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Abstract

Mexico is considered a country with a predominantly tropical climate, since
most of the country is generally located at 23°27" north latitude, as part of the
Tropic of Cancer. However, within this latitude there are temperate and
semi-arid zones. The problem being faced is that the definition of tropics has
been based just on Latitude, frequently ignoring the A/titude factor The above
mentioned problem has led to an incomplete understanding of the real sur-
face of the Mexican tropic and other methods employed in other countries
are not applicable to the Mexican conditions. This work aimed to adequately
delimit the tropical zone of the country in order to carry out programs able to
trigger a sustainable development of both humid and subhumid tropics. The
method was based on a detailed analysis of the physical environment. To
process and determine the area covered by the tropical zone, the QGIS 3.22
Batioweiza software and the following databases were used: The digital eleva-
tion model from the National Institute of Statistic, Geography and Informa-
tion (INEGI) with altitude values every 3 arc seconds (approximately a 90 x
90 m grid or 0.81 ha), climate database of the climatological normal of the
National Meteorological System for the states of the Mexican Republic and
the 1:250,000 scale map soils from the World Reference Base or WRB for its
acronym in English. Two of the variables that determine the tropical climate
are the temperature, which must be higher than 18°C, and the average annual
rainfall, higher than 600 mm. The images were reclassified according to alti-
tude conditions, average annual temperature, average annual rainfall, soils,
and agricultural and livestock areas. The regionalization of the tropical zone
determined a total area of 70 million hectares, 18% (12.6 million has) consi-
dered as humid and most of the area 82% (57.4 million has) as sub-humid or
dry tropics.
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1. Introduction

The tropics cover 40% of the total surface of the globe and are home to approx-
imately 80% of the world’s biological diversity and much of the linguistic and
cultural diversity. 95% of the planet’s mangrove area and 99% of mangrove spe-
cies are found in tropical regions [1].

In the particular case of Latin America and the Caribbean, the region has re-
sources and capacities to respond beyond its own needs and, therefore, can pro-
vide significant contributions to the rest of the world. The tropics are considered
the region of the Earth between the parallels called the Tropic of Cancer, in the
northern hemisphere, and the Tropic of Capricorn, in the southern hemisphere,
equidistant from the Equator, located at 23°27' north and south latitude respec-
tively. [2], but this is not necessarily true. Although topography and other fac-
tors contribute to climatic variation, in general, we can say that tropical regions
are warm and the seasons are little marked by changing temperatures. A charac-
teristic of the areas closest to the Equator is the prevalence of rain.

Mexico is a country that has a long experience in the generation, classification
and dissemination of primary information about the national territory, however,
the cartographic and documentary information necessary for ecologically based
regionalization studies is characterized by being dispersed [3].

In Mexico, the tropics covered 22% of the population, 70% of water resources,
99.5% of oil production, 79.5% of natural gas and 84% of the hydroelectric
energy. Furthermore, the tropics are vital for carbon capture and climate regula-
tion [4]. Tropical areas face various challenges that require special attention such
as climate change, deforestation, logging exploitation, urbanization, soil pollu-
tion and demographic changes.

The problem being faced is that the definition of #ropics has been based just
on Latitude, frequently ignoring the Altitude factor. The foregoing has led to an
incomplete understanding of the real surface of the Mexican tropic and other
methods employed in other countries are not applicable to the Mexican condi-
tions.

This work aimed to adequately delimit the tropical zone of the country in or-
der to carry out programs able to trigger a sustainable development of both hu-
mid and subhumid tropics. This process will be based on a detailed analysis of

the physical environment as an important part of this study.
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2. Materials and Methods
2.1. Materials

The study area. The Mexican Republic is located in the Northern Hemisphere,
between the parallels 14°33" and 32°44' north and between the meridians 85°44'
and 117°07' west [5]. It borders to the north with the United States of America,
to the southeast with Guatemala and Belize, to the south and west with the Pa-
cific Ocean and to the east with the Gulf of Mexico and the Caribbean Sea. One
part of the country (Southern portion) is located in the intertropical zone and
the other (Northern portion) in the subtropical zone, because the Tropic of

Cancer crosses the Republic in its middle part.

2.2. Methods

Regionalization of the Tropical Zone. The spatial determination to define the
agroecological characteristics of the tropical zone of Mexico was carried out by
using map algebra, taking as input variables: the main climatic conditions, the
digital elevation, slope and type of soils. The use of Geographic Information
Systems (GIS), has been a successful method to spatially delimit the agroecolog-
ical regions [6].

Spatial Information. Several geospatial databases were considered. The
edaphic information was taken from the World Soil Resource Reference Base,
known by its acronym in English as WRB, in vector format. Climatic data were
taken from the World Clim version 2.0 database, specifically average tempera-
ture and precipitation during the crop cycle.

The Digital Elevation Model was obtained from the National Institute of Sta-
tistics, Geography and Informatics, in raster format with a resolution of 500 m>.
The map of slopes, bodies of water, mangrove, urban and rural areas as well as
protected natural areas, were taken from the Geoportal of the National Informa-
tion System for Biodiversity of the National Commission for the Knowledge and
Use of Biodiversity.

Data processing. Map algebra is understood as the set of techniques and
procedures that, operating on one or several layers in raster and/or vector for-
mat, allow us to obtain derived information, generally in the form of new data
layers. For this case, the procedures basically consisted on classifying the climatic
and edaphic attributes in the agroecological ranges established for the tropical
area.

Vector data are entities associated with each attribute, and have their own
spatial characteristics, and the geometry that defines each attribute serves by it-
self to carry out some geo-processes such as cuts and intersections. These geo-
metric operations on vector data consisted of intercepting the edaphic and cli-
matic layers to properly characterize the tropical zone. All information
processing and reclassification was carried out in the free QGIS 3.22 Biatowieza

software.
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3. Results

3.1. Location of the Mexican Tropic

The Mexican Republic is crossed by the Tropic of Cancer (23°27') so the country
extends across two thermal zones: the northern temperate zone and the Torrid
Zone. However, due to the mountain ranges and places at high altitudes, the
climate prevailing in the so call Zropics is not necessarily warm due to the fact
that there are temperate zones influenced by the high altitudes.

Based on this condition, the first assertion, necessary in this work, goes
against the stereotypical idea that Mexico is a predominant tropical country.

The humid and rainiest tropical zone of Mexico is located on the declines of
the Gulf of Mexico and the extreme southeast of Chiapas; On the other hand, the
sub-humid or drier tropical zone is located in the pacific region, prevailing a

rainy season in the summer (Figure 1).

3.2. Surface of the Mexican Tropic

Regarding the Tropcal surface, there are more than 70 million hectares, of which
18% are considered as humid tropics and the remaining 82% as subhumid or dry
tropics. This classification is mainly influenced by two variables: the average
annual temperature (higher than 18°C) and the average annual precipitation.
The Humid tropics are located in areas where rainfall is higher than 2000 mm
whereas the Subhumid and Dry tropics are scattered in regions of less than 2000

mm and more than 600 mm.

3.3. Height above Sea Level as Related to the Surface

In terms of altitude, the plains of the Gulf of Mexico and the Pacific showed al-
titudes ranging from 0 to 200 m (43% of the surface) and from 0 to 500 m (17%).
In a much smaller area, there are altitudes between 500 to 1000 m (13%), 1000 to
1500 m (13%), 1500 to 2000 m (12%), 2000 to 2500 m (1.5%) and 2500 to 3000
m (0.5%) (Figure 2).

3.4. Average Annual Temperature and Surface Distribution

In the case of the average annual temperature, 26°C is considered very warm,
22°C to 26°C warm and 18°C to 22°C semi-warm. The very warm temperature,
is distributed in 0.52% of the Mexican tropic whilst the warm temperature is the
predominant one with 71.01% of the tropical area and 28.46% is semi-warm

(Figure 3).

3.5. Average Annual Precipitation and Surface Distribution

The average annual precipitation in presents two well-differentiated seasons, one
warm and humid from May to October and another less humid with the pres-
ence of “nortes” (cold fronts). Generally, 80% of the precipitation occurs from
May to October and the other 20% from November to April. Regarding the
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Figure 1. Geographic distribution of the Tropic of Mexico.
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Figure 2. Geographic distribution of altitude in the Tropic of Mexico.
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ranges of average annual precipitation, 16% of the total area has more than 2000

mm, 75% from 800 to 2000 mm and 9% from 400 to 800 mm (Figure 4).

3.6. Predominant Soils and Its Surface Distribution

In whole Mexico, there are 26 of the 32 soil groups recognized by the Interna-

tional World Reference Base System for Soil Resources. Leptosols (28.3% of the
territory), Regosols (13.7%), Phaeozems (11.7%), Calcisols (10.4%), Luvisols
(9%) and Vertisols (8.6%) are the predominant soils, occupying 81.7% of the na-

tional surface.
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Figure 3. Geographic distribution of the average annual temperature in the Tropics of

Mexico.
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Figure 4. Geographic distribution of the average annual precipitation in the Tropics of

Mexico.

In the case of the tropics, there are also 26 of the 32 of the recognized soils,

Leptosols being the predominant ones with 26% of the tropical territory, fol-
lowed by Luvisols (14.15%), Phaeozems (13.16%), Vertisols (13.21%), Regosols
(12.50%), Cambisols (6.10%), Gleysols (3.94%), Solonchaks (1.32%) and Fluvisols
(0.85%) (Figure 5). Together they occupy 92.55% of the tropical soils in Mexico.

The other types of soils that correspond to 7.45% are: Andosols, Arenosols,

Chernozems, Calcisols, Ferrosoles, Kastaiozems, Nitisols, Planosols, Umbrisols.
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Figure 5. Geographic distribution of soils types in the Tropics of Mexico.

4. Discussion

Mexico is considered a country with a humid, hot or desert tropical climate. But
this is a short or contradictory version [7]. The problem being faced is that the
definition of tropics has been based just on Latitude, frequently ignoring the A/-
titude. The above mentioned problem has led to an incomplete understanding of
the real surface of the Mexican tropic and other methods employed in other
countries are not applicable to the Mexican Republic. However, many of Mex-
ico’s climatic types tend to fall into extraordinary categories, unrelated to the
conventional classification systems, evidencing the deficiency of the classifica-
tion criteria.

The concept of the tropics has in itself a geographical and climatological con-
notation; It expresses a warm climate with high rainfall, especially in the case of
the Humid Tropics. Its temperatures are high and well distributed through the
year with little thermal oscillation and two wet and the dry seasons.

In Mexico, the tropics are mainly located in the southern and southeastern re-
gion; although there are other states, no considered as tropics but with tropical
areas, such as San Luis Potosi and Tamaulipas in the northeast [8].

In this work, the tropical region was limited mainly to 16 states of the 32 be-
longing to the Mexican Republic, especially in the coast areas.

When considering the variables studied, especially altitude, temperature and
precipitation, it can be stated that the stereotypical idea that Mexico has a pre-
dominant tropical climate is not exactly correct.

Although a considerable proportion of the Mexican territory is located within
the intertropical zone, its physical configuration states that lands classified as
tropicals, due to latitude, are in fact temperate or semi-arid areas.

Two thirds of the country, including states such as Chiapas, Oaxaca, Guerrero
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and Michoacan, considered as tropicals, have temperate and cold zones in their
geography.

In the tropics of Mexico, the predominant temperatures are warm and to a
lesser extent very warm and semi-warm.

Those areas exceeding 2000 mm of recipitation were classified as humid trop-
ics and those ones with less than 2000 mm as subhumid regions.

Although the predominant soils are the stony, thin and very fragile Leptosols
[9] special care should be taken when cultivating. They are used in the
south-southeast region of the country for pastures and livestock rising such as
the case of the state of Yucatan. The soils with better production potential such
as the: Luvisols, Fluvisols, Nitisols, Vertisols, Phaecozems and Regosols are
mainly used for fruit, vegetables, sugar cane and corn production.

Considering that one third of Mexico’s surface has a tropical climate (humid
and subhumid), it is important to highlight the agricultural potential of this re-
gion. It was usually considered (in the 60’s) that the agricultural potential of the
tropics in the world was low in relation to the same crops planted in temperate
zones. However, this idea has been changing over time. “the vast areas of the
humid tropics, with a warm year-round climate, high rainfall and deep porous
soils, have the greatest potential in the world for pasture and livestock produc-
tion” [10].

The tropics, with optimal temperatures for growing crops throughout the
year, represent the largest untapped food source in the world today. It is a large
ring around the globe and constitutes a potential food resource that man,
through research, can turn into a true horn of plenty, as long as its sustainability
is considered.

The tropics of Mexico have great potential for tropical fruit plantations such
as: banana, pineapple, coconut, citrus; forest plantations (mahogany, cedar,
rubber, eucalyptus, etc.) [11] [12] [13] [14].

The stablishment of pastures for cattle rising and sheep farming is a good al-
ternative, coinciding with Stewart’s proposal in 1970 [10]. On the other hand,
the main limitations in the subhumid or dry tropics, to induce high agriculture
production, is a shortage precipitation which can be coped by using pressurized

irrigation.

5. Conclusions

Mexico has qualified as a predominantly tropical climate country with a humid,
hot or desert tropical zones. But the definition of tropicis a short or contradic-
tory version. The problem being faced is that the definition of tropics has been
based just on Latitude, frequently ignoring the Altitude. This has led to an in-
complete understanding of the real surface of the Mexican tropic and other me-
thods employed in other countries are not applicable to the Mexican Republic.
Due to the economic importance of the Mexican tropics, a detailedregionaliza-
tion was an imperative task and the following conclusions reached in this work

were the next:
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1) The tropics of Mexico cannot be limited to 23°27" north latitude.

2) There are areas below this latitude that are classified as temperate and
semi-arid zones.

3) Latitude is important to delimit the tropic of cancer but it is not a deter-
mining factor as in the case of Mexico for regionalization purposes.

4) Temperatures greater than 18°C are mainly located in areas close to the
Gulf and Pacific coastal plains.

5) Temperature, altitude and precipitation are three of the most important va-
riables that influence the delimitation of the tropical zone.

6) The amount of precipitation appropriately delimit the humid and subhu-
mid tropics.

7) The perception of the agricultural potential of the tropics has changed fa-
vorably over time.

8) In 16,0ut of the 32 Mexican states, can be launched agricultural programs
to enhance the sustainable development of the Mexican tropics.

9) The regionalization of the tropical zone determined a total area of 70 mil-
lion hectares, 18% (12.6 million has) considered as humid and most of the area

82% (57.4 million has) as sub-humid or dry tropics.
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