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ABSTRACT
Birgit Wiedersatz:
Land use scenarios for Chiapas (Mexico)
under global change,
with special reference to oil palm plantations
This thesis was developed on the basis of the “Oil palm production plan” of the
Mexican state of Chiapas (Plan Rector del Sistema Producto Palma de Aceite de
Chiapas 2004-2014), as well as on the potential growth area plan of this species,
elaborated by the “Chiapanecan Institute for Productive Reconversion and
Tropical Agriculture” (Instituto para la Reconversión Productiva y la Agricultura
Tropical). Both indicate a possible trend towards a large-scale expansion of oil
palm plantations in Chiapas, which is one the richest Mexican states, considering
its natural resources and biodiversity but also the poorest,regarding its population.
On that account, the assessment of the contingent impact of the expansion of oil
palm plantations on land use, food production, and sovereignty, natural
ecosystems under consideration of climate change is the objective of this thesis.
With the help of

and using data, provided by various Mexican institutions,

namely the national Mexican and Chiapanecan Institute for Statistics and
Geography (INEGI, CEIEG), as well as the national Information Service about
Food, Agriculture, and Fishery (SIAP) and a land use scenario tool, elaborated by
Mr. Michel Jeuken, from the PBL Netherlands Environment Assessment Agency,
various land use scenarios have been realized: for the whole state of Chiapas, and
also for four potential growth regions of oil palms in the state, each one showing
the development with and without climate change, regarding a time frame of
twenty years, beginning in 2010. The scenarios include different land use systems
such as various crops, livestock, oil palm, its respective productivity rates, as well
as population development and local demand of the produced food products. A
special focus lies on the existence of natural protected and not protected areas and
their respective vegetation type. The status of food sovereignty is reflected by the
import and export rates, which are based on the relation between local production
and consumption. The factor climate change is related to an estimated negative
I

change in productivity of both, crops and livestock.
As a result, the development of the above mentioned factors are being displayed
visually, and numerally for each region, thus enable the evaluation of the impact
of oil palm, indicating in general that the expansion of oil palm on the described
scale, including the impact of climate change, would have devastating
consequences for the existing land use systems, especially for natural areas, and
also for the regional sovereignty in food production. It also shows the differences
in the dimension of impacts regarding the different potential areas. The outcome
shall serve as a theoretical information basis for the local population, institutions,
or organisations in order to shed light on the possible risks and threats the further
expansion of oil palm plantations might bare for both, the Chiapanecan population
and precious natural ecosystems. It might also set a basis for further action and
planning regarding the finding of more sustainable solutions and alternatives, in
order to rethink the further implementation of the oil palm plan.
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RESUMEN
Birgit Wiedersatz:
Escenarios sobre el uso del suelo en Chiapas (México)
bajo cambio global
con referencia especial a la palma africana

Esta tesis se desarrolló con base en el “Plan Rector del Sistema Producto Palma
de Aceite de Chiapas 2004-2014”, del Estado Mexicano de Chiapas y el área
potencial de cultivo de esa especie, elaborado por el Instituto para la
Reconversión Productiva y la Agricultura Tropical (IRPAT). Ambos indican una
probable tendencia hacía un gran nivel de expansión de las plantaciones de palma
de aceite en el estado de Chiapas, el cual es considerado el estado más rico de
México por sus recursos naturales y biodiversidad, pero el mas pobre por su
población.
El objetivo de esta tesis es la evaluación del impacto del cultivo de palma de
aceite sobre el uso del suelo, la producción y soberanía alimentaria y los
ecosistemas naturales considerando la influencia del cambio climático.
Con datos sobre el uso del suelo, obtenidos de varias Instituciones Mexicanas
oficiales como el Instituto Nacional y Estatal de Estadística y Geografía (INEGI,
CEIEG) y el Servicio de Información Agroalimentaria y Pesquera (SIAP), junto
con una herramienta para escenarios del uso del suelo elaborado del Sr. Michel
Jeuken del PBL Netherlands Environment Assessment Agency, se han
desarrollado varios escenarios del uso del suelo. Primero para el estado entero y
segundo considerando cuatro áreas potenciales de cultivo, en cada uno indicando
el desarrollo con y sin la influencia del cambio climático, en un período de tiempo
de veinte años, empezando en 2010.
Los escenarios contienen diferentes sistemas del uso del suelo, así cómo
diferentes productos agrícolas, ganado y palma africana. También tasas de
productividad, integrando el desarrollo de población y la demanda para los
productos agrícolas producidos. Un foco especial está constituido por el
desarrollo de ecosistemas naturales, con y sin sistemas de protección, dentro de su
correspondiente tipo de ecosistema. El estado de soberanía alimentaria está
encarnado por las tasas de exportación e importación, las cuales se basan en la
III

relación entre producción y consumo local. El factor del cambio climático está
relacionado a un cambio negativo estimado sobre la productividad de los cultivos
y ganado. Cómo resultado, el desarrollo de los factores mencionados está
indicado de manera visual y tabular para cada región. Así se facilita la evaluación
del impacto de la palma africana, la cual nos indica, que en general la expansión
de la palma africana en la mencionada escala, incluyendo el impacto del cambio
climático, tiene consecuencias devastadoras para el sistema existente del uso del
suelo. Especialmente para las áreas naturales y también para la sostenibilidad de
la soberanía alimentaria. Además se muestra la diferencia en la dimensión del
impacto, comparando las diferentes áreas potenciales.
Este resultado pretende servir cómo base de información teórica para la población
local, instituciones y organizaciones ambientales ó sociales. También para indicar
los riesgos y amenazas probables de la expansión de este cultivo para la población
y el valioso medio ambiente del estado de Chiapas, influido además por factores
del cambio global.
Esta tesis puede ser una base para realizar acciones y planificar ideas en busca de
soluciones mas sostenibles y alternativas para recapacitar la implementación del
plan de la palma africana en el futuro.
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1 Introduction

1.1. Challenges for land use under global change
“Thank God men cannot as yet fly, and lay waste the sky as well as the earth.”
(Henry David Thoreau, 1861)
This apprehension from 150 years ago has become reality, as part of the
phenomena called global change, describing the actual and rapid transformation
of the situation on our planet: population growth, urbanisation, industrialisation,
communication, and pollution are only some examples of the chain which set the
basis and are seen as the main driver for climate change, as well as for the
growing demand of resources, energy, and food. Agriculturally used land accounts
for about 40 to 50% of the global land area1, and this rate steadily increases: In
order to fulfil the demand of all kinds of resources, a lot of land is used and being
converted. This happens especially at the cost of natural ecosystems which leads
to habitat loss, their fragmentation, and degradation which in many cases is
impacting the biodiversity of this area 2.
The conversion of natural area into agricultural land goes along with the
intensification of this land use. This leads to an increase in productivity rates and
total outcome, on the other hand to a stronger exposure of soil and water systems.
An example of intensive agriculture can be seen in the expansion of industrial
land use systems, especially large monocultures of cereals and oil plants which
reflect the great and expanding demand for these agricultural goods, for their use
in food products but also as a source of energy.
However, the expansion and intensification of land use is affected by the ongoing
changes in climatic conditions, especially in developing countries. This has led to
changes in temperatures and precipitation and to a rise in extreme weather
situations, like drought and flooding. This poses a risk to balanced growth
conditions of arable land as well as its productivity and outcome of agricultural
practices. This especially affects the relevance of large agricultural projects and
1 [Smith, et al., 2007, extracted from Schinninger, 2008]
2 [If not mentioned differently, all the information in this section is extracted from Westhoek,
2009]
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may also have a negative influence on both, the situation of food security on
global scale and food sovereignty, on a regional level.
1.2 Oil palm plantations
At the moment, the African oil palm ( Elaeis guineensis) is the fastest growing
monoculture in the world, especially in Asia and Latin America:
•

In 2005, around 12 million ha of oil palm plantations existed worldwide

•

Palm oil accounts for 35% of the global vegetable oil production

•

90% of the palm oil is produced in Malaysia and Indonesia 3

The oil palm has fruits, from which the palm oil is derived from the pulp and
palm kernel oil from the seed. Around 80% of the extracted oil is used in food
products, because of its unique and practical properties such as long storage life
and the high melting point. However, the use in non food application is gaining
more and more importance, especially in the industrial sector for the production
of biofuel.4
The oil palm is seen as a blessing in matters of economical benefits, and a curse
considering its ecological impacts: it only grows in a humid tropical climate,
where tropical rainforest form the natural vegetation. Taking into account its large
monoculture pattern, it has been designated as a major cause for deforestation,
along with the loss of habitat for wildlife fauna and flora, including many species
in danger of extinction. The cultivation of this species also leads to soil
degradation and erosion, as well as to contamination of ground water due to the
application of pesticides and fertilizer in the plantations. Additionally, various
social impacts have been documented due to the expanding monocultures of oil
palm, reaching from displacement of rural communities, the denial of access to
natural resources and food, as well as the denial of land use rights. 5
In Mexico, where the fraction of oil palm plantations is still relatively small, but
due to the starting of a national oil palm program, the country aims at the
expansion of the plantations, especially in the southern part, where the last
remaining primary rain forest and montane forest ecosystems are located.

3 [If not mentioned differently, all the information of this section is extracted from WWF
Global]
4 [Soyatech]
5 [Tauli-Corpuz, Tamang, 2007]
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1.3 Objective
The objective of this thesis is to establish different scenarios to assess changes in
land use as well as thereby evoked consequences for natural areas, food
sovereignty and regional economy in the Mexican state of Chiapas, under
consideration of the conversion of one million hectare to oil palm plantations until
2030, and the influence of climate change. The scenarios refer to Chiapas as a
whole, as well as to four different regions in the state.
In the end the scenarios shall facilitate an overview on the possible dimension of
impact of oil palm plantations, with, and without regarding climate change, on the
land use development in Chiapas. Furthermore, the thesis shall serve as an
information basis for further action and planning regarding the finding of
sustainable solutions and alternatives for the possible expansion of oil palm
plantation in the state.

2 Material and Methods
2.1. Facts about Mexico and Chiapas
2.1.1 Mexico: short facts
The United Mexican States (commonly known as Mexico) is a north american
country bordering the United States of America in the north, the Gulf of Mexico
in the East, Guatemala and Belize and the Caribbean Sea in the south- east, and
the Pacific Ocean in the south and west. Mexico is a federation, comprising 31
states. Its total area is about 2 million km² and it has a population of
approximately 114 million people.6 The population growth rate is 1.1% (2011
est.). There are various ethnic groups: Around 60% of the population are
“Mestizos” (Indigenous-Spanish), 30% of indigenous heritage, and 10% white
and other. Almost 80% of the population live in urban areas.
Mexico´s economy is the 12th largest in the world with a GDP of 1.56 Trillion USDollar (2010) and a growth rate of 5.5%. The economy is very export oriented,
almost 90% of the country's trade is bound to free trade agreements including
trade with more than 50 countries. Main export commodities are oil and oil
products, silver, fruits, vegetables, coffee, and cotton. Around 73% of the
6 [All information, if not indicated differently, is extracted from CIA The World Factbook]
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exported goods are destined for the US- market, which makes the United States of
America Mexico's most important trade partner. The implementation of the North
American Free Trade Agreement (NAFTA) in 1994 implemented a gradual
abolishment of tariffs for staple food like corn, beans, and other products, and
have led to an increase of import for these products especially from the United
States7. Despite its economic strength the income distribution is very unequally,
around 18% of the Mexican population live below the poverty line, affecting
rural as well as the urban population.

2.1.2 Chiapas: Status quo of study area
Sociopolitical issues
The Mexican state (estado) of Chiapas is located in the south-eastern part of the
country and is surrounded by
the states Oaxaca, Veracruz,
Tabasco,

the

Republic

of

Guatemala, and the Pacific
Ocean. Its total area covers
73,311 km² which accounts for
almost 4% of total Mexico.8
The capital is Tuxtla Gutiérrez.
The state is divided into 118
municipalities (municipios), for
economical reasons these are
grouped into nine regions (see

Figure 1: Location of Chiapas in Mexico
(Source: Pickatrail)

figure 2 below): Centro, Altos, Fronteriza, Frailesca, Norte, Selva, Sierra,
Soconusco, and Istmo- Costa.9

7 [USDA, 2008]
8 [If not mentioned differently, all the information in this section is extracted from INEGI, a]
9 [INAFED, SEGOB, 2010]
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Figure 2: Economical regions of Chiapas (Source: INAFED, 2005)

Chiapas has a population of nearly 4,8 million (2010 est.) (4.3% of national
population) with a growth rate of 1% (2010 est.). The population density is 65 per
km², which is higher than the national average (with 57 per km²). 49% of the
“Chiapanecos” inhabit urban areas. There is a constant fluctuation of the
population due to national and international migration movements. According to
INEGI, in 2005 the number of people leaving Chiapas was four times higher than
people entering10, but due to a high birth rate the population is constantly growing.
Around 28% of the population are of indigenous heritage from 12 different groups
namely the Tseltal, Tsotsil, Ch´ol, Tojol-ab´al, Zoque, Chuj, Kanjobal, Mam,
Jacalteco, Mochó, Cakchiquel, and Lacandón.
Chiapas is one of the poorest Mexican states with around 75% of its population
living in poverty,11 a fact which is triggered by the circumstance that around 40%
of the population live in a very high degree of marginalisation, as indicated in the
agro- economic monitor of Chiapas12, thus having no or little access to proper
education or politically generated benefits such as development programs.
10 [INEGI, b]
11 [US Embassy Mexico City, 2010]
12 [SAGARPA, 2011]
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The agro- economic monitor of Chiapas further indicates, that in 2010 the GDP of
Chiapas was 119 Million US-Dollar, accounting for roughly 1.7% of the national
GDP and being one of the lowest in the country. The most important sector is the
services sector13, mainly consisting of tourism and trade, making up 63% of the
GDP. It is followed by the industry sector (21.8%), with the big hydroelectric and
petrol industries generating around 30% of Mexico´s hydroelectric energy, and
almost 25% of its petrol production. Smaller businesses such as coffee
manufacturing and production of handicrafts also contribute to the secondary
sector.
The declining agricultural sector accounts for 15% of the states' GDP, but
regarding the fact, that around half of the Chiapanecos are involved in agricultural
activities, it plays quite an important role in socio-economic aspects.
Coffee used to account for 75% of the state's export, but now there is a greater
diversification in export products like corn, cotton, cacao, bananas, and other
tropical fruits (tamarinds, mangos), beans, rice, tobacco, and beef .
Physiogeological description
The Chiapanecan territory is characterized by a diverse structure, several
mountain ranges, valleys, and planes extend throughout the state. The mountain
range Sierra Madre de Chiapas runs parallel to the coastal plane at the Pacific
Coast (Llanura Costera del Pacífico) and consists of great altitude differences and
locates the highest elevation in Chiapas, the volcano Tacaná with 4093m above
sea level. The mountain range is followed by the half- plane Depresión Central.
During the dry season, from November until April, precipitation in these areas
reaches from 0-500 mm and temperatures vary between 20 and 34,6 °C.
The Altiplano Central dominates the centre of the state. To the east the Montañas
del Oriente and to the north the Montañas del Norte are located. The Llanura
Costera del Golfo in the extreme north of the state is a plane region with hollows
filling up with water during the rainy season. During the dry season precipitation
in these regions can get quite high, reaching from 350mm to 2000mm with
maximum temperatures between 20 and 29.3 °C.
The rainy season from May until October has a precipitation reaching from
700mm up to 3000mm, with temperatures around 25 to 35 °C, only in the higher
13 [All information in this and the following section, is extracted from INAFED, SEGOB]
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regions the maximum temperature is around 16 °C.

Land use in general
According to the INEGI
area with

14

agriculture occupies around 40% of the state's land

pasture land outweighing the cultivation area of crops. Only 2%

account for human settlements and other type of land use (see figure 3 below).
In the last decades the land use system in Chiapas has been in a steady transition
from a former traditional subsistence land use towards a more diversified system,
including commercial land use systems producing goods to satisfy national and
international market demands15. This transition or change is driven by different
factors, one of the most important being population growth which is directly
connected to a growing demand of agricultural areas for crop and livestock as
well as the increasing use of natural resources. Another driving force is the
abandonment of small scale farming and other traditional land use practices
generated by the impoverishment of the rural communities due to the low value of
agricultural products, combined with a low competitiveness on regional and
national markets. The latter opens the door to other, less sustainable, practices
such as intensive agriculture, including monoculture systems and the extension of
pastures for livestock.

14 [INEGI, a]
15 [If not mentioned differently, all the information in this section is extracted from
Villafuerte,1999, extracted from Aguilar, 2009]
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Figure 3: Vegetation types and land use in Chiapas in 2000 (Source: INE, 2011)

Vegetation and biodiversity
As displayed in figure 3, the original vegetation in Chiapas is very diverse, and
reaches from Tropical Evergreen Rain Forests (Selva húmeda)16 and Tropical
Seasonal Forests (Selva subhúmeda) in the lower regions, as well as Tropical
montane Forests (Bosque mesófilo de montaña) and Oak and Pine Forests
(Bosque templado) in the elevated regions. Further types of the natural vegetation
include natural pastures, and freshwater areas. In total these natural areas account
for 54% of the state's area. Table 1 below shows an overview of the different
vegetation types and its respective fraction in percent indicating that the
Evergreen Rain Forest make out the biggest part, followed by Oak and Pine
Forests, and Tropical montane Forests. The section “Other types” implies
16 [SEMARNAT, 2010a]
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mangrove-ecosystems and steppe. The water area comprises all freshwater
deposits in the state. The data is relevant to both primary and secondary
vegetation forms.

Table 1: Natural Vegetation and water area, 2007 in km² (Source: SEMARNAT,2010,a)
Tropical Oak and
montane Pine
Forest
Forest
Area in 6, 203.05
km2
Fraction 15.6
in %

Evergreen Tropical Natural
Rain Forest Seasonal Pasture
Forest

Other
types

Water
Area

Total Area

10, 747.08 16, 047.68

3, 631

2.66

1, 752.73

1, 513

39897.2

27

9.1

0

4.3

3.7

100

40.3

Chiapas forms part of the Mesoamerican hotspot, categorizing it as an area with a
high species endemism and a great preservation of the original vegetation. This
hotspot comprises one of the largest extend of tropical and subtropical forest
ecosystems, reaching from Panama to central Mexico and serves as an important
habitat corridor for migrant bird species 17.
Chiapas' rich biodiversity includes 565 bird species and 224 reptile species, an
outstanding number of amphibians (117), flowering plants (3,833), and terrestrial
mammals (205 ). 18
However only 24% of the original tropical vegetation19 is left in Chiapas,
especially the sensitive montane forest ecosystem, home to many endemic
species, is threatened by human activities and changing climate.
Protected Areas:
Around 11,000 km² (around 17% of the states' area) are under a national, state or
municipal protection system, including Flora and Fauna Protection Areas (Areas
de protección de Flora y Fauna), Biosphere Reserves (Reservas Biósferas),
National Parks (Parques Nacionales), National Monuments (Monumentos
Nacionales), Natural Resource Protection Areas (Àreas de protección de recursos
naturales) and Sanctuaries (Santuarios)20. The most spread protection system is
the Biosphere reserve, the most popular being the Biosphere Reserve Montes
Azules as well as Lacan-Tun, located in the eastern part of Chiapas which are
17
18
19
20

[Conservation International]
[SEMARNAT, 2010b]
[Sarukhán, 2005]
[SEMARNAT, 2010c]
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reckoned to be the “heart” of the “Selva Lacandona” protecting the last remaining
untouched patches of primary rain forest, as well as riparian and montane forests.
Both protected areas form an important habitat for a high number of birds,
mammals, amphibians, and highly endangered species such as the river crocodile
(Crocodylus acutus), the white turtle (Dermatemys mawii) and the harpy eagle
(Harpia harpyja)21. The map below displays the location of the protected areas in
Chiapas:

Figure 4: Map of protected areas in Chiapas (Source:
Secretaría de Hacienda, Chiapas, SEIEG, extracted from
Chiapas Mio)

Producers and Land distribution:
Around 55% of the agricultural area in Chiapas is under “ejido system”
ownership: The ejido system originally is characterized by communal ownership
and individual use. There exist around 2,800 ejidos in Chiapas22, each one with
an average size of 663 ha. Agriculture and livestock account for the most
important activities in the these systems, around 15% are also involved in forest
related practices. Due to different governmental programmes some 50% of the
ejidos have been parcelled and individually titled, a process, which has led to the

21 [ParksWatch]
22 [All information, if not indicated differently is extracted from INEGI, 2011]
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possibility of renting, selling, or trading the land in another way 23. The remaining
part (39%) of land is privately owned, 5% is under community ownership.
Considering the total production units, 37 % are dedicated towards subsistence
production, 57% for merchandise at regional and local level, and only 0.33% aim
at the production at national and international markets 24.
Agricultural Production Systems:
According to Peña and Hernández25 there exist four main agricultural production
types in Chiapas:
The traditional subsistence system, which especially is being practised in the
regions with a high proportion of indigenous population and extreme degree of
marginalisation. It is characterized by a great diversity in agricultural cultivation,
often a combination of basic crops such as maize, pumpkin, herbs and medicinal
plants.
The market connected system, located in the region “La Frailesca”, is based on the
intensive production of mainly maize and is characterized by monoculture and
irrigation systems, as well as the use of pesticides. It is suffering the growing
competition of cheap maize imports from the US-market and therefore
increasingly is dependent on credit funding and governmental support.
The export connected traditional system, is practised in the region “Soconusco”
and mainly consists of the intensive cultivation in monocultures of cash crops
such as coffee, banana, mango, and oil palm. This system is characterized by the
use of machines and irrigation systems, and also only sustains itself due to
governmental funding, because of the bad price situation of the crops on national
and international markets.
The traditional system with a sustainable reconversion can be found in various
regions throughout Chiapas, and is implementing the organic cultivation for
commercial use of different crops, like coffee, vegetables, and fruits. The
producers are mostly small scale farmers, often of indigenous heritage, who
participate in fair trade projects or similar ventures.

23 [García, 2006]
24 [If not mentioned differently, all the information in this section is extracted from
Villafuerte,1999, extracted from Aguilar, 2009]
25 [Peña, Hernández, 2010]
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Crops:
In 2010, around 14,000 km² (around 1/5 of the states' area) were used for the
cultivation of both seasonal and perennial crops26. Chiapas is Mexico's third
biggest producer of maize:
•

The cultivation area of maize accounts for more than 50% of the total
agricultural area, producing about 1600 kt of maize with an average
productivity of 220 t per km². The majority (around 98%) is grown in a
small scale way and “seasonally” which means without the use of
irrigation systems.27

Chiapas also is the biggest national producer of coffee, the cultivation of this
important so called cash crop is the second biggest in the state considering its
growth area (ca 2,550 km² ), producing around 0,5 million tonnes of coffee. Other
cash crops are sugarcane, cacao, and fruits like papaya, banana, and mango, all
together (including coffee) occupying about 3,550 km² and achieving a
production of 4 million t. The majority of this production is aimed at national and
international markets. The productivity rate of the cash crop is 1,100 t per km²,
which has been estimated with the number of total production divided by the
planted area.
Another 1,733 km² are planted with different local fruits and vegetables (in the
following indicated as F&V), including different kinds of beans, chilli, tomatoes,
and many more. The total production of fruits and vegetables is estimated to be
330 kt, which would mean a productivity rate of 190 t per km².
The remaining part of the cultivation area consists of grassland which is assumed
to be a pasture type of land use for the production of livestock fodder.
Livestock:
In Chiapas the livestock cultivation includes poultry, sheep, pigs, and cattle. In
this thesis the emphasis is put on the latter because of its connection to pasture
land and increasing use of land area.
Cattle farming is a very important branch in the Chiapanecan agriculture, using
almost 20,000 km²28 of land area for pastures. The majority of livestock is located
26 [All the information, of not indicated differently, is extracted from SIAP, 2010]
27 [All the information in this and in the following section, if not indicated differently, is
extracted from SAGARPA, 2009]
28 [INEGI, a]
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in the regions Centro, Selva, and Norte. Around 60% of the cattle is held for both
meat and milk production, the rest for either milk or meat. Many livestock
producers are small scale producers in sensitive ecosystems, close to crop areas
and protected areas, and in their majority located in marginalized areas, receiving
no governmental help and having little access to regional markets. 29
In 2009 around 101,000 t30 of beef were produced, which was the third biggest
production on national level. In relation to the pasture area the productivity rate of
meat is quite low with 5.3 t per ha.

Commercial forest plantations
Under consideration of data from the SIAP31 it has been estimated that the
commercial forest plantations plantations in Chiapas are related to the cultivation
of Jatropha curcas (157 km² )32, a shrub with oleaginous fruits, which can be used
in the procession of biofuel, and Castilloa elastica (52 km² )33 (in Mexico called
Hule hevea), used to produce natural rubber derived from the latex sap out of its
bark. This means a total of 209 km² of forest plantations.

Production of palm oil
Production Area:
Although the oil palm plantations in Chiapas historically reach back until the
1950's, it is not until 2006 that the Chiapanecan government started a new effort
in expanding the area of plantations due to different reasons 34:
•

More independence from fossil fuels
→ The Bioenergy Commission of Chiapas (Comisión de bioenergéticos
del estado de Chiapas)35 founded in 2006, laid its principal strategic
objective in the production of biodiesel and bioethanol made out of oil
palm and other crops

29
30
31
32
33
34
35

•

Economic development of the industrial sector

•

Independence from foreign palm oil markets (mainly from Central

[Alemán et al., 2007]
[SIAP, 2009]
[SIAP, 2010]
[All the information in this section, if not indicated differently, is extracted from IRPAT, 2010]
[SIAP, 2010]
[All information, if not mentioned differently, is extracted from SDR et al., 2004]
[Instituto de Energías Alternativas, Renovables y Biocombustibles del Estado de Chiapas]
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America)
Oil palm plantations in Mexico cover around 500 km² 36, more than half of it are
located in Chiapas which is the country's principal producer of palm oil (79% of
total production). The plantations are located in the regions Selva, Soconusco, and
Istmo- Costa, including a total number of 22 municipalities.
The table below displays the municipalities where oil palm plantations are
located, divided by different colours, according to the size of the production area.
It also indicates the total production and respective productivity rate in t per km²:

36 [All the information, of not indicated differently, is extracted from SIAP, 2010]
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Table 2: Municipalities, area, production, and productivity of oil palm in Chiapas
(Source: modified SIAP, 2010)
Municipality

Area
planted
(ha)

Production
in t

Productivity
(t/km²)

Frontera Hidalgo

10

103

1, 030

Metapa de Dominguez

4

N/A

N/A

Suchiate

114

2, 209

1, 930

Tuxtla Chico

10

N/A

N/A

Tuzantan

32.5

650

2, 000

Acacoyagua

226

5, 231

2, 300

Catazajá

640.5

3, 466

1, 640

Chilon

255.2

1, 356

1, 620

Escuintla

367.5

8, 032

2, 180

Huehuetan

376

7, 520

2, 000

Huixtla

373

7, 460

2, 000

La Libertad

178

962

1, 640

Mazatan

161.5

2, 907

1, 800

Pijijiapan

315

3, 207

1, 360

Tapachula

294

4, 246

1, 440

Marqués de Comillas

1, 384

N/A

N/A

Salto de Agua

1, 201.5

6, 066

1, 640

Villa Comaltitlan

2, 839

6, 2741

2, 210

Acapetahua

7, 516.4

150, 329

2, 000

Benmérito de las
Américas

5, 505

N/A

N/A

Mapastepec

6, 809

58, 830

2, 000

Palenque

4, 887.7

16, 717

1, 650

TOTAL:

33, 500

342, 037

1, 800

As indicated in the table, the planted areas, as well as the productivity rate differ
greatly in the respected municipalities, which might be caused by the fact, that in
some areas this species has already reached a greater publicity among the
producers, as well as maybe technical assistance in planting and maintenance of
the plantations. Additionally, climatic and site factors are a natural regulator of the
productivity rate.
Due to SIAP37 the production area in 2010 covers 335 km². However, it can be
estimated that the official data is beyond the actual plantation area, as there are
37 [SIAP, 2010]
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various sources indicating a higher data.
The production rate of 342,000 t is related to the weight of fresh fruits. For crude
oil it is 68,400t (20% of fresh fruits). Thus the production rate of crude oil is 360
t/ km².
The map below indicates the municipalities where the oil palm plantations are
located. The different colours mark the total size of plantation in the respective
municipality.

Figure 5: Municipalities in Chiapas with respective area of oil palm
plantations (Source: Own elaboration 2011, with data from INEGI,c and
SIAP, 2010)

Producers
There is no data available for the actual number of producers, but in 2003 existed
around 3000 oil palm producers38 throughout Chiapas. Thus it can be estimated
that the average size of the plantations per producer is between 5 and10 ha.
Further processing and demand
The producers sell the harvested fruits to the seven extracting companies located
in different regions in Chiapas. These companies (in their majority in private
38 [All information, if not mentioned differently, is extracted from SDR et al., 2004]

16

ownership) control the extraction of the fruits into crude oil and its further
processing. Because of the country's huge deficit of comestible oils most of it is
sold to the food industry. The other part is processed to biodiesel. The demand for
oil palm products in Mexico (including crude palm oil and palm kernel oil) is 7.3
kg per capita, with an annual increase of 1.5 % per year. 39

2.1.3 Potential areas of oil palm
For the potential intensive cultivation of oil palm in Chiapas the IRPAT has
designated five regions, which comprise 35 municipalities and in total cover
around 10,000 km²40 (see map below). However, there has been no data available
related to the actual size of the area Chiapas' government is planning to cultivate
with oil palm. The potential areas only reflect the surface, where it would be
climatically possible to cultivate this species. These regions have been selected
according to the following environmental requirements:
•

Altitude: 0 to 300 m above sea level

•

Precipitation: 1800 to 2200 mm

•

Temperature: 25 to 28 °C

•

Soils: Vertisol and Acrisoles

•

Climate: Af (Tropical rainforest climate) and Am (Tropical monsoon
climate)

•

Inclination: 15%

In the map below the potential growth regions of the oil palm are marked in red.
The yellow dots (indicating a special focus) are not of importance in this thesis.
The marking and naming (green letters) of four of these areas have been done in
own elaboration. For their geographical location they have been named as
follows:

39 [SAGARPA, 2010]
40 [If not mentioned differently, all the information in this section is extracted from IRPAT]
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•

Selva 1

•

Selva 2

•

Norte

•

Soconusco & Istmo-Costa

Figure 6: Map Potential Areas Oil Palm Chiapas (Source:Modified, IRPAT)

These regions and their respective municipalities form the basis of the different
scenarios. There are municipalities with very small parts of potential areas for oil
palm which have been excluded from the scenarios simply because the potential
areas are too small to be representative for the municipality.
The fifth area, to the south-west of the “Norte” region has been ignored in this
thesis because its potential areas are very fractioned and thus complicate to set its
limits.
In the following paragraphs the respective types of land use, natural areas, and
population of the different regions are described. The particular figures which
form the starting point of each scenario are listed in the tables below. The data is a
result of own calculations based on land use data of the respective municipalities
18

provided by CEIEG41. The information concerning the oil palm is extracted from
SIAP42 whereas the data about the size of area of each municipality is extracted
from INEGI43. The location and names of the different municipalities are
displayed in Annex XII.

Region Selva 1
The region “Selva 1", covering around 3,406 km², comprehends four different
municipalities: numbers 16, 50, 65, and 77 (in the same order called Catazajá, La
Libertad, Palenque, Salto de Agua) The population is 190,285 with a density of
55,8 per km². Around 40% of the land area is comprised of natural area, mainly
consisting of primary and secondary evergreen rain forests including 114 km² of
water area, formed by seasonal flooding by the river Usumacinta located in the
east. These wetlands are protected by the RAMSAR wetland category Sistema
Lagunar Catazajá and Humedales la Libertad and are home to a high number of
bird species and many aquatic flora and fauna species, some of them endangered
by extinction.44 However, around 30% of the region has been converted to pasture
land. The rest is used for agriculture (mainly maize, and also beans, chilli,
sorghum, and watermelon) and human settlements. In 2010, oil palm plantations
covered about 85 km² in the region “Selva 1”.

41
42
43
44

[All information, if not indicated differently, is extracted from CEIEG, 2010]
[SIAP, 2010]
[INEGI, a]
[Magdaleno]
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Table 3: Selva 1: Land use and agricultural production at starting point of scenario in
2010 (Source: INEGI, a; CEIEG, SIAP, 2010)
Area in km²

Production in kt

Selva 1
Total Area

3, 406

Maize (crop 1)

733.4

161

Fruits & Vegetables (crop 2)

140

39

Oil Palm (crop 3)

85

31

Livestock

1, 136

16

Natural Area total

1, 306

Rain Forest

156

Secondary Rain Forest

901

Hydrophilic Vegetation & Area

222

Other

27

Natural protected area

478

Urban area

6

Region Selva 2
Region “Selva 2” (2,324 km²) comprehends three municipalities, numbers 114,
115, and 116 (in the same order called Benemérito de las Américas, Marqués de
Comillas, Maravilla Tenejapa). In 2010, the area inhabited 38,589 people,
signifying a quite low density of 16.6 per km² with an annual growth rate of 0.5%.
Significant to this region is the relatively large natural area (70%) with a
expansive remaining part of primary rain forest and a high species diversity. The
region is surrounded by the biosphere reserves Lacan-Tun and Montes Azules (see
section protected areas). Parts of Montes Azules is located in in the western part of
region “Selva 2”, covering 208 km². Nevertheless the growing number of human
settlements as well as the extension of pasture land put a high pressure on this
natural ecosystem. At present, agriculture (mainly consisting of the cultivation of
maize, beans, and chilli) account for 13% of the total area, pastures for 14%.
Additionally, about 14 km² are cultivated with oil palm.

20

Table 4: Selva 2: Land use and agricultural production at starting point of scenario in
2010 (Source: INEGI, a; CEIEG, SIAP, 2010)
Area in km²

Production in kt

Selva 2
Total Area

2, 324

Maize (crop 1)

156

34

Fruits & Vegetables (crop 2)

146

14

Oil Palm (crop 3)

14

5

Livestock

329

1

Natural Area total

1, 674

Rain Forest

1, 021

Secondary Rain Forest

603

Hydrophilic Vegetation & Area

17

Other

33

Natural protected area

208 (9%)

Urban area

5

Region Soconusco & Istmo-Costa
The region “Socononusco & Istmo-Costa” (6,627 km²) consists of 12
municipalities: 69, 51, 3, 1, 71, 40, 37, 54, 89,102, 55, 35 (in the same order:
Pijijiapan, Mapastepec, Acapetahua, Acacoyagua, Villa Comaltitlán, Huixtla,
Huehuetán, Mazatán, Tapachula, Tuxtla Chico, Metapa, Frontera Hidalgo).
Around 654,000 people inhabit this area with a quite high density of 98.6 per km²
.
About 38% of the area is natural environment and serves as an important habitat
for numerous endangered mammal species, amphibians, and especially bird
species, like the Giant Wren (Campylorhynchus chiapensis) which is endemic to
this region and threatened by extinction. The natural environment is composed of
secondary rain forests, mangroves, montane forests and lagoon systems with a
rich floating and underwater vegetation. Most of the natural area is under a
protection system by the biosphere reserves La Encrucijada and Volcán Tacaná.
Nevertheless these protected areas are threatened by the extension of human
settlements and agricultural areas, and forest fires. Deforestation practices have
been the cause for soil erosion and sedimentation in the water banks, which has
led to serious changes in fresh water resources.45
45 [The Nature Conservancy, 2008]
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The remaining part of land is used for the cultivation of crops, such as maize and
cash crops including fruits, coffee, and sugarcane. Around 189 km² have already
been occupied by oil palm plantations in this region. Pasture land occupies around
44% of the regions' area.

Table 5: Soconusco & Istmo-Costa: Land use and agricultural production at starting point
of scenario in 2010 (Source: INEGI, a; CEIEG, SIAP, 2010)
Area in km²

Production in kt

Soconusco &Istmo-Costa
Total Area

6, 627

Maize (crop 1)

343

75

Cash Crop (crop 2)

623

1, 993

Oil Palm (crop 3)

189

68

Livestock

2, 892

14

Natural Area total

2, 515

Secondary Rain Forest

1, 082

Montane Forest

251

Hydrophilic Vegetation & Area

704

Other

478

Natural protected area

1, 999 (30%)

Urban area

65

Region Norte
The region “Norte” comprises four municipalities, numbers 74, 48, 68, and 88 (in
the same order: Reforma, Juárez, Pichucalco, Sunuapa) and covers about 2,064
km². The population is 94,000 with a density of 45.5 per km². Pastures for
livestock occupy 69% of the area. About 10 % of the area is covered with crop,
mainly composed of maize and intensive banana plantations. Until 2010, no oil
palm plantations have been established.
Natural areas account for 15% of the region including some patches of primary
rain forest, secondary rain forest, and fresh water lakes. In the region exists one
small protected area Zona Sujeta a la conservación Ecológica Finca Santa Ana
consisting of mainly secondary rain forest and pasture land 46.

46 [SEMAVIHN]
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Table 6: Norte: Land use and agricultural production at starting point of scenario in 2010
(Source: INEGI, a; CEIEG, SIAP, 2010)
Area in km²

Production in kt

Norte
Total Area

2, 064

Maize (crop 1)

82

18

Fruits & Vegetables (crop 2)

113

2

Oil Palm (crop 3)

0

0

Livestock

1, 554

12

Natural Area total

307

Rain Forest

63

Secondary Rain Forest

196

Hydrophilic Vegetation & Area

33

Other

15

Natural protected area

6 (0.26%)

Urban area

7

2.2 Estimation of development 2010-2030
Below, the changes concerning the demand of crops and livestock, demographic
development, and natural areas are listed. These changes form the basis of each
scenario, and, as indicated, are of either scientific base, or, have been made in
own estimation. Table 7 overviews the estimated changes.
Change in natural areas
In Mexico, deforestation is a serious problem. Between 1990 and 2000, the
country had an annual net loss of forest cover of 3,450 km² which, concerning its
total forest cover, means an annual loss of 0.52%.47
Chiapas is no exception, it is estimated that around 300 - 450 km² of forest cover
are lost each year, mainly caused by logging operations, forest fires, and
calamities.48 The annual deforestation in protected areas is estimated to be 43 km²,
according to a study conducted in 199649.
Assuming the general loss in forest cover of 450 km² and the annual deforestation
of 43 km²in protected areas, this leads to the conclusion that the deforestation of
47 [FAO, 2010]
48 [SEMAHN, a]
49 [March, Flamenco, 1996]
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natural not protected areas accounts for 407 km² per year. The deforestation rate
of the natural areas in all of Chiapas were also applied in the particular potential
areas. The respective change in natural areas in the particular regions has been
calculated with the relation of its particular fraction of natural areas to the fraction
of total natural areas in Chiapas. (Size of natural area in particular region/ size of
natural area of entire Chiapas x 100 = % of natural area in particular region to size
of natural area of entire Chiapas; this % · deforestation (in km²) in protected areas
= deforestation (in km²) in protected area in particular region; % · deforestation in
not protected areas = deforestation (in km²) in not protected areas in particular
region).

Conversion to oil palm plantations
Due to a lack of data about the size of potential oil palm areas in the respective
regions a visual estimation has been conducted with the help of the potential area
map of oil palm (see figure 6). For the estimations see table 7 below.

Change in demand for crops and meat
In Mexico, the amount of maize needed per capita is estimated to be 194 kg 50. The
demand for fruits and vegetables is 179 kg per person, calculated with data about
the national consumption of vegetables (56 kg)51, beans (around 11 kg per
capita)52, and of fruits (112 kg per capita, own estimation, based on various
sources). The demand for cash crop is (70 kg), is also based on an own
calculation.
The consumption of maize per capita has been calculated by SAGARPA to
increase by 0.5% per year, and the demand for livestock (17 kg per person which
is related to beef consumption, only) to decrease by 0.4% per year 53. Considering
the change of demand for fruits and vegetables as well as cash crop no data has
been available, and therefore no change has been assumed. The consumption of
oil palm products increases by 1.5% per year54.
50
51
52
53
54

[SAGARPA, 2007]
[Siller]
[Sandoval, Gutiérrez, 2008]
[SAGARPA, 2008]
[SAGARPA, 2010]
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Change of population
The population development refers to data from the INEGI55 and CEIEG56, and
indicates an increase in population regarding the entire state of Chiapas. However,
the population development varies in the different regions throughout Chiapas,
depending on various factors, like degree of marginalisation, economic, and urban
development. In only one of the four examined areas the population is decreasing,
the others display a positive population development.

Change of urban area
Due to the growth in population and also because it is assumed that migration
into cities will increase, it has been estimated that urban areas in Chiapas increase
by 3% per year. Regarding the four potential areas, the growth in urban areas has
been assumed to be a little higher ( 5%). This is due to the fact, that these areas
still reflect a quite rural living situation which is assumed to change rapidly
because of the possible growing intensification of agriculture (implied by the oil
palm) in these regions, what might accelerate the development of infrastructure
(for example paved roads) and the modernisation of the basic, traditional living
conditions of the rural population.

Climate change
In the scenarios that include the impact of climate change a decline in
productivity by an estimated 1.5% per year has been assumed for each crop
(except for oil palm) and livestock. This assumption has been made under
consideration of actual climate change scenarios for Chiapas, elaborated by the
Climate Change Action Program for the State of Chiapas (PACCCH, for its
Spanish initials). This program is being conducted since 2009, under collaboration
of the SEMAHN, CI, and the UNICACH 57. The developed future climate
scenarios58 indicate that temperatures in Mexico are likely to increase and that,
55
56
57
58

[INEGI, a]
[CEIEG, 2010]
[PACCCH, a]
[CI, UNICACH, SEMAHN]
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concerning Chiapas, there will be a decrease in precipitation, along with an
increase of dry days throughout the year. The scenarios also reflect an increase in
heavy rainfall events. As a conclusion, it is assumed that on the long term there
will be less water available in the state along with an increase in temperature.
Table 7: Overview: Estimation of development 2010-2030
Chiapas Selva 1 Selva 2

Soconusco
& IstmoCosta

Norte

1, 743
(75%)

3, 313
(50%)

1, 129
(50%)

Maize: change of demand/ per 0.50%
year

0.50% 0.50%

0.50%

0.50%

F&V change of demand

0

0

0

0

0

Cash Crop change of demand

0

0

0

0

0

Livestock change of demand

-0.40% -0.40% -0.40%

-0.40%

-0.40%

Oil Palm change of demand

1.50%

1.50% 1.50%

1.50%

1.5%%

Urban area change

3.00%

5.00% 5.00%

5.00%

5.00%

Change of population per year 0.9%/

1.10% 0.50%

0.80%

0.40%

Potential area oil palm/ fraction 10, 000 2, 200
of area (in km²)
(14%) (65%)

0.6%

2.3 Information Sampling

The information sampling of the different land use data was consulted from
different Mexican institutions via internet. The most important are:
•

Instituto Nacional de Estadística y Geografía (INEGI) which is the
Mexican Institute of Statistics and Geography

•

Servicio de Información Agroalimentaria y Pesquera (SIAP) which is the
Mexican Information Platform of Agriculture and Fishery

•

Comité Estatal de Información Estadística y Geográfica, Chiapas
(CEIEG) is the Committee of Statistics and Geography of the state of
Chiapas, Mexico

•

Instituto para la Reconversión Productiva y la Agricultura Tropical
(IRPAT) which is the Institute for the Productive Reconversion and
26

Tropical Agriculture.
The information has either been directly extracted from the respective webpages
or from scientific papers elaborated by the different institutions.

2.4 Tools and Information analysis
Tools
Mr. Michel Jeuken from the PBL Netherlands Assessment Agency developed a
“Land use Scenario Tool” for the Excel software. The tool calculates and displays
numerally as well as visually:
•

information about land use regarding the extent (in km² and %) of
agricultural areas (related to various crops and livestock), urban areas,
plantations, regrowth, and natural areas (divided in protected and not
protected areas)

•

additional data about natural areas and regrowth areas, meaning their
classification in different vegetation types and its state of protection.

•

data concerning people: population development, demand of crop needed
per person and in total, taking into account changes in population as well
as in consumption

•

information about the profit which comprises productivity, the amount of
local production, and also the volume of export and import of different
crops and livestock.

•

information about the condition of biodiversity by the MSA indicator
(Mean Species Abundance) which is related to the land use development
of natural areas.

In order to calculate the land use area and its production until 2030, information
about the actual state in 2010 as well as the annual changes in percent about
population, productivity and demand of crops, export and import of crops and
livestock, urban area, plantations, and protected areas have to be entered in the
“control panel”.
Additional data has to be added about the fractions of vegetation types, in this
27

case, different forest ecosystems, but also, if necessary, water surface. With the
help of this data combined with information about the total size of protected areas
it can be estimated how much area of these vegetation types are protected and not
protected.
Information Analysis
The entire calculated data is displayed in form of tables and graphs. In this thesis
especial emphasis is put on the land use development regarding oil palm and
climate change. That is why the land use development graph (see figure 7 below)
is the most important tool enabling a quick overview and understanding of the
possible impact of these factors. The different land use systems are displayed
regarding their percentage of the total area between 2010 until 2030 and are
illustrated in different colours, as seen in the small box on the right of the graph.
Natural areas are shown in dark green, regrowth areas in light green, plantations
in blue, urban areas in red. Crop 1 to 4 in orange, yellow, light brown, and beige,
livestock in brown.

Figure 7: Land use development graph, example

Eleven scenarios have been developed in total for the entire state of Chiapas and
for four different regions in the state. In most of the scenarios the crops have been
divided into maize (because it is the country's most important staple food), fruits
and vegetables (indicated as F&V), cash crop (crops which have a great
importance and potential on national and international markets like coffee), and

28

oil palm. Livestock is related to cattle only because of its relation to a high degree
of land use.
Regarding the entire state of Chiapas the possible land use development has been
estimated in scenarios:
•

without oil palm

•

with oil palm, not considering climate change

•

with oil palm, considering climate change

Regarding the four different regions the land use development has been estimated
•

with oil palm, with and without climate change

The possible development in the different scenarios is generally based on the
assumption that the economical objective of every region is to be self sustaining
in production of agricultural goods, and thus being independent of imports in
order to satisfy the local demand for staple food and other crops. However, the
assumptions differ in the different scenarios for Chiapas and the four regions
depending on their actual land use systems, and if the oil palm and the impact of
climate change is included in the scenario. For the assumptions about the land use
development in the different scenarios see the result section.
→ The inclusion of climate change in the scenarios, as mentioned above, is
related to the development of productivity and area of crops and livestock. It is
assumed that climate change will have a negative impact on the productivity rate
of crops, meaning that the production per entity will decline, and that, in order to
keep the production production areas would have to increase. As a result of
climate change a decrease in productivity by 1,5% is assumed, and therefore, an
annual increase of 1,5% for the area used for growing crops and livestock. Oil
palm is excluded in this assumption: its productivity rate remains the same.

In order to satisfy personal requirements of this thesis, the tool has been used a
little bit different than provided:
•

many information have not been entered in the “control panel” for
calculation, but manually in the tables: This concerns the data of the
different crops and pasture areas as well as natural, and urban areas.
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•

Information about export and import is not related to recent economical
data but to the balance of local crop/livestock production and local
demand (Local crop/livestock production minus local demand). The
displayed amount of export or import shows the surplus or deficit of the
production in relation to the local demand. Thus, the annual change of
export and import is not a linear development because it relies on the
development of the production and demand. Therefore it has been left out
of the control panel and rather is numerally displayed in the tables and
described in the result section.

•

The regrowth area has not been included in the natural areas. It is
uncertain, whether the actual type of regrowth, mentioned by INEGI, is
related to native or exotic tree species, or commercial tree plantations.
Additionally, regrowth areas have only been included in the Chiapasscenarios but are left out of the potential areas due to lack of data.

•

The above mentioned MSA indicator has not been considered in this
thesis.

•

The calculated areas of protected and not protected vegetation types do not
represent the actual state, but is related to the fraction of the respective
vegetation type to the total natural area.
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3 Results
3.1 Scenario Chiapas
3.1.1 Without oil palm
Land use development scenario 1
All the mentioned data can be checked in Annex I.
Figure: Land use development Scenario 1 Chiapas 2010-2030, without oil
palm

Figure 8: Scenario 1, Land use development in Chiapas, without oil palm

This scenario excludes oil palm plantations and is based on the assumption of a,
on the long term, land use development enabling a food supply independent from
external markets as well as economic benefits by the possibility of exporting
certain products.
As seen in figure 8 the land use development between 2010 and 2030 is related to
the substitution of natural areas and grassland for the expansion of livestock,
fruits and vegetables, cash crop, commercial forest plantations, and urban area
under the following aspects:
Development of natural areas: As mentioned in section 2 the natural areas account
for 54% of the state's area and is annually declining by 43 km² in protected areas,
and 407 km² in not protected natural areas. Regarding this change, by 2030,
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natural vegetation will only account for 42% of the total land area, meaning a
total conversion of 9,000 km² in the same period of time.
Development of maize (crop 1): The cultivation of maize, as already mentioned
above, is the most important crop and occupies around 10% of the states' area. Its
production regarding this area is greater than the estimated total consumption
during the whole period of time.
→ This taken into consideration, the state is autonomous regarding its
supply in maize. This fact and also the quite low production rate along
with the assumed low competition on national markets has led to the
assumption that the cultivation area of maize remains constant between
2010 and 2030. The export rate declines by 2% per year because of the
increasing local demand caused by population growth combined with the
growth in consumption per capita.
Development of fruits and Vegetables (F&V) (crop 2) : In 2010, the production
area of fruits and vegetables account for 2.4% of the state's area. The local
demand is three times higher than its local production. This means that the state is
dependent on imports of fruits and vegetables to satisfy its consumption.
→ In order to increase its production and lower the dependency on
imports it is estimated that the production area of fruits and vegetables will
increase: by increasing 75 km² per year (which is an estimated fraction
related to the assumed change of natural areas) the area and the production
almost doubles until 2030, leading to a decrease of import by around 1.3
% per year.
Development of cash crop (crop 3)
In 2010, around 5% of the area is cultivated with cash crops with a production
outweighing the local consumption by the factor 10.
→ The economic importance of cash crops on national and international markets
leads to the assumption that its area will increase until 2030: Like crop 2, an
annual growth of 75 km² has been assumed, leading to an increase of the area by
1,500 km². This signifies an increase in production and a growing export rate of
2.2% per year.
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Development of grassland (crop 4)
This area is considered to be of low economic value, and thus its area is steadily
getting converted to mainly pasture land.
Development of commercial forest plantations
As mentioned earlier, this kind of land use covers around 209 km² with an
estimated annual growth of 5%.
Development of regrowth areas
This area has been estimated to remain constant between 2010 and 2030.
Development of pastures
In 2010, around 26% of the land area account for pastures for the production of
livestock. The meat production outweighs its demand by 20%, so the state is able
to export beef. It is estimated that the expansion of pasture land is the most
important driving factor for the conversion of natural areas, thus an increase of
pasture land by 300 km² per year (2/3 of the annual change in natural areas) has
been assumed. In this context pasture land will cover 1/3 of the total state's area in
2030, and export rates will double.
Development of Urban Areas: As mentioned earlier, urban areas increase by 3%
per year.
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3.1.2 Including oil palm
Land use development scenario 2
All the mentioned data can be checked in Annex II.

Figure 9: Scenario 2, Land use development in Chiapas, including oil palm

This scenario includes oil palm and is generally based on the same assumptions as
in scenario 1. The exception is the oil palm which expands its production area by
mainly substituting pasture land, and thus the independence in demand and
economic benefits of livestock production decreases for the benefit of the
production of oil palm:
In 2010, the cultivation area of oil palm covers 400 km². This is slightly higher
than the area indicated by SIAP. Considering the total potential area of this crop,
in 2030, the plantation area will cover 10,000 km² which would mean a quite high
annual growth of around 400 to 500 km². Due to the high fraction of pasture land
it would be possible that oil palm plantations only substitute this type of land use.
As displayed in figure 9, pasture land declines due to the extension of oil palm.
The land use development of natural areas, plantation, regrowth, maize, fruits and
vegetables, cash crop, and urban areas is not affected by the oil palm, they are
identical to their described development in scenario 1.
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Impact of oil palm
Considering development of pasture (livestock):
In this scenario, the grassland area, as mentioned in scenario 1, has been added to
the pasture land, for practical reasons. In this context, the productivity rate of this
area declines by 0.2 t per km². In 2010, pastures account for 27% of the total area,
and until 2030, steadily get substituted by oil palm plantations. Combined with
the assumption that the expansion of pasture land is responsible for the conversion
of natural areas, (in this case a calculated 290 km² per year), this will lead to an
annual reduction of pasture land between 120 to 230 km².
Considering natural areas
Due to the fact that the reduction in natural areas remains the same as in scenario
1, the expansion of oil palm does not impact the development of natural areas.
Considering food production, commercialization, and dependency
→ Oil palm: The production is by far outweighing the local consumption, leading
to an export rate of 109 kt in 2010. In 2030, the export rate is 30 times higher,
with 3545 kt. This means that the production of oil palm, under this circumstances
and degree, would signify an economic benefit for the state of Chiapas, and would
also mean the states' independence for imports of national and internationally
produced oil palm products.
→ Livestock or beef: Due to the steady decline of pasture land, Chiapas is only
able to satisfy its local beef consumption by its local production until 2024.
Afterwards, the state needs to import livestock in order to meet its meat demand.
The export of beef breaks up in 2023. This leads to the conclusion that the
conversion of pasture land to oil palm plantations has a negative impact on the
food sovereignty of beef, and also an negative impact on the commercialization
abilities of this product.
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3.1.3 Including oil palm and climate change
Land use development scenario 3
All the mentioned data can be checked in Annex III.

Figure 10: Scenario 3,Land use development in Chiapas, including climate change

This scenario, apart from the oil palm, includes the factor climate change with the
above mentioned changes in productivity and respective production area. As
observed in figure 10, the extension of the land use systems has a great negative
impact on the development of natural areas. Thereby, the change in land use as
well as its regarding impacts on food sovereignty and economic possibilities can
be described as follows:
Development of maize (crop 1)
The annual growth of this cultivation area by 1.5% leads to a production area
covering roughly 9,600 km² in 2030. Due to the declining productivity rate the
total maize production remains almost constant during the period of time. The
export rate steadily declines, in 2030 only being half of the export of 2010. This is
caused by the annual growth in demand, due to population growth and growth in
demand per capita. Still, the state remains independent from maize imports during
the whole period of time, and can easily satisfy its demand with its local
production.
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Development of fruits and vegetables (crop 2)
In 2030, the cultivation area of fruits and vegetables covers about 2,300 km²,
which means an increase by 600 km² in 20 years. The annual growth of its area by
1.5% is beyond the estimated growth factor in the scenarios not including climate
change. Hence, combined with the declining productivity rate, the state is even
more dependent on imports of this crop: The production roughly covers 1/3 of the
local demand, and its import rate needs to increase by an average of 1.3% per
year.
Development of cash crop (crop 3)
Similar to crop 2, the extension of the cultivation area of cash crops by 1.5% per
year is beyond the extension assumed in the last scenarios. In 2030, cash crops
cover around 4,800 km² with a production outweighing the local demand by the
factor 10. This indicates that the state is able to export 90% of its production with
a slightly declining rate until 2030, due to the growth in demand.
Development of pasture
As seen in figure 10, the pasture area occupies the largest part of the land use in
the state. In this case, without being substituted by the oil palm, it expands its area
by 1/3 until 2030, and finally consumes 36% of the states' area.
Although occupying a huge part of land, until 2030, the total production of
livestock declines by 15%. This is caused by the quite low productivity rate which
because of climate change is even more declining. Related to this gradual
reduction in production which additionally is impacted by the growth of local
demand, export rates sink down to 0 in 2029. This leads to the necessity of
importing beef in the same year and 2030. The amount of imports needed to cover
the demand is very low but considering its large production area it becomes clear
that the extensive production of livestock in Chiapas cannot survive a declining
productivity rate, and on the long term is not able to satisfy its local beef demand,
nor accomplishing economic benefits.
Development of natural areas:
The natural areas are gradually substituted by the different land use systems,
especially by pasture, maize, and oil palm. It is assumed that 90% of the land
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conversion is affecting not protected natural areas. The remaining 10% influences
protected areas. As displayed in figure 10, until 2030, natural not protected areas
decrease by 66 %, leading to a coverage of only 13% in the same year. Until
2030, protected areas will loose 20% of their area. As can be observed in Annex
3, the different vegetation types are strongly affected: Those which are not
protected lose around 1/3 of their original extent, those which are protected 1/5.
Development of plantation, regrowth areas, and urban areas
The respective development of areas for these types of land use remain
unmodified to scenario 1 and 2.
→ Development and impact of oil palm (crop 4)
The development and production of oil palm is identical to scenario 2 but the kind
of area it is converting is different. The extension of its area mainly impacts the
existence of not protected natural areas, as described above, and account for about
50% of their loss. Thus play oil palms play the greatest role in the total conversion
of this type of area.

3.2 Potential Areas
Below, the land use development in the four regions Norte, Selva 1, Selva 2, and
Soconusco & Istmo-Costa are described. The first scenario of the particular region
shows the development without climate change, the second one includes climate
change.
The assumptions made for the different scenarios without climate change are
described as follows:
•

The area of crops, which in 2010 is beneath or directly at subsistence
level, which means the minimum size of area satisfying the consumption
with its production, is not being substituted by other land use systems.

•

Except for oil, palm pasture land is the only land use system expanding its
area (at cost of natural areas), crop 1 and crop 2 do no expand its area.

•

Regrowth and plantation areas are not included in these scenarios due to
lack of adequate data.

For the scenarios including climate change see the mentioned assumptions in the
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chapter Information Analysis.

3.2.1 Scenario 4, Region Norte, without climate change
All the mentioned data can be checked in Annex IV.

Figure 11: Scenario 4, Land use development in region Norte, without climate
change

Development of maize (crop 1)
From 2010 to 2030, the cultivation area of maize is estimated to remain constant.
Its production of 18 kt does not totally satisfy local consumption. The region
relies, though little, on maize imports to cover its growing demand.
Development of fruits and vegetables (crop 2)
Between 2010 and 2030, the area used for the cultivation of fruits and vegetables
also remains equal, with a quite low production of 4 kt. The local demand of these
crops is about four times higher than its production, thus the region strongly
depends on imports fruits and vegetables.
Development of livestock
In 2010, pastures form the biggest part of land use in this region occupying
around 75% of the area. Its surface declines by an average of 55 km² per year. By
2030, almost ¾ of the original pastures area is converted, mainly caused by its
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substitution with oil palm plantations, and, a small part, by the extension of urban
areas. Still, it has been assumed pasture areas also convert natural areas. On that
account, the decline in pasture area is not linear to the expansion of oil palm
plantations. The decreasing production exceeds local consumption during the
whole period of time, and the region is able to export livestock with an annual
change of about –8 %.
Development of natural areas
The estimated annual change in natural not protected areas account for -3 km², in
protected areas -0.3 km². Thus, by 2029, the protected areas will be totally
converted, leading to the degradation of mainly secondary forest ecosystems.

→ Development and impact of oil palm
In 2010, no oil palm plantations existed in the region “Norte”. Yet, the potential
area of oil palm has been estimated to be 50% of the total area of this region,
meaning that in 2030 the cultivation area of this crop will cover 1,129 km². This
signifies an annual growth rate of about 56 km². As observed in figure 11, the
entire oil palm crop converts pasture land, strongly impacting the original, pasture
dominated land use system in this region. However, the food sovereignty of the
local livestock production would not be endangered.
Considering the production of oil palm in 2010, it is 20 times higher than its
consumption. In 2030, the production is 400 times higher than its demand. Hence,
most of the production can be exported and generate an economic benefit for the
region.
It can be expected that due to the conversion of pasture land the impact on
biodiversity might not be too big. Still, it might display a great ecological impact
on soil and water systems in this area.
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3.2.2 Scenario 5, Region Norte, including climate change
All the mentioned data can be checked in Annex V.

Figure 12: Scenario 5, Land use development in region Norte, including climate
change

The land use development in the region “Norte” considering climate change, on
the mentioned conditions, can be described as follows:
Development of maize (crop 1)
From 2010 to 2030, the area for this crop expands by 27 km² which means a
growth by 1/3 of its original surface. Still, the more or less constantly high
production of maize cannot satisfy its growing demand, and the region
increasingly remains dependent on imports of this crop with an average annual
growth in imports of 16%.
Development of fruits and vegetables (crop 2)
Until 2030, this cultivation area increases by about 40 km,² signifying an
expansion of 40% of its original surface of 2010. The production remains equal
during the whole period of time, but it only covers 1/5 of the amount needed for
local consumption. Hence, 80% of the consumption needs to be provided by
imports. The import rate slightly increases by about 0.4% per year.
Development of pastures
Only until 2014, pasture land is able to expand by 1.5% and keep its production
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level. Then, its area cannot expand any further because of the increasing extension
of oil palm plantations in this region. In 2030, only 40% of the original pasture
area will be left. Still, the livestock production is high enough to cover local
demand but with an decreasing factor: In 2010, the production is six times higher
than the consumption, in 2030 only two times. This leads to an export rate with an
annual decrease of about 8%.
Development of natural areas
As displayed in figure 12, by 2014, not protected as well as protected natural
areas will be totally converted to oil palm plantations. This means the complete
deterioration of the various, mainly secondary, vegetation types, impacting their
ecological value for the region.

→ Development and impact of oil palm (crop 3)
The expansion and production of oil palm plantations under climate change is
assumed to be equal to its development without climate change. The difference is
the area the oil palm is substituting: by 2014, its increase in area would lead to the
complete conversion and destruction of protected as well as not protected natural
areas. Then, until 2030, the oil palm would play a role in the conversion of
pasture land, meaning the substitution of almost 2/3 of the total pasture area. The
latter, however, as mentioned above, does not too badly affect livestock
production as the region remains independent from imports of beef.
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3.2.3 Scenario 6, Region Selva 1, without climate change
All the mentioned data can be checked in Annex VI.

Figure 13: Scenario 6, Land use development in Region Selva 1, without climate
change

Development of maize (crop 1)
As displayed in figure 13, from 2010 to 2020, the cultivation area of maize
remains constant accounting for about 20% of the regins' area. Then, until 2026,
the area gradually decreases. Henceforward, the maize area remains equal
covering 7% of the area which is its subsistence level. Until 2026, maize
production exceeds its local demand allowing the export in this period of time
with a decreasing rate due to its gradual decline in production. From 2027 to
2030, the production is equal to its demand. Hence, the production area during
this time is the minimum to stay sovereign in its local offer.
Development of fruits and vegetables (crop 2)
The small cultivation area of fruits and vegetables remains the same during the
whole period of time covering about 4% of the region. Until 2021, the steady
annual production of 39 kt is beyond its local demand. In the following three
years, due to the constant growth in local demand, the production is equal to the
consumption. Then, by 2025, the region needs to import a small amount of fruits
and vegetables in order to satisfy the local demand. Hence, the production area is
too small to ensure the food sovereignty of these crops.
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Development of livestock
In 2010, pastures cover 1/3 of the region's area. Until 2020, its surface gradually
decreases due to the expansion of oil palm plantations. The production in this time
span allows the export of livestock with an decreasing rate of about 20% per year.
Thenceforth, the pasture area remains equal with an coverage of 8% which is its
subsistence area, producing only the amount needed to cover local demand.
Development of natural areas
In 2010, natural protected areas account for 14% of the region “Selva 1” and its
area decreases by an calculated rate of 1.4 km² per year. Not protected natural
areas cover ¼ of the region and, until 2019, decrease by the calculated annual
fraction of 13 km². Then, the decrease is accelerated by the beginning conversion
to oil palm plantations meaning the almost complete substitution of natural not
protected areas by the end of the scenario.

→ Development and impact of oil palm (crop 3)
In 2010, oil palm cultivations in this region account for 85 km² which is 2.5% of
“Selva 1”. The potential area of this crop is estimated to cover 65% (or 2,200
km²). The growth rate is about 100 km² per year which, as displayed in figure 13,
is mainly at the cost of pasture land, converting ¾ of its original coverage. This
leads to a devastating change in the production and export rate of livestock to the
bare subsistence level impacting the former export status in a negative way.
However, the expansion of oil palm plantations can produce an economic benefit
for the region: in 2010, its production is 30 times higher than local demand. By
2030, the export rate would have increased by 2,500%.
From 2020 to 2026, the expansion of oil palm plantations would impact the
development of maize, causing a decrease of its original area by 64%. This also
impacts, like livestock, the production and export possibilities until reaching the
subsistence limit of this type of land use. Hence, the expansion of oil palm
degrades the status of food sovereignty of maize to a very weak level.
From 2020, oil palm plantations would strongly affect the existence of natural not
protected areas, accounting for the conversion of ¾ of its original coverage. This
especially impacts secondary forest ecosystems but also primary rain forests.
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3.2.4 Scenario 7, Region Selva 1, including climate change
All the mentioned data can be checked in Annex VII.

Figure 14: Scenario 7, Land use development in Region Selva 1, including climate
change

Development of maize (crop 1)
As displayed in figure 14, the cultivation area of maize gradually increases. In
2030, it covers almost 30% of the region's surface. The production rate remains
nearly constant, always exceeding local consumption. In 2010, the production rate
is four times higher than the consumption, leading to a quite high export rate. Due
to the constantly growing demand the export rate slightly decreases by about
0.6% per year.

Development of fruits and vegetables (crop 2)
Until 2030, this crop expands its area by 1/3 of its original coverage. Until 2021,
the production of fruits and vegetables is high enough to satisfy local demand
which enables the export of a small surplus. After this time, until 2030, the region
depends on imports of fruits and vegetables. Thus, the declining productivity rate
cannot get balanced by the growth of the production area in order to meet the
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steadily growing demand in this region. This is due to a quite high annual
population growth of 1.1%.

Development of pastures
As displayed in figure 14, pasture areas only increase until 2019, then they
continuously decrease because of the great expansion of oil palm plantations.
Therefore, in 2030, only a small fraction, about 2%, of the original pasture area is
left. Due to the quite high productivity rate the region remains independent in
local livestock supply and until 2027, is able to export beef. However, because of
the great decline in production area combined with the assumed decrease in
productivity rate, from 2029 on, the region needs to import beef to meet its local
demand.
Development of natural areas
As indicated in figure 14, until 2020, the protected natural areas which mainly
consist of valuable wetland will be completely destroyed, not protected areas even
until 2016. This is caused by the above described expansion of the various land
use systems, especially of pastures and oil palm plantations accounting for the
largest influence on the destruction of natural areas.

→ Development and impact of oil palm (crop 3)
The development of this crop is the same as in scenario 6. The difference is in the
area the oil palm is substituting: until 2020, the expansion of oil palm plantations
leads to the complete conversion of protected as well as not protected natural
areas, which strongly affects wetland, primary, and secondary rain forest
ecosystems. Afterwards, the oil palm plantations convert the almost entire pasture
land of this region. However, until 2029, the independence in local beef
production would not be affected. Crop 1 and 2 are not impacted by the expansion
of oil palm. These crops are able to expand its production area in order to balance
its declining productivity rate.
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3.2.5 Scenario 8, Region Selva 2, without climate change
All the mentioned data can be checked in Annex VIII.

Figure 15: Scenario 8, Land use development in Region Selva 2, without climate
change

Development of maize (crop 1)
As displayed in figure 15, in 2010, the cultivation area of maize only accounts for
a small fraction of land use (about 7% of the region's area). Until 2012, the maize
area remains equal and then rapidly declines by about ¾ of its beginning area
which is the minimum area to produce the amount of its local consumption. This
level is kept until the end of the scenario. Until 2013, the production is high
enough to allow the export of maize. Then, the declining production only serves
to satisfy local demand.
Development of fruits and vegetables (crop 2)
The area of these crops is almost the same as of maize and covers 6% of the
region's surface. Until 2013, the area remains equal and then, by 2015, declines by
almost 50% till reaching its subsistence level. From 2010 to 2014, the production
is high enough to enable the export of this kind of crop and then only serves to
cover the local consumption. This signifies a quite unstable food sovereignty of
fruits and vegetables.
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Development of pastures
In 2010, pastures account for 14% of the region's area. Until 2014, its surface
gradually declines until reaching its subsistence level at a little more than 50% of
its original surface. In 2010, the region is able to export beef. Then, the
production is equal to the local consumption which signifies, just like the crops,
an unstable situation of food sovereignty.
Development of natural areas
As displayed in figure 15, natural areas occupy 3/4 of the region's surface. Around
63% of the area is covered by not protected natural areas and 10% by protected
areas. Until 2014, not protected areas decline by an calculated annual rate of 17
km². From 2015 on, the decline in natural area accelerates caused by the
conversion to oil palm plantations. By 2030, only a small fraction of not protected
areas are left which means that of 94% of its original cover have been degraded.
The protected natural areas constantly decline during the whole period of time by
a calculated rate of 1.8 km² per year. By 2030, 1/5 of its original area will be lost.
→ Development and impact of oil palm (crop 3)
As shown in figure 15, in 2010, oil palm plantations cover a small fraction of
0.6%. Then its area rapidly increases: the potential area of this crop has been
calculated to cover 75% of “Selva 2”. Hence, an annual growth of 90 km² has
been calculated. The expansion of the oil palm in this region affects the
development of all existing land use systems but bares the largest impact on
natural not protected areas by converting more than 90% of its original area. This
especially impacts valuable primary and secondary rain forests and leads to an
irreversible loss of the rich biodiversity and its provided ecosystem services for
this region. The expansion of oil palm is responsible for the conversion of ¾ of
the cultivation area of maize and also for the transformation of half of crop 2 and
pasture land. The development in this context might still allow the status of food
sovereignty of crops and beef in this region, though in an unstable way because
the production is right at the limit of the demand needed. However, from 2015 on,
this deficient maintenance of food security which hinders the further conversion
of crop and pasture areas to oil palm plantations is made at the cost of natural
areas.
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3.2.6 Scenario 9, Region Selva 2, including climate change
All the mentioned data can be checked in Annex IX.

Figure 16: Scenario 9, Land use development in Region Selva 2, including
climate change

Development of maize (crop 1)
As displayed in figure 16, the cultivation area of maize steadily increases by
1.5% per year. By 2030, 9% of the region's area is covered by maize. The quite
high production of this crop remains about constant during the whole period of
time. In 2010, it is five times higher than the local demand which enables
exporting almost 80% of its production with a slight annual change of -0.4%
caused by the annual growth in local demand. Still, sovereignty in local
production of this crop would remain quite stable.
Development of fruits and vegetables (crop 2)
Just like crop 1, crop 2 increases its area by an annual rate of 1.5% during the
whole period of time. The production of fruits and vegetables remains equal and
exceeds local demand, which allows exporting 50% of the total production with
an annual decrease of 0.8%. The sovereignty in the offer of local produced fruits
and vegetables stays intact.
Development of pastures
As indicated in figure 16, until 2027, pasture land steadily increases its area. In
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the last three years of the scenario, 60% of its area are converted by oil palm
plantations. Until 2027, the low beef demand allows the export of around 50% of
the production. Then, the production is completely used for local consumption.
This means that by the end of the scenario the region is still sovereign in its beef
production but at a quite weak level.
Development of natural areas
As shown in figure 16, until 2025, the surface of the protected areas remains
constant. Then, its area rapidly declines and by 2028, is completely transformed.
Not protected natural areas decline by an average of 95 km² per year until, in
2026, being totally degraded. This development is mainly caused by the
expansion of oil palm plantations and, regarding a small fraction, by the
expansion of crops and pasture land.

→Development and impact of oil palm (crop 3)
The expansion and production rate of oil palm is the same as described in scenario
8 but can be differentiated by the kind of land use system it is substituting: until
2025, oil palm plantations are responsible for the complete conversion of natural
not protected areas. Then, the oil palm completely transforms the protected areas
of the region, in total being responsible for 90% of the conversion of natural
areas. From 2028 on, the conversion of land to oil palm plantations is focused on
pasture land which until the end of the scenario, leads to their decline by 60%.
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3.2.6 Scenario 10, Region Soconusco & Istmo-Costa, without
climate change
All the mentioned data can be checked in Annex X.

Figure 17: Scenario 10, Land use development in region Soconusco & Istmo-Costa,
without climate change

This region is the only one with an estimated negative population development.
However, in 2010, its population density is quite high (98 per km²) which means
an elevated demand in crops and the challenge to remain sovereign in local food
production.
Development of maize (crop 1)
The cultivation area of maize is estimated to remain constant during the whole
period of time and covers 5% of the region. In 2010, this area only produces 60%
of the local maize demand, so the region depends on imports to satisfy its
consumption. However, due to a steady decrease in consumption caused by the
negative population development, the import rate constantly decreases.
Development of cash crop (crop 2)
Cash crops account for 9% of the region's surface. Until 2016, its area remains
constant with a quite high production compared to the low local demand. Hence,
the region is able to export 97% of its entire cash crop production. From 2017 on,
the cultivation area of cash crops gradually gets substituted by the expanding oil
palm plantations until reaching its subsistence level at about 2% of its original
coverage. Therefore, the region loses its export possibilities for cash crops.
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Development of pasture
As indicated in figure 17, in 2010, pasture land occupies almost half of this region
and until 2024, gradually gets converted to oil palm plantations, until, at a little
more than half of its original surface, reaching its subsistence level. The
production outweighs local consumption only until 2015. Then, the production
area only serves to meet local demand, which signifies a quite unstable
sovereignty in the local beef suppy.
Development of natural areas
Natural areas cover nearly 40% of the region's surface. The majority is under a
protection system. Until 2024, not protected natural areas gradually decrease by a
calculated rate of 25 km² per year. Then, by 2026,they are getting completely
substituted by the oil palm. The protected areas gradually decreases by a
calculated rate of 2.7 km² per year. Then, from 2027 on, its decrease accelerates
caused by the expansion of oil palm plantations. This leads to the conversion of
around 1/3 of its remaining area. The decline of the natural areas mainly impacts
secondary rain forests and montane forest ecosystems.

→ Development and impact of oil palm (crop 3)
In 2010, oil palm plantations account for about 3% of the region's area. It is
estimated that, until 2030, oil palms will cover 50% of the region's surface which
is its potential area. This leads to an annual growth rate of about 157 km². The
increasing production of this crop allows a respective growing export rate. As
observed in figure 17, the expansion of oil palm plantations is mainly at the cost
of pastures, by converting more than 40% of its original area, and cash crops,
impacting its area by a decline of 98%. Natural areas, mainly protected, also are
impacted: about 20% of its total coverage are being converted. As described
above the development of oil palm plantations in this region lead to a switch of
the economic opportunities out of cash crop towards the oil palm. It also impacts
the status of food sovereignty of cash crops and livestock to an unstable level.
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3.2.7 Scenario 11, Region Soconusco & Istmo-Costa,
including climate change
All the mentioned data can be checked in Annex XI.

Figure 18: Scenario 11, Land use development in region Soconusco & Istmo-Costa,
including climate change

Development of maize (crop 1)
Until 2030, the cultivation area of maize increases by 1.5% per year. The
production remains constant and in 2010, covers about 60% of the total amount
needed. The rest is provided by imports. However, due to the gradual decrease in
demand, the import rates slightly decline until the end of the scenario.
Development of cash crops (crop 2)
This crop also increases by the same rate in order to keep the production, while
the productivity rate is declining. The production outweighs local demand by a
high rate which means a steady possibility of export along with the generation of
an economic benefit for the region.
Development of pastures
Until 2021, pasture land expand its area which leads to a constant production and
the export of ¼ of its outcome. From 2022 on, this extension stops because of the
rapid expansion of oil palm plantations. Until the end of the scenario almost 40%
of the original pasture area will be converted to oil palm plantations which also
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means the loss of export opportunities for beef. By the end of the scenario, the
conversion to oil palm plantations also exceeds the subsistence level of pastures
which signifies the necessity of importing beef to cover the local demand.
Development of natural areas
As displayed in figure 18, the development of natural areas is characterized by a
rapid and total conversion towards mainly oil palm plantations: by 2013, not
protected areas will be completely transformed, whereas protected areas remain
the same. Then, they also are steadily being degraded until their complete
destruction in 2022.
→ Development and impact of oil palm (crop 3)
As described above, the expansion of oil palm plantations in this region under the
influence of climate change will especially impact the existence of natural areas.
By 2022, the mainly rain and montane forest ecosystems are completely degraded
and converted by oil palm plantations which signifies the loss of habitat for all
kinds of species along with the loss of ecological benefits on for example water
systems, soil, and air. The conversion of parts of pasture land would also signify
the loss of sovereignty in the local beef production during the end of the scenario.

4 Discussion
4.1 Methods
The critical discussion of the methods focuses on the purpose to describe
restrictions and also possible sources of error which have been conducted in this
study. Thus a better interpretation and understanding of the results might be
accomplished.
The land use tool, as described in section 2, is an useful instrument to demonstrate
the possible land use development in a certain region. Still, the accuracy of its
calculations hardly relies on the correctness of the entered data. As mentioned
earlier, most of the information on land use has been obtained by internet
research. Thus, although of scientific background, errors and generalisation in the
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data and thus in the calculation and outlook for the development of the different
land use systems,. can be expected. Additionally, some of the data used for the
starting point of the respective scenarios in 2010, has been extracted from older
sources (as indicated), or have been self-estimated due to lack of adequate
sources.
The following aspects have been identified as additional error source in the
applied method:
Potential area of oil palm
The estimation of development of the oil palm in the different regions has been
conducted by means of an own visual calculation via the potential area map.
Therefore, it is possible that the estimation deviates from the real potential area
which can mean a higher or lower impact on the land use systems in the different
regions.
Development of oil palm
The time frame of the scenarios of 20 years seems to be tightly calculated: related
to the large dimension of expansion of oil palm plantations it is questionable, if
the estimated change in land use is able to be conducted in this period of time.
However, placing the scenarios in a more wider time span can lead to a more
balanced impact but the outcome in the end might be the same.
Generalisation and division of land use systems
The land use tool implies the strict differentiation of the respective land use
systems. However, this condition can only be realistically fulfilled in large scale,
homogenous land use systems but is not perfectly suitable in the case of Chiapas
which, as described in section 2, is characterized by a small scale, heterogenous
type of land use. In Chiapas, this especially concerns pasture land with its
different forms, reaching from diverse agropastoral systems, cultivated pastures,
to plain grassland and grazing pastures. The cultivation of crops also demonstrate
a quite heterogenous pattern with different agricultural practices and forms related
to the size of cultivation area and also cultural attributes. Hence, by regarding
both, the obtained data and the requirements of the tool which both display a
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generalizing character, it is assumed that the interpretation of the land use
development and its impact demonstrate a universalised character and thus might
lower the representativeness of the achieved results.
Impact of climate change
In this thesis the impact of climate change has only been related to the
productivity rate of crops and livestock. Other impacts, for example on population
development driven by “climate migration” or on natural areas, due to fires or
other extreme weather situations, have not been considered in the scenarios. Thus,
it is assumed that the displayed impact of climate change in the different scenarios
are of a one sided, not fully representative character. This means that for a further
and more exact scenario building considering climate change, more factors should
be included in the calculation.

Demand of food and food sovereignty
The consumption of crops and beef, as described in section 2, has been related to
data concerning human consumption, only. The additional amount needed for
livestock (for example cattle and poultry) has not been regarded. The lack of this
information in the scenarios impacts the status of food sovereignty in a probably
lower way than it would with the inclusion of the data. Additionally, the demand
for fruits and cash crops has been estimated because of lack of adequate findings.
This signifies a further source of error for the evaluation of food sovereignty in
Chiapas.

4.2 Results

Concerning the impact of oil palm in total Chiapas (scenario 2 and 3)
The described possibility in scenario 2 (without climate change) that the oil palm
substitutes only pasture land, as well as the switch towards a substitution of not
protected natural areas in scenario 3 (including climate change) has been done
without considering the potential growth areas for the oil palm, meaning the
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differentiation of areas with suitable climatic conditions for this crop. By
comparing the vegetation map (figure 3) with the potential area map (figure 6), it
becomes clear that, in case of pastures, the substitution might be quite realistic
because the majority of pasture land occurs in the potential areas. In case of
natural areas, it is obvious that a large part of not protected natural areas lie
outside of the potential growth area of oil palm, whereas a large part of the
protected areas would fulfil the growth conditions of this crop. Therefore, it is
assumed that it is more likely that part of the protected areas as well will get
substituted by the oil palm under the influence of climate change. This deduction
even gets more obvious by looking at the scenarios of the respective potential
areas including climate change, where the oil palm strongly converts protected
areas. Hence, the impact of oil palm on natural areas would be even stronger than
indicated in scenario 3, as it would especially affect protected, primary forest
ecosystems.
Concerning impact of oil palm in the potential areas
By looking at the calculated fraction of oil palm in the respective regions, the
regions Norte and Istmo-Costa & Socounusco have the lowest coverage with oil
palm (50%) in 2030. Thus, the impact on its land use development might be
considerably lower than in the other two regions “Selva 1” and “Selva 2” with an
oil palm coverage of 65% and 75%, respectively. However, in order to discuss the
deeper dimension of the impact on the land use development, also concerning
food sovereignty and economic development, the contributing factors need to be
shown differentiated:
→ Impact on natural areas
Generally, as shown in the result section, the development of natural areas will
especially be impacted by the oil palm under the influence of climate change,
leading to their complete conversion in all four regions. Regarding the different
size of natural areas in the respective regions, the biggest damage might occur in
the region “Soconusco & Istmo-Costa”, signifying the total loss of 2,535 km² of
natural habitats, the majority of it under a protection system. Looking at the
percentage of natural areas regarding its respective region, the largest change
would occur in the region “Selva 2”, leading to the conversion of 70% of its total
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area. The lowest impact concerning both, fraction of area and size would occur in
the region “Norte” where natural areas only account for 15% of the region's
surface.
There is another important factor, which might be considered in regarding the
impact of oil palm on natural areas: the map of protected areas in Chiapas (figure
4) indicates that the potential growth areas of oil palms in the regions “Soconusco
& Istmo-Costa”, and “Selva 2” are surrounded by large protected area systems. It
is assumed that oil palm plantations might pose an additional risk to the natural
vegetation in these protected areas due to the influence of so called edge effects.
Generally, these might lead to a transmission of negative environmental aspects of
oil palm plantations to nearby undisturbed area. This can affect soil and water
systems of the natural areas, evoked by, for example, the use of fertilizers and
pesticides in the plantations. This closeness of artificial plantations to natural
habitats can also mean an increased risk of forest fires, desiccation, or
distribution of pathogens in the protected areas 59.

→ Impact on area and production of food
Without the influence of climate change, in most of the regions the expansion of
oil palm plantations would lead to a decrease in production and area only until
reaching the subsistence level. Thus, in most cases, the food production is still
able to fulfil the local demand. The exception are crops which already in the
beginning of the scenario are beneath the subsistence level in its production, and
thus, have been estimated to remain its status of import dependence. Yet, as
already mentioned in 4.1, the subsistence level has been estimated by considering
human demand only. The additional demand for animal fodder would increase the
total demand and the subsistence level of the crop areas. This would lead to a
decreased substitution of cropland by the oil palm, and hence, to an even higher
pressure on natural areas in the respective regions. For crops beneath subsistence
level this would mean an increased dependence on imports.

59 [Fitzherbert et al., 2008]
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→ Impact on food sovereignty
Without the estimated influence of climate change, “Selva 2” is the only region
not depending on imports of any kind of crop. However, although this signifies a
total sovereignty in its local food production, the sovereignty level is quite weak
because the production is just as high as the demand. Region “Norte” on the other
hand, has the lowest level in sovereignty in local food production and relies on
imports of both, maize and fruits and vegetables to meet its local demand. By
assuming an increased demand, as already mentioned above, the status of food
sovereignty would be affected in a negative way, respectively.
However, the estimation of the food sovereignty in the different scenarios has
been done in a very simplified way, by comparing the local demand with local
production, only. Other contributing factors which might influence food
sovereignty have not been considered, and hence should be discussed:
An important fact which is not being reflected in the different scenarios is that
Mexico in general suffers a deficit in the production of staple food, what means
that the national production in staple food cannot meet the demand of its growing
population. This fact, partly caused by the lack of national agricultural programs
combined with free trade agreements, has led the country into the necessity of
importing agricultural products from countries outstanding in both, production
and subsidies none of which Mexico can compete with. This import necessity is
connected to a gradually growing dependence on global production crises as well
as international prices, both putting the country in a vulnerable situation
considering its national food security. 60
This especially concerns the production of maize: According to the FAO, between
1998 and 2008, Mexico has almost doubled the import of corn from the USA 61.
The risk depending on foreign staple food markets became obvious in 2007, when
international maize prices doubled and the price for corn-tortillas, the main
Mexican diet, tripled62, causing nationwide protest marches.
Looking at the high production rate of maize in Chiapas, the state might be, as
displayed in the results, nevertheless be sovereign in its production of maize. This
60 [Torres, Aguilar, 2003]
61 [FAO]
62 [Tilly, Kennedy]
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production, though, could on the long term be negatively affected by cheap maize
imports from the USA, a fact which might trigger a decline in local production (of
maize and maybe other crops) towards other crops, or even lead to a total
abandonment of small scale agricultural practices.
Another important fact which should get considered in estimating the
development of food sovereignty, is the growing influence of western consume
habits as well as urban migration63: Torres points out that especially rural areas,
whose population used to be more or less self-sufficient in food production, now
sell most of their products to buy or meet other necessities, and therefore are
especially vulnerable to food insecurity as well as sovereignty.
The growing rate of migration into the cities, especially the rural exodus of former
small scale farmers puts further pressure and threat on local food production
systems and increasing dependence from foreign markets.
Thus, it is assumed that the displayed impact the oil palm poses on food
sovereignty in the different scenarios, is of an even greater, negative amplitude.
→ Impact on economic development
As mentioned in the result section and also in the Mexican oil palm development
plan64, the production of oil palm might generate an important economic benefit
for the state of Chiapas. The value of this crop however, is imposed by the global
market and thus, does not rely on the local production and offer. Due to the
growing demand for crude palm oil on global scale, especially generated by the
European Union, the value for this product is estimated to increase even more 65.
Therefore, it is most likely that by expanding and implementing the oil palm in
Chiapas, the state will receive economical benefits on the long term. This could
also mean an additional and secure income for the small scale oil palm farmers.
However, it might be discussed, who exactly is most advantaged by this affair and
where most of the profit is directed to:
The national oil palm plan states that although the prices are being stimulated by
the global market, the actual price for fresh fruits is provided by the mainly
63 [Torres, 2002]
64 [All information, if not mentioned differently, is extracted from SDR et al., 2004]
65 [PalmOilPrices.net, 2011]
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privately owned oil extraction companies, where the producers sell their harvested
fruits, with a fixed rate of 12% of the national price for crude palm oil. This price
is also influenced by the capacity limit of the extraction companies: in the past,
there has been a sub-utilization of the extraction companies which led to a better
pricing for the oil palm fruits. As production rates will rise, the demand for the
extraction companies might become depleted which probably will influence the
price level in a negative way for the producers. This means that the producers
might get disadvantaged by the positive development of the production and are
dependent on the situation and distribution of the extracting companies.
However, it is assumed that especially the few owners of the extraction companies
as well the processing industry, elaborating the oil palm fruits in food and fuel
products, will be advantaged by the expansion of oil palm plantations in Chiapas.
The small scale producers on the other hand, bare a high personal risk in case of a
sudden drop of international market prices for the oil palm, a fact which,
regarding the discontinuous development of the global market, cannot be
excluded from the overall outlook.
Additionally, as reflected in the results, the expansion of oil palm leads to a halt in
export or merchandise possibilities of the different crops. Especially affected is
the region “Soconusco & Istmo-Costa” where oil palm plantations convert cash
crops cultivations, leading to the loss of an important economic branch for the
region. Although the economic benefit generated by oil palm plantations might be
the same or higher than of cash crops, it probably bares an higher market risk, as
the cash crops are not as vulnerable to market changes because they consist of
various products.

→ Climate change as an i mportant parameter for land use development
As already stated in section 4.1, the estimated impact of climate change in the
different scenarios might even have a broader influence on the land use
development in Chiapas: This is caused by various factors:
•

Annual change in productivity: Regarding the forecasted climatic changes
in Chiapas, which indicate a change towards a more dryer and hotter
climate as well as the increased occurrence of extreme weather situations,
the change in productivity might be even higher than the estimated factor
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of -1.5%, and thus, crop and pastures might need even more space in order
to keep the production in balance.
•

Change in population: it can be assumed that on the long term, climatic
changes will influence the local population development: There might be a
greater population influx, generated by climate migration which means
migration triggered by extreme weather situations, leaving people
homeless, or the gradual occurrence of crop failures, especially forcing the
rural population to leave their home or country in search for a better place.
On the one hand, this could mean, regarding the already high migration
rate of Chiapas, that even more people would arrive, and thus would
impact the land use by a higher demand of agricultural areas and
settlements. On the other hand, climatic changes might also contribute to a
higher rate of migration out of Chiapas, and thus would signify a decrease
in population and demand of agricultural areas for the local consumption.

•

Change in natural areas: As stated in the executive summary of
PACCCH66, the threat climate change could pose to Chiapas is directly
connected to the degree of change in its forest cover because it influences
the amount of greenhouse gas emissions contained in forest ecosystems.
Hence, the increased loss in natural areas, generated by the expansion of
oil palm plantations, might lead to accelerated and intensified climatic
changes, and thus, its impact on land use development might, as its area
increases, even be stronger as indicated in the scenarios.

66 [PACCCH,b]
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5 Conclusion

Scenarios in general cannot facilitate a reliable prediction of a certain event,
especially if dealing with such a unforeseeable factor like climate change.
Moreover, it needs to be mentioned that is not virtually possible regarding all
influencing elements of a defined situation, which could be of importance in a
scenario.
Generally, preconceiving the conversion of large patches of land towards
monoculture systems, an impact of a certain degree is inevitable and supposable.
The land use scenarios elaborated in this thesis, contemplating the possible impact
of large expansion of oil palm plantations on the land use development in
Chiapas, rather like to serve as an advisory information which might be
considered in the further planning and enforcement of the national oil palm
program.
Although there might be errors in the calculations and assumptions in both, land
use systems and its development, it becomes clear that the cultivation of the
potential areas with oil palm would bare serious threats for
•

the existence of the Chiapanecan heterogenous land use system

•

the unique natural ecosystems

•

the already vulnerable situation of food sovereignty for the local
population

Regarding the results and the discussion, the impact of the different areas can be
summarized as follows:
Without the influence of climate change
•

In all four regions: degradation of export status of different crops to
subsistence level

•

Related to its high fraction of pasture land, region “Norte” is the only
example where the expansion of oil palm plantations can totally be at the
cost of pasture land, and thus, does not affect other land use systems.

•

In “Selva 2”, all land use system are affected by the expansion of oil
palms, especially not protected natural areas because of its high fraction of
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70%
•

In the region “Soconusco & Istmo-Costa” the cultivation of cash crop for
export would get completely substituted by oil palm as well as the entire
area of protected natural areas
→ The mentioned development might be fortified by a supposable
higher subsistence limit, which would mean an additional pressure for
natural areas, in order to keep the status of sovereignty.

Including influence of climate change:
•

Generally, crop 1 and 2 are able to increase its area in order to balance a
decline in productivity whereas pasture land cannot keep its production
level. This maintenance of production is a at the cost of natural areas,
meaning their complete destruction in all four regions. The greatest impact
regarding the high fraction of natural areas is occuring in “Selva 2” and
also in “Soconusco & Istmo-Costa” because most of its natural area is
under protection.

•

Due to its low population density “Selva 2” is able to be independent of
imports regarding all crops and livestock

•

Region “Norte” strongly relies on imports for maize as well as fruits and
vegetables
→ This development is fortified by additional possible influences of
climate change on food production and demand.

Obviously, considering the unpredictable impact of climate change on land use
systems as well as on population development, it would not be advisable to
implement such a large scale and long term project like the oil palm in Chiapas.
Unfortunately, the high risk and threat potential of the oil palm is strongly
opposed by its economic potential: it is a fact that oil palm products have become
a very important good, its demand is constantly growing, its oil is existent in a
huge range of products which are globally traded. As long as there is no change in
demand, there will exist the need for its production which leads to the difficult but
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important task to find and implement alternatives, which can substitute this
demand.
As already mentioned earlier, it is not clear, weather the expansion of oil palm in
this scale is the realistic objective of the Chiapanecan oil palm plan, but it is clear,
that the program aims at the further expansion, and thus, the elaborated results in
this thesis may support institutions, local population, or organisations in their
mission to contain the expansion of oil palm plantations, and enhance the finding
of alternative solutions, which could be as diverse as the predicted impacts, and
should be related to the recent situation of both, population and climatic
development.
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