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he term sustainable de-
velopment (SD) is ap-
plied to many disci-

plines, especially since the 1992 United
Nations' Conference on Environment and
Development. The highly instrumental
political experience that has resulted
from the vagueness of the World Com-
mission of Environment and Develop-
ment definition of sustainable develop-
ment has led to a diverse spectrum of
interpretations (Mebratu, 1998). The
concept of SD is essentially an interdis-
ciplinary one (Rao, 2000). In recent
years, a plethora of practical scenarios
for sustainability have been proposed,
some emphasizing social and economic
development, others concentrating more
on environmental protection (Buchdahl
and Raper, 1998; Garrod and Fyall,
1998). Visions of the concept ranges
from very weak, with anthropocentric
and utilitarian characteristics, to very
strong, with bioethical and ecocentric

characteristics (Callicott and Mumford,
1997, Hunter, 1997).

Since sustainable use is
central to the SD concept, it is unlikely
that there will be many major advances
until the debate about sustainable devel-
opment is resolved (Frazier, 1997). Sus-
tainable development can be achieved by
conserving biological and cultural diver-
sity, by integrating traditional ecological
knowledge of world populations with
modern technology, and by adopting a
decentralized, bottom-up approach to all
policy decisions (Rajeswar, 2001). During
the last 15 years, governmental regula-
tion, increasing consumer awareness,
implementation of end-of-pipe technolo-
gies in industry, and development of
“green” products have contributed to sus-
tainability (Dobers and Wolff, 2000).

Measuring SD will con-
tribute to improving performance, espe-
cially when externalities are involved;
indicators measure the effectiveness of

implementing practical policy decisions.
Sustainable development indicators
(SDI) should start with a clean sheet and
not simply be developed in an ad hoc
fashion (Mitchell, 1996). Although dra-
matic progress has been made in compil-
ing reliable data and devising useful in-
dicators, it is still too early to draw con-
clusions about the success of these ef-
forts (Atkinson and Hamilton, 1996).
The selection and modelling of SDI’s is
far from an exact science (Gustavson et
al., 1999). To avoid information over-
load, indicators that are strictly neces-
sary should be used. In practice, the
most important are the “red light” indi-
cators related to the need for urgent ac-
tion (Peet and Bossel, 2000). Moffatt et
al. (2001) indicated that modelling of
SD is possible using methods such as
dynamic modelling, econometric model,
optimization model, input-output and
computable general equilibrium models,
geographical information systems, and
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decision-support systems. All of these
methods have variations, for example the
Flag Model (Nijkamp and Ouwersloot,
1997) in case of decision-support sys-
tems.

Tourism, like many other
industries, is an important source of in-
come for many groups, but poses poten-
tially serious environmental threats. It ex-
erts pressures comparable to most other
industrial activities (Welford et al., 2000).
The relationships between tourism devel-
opment, socio-economic development and
the environment are circular and cumula-
tive. Most tourism activities, comprising
present and future interests of tourist and
host populations, as well as of tourism
organizations, place pressure on the use
of natural resources (Cater, 1995). The
urgency of the situation has led the
Mexican tourism industry to address the
sustainability issue through the imple-
mentation of sustainability guidelines and
codes of practice (Garrod and Fyall,
1998). Hunter (1995) criticizes the sus-
tainable tourism development paradigm as
too tourism-centric, parochial, and there-
fore inherently flawed, claiming that it
effectively condones planning, manage-
ment, and policy decisions that are not
consistent with the general aims and re-
quirements of sustainable development.

The Mexican Tourist
Promotion Fund (FONATUR, 1987) de-
signed and developed five integrated
tourist projects in the 1970s: Cancun (on
the Caribbean coast, state of Quintana
Roo), Huatulco (on the Pacific Coast,
state of Oaxaca); the late 1980s: Ixtapa-
Zihuatanejo (on the Pacific Coast, state
of Guerrero), and in 1987: Los Cabos
and Loreto (both in the state of Baja
California Sur; BCS). BCS has an area
of 71421km2 (Figure 1) and adequate
levels of health and economic indicators

(INE, 2001) like those of other northern
Mexican states. BCS is mostly desert,
and includes almost 30000km2 of natural
protected areas, a population of less than
500000, and few polluting industries, but
has serious problems with insufficient
fresh groundwater, dependence on rain-
fall in recent years in some areas, and a
tourism industry that has grown to al-
most 900000 visitors in 2000, from
100000 by the early 90's. The tourism
industry has become the main economic
activity in BCS during the last half cen-
tury. The main tourist centers are the
capital city of La Paz, Loreto, and Los
Cabos. Los Cabos has been identified as
having the most potential (JICA, 1997)
and has experienced the second-largest
municipal growth rate in Mexico in the
90’s (INEGI, 2001). Los Cabos is the
rainiest area in the state with approxi-
mately 600mm per year, subtropical
weather, and important endemic species.
León de la Luz et al. (1999) found that
over 13% of the flora is endemic, and
that this region is a rest area for migra-
tory birds.

INE (2001) proposes 113
sustainability indicators for Mexico based
on a list of 134 previously created by the
United Nations. Data were drawn from
yearly statistics of the following sources:
National Institute of Statistics, Geography,
and Information (INEGI, 1991-2001), Sec-
retary of Public Education (SEP, 2001),
Secretary of Health (SS, 2001), Secretary
of Economics (SEC, 2001), National Com-
mission of Water (CNA, 2001), Secretary
of Tourism (ST, 2001), National Tourism
Fund (FONATUR, 1987), Government re-

ports (IG, 1991-2001), and field trips in
the state.

Using multivariable sta-
tistical methods, a measure for the sus-
tainable performance of the tourism in-
dustry in the arid state of BCS during
the 1990 to 2000 period is offered.

Materials and Methods

An analysis of environ-
mental, social, economic, institutional,
and tourist activities in the state of Baja
California BCS was based on a data set
constructed from 27 indicators, covering
the period 1990-2000 (Table I). Seven ad-
ditional tourism indicators were also in-
cluded. Criteria for the selection of indi-
cators were: 1) Time series availability.
2) Avoidance of interrelations among the
indicators; for example, the two indica-
tors population growth rate and urban
growth rate were rejected because of their
high correlation with the core indicator of
population growth in coastal areas. 3) Re-
jection of indicators not applicable to the
situation in BCS; for example, air pollu-
tion is largely absent in BCS cities.

Data was incomplete for
25 indicators, mainly from 1990 to 1992,
and based on the data available for each
indicator values were interpolated. Sensi-
tivity analyses indicated no significant dif-
ferences for the databases used. Economic
variables were corrected for inflation and
expressed in US dollars using annual aver-
age currency exchange rates. Figure 2
summarizes the methodology.

All indicators were ex-
amined for outliers and normality. For all

Figure 2. Summary of BCS sustainability index methodology.

Figure 1. Location of three main tourist
destinations in Baja California Sur, Mexico.
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sustainability indicator variables, no
univariable outliers were found. The data-
base was standardized by calculating the
sustainability indicator minus the mean di-
vided by the standard deviation, in order
to equalize variances across the variables.

Factor analysis was used
to explain the relationships among these
variables in terms of their common vari-
ability factors (Tabachnik and Fidell,
1996). It provides a way of condensing
the information into a smaller set of
principal components with minimum loss
of information (Johnson and Wicheru,
1988). The general formula for this ap-
proach is
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An SPSS factor analysis

program with principal component (PC)
extraction and varimax structure was used.
Standardized annual indicators X

n
 were

entered into the principal components Y
i

and yield equations, and computed. Using
eigenvalue scores and variance % from the
factor analysis output, linear weighting
was applied to each Y

i
, and the sum of re-

sults of the equations was the resulting
sustainability index.

Results

Baja California Sur tourist activity

In the 1990's, tourism
became the main industry in BCS, pro-
moted by the Federal Government by
developing two centres: Loreto and Los
Cabos. After becoming an important
employment region and attracting immi-
grants from other states, mostly Sinaloa
and Guerrero, the state population grew
from less than 350000 inhabitants in
1990 to 423516 in 2000. By 1995, the
population growth rate reached 9.2%,
the second fastest in Mexico, with most

Sustainability Indicator

GDP spent on education
Life expectancy at birth
Infant mortality rate
Maternal mortality rate
Contraceptive prevalence
Immunization against infectious childhood diseases
Rate of change of school-age population
Gross primary school enrollment ratio
Net primary school enrollment ratio
Gross secondary school enrollment ratio
Total fertility rate
Male and female student enrollment
Adult literacy rate
National health expenditure devoted to local health care
State health expenditure related to GDP

Annual extraction of subterranean and superficial water
Domestic consumption of water per inhabitant
Population growth in coastal areas
National index of monthly rainfall
Protected surface area as percentage of total surface area

GDP per inhabitant
Environmental protection as percentage of GDP
Debt/GDP
Direct foreign investment

Mandated environmental impact assessment
National Councils for Sustainable Development (NCSD)
Representation of major groups in NCSD

Bank of Mexico funding to tourism industry
Hotel rooms offer
Percentage occupancy
Rate of annual change of visitor
Tourism density
Night average per tourist
Service tourism offer

Key

S1
S2
S3
S4
S5
S6
S7
S8
S9

S10
S11
S12
S13
S14
S15

E1
E2
E3
E4
E5

$1
$2
$3
$4

I1
I2
I3

T1
T2
T3
T4
T5
T6
T7

Source

SEP (2001)
SS (2001)
SS (2001)
SS (2001)
SS (2001)

SEP (2001)
SEP (2001)
SEP (2001)
SEP (2001)
SEP (2001)
SEP (2001)
SEP (2001)
SEP (2001)

IG (1991-2001)
IG (1991-2001)

CNA (2001)
CNA (2001)

INEGI (1991-2001)
INEGI (1991-2001)
INEGI (1991-2001)

SEC (2001)
SEC (2001)

IG (1991-2001)
SEC (2001)

INEGI (1991-2001)
INEGI (1991-2001)
INEGI (1991-2001)

INEGI (1991-2001)
ST (1991-2001)
ST (1991-2001)
ST (1991-2001)
ST (1991-2001)

INEGI (1991-2001)
INEGI (1991-2001)

Units

%
-
-
-

%
%
%
%
%
%
%
%
%
%
%

%
m3 capita-1

%
mm3

%

US$
%
%

US$

-
-
-

US$
-

%
%

tourist/room
-
-

Value for 1990

4.00
74.7
2.02
0.02
77.2
84.1
1.02

65.82
59.28
49.29
0.50
5.76
4.01
0.03
0.93

9.64
154

4
201
37

4282
0.065
4.22

8123000

Started 1993
Started 1999
Started 1998

14765
4414
47.83
0.098
1.94

3
167

Social Dimension

Environmental Dimension

Economic Dimension

Institutional Dimension

Tourism Indicator

TABLE I
SUSTAINABILITY AND TOURISM INDICATOR MEASUREMENTS FOR BAJA CALIFORNIA SUR, MEXICO
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of the immigration in the 1990's con-
centrated in Los Cabos County.

Most tourists arrive in
BCS to enjoy sun and sand. La Paz, as
state capital, also receives business
tourism. Los Cabos attracts tourists for
golf and sport fishing; sex tourism is
also visible. The US and Canada are
the largest markets. As the main tourist
attraction, Los Cabos had a fast growth
in the 90's, reaching 66% of all BCS
tourism by 2000. Five star hotels offer
more than 50% of the total rooms.

Los Cabos is successful
in comparison to other areas in the
state because of higher availability of
freshwater which is scarce in other re-
gions, traditional sport fishing, a large
international airport, and significant pri-
vate sector investment by domestic and
international hotel chains. The main en-
vironmental impacts are construction,
tourist activity, and ranching, which
pose serious threats to endemic plants,
especially in coastal areas.

The Baja California Sur sustainable
tourism index

After the factor analy-
sis, using the 34 selected SDI’s, seven
PC’s with eigenvalues higher than one
were found (Figure 3). PC1 with eigen-
value 1.9735, is a blend of the social,
environmental, economic, and institu-
tional dimensions. This PC includes 31
indicators with loading factor larger
than 0.6. The eigenvalues of important
PC’s that do not have indicators with a
significant loading factor are PC2 with
3.805 and 2 indicators, PC3 with 2.776
and 3 indicators, PC4 with 2.211, PC5
with 2.002, PC6 with 1.291, and PC7
with 1.045.

To build an index and
have a useful idea about sustainable
performance of BCS tourism, seven
factors that account for 96.7% of vari-
ance were used, each factor with pro-
portional weighting: first factor 58.0%,
second 11.2, third 8.2, fourth 6.5, fifth

TABLE II
POPULATION GROWTH IN BAJA CALIFORNIA

SUR COUNTIES (1990-2000)

County 1990 % 2000 % Growth rate

BCS 317764 100.00 424041 100.00 3
Los Cabos 43920 13.82 105469 24.87 9.2
Comondú 65674 20.67 63864 15.06 -1.5
Loreto 8672 2.73 11812 2.79 0
Mulegé 38528 12.12 45989 10.85 1.8
La Paz 160970 50.66 196907 46.44 2.1

Source: INEGI (2001)

5.9, sixth 3.8 and seventh 3.1. For the
data in this time series, the value of
each factor was scaled to its proportion
of the 96.7% variance. The final result
is the Baja California Sur sustainable
development tourism index (BCS ST
Index, Figure 4). The index shows a
positive trend, with sustainability for
the tourism industry in 2000 higher
than in 1990. The index is a measure of
overall sustainability for the BCS re-
gion, relative to the indicators used.
Because the index shows the trend in
the sustainability performance of the
tourism industry, it was preferred not to
use ordinal values on the Y-axis.

Previous research with
the same methodology, using the 27
sustainability indicators selected from
social, economic, institutional, and en-
vironmental dimensions, permitted to
build a sustainability index for the state
of Baja California Sur (Figure 5). The
difference between the indices is due to
the positive tendency of tourism indica-
tors in the 90's. This tourism growth
masked national macro-socio-economic
effects in the first part of that decade
which are clear in the BCS ST index.
In contrast to the rest of the country,
the population growth is remarkable.
Because of migration, at least 20000
new jobs were created, most of them in
the Los Cabos tourist area of about
2500km2.

The relationships be-
tween the BCS ST index and selected
sustainability indicators was tested
through correlation analysis. Table III
shows all significant relationships
found. Because of the positive tendency
of the index, 19 indicators with signifi-
cant correlation were found. The high-
est correlation of positive population
growth is between that in coastal areas,
with a value of 0.98, and population
growth in Los Cabos County, the sec-
ond largest in Mexico. The correlation
Gross Development Product per inhabit-
ant of -0.911 is the most negative one,
since a decremental tendency is due to
the base year (1993) used by the gov-
ernment to calculate this indicator, at a
moment of large currency devaluation.

Conclusions

Baja California Sur is
an important tourist destination, espe-
cially in Los Cabos County, which has
a high population growth rate. The area
has become an important source of
jobs, conservatively estimated at 20000
in the 1990’s. The bottom line for Mex-
ico is less migration to the US with its
attendant positive benefits. Despite the
efforts of federal agencies to develop
two tourist areas in Los Cabos and
Loreto, only Los Cabos achieved inter-
national status, because of much larger

Figure 3. First seven principal components
(PC) resulting from factor analysis.

Figure 5. Baja California Sur sustainable
development index for 1990-2000.

Figure 4. BCS sustainable development
tourism index for 1990-2000.
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TABLE III
STATISTICALLY SIGNIFICANT CORRELATIONS (p<0.01) BETWEEN BCS

SUSTAINABLE DEVELOPMENT TOURISM INDEX AND SELECTED
SUSTAINABILITY INDICATORS

Sustainable indicator Correlation value

Population growth in coastal areas 0.977
Immunization against infectious childhood diseases 0.955
Contraceptive prevalence 0.951
Services tourism offered 0.941
Debt/GDP 0.936
Adult literacy rate 0.921
Percentage occupancy 0.875
State health expenditure related to GDP 0.867
Total fertility rate 0.855
Gross secondary school enrollment ratio 0.855
Infant mortality rate 0.849
Life expectancy at birth 0.849
Direct foreign investment 0.832
GDP spent on education 0.779
Hotel rooms offered 0.742
Mandated environmental impact assessment 0.741
Annual extraction of subterranean and superficial water -0.826
Domestic consumption of water per inhabitant -0.879
GDP per inhabitant -0.911

private investments and an international
airport.

The positive trend found
in the BCS sustainable development
tourism index is derived from 27 sus-
tainability indicators and 7 additional
strategic tourist indicators. Comparison
with a previous analysis, applied to only
27 sustainable indicators, indicated how
positive tourist indicators influenced the
BCS sustainable development index
curve, masking negative tendency in the
early 90’s. However, in the second half
of the decade, both indices show similar
values, and much of this similarity is
due to increasing tourism indicator val-
ues, with indirect effects in higher social
indicator values.

This proposed index is
a parameter for performance measure-
ment of sustainable tourist activity de-
velopment not only in Mexico, but also
in other countries with adequate sus-
tainability indicator records.
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