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Canonical correspondence analyses were innovative approach. Copyright O 2003 
made for the primary economic sector of John Wiley & Sons, Ltd and ERP 
al1 32 ~ e x i c a ñ  states. Environmental, 
social and economic indicators were 
considered in the analyses. Four 
homogeneous units, fisheries, forestry, 
agriculture and anthropogenic aptitude, 
were identified. Coastal states showed a 
higher contribution to the gross national 
product (GNP) than noncoastal states. 
Jalisco had the highest contribution to the 
GNP. Our analysis represents a useful tool 
to describe and arrange homogeneous 
state groups inside the country. This 
ordering will be useful to develop national 
strategies, both socioeconomic and 
environmental. We hope this kind of 
analysis will be useful for the decision 
makers not only in Mexico, but also in 
other countries that use this 
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INTRODUCTION 

T he development of canonical correspon- 
dence analysis (CCA) by ter Braak (1986) 
and its implementation in his computer 

program CANOCO (along with other con- 
strained ordination methods such as redun- 
dancy analysis (RDA), detrended canonical 
correspondence analysis and hybrid methods), 
have produced a true revolution in quanti- 
tative community ecology, and related sub- 
jects such as limnology . These multivariate 
techniaues incorvorate regression and ordina- - - 
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tion into a single extremely powerful method 
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has been used for data analysis for bio- 
Copyright O 2003 John Wiiey & sons, ~ t d  and ERP Environment. geography (Birks, 1993), conservation (Brown 



et al., 1993), ecology (Adams et al., 1992), land- 
scape ecology (Stewart et al., 1993), manage- 
ment (Best, 1993), monitoring (Dixit et al., 
1992), paleolimnology (Wilson et al., 1994) and 
remote sensing (Frederiksen and Lawesson, 
1992). It represents an important tool for 
extracting information from multivariate data. 
Because economic studies included the anal- 
ysis of multivariate data, we are certain that 
CANOCO analysis can be especially useful in 
this kind of study. However, to our knowledge, 
it has not been used in macroeconomic stud- 
ies. The goal of this paper is to do CCA, using 
CANOCO, on a set of socioeconomic and envi- 
ronmental information for the primary eco- 
nomic sector of al1 Mexican states, allowing 
us to develop hypotheses for future research. 

MATERIALS AND METHODS 

Selected variables and states are shown in the 
list of Figure 1. The study area is shown in 
Figure 2(b). Information about Mexican states 
was taken from the National Institute of Statis- 
tics, Geography and Computer Science of Mex- 
ico (INEGI, 1994). An economic analysis of 
the primary sector was made including envi- 
ronmental and social variables. Economic and 
social variables include total interna1 gross pro- 
duction and fisheries production; environmen- 
tal variables include total area, erosion rate 
and total rainfall. The final database was a 
32 state x 14 socioeconomic indicator matrix 
and a 32 x 13 environmental variable matrix 
(number of occurrences 448 and 416). CCA was 
done using the computer program CANOCO 
(version 3.21) (ter Braak, 1990). CCA is an 
extension of correspondence analysis (CA), an 
ordination technique of common use in ecol- 
ogy that extracts continuous axes of variation 
from a number of response variables (usually 
species). Such ordination axes are interpreted 
with the help of data or knowledge of envi- 
ronmental variables. This is a two-step (or 
indirect) analysis in which the reduction of 
the variation by ordination is made and the 

relation between the ordination axis and envi- 
ronmental variables is established by multiple 
regression (ter Braak, 1986). A complete expla- 
nation of CCA can be found in ter Braak 
(1986). The technique leads to an ordering 
diagram where response variables and sites 
are represented by points and environmental 
variables by solid lines. The positions of the 
economic variables and states depend on their 
point on the ordination axes. Points that are 
close together in the ordering diagram have 
a similar average. Data were transformed to 
relative percentages before statistical analy- 
sis. The significance of the ordination diagram 
(p < 0.05) was determined using a Monte Carlo 
permutation test with 1000 unrestricted per- 
mutations. 

The abundances of the economic vari- 
ables were calculated and plotted with CAN- 
ODRAW (version 2.10) (Smilauer, 1990), avail- 
able in CANOCO (version 3.21). The advan- 
tage of this calculation is that it can be 
represented automatically in the ordination 
diagram by means of circles of different 
size. Al1 the included environmental vari- 
ables showed factors of inflation of vari- 
ante (FIVs) less than ten, except for the 
nitrogen dioxide (NO,) for which FIV = 
11.98. It was therefore excluded from the 
final ACC. 

RESULTS 

Figure l(a) shows the ordering of the CCA 
for the 32 states of Mexico. A Monte Carlo 
test (F = 2.85; p < 0.01) showed the anal- 
ysis was significant. The states (Y) were 
ordered according to the relative percent- 
age of the economic variables (+), and the 
length and orientation of environmental vari- 
ables (solid lines) establishes the relative 
importance and approaches to the correla- 
tion with the ordination axes (Wilson et al., 
1994). 

Axis 1 of the CCA (Figure l(a)) establishes a 
gradient of altitude and temperature (multiple 
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STATES (i)) 

Aguascalientes 
Baja California 
Baja California Sur 
Campeche 
Coahuila 
Colima 
Chiapas 
Chihuahua 
Distrito Federal 
Durango 
Guanquato 
Guerrero 
Hidalgo 
Ja115cO 
Mexico 
Michoacan 
Morelos 
Nayarit 
Nuevo Leon 
Oaxaca 
Puebla 
Querbtaro 
Quintana Roo 
San Luis Potosi 
Sinaloa 
Sonora 
Tabasm 
Tarnaulipas 
Tlaxcala 
Veracruz 
Yucatan 
Zacatecas 

SYMBOLS 

SOCIAL AND ECONOMICS ENVIRONMENTAL INDICATORS ( 
INDICATORS (+) 

AGU GDP Primary sector PlBT Rainfall 
BCN GDP Agriculture PlBA Ternperature 
BCS GDP Catte Raising PlBG Ares 
CAM GDP Forestry PlBS Total Salid Suspended Particles 
COA GDP Fishsries PlBP Suliur Dioxide 
COL Energy ENE Carbon Monoxide 
CHI Foiest Productian FOR Erosion 
CHA Fishery Production PES Reforeslation 
DF Price of water PAG Forest Cover 
DUR Population POB Fores Fire 
GUA Meat CAR Intoxication for Pesticide 
GUE Milk LEC Biacheniical Oxygen Demand 
HID Eggs HUE Respiralov lnfections 
JAL Honey MIE 
MEX 
MIC 

QUE 
QUI 
SLP 
SIN 
SON 
TAB 
TAM 
TLA 
VER 
TUC 
ZAC 

PLU 
TEMP 
SUP 
PST 
sox 
co 
ERO 
REF 
C A 
INC 
INT 
DBO 
INFR 

TEMP = 0.24) 

Figure 1. Analysis of canonical correspondence for economic, environmental and social variables (a), population 
abundance (b), abundance of energy production (c), abundance of fishing GNP (d) and abundance of forestry GNP (e) 
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Figure 2. Diagram showing abundance of total GNP (a), map of Mexico showing the different groups of resulting 
states of the CCA (b) and map of homogeneous units (c) 

correlation -0.77 and 0.41) explaining 44% of correlation 0.62, 0.42 and 0.4) and forest cover, 
the variance (Al = 0.24). Axis 2 establishes a area, reforestation and forest fires (multiple 
gradient of suspended solid particles, sulfur correlation -0.45, -0.45, -0.37 and -0.32) 
dioxide and respiratory infections (multiple explaining 28% of the variance (A2 = 0.15). 
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Four groups of states were identified: 
fisheries, forestry, agricultural and. anthro- 
pogenic aptitude. The first (Figure l(a)) inclu- 
ded the states located in the Gulfs of 
both California and Mexico; Baja California, 
Baja California Sur, Sonora, Sinaloa, Colima, 
Yucatan, Tabasco, Campeche, Veracruz and 
Tamaulipas. Temperature was the main envi- 
ronmental variable associated with this group 
(Figure l(a)), and fishing was the economic 
factor. Forestry states (Figure l(a)) include 
Durango, Chihuahua, Michoacán and Oax- 
aca. The associated environmental variables 
were forest cover, area, forest fires, refor- 
estation and erosion, with forestry produc- 
tion the main associated economic variable. 
The higher forestry GNPs were observed in 
this group ( ~ i ~ u r e  l(e)). Agricultura1 states 
included Querétaro, Aguascalientes, Hidalgo, 
Chiapas, Nayarit, Morelos, Quintana Roo and 
Guerrero (Figure l(a)), located near the ori- 
gin of the axes. The geographical location of 
the agricultural states corresponded to south- 
ern Mexico, where there is the greatest rain- 
fall. The economic variables associated with 
this group were meat, milk, honey, energy 
production, cattle-raising GNP and farming. 
This group was also the main energy gener- 
ator (Figure l(c)), related to the greatest rain- 
fa11 here. 

The anthropogeriic group (Figure l(a)) was 
formed by the Distrito Federal, Puebla, Mex- 
ico, Zacatecas, Coahuila, Jalisco, Tlaxcala, Gua- 
najuato, San Luis Potosí and Nuevo León. 
The variables associated with this group indi- 
cate high pollution levels. The associated 
economic variables were the price of the 
water and egg production. The largest pop- 
ulation (Figure l(b)) was in this group. Four 
groups of states are shown in Figure 2(b). 
Mexico can be divided into four homo- 
geneous units (Figure 2(c)): gulf (fishing), 
center - east (anthropogenic aptitude), cen- 
ter - west (forestry) and Pacific - south and 
Campeche (agricultural). The anthropogenic 
sector is the one that contributed most to the 

total GDP (35%), then fishing (30%), forestry 
(18%) and agricultural (17%). 

DISCUSSION 

The multivariate analysis of the primary sec- 
tor of the Mexican economy allowed us to 
identify homogeneous groups of states, or 
units. The resulting map of the homogeneous 
units showed that an intimate relation exists 
among economy, man and environment. The 
fishing group is concentrated on the Gulfs 
of Mexico and California. The anthropogenic 
group was located in the more populated 
and elevated area of the country. Agricul- 
tural and forestry groups were located in the 
more important hydrographic basins (INEGI, 
1994). 

The states on the Gulfs of Mexico and Cal- 
ifornia contributed 80% of the GNP of fish- 
ing in the country, with a production value 
of 568 000 USD (INEGI, 1993). The northwest 
coast of Mexico is located in the areas of great- 
est biological productivity in North America. 
The northwest coast of Mexico has 1% of the 
world ocean surface, with a estimated poten- 
tia1 of fisheries of more than 50% of the volume 
of fishing products, and it is characterized 
as the region that has the biggest volume 
of these resources in al1 Mexico (Casas and 
Ponce, 1996). The anthropogenic group con- 
tains almost half of the Mexican population 
(46%) and is the most polluted. This group 
contributes 35% of the total GNP, a total of 
8 200 000 USD. Although the contribution of 
this group to the total GNP is the highest, 
the quality of life is the lowest, because al1 
the environmental variables of pollution were 
associated with this group. Jalisco was the only 
coastal state inside the anthropogenic group, 
which showed the largest participation in the 
GNP, totalling 2 100 000 USD, 8.5% of the total. 

The forestry group contributed 18% of 
the total GNP, 4 000 000 USD. Michoacán and 
Oaxaca contributed the greatest percentages 
of the total GNP of this group (Figure 2(a)). 
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The environmental variables associated with 
this group showed that, although forestry 
generates almost a fifth of the total GNP, 
there are strong impacts on the exploited soils 
(fires and erosion). The agricultura1 group 
contributes the smallest total GNP (17%), 
4000000 USD. However, this group is very 
important because it generates 36% of the total 
energy for Mexico. The states with most energy 
production were Chiapas (15%) and Guerrero 
(10%) (Figure 1 (c)). This homogeneous unit 
represents the most important water reservoir 
of the country (INEGI, 1994). 

If the country is divided into coastal and 
noncoastal states, the first contributes 61% of 
the total GNP of the primary sector, and the 
second 39%. The macroeconomic and environ- 
mental strategies of the country should put 
special importance on the integrated adminis- 
tration of coastal areas guided toward sustain- 
able development. The use of statistical multi- 
variate analyses using the program CANOCO 
gave us a realistic vision of the primary sector 
of Mexico. Our analyses were made only with 
primary economic sector data, but a deeper 
analysis should include secondary and tertiary 
sectors. Our analysis represents a useful tool 
to describe and arrange homogeneous state 
groups inside a country. Such ordering will 
be useful to develop national strategies, both 
socioeconomic and environmental. We hope 
this kind of analysis will be useful for deci- 
sion makers not only in Mexico, but also 
in other countries, who use such an innova- 
tive approach. 
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