 0. 0000 0. 008438 0. 0000
D SI TES 0. 050921 0. 0000 0. 047290 0. 0000
FEES -0. 158147 0. 0000 -0. 156461 0. 0000
Di agonal el enents of Chol esky matrix
REEF 0.112604 0. 0000 0.189874 0. 0000
PECPLE 0. 047896 0. 0000 0. 004830 0. 4148
D _SI TES 0. 020665 0. 1860 0. 131031 0. 0000
FEES 0.176224 0. 0000 0. 032230 0. 0038
Bel ow di agonal el enments of Chol esky matrix

PECPLE: REEF -0. 069255 0. 0000 0.021134 0. 0029
D_SI TES: REEF 0. 016593 0.3394 0.078271 0. 0000
D_SI TES: PEOPLE -0. 145662 0. 0000 0. 069819 0. 0000
FEES: REEF -0.013293 0. 6797 -0.220670 0. 0000
FEES: PECPLE 0. 035690 0.1799 0. 053029 0. 0626
FEES: D_SI TES -0.248943 0. 0000 -0.419242 0. 0000
Log Li kel i hood -1334. 346 -1272. 273

Chi - squar ed 316.5182 0. 0000 240. 7505 0. 0000
shuffl ed Hal ton draws 200 200

I ndi vi dual s 600 600

Observati ons 2400 2400

The overall models fit are adequate; however, it nat be concluded that these
models are any better than the main effects mo@dkés log likelihood ratio test

produces a Chi-square values equal to 12.18 f@nid 13.49 for NT compared to a
Chi-square critical value of 12.59). Significanaglonal elements in the Cholesky
decomposition matrix suggest significant varianceeatly attributable to the

underlying random parameters while significant etbagonal elements refer to
significant cross-product correlations among thedoen parameters previously

confounded with the standard deviation paramet#nates (Greene, 2007).
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Restricting the Distribution

Following Hensher and Greene (2003) the sign arel rdmge of a triangular
parameter were restricted by constraining the spreshat of the mean of the random
parameter in order to derive behaviourally plawes¥ TP values. The symmetry of
this appealing distribution around the mean makegésults interpretation easier and

bypasses the biased mean value caused by thedibod the log-normal distribution.

Table 13: Constrained Triangular Distribution

. I nternational Tourists Nat i onal Tourists
Vari abl e _ .
Coeffi ci ent P-val ue Coef fi cient P-val ue
Random paraneters in utility functions
REEF 0. 063057 0. 0000 0. 091221 0. 0000
PECPLE 0. 025852 0. 0000 0. 006297 0. 0037
D SI TES 0. 087665 0. 0000 0. 058013 0. 0000
FEES -0. 180801 0. 0000 -0. 155497 0. 0000
Nonrandom paraneters in utility functions
CONSTANT 1. 914950 0. 0000 1. 069480 0. 0001
Derived std. dev. of paraneter distributions

REEF 0. 063057 0. 0000 0. 091221 0. 0000
PECPLE 0. 025852 0. 0000 0. 006297 0. 0037
D _SI TES 0. 087665 0. 0001 0. 058013 0. 0000
FEES 0.180801 0. 0000 0. 155497 0. 0000
Log Li kel i hood -1380. 491 -1300. 154

Chi - squar ed 566. 1251 0. 0000 726.7987 0. 0000
Hal ton draws 200 200

I ndi vi dual s 600 600

bservati ons 2400 2400

Comparison of log likelihood functions of these ratsdwith those of the base models
suggest worsening in the models fit. However, thv® tmodels are statistically
significant (Chi-square value of 566.12 for IT ar2b.79 for NT with 5 degrees of
freedom and P-values equal to zero). The meansanflom parameters are

statistically significant and of the expected signs
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Comparison of Models

Five RPLmodels were estimated for each set, staring wilhbdtse model and moving
to more complicated and general models. The madel&dentified as follows:

BNL: Binary logit model

RPL1: Base model with random parameters only

RPL2: RPL1 plus observed heterogeneity around th@mof random parameters
RPL3: RPL1 plus heterogeneity in the variancesaotiom parameters

RPL4: RPL1 plus correlated parameters

RPL5: All random parameters were drawn from caaséd triangular distributions

Table 14: Model comparison and log-likelihood ration test

Vodel Chi - Squar e Degrees of Critical value
Statistic freedom at 5%

I nternational Tourists

RPL1 vs BNL 304 4 9.48
RPL2 vs RPL1 60. 69 15 24.99
RPL3 vs RPL1 -10.93 4 9.48
RPL4 vs RPL1 12.18 6 12.59
RPL5 vs RPL1 -80.11 4 9.48
Nati onal Tourists

RPL1 vs BNL 227 4 9.48
RPL2 vs RPL1 29.85 6 12.59
RPL3 vs RPL1 -7.01 4 9.48
RPL4 vs RPL1 13.48 6 12. 59
RPL5 vs RPL1 -42.26 4 9.48

The flat profile of values across most RPL modatfidates little if any behavioural
improvement when proceeding from the base mode¢héomore complex models.
Allowing for correlation or interaction leads to pnovements in model fit, which are
however not significant when taking into accouné tadditional parameters, or
smaller than those obtained with the recognitionth® repeated choice nature in
expression of preference heterogeneity. Henshalr €2005) noted that the inclusion
of the separate attributes along with their intBomc is likely to induce

multicollinearity. Furthermore, the constrainedamgular distribution may be
problematic with this inclusion (Greene, 2007).dfy, using heteroskedastic model
with correlated parameters may make the model imabte. On the basis of the

above discussion, the recommended model struculeibase model (RPL1).
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7.3 Contingent Valuation

In order to achieve consistency, identical formatsl questions were used for both
CE and CV. The choice sets in the former were mgglavith a WTP question in the
latter. The respondents were asked to evaluategagyanme that maintaining healthier
coral reefs, reducing the congestion at the padeasing the number of dive sites
and considering the reef carrying capacity andcaugi their WTP to carry out this
programme. A vector of four entrance fees was ahésethe implementation of the
dichotomous choice format and the respondent wkesdashether he would pay this

entrance fee for his recreation experience with pnogramme.

The first model contains the bid and the interdafitof the underlying attributes are
lumped into the intercept). Various individual \aoies were included in the model
but most of them were found to be statisticallygngicant. To calculate the welfare

estimates, a new model was estimated by droppsignificant variables.

Table 15: Results of contingent valuation (basic models)

Vari abl e I nt gr n.ati onal Tourists Nat‘i gnal Tourists
Coeffici ent P-val ue Coef fi ci ent P-val ue

CONSTANT 2. 775770 0. 0000 2.699228 0. 0000
BI D -0. 104060 0. 0000 -0. 088460 0. 0000
Log Li kel i hood -286. 5652 -272. 6549

Chi - squar ed 30. 11466 0. 0000 20. 36235 0. 0000
Correct prediction 79. 83% 82. 00%

Observati ons 600 600

Table 16: Results of contingent valuation models includimdjvidual variables

. I nternational Tourists Nat i onal Tourists

Vari abl e _ _
Coeffi ci ent P-val ue Coef ficient P-val ue

CONSTANT 3.369470 0. 0000 2.580645 0. 0000
BI D -0.118894 0. 0000 -0. 092290 0. 0000
MALE -0. 346543 0. 0477
ACE -0. 020316 0. 0592
| NCOVE 0. 000205 0. 0003 0. 000435 0. 0877
Log Li kel ihood -276. 2765 -269.5774
Chi - squar ed 50. 69218 0. 0000 26. 51742 0. 0000
Correct prediction 80. 00% 82.00%
Observati ons 600 600
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The two models are statistically significapt €qual to 30.11 for IT model and 20.36
for NT model and P-values equal to zero). In botidats bid variable is statistically
significant and has the expected sign. The choicéeincorrectly predicted the actual
outcome for 80% and 82% of the total number of césemternational and national
tourists respectively. According to the likelihocatio test, the inclusion of socio-
economic variables slightly improves the mode(4L values were 20.57 and 6.15
for IT and NT which are greater than the corresjpumdritical Chi-square values of
7.81 and 3.84 respectively). The coefficient ofome is positive and significant
implying that a respondent with higher income hdmsgher WTP which is consistent
with the economic theory. The negative coefficientggender and age in IT model
suggest that the female and young respondents higher WTP values for the

proposed programme.

7.4 Marginal Willingness to Pay

Comparison between BNL and RPL Models

There are different methods to derive WTP estimatkey could be calculated by the
ratios of population means. Both attributes to beduin the calculation should be
statistically significant (Hensher et al., 2005)owever, the resultant values are
derived from the coefficients of the average indiisl for each parameter and are not
the mean values of WTP and should not be usedstibmnefit analysis (Sillano and
Ortuzar, 2005). Furthermore, if the underlying paeters are estimated as random
parameters, then the WTP calculations should cengids specification. Using the
ratios of population means to derive WTP valuesiga the sampling variance makes
the extra estimation effort ineffectual. In additito such point estimates, the WTP
could be derived using all the information in thetiibution. Simulation is used in
this way, drawing from the estimated covariancerixdor the parameters (Hensher
and Greene, 2003). The mean WTP is calculateddoh elraw and this process is
repeated for many draws. That provides the estiunatean WTP (the means of the
ratios). For selecting a final WTP value, SillantdaOrttizar (2005) referred to the
superior explanatory power of the RPL models arddktra variance explained by
them. WTP values can be estimated using either uheonditional parameter
estimates or the conditional parameter estimatethd former the population must be

stimulated and a large random draws are taken #mh eparameter allowing
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frequencies to be calculated sampling WTP distidoutvhere the individual-level
parameters are calculated using the simulated mamirfikelihood estimates and
conditioning them with the respondent choices. Timeconditional parameter
estimates yields some negative and behaviouralpfauosible WTP values. Table 17
shows that the negative WTP values were augmenidd wging the population
parameters while the actual values were accounteduthising the individual
parameters. Moreover, the simulation process peglsome values which are close
to zero for the entrance fees parameter which mékespread of the population
parameters distributions extremely large and yiédlge WTP values. Sillano and
Ortazar (2005) argued that removing parts formdis&ribution seems to be rationale
when the WTP values are derived for the sampledilptipn. They added that the
simulation process yields countless numbers ofeslior people who do not even
exist especially with the extreme values. Therefeneall and equal percentages (3%)
were cut off from each tail of the WTP distributidor the experiment attributes
(truncated distribution). In addition, it may besdable to impose constrains on the
random parameter distributions to guarantee nomtnegWTP measures. Although
the constrained distribution may outperform thentated distribution because of the
concern associated with arbitrarily removing pdrthe distribution, a behavioural

rational should be existed for imposing such caiss:

Table 17: Percentage of WTP values with negative sign

International Tourists National Tourists
Uncondi ti onal Condi ti onal Uncondi ti onal Condi ti onal
Reef Quality 30. 63% 0.17% 26. 88% 2.33%
Fewer Peopl e 40. 38% 5.17% 12.29% 0. 00%
Dive Sites 14.54% 0.17% 14.17% 0. 00%

Different WTP estimates were obtained to invesdgdhe affect of model
specification and preference assumption on thdteeStable 18, depicts the WTP for
each attribute for the standard logit model togetti¢h corresponding figures of the
RPL models. The results obtained by the conditi&®l models are consistent with
those of the binary logit models. The foreign tetiis WTP an extra $0.5 for each 1%
increase in the reef quality, $0.2 for each 1% desmen the congestion level and $0.4
for each additional dive site while the nationalrist is WTP an extra LEO.7 for each

1% increase in the reef quality, LEO.05 for each ¥érelase in the congestion level
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and LEO.3 for each additional dive site. The bostplpresented in figure 9 show
WTP values derived from unconstrained and constthaonditional distributions.

Table 18: WTP values derived from BNL and RPL models

. Unconditional Conditional Conditional
BNL Unconditional (truncated) (unconstrained)  (constrained)
Parameters distributions distributions distributions
I nternational Tourists
Reef Quality
Mean 0. 49 0. 0038 0. 2399 0. 49597 0. 3884
Std. Dev. 14.5112 1.4936 0. 40973 0. 1591
M ni mum - 353. 4960 -6.1625 -0. 0884 0.1643
Maxi mum 195. 4700 7.6008 1. 85042 0. 7632
Uncrowdi ng Condi tions
Mean 0.18 -0. 0392 0. 0804 0. 20527 0. 1586
St d. Dev. 7. 3565 0. 7572 0. 20878 0. 0605
M ni mum -179. 2470 -3.1653 -0. 2416 0. 0755
Maxi mum 99. 0530 3.8121 0. 87082 0.3128
No of Dive Sites
Mean 0.41 0. 0833 0. 2204 0. 36624 0.5472
Std. Dev. 8. 4278 0. 8674 0. 28577 0. 2501
M ni mum - 205. 2220 - 3. 4980 -3.3815 0.2294
Maxi mum 113. 6060 4. 4955 1.41715 1.1959
Nat i onal Tourists
Reef Quality
Mean 0. 65 -0. 1959 0. 5667 0. 79351 0. 63657
St d. Dev. 28. 6163 2.5174 0. 58493 0. 26538
M ni mum -766. 9810 -10. 4251 -0. 0228 0. 2046
Maxi mum 348. 4510 11. 4188 2.7263 1.31606
Uncrowdi ng Conditions
Mean 0.04 0. 0023 0. 0444 0. 05591 0. 04324
St d. Dev. 1.5784 0. 1389 0. 02676 0. 01202
M ni mum -42.2908 -0.5619 0. 03352 0. 02876
Maxi mum 19. 2324 0. 6430 0. 16951 0. 0804
No of Dive Sites
Mean 0.31 - 0. 0008 0. 2373 0. 30527 0. 40663
St d. Dev. 8. 9319 0. 7858 0.16276 0. 15391
M ni mum -239. 3360 -3.1936 0.1643 0. 20353
Maxi mum 108. 8210 3. 6245 0.98148 0. 86813
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Figure 9: Box plots of WTP estimates
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Comparison between CE and CV

The comparison of welfare estimates derived byti#n® methods may be feasible
because they share the same theoretical base anthmon econometric analysis
technique as previously discussed. Moreover, thmesaample of individuals,
hypothetical setting and attributes describing ¢hange to be valued were used in
both methods. However, for the CV, only the sitoiadél changes can be examined
and therefore it may be better to compare them thighpolicy scenarios valuation
shown in the preceding sections (table 6). Two rhepecifications were used for the
CV method. CV1 is the basic CV model that includely the bid and the intercept
while CV2 considers socio-economic variables. Témults show that the mean WTP
per person values derived from CV method are $2@5@8.34 in CV2) for foreign
tourists and LE30.51 (LE27.96 in CV2) for nationalrists. The mean WTP for
scenario 11 (this includes improving the reef gudly 30%, reducing the number of
people at the reef site by 50%, and increasing teber of dive sites to 25 sités)
derived from CE is $29.13 ($35.02 in non-linear eipdor IT and LE23.99 (LE26.79
in non-linear model) for NT. As can be seen, thereo significant difference found
between the values derived from the two methodswedver, this may be data
dependent and the results may be sensitive to shenmgptions made regarding the
specification of choice preferences. Adamowiczl e{1®98) showed that CE and CV
methods yield similar results. In addition, theguwe that the CE generates smaller
variances for welfare estimates compared to CV looing that the CE may
outperform CV in applied analysis. However, thegdzhtheir test on a joint model
which deems a re-parameterisation of separate méaleCV and CE. Thus, their test
may not present the optimal way to prove the edence between the two methods.
Moreover, the CE welfare estimates depend on a rargkr number of observations
than CV. Therefore, the associated variances camnalirectly compared (Kristrom
and Laitila, 2009). Finally, many studies have sadwhe significant impacts of the

model specification and experimental design orréiselts in CE.

! The scenario 11was used as an approximate avefagenarios 5 (least incremental increase) and 16

(highest incremental increase).
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WTP Values Derived from Different Specifications of RPL Models

Progressing from the base model to more complicatedels provides an analytical
way of investigating the gains in the behaviouratpots of interest. The results
suggest that accounting for heterogeneity in theamae tends to reduce the mean
WTP values for the underlying attributes in the tsets while accounting for

heterogeneity around the mean or allowing for dateel parameters produce mean
WTP values close to those of the base model. FigjQreonfirms these results and
shows significant movements downwards and upwardied base model (RPL1) on
the outer domains of the distribution in the IT rabahilst such movements are very

obvious in RPL4 compared to RPL1 as we move tetges of the distribution in NT

model.
oo RPL1 — — RPL2 RPL3 RPL4 —---RPL5 |
5
I nternational tourists
4
3 |
()
E 7
1
o 7‘; ***** el e e
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Figure 10. The WTP distributions for the random parameter #pations
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8. Discussion and Conclusions

The coral reefs ecosystem is the greatest assdiBlaammed has, and it is what it is
selling to the world market. The park managememdeeto understand the visitor
preferences to maintain or increase benefits femthwhile protecting the reef. The
choice experiments method was used to analyse rprefes of national and
international tourists towards the conservationafl reefs at Ras Mohammed and to
investigate the contributions of attributes of @altgives and characteristics of
individuals to elucidating choice behaviour, idéitig the impact of changes in
levels of attributes and estimating the value of attribute relative to anothéerhis
can help in incorporating such preferences intodgsign and the development of the
park management plan. Foattributes were considered in the experiment f@s th
purpose: the reef quality, the uncrowding condgiadhe number of dive sites, and the
increase in entrance fees. The both sets of tsupisferred high reef quality, low
congestion, more dive sites and low entrance felesvever, international tourists
showed significant preference for reducing congeslievel and were willing to have
restrictions on the number of visitors to reefsite exchange of healthier reef, while
national tourists did not demonstrate strong pegfee for this reduction. One of the
explanations of this result is the vast majorityEgfyptians live along the narrow Nile
Valley and Delta, and the rest of the country iarsply populated, meaning that
approximately 99% of the population uses only at®68o of the total land area.

Thus, the perception of congestion may be different

The study attempted to take the main advancesiarda of discrete choice analysis.
The random parameters models were presented archsiea with the basic logit
models. Their estimation results in a substantighrovement of fit over the basic
models because of the increased explanatory potbe epecification (Train, 1998).
Also, they overcome the limitations of the standagit models (i.e. the rigidity of its
error structure and the limited ability to accofmt unobserved heterogeneity). The
WTP for every individual can be retrieved by utilig these methods and the
distribution of these values prove to be more imative than the single values of
mean estimated by the basic models. The highest W&l was found for an

improved reef quality (the greatest contributonfare).
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The increasing number of visitors to Ras Mohamnaedpose various threats to coral
reefs in the park. The management of Ras Mohamreudld look at the impacts of
mass tourism on coral reefs and estimate apprepiatrying capacities for the
different dive sites. However, there are other dectshould be considered. The
behaviour and characteristics of visitors may hgreater influence on coral reefs.
Salm (1985, 1986) found that underwater photogrepaee the most damaging of all
divers observed. Damaging contacts with coral resfsld be reduced by giving
environmental awareness briefing before diving (Meét al.,, 1997) and the
intervention by the dive leader (Barker and Rohe2@04). An ongoing monitoring
programme and a GIS database focusing on theitesfshould be developed and the
number of mooring buoys should be increased andl digtibuted inside the park.
The heavily used dive sites may be closed for @ogeof time to allow corals to

recover and shifting use to new sites.

The coral reefs ecosystem is fragile and needssiment to be maintained and
managed. The collected user fees should be ugealytéor better management of the
park. The successful implementation of the entrdees requires allocating access
rights and the ability to enforce these rights. Thenagement of Ras Mohammed
faces a problem with setting the entrance feeshat @ppropriate amount and
enforcement of the access to the reef sites pétlgun Tiran island and Sharm EI-
Shiekh coastline. A two-tier entrance fee is impdated where the foreign tourist
pays $5 while the Egyptian pays LE5%1). The rationale of this system is foreign
tourists do not pay taxes to the local governm&eefprachawong, 2002) and they
have higher income than the national tourists. furpentary fees may be levied for
visiting special or sensitive reef sites. Many msgents suggested imposing a hotel
tax room of $1 per night. This may be a convenatdrnative to the current system
because Ras Mohammed includes the coastline ofnSia+Sheikh and all the
visitors and business in the city benefit from togal reefs. The expected revenues
generated by this taxs($7 millions) is greater than the revenues from ¢beent
entrance fees<($2 millions) while the required operation cost dogistics are less.

Also, this small tax would not affect the tourisnaustry.
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With the cheap package holidays to Sharm EI-Sheikie, elite tourism has
disappeared and replaced by mass tourism. Withadngprehensive policy and a
sustainable level of tourism and the institutiorceftain measures to ensure that any
adverse effects on reef ecosystem are minimiseslintdustry will destroy itself in
Sharm EI-Sheikh. Moreover, the park managers sh&otdv which of coral reef
conservation management strategies are preferrddgchware not, and which

combinations of strategies are most preferred Syors.

Reef
Enforcemer Quality Monitoring
Transparency GIS Database
Viability Buoys
Entrance Beiter Dive
Fees Management Sites
Environmental Awarene Access Poin
Sustainable Tourism Zoning
Permits Congestion Carrying Capacity
Level

Figure 11: Choice experiments attributes and managementegfied.

The results presented in this study could provideful information for the policy
makers concerning decisions of improving reef dqualiegulating some activities
inside the park, and the allocation of resourcesefach attribute. Although these
results are based on responses of visitors to RdeiMmed, they elucidate the stated
preferences when applied to reef attributes. Thay e legitimately employed at
other reef sited in Egypt if they have similar metek characteristics, demographic
and preference profiles specifically the welfargénestes produced by CE are likely to

be less site-specific.
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