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Summary
A detailed survey of two contrasting villages in Mexico made in
1982 revealed a shortage not only of domestic firewood but also of
liquid petroleum gas, the main alternative fuel. Quantitative evidence is given concerning the daily hardship this causes, particularly
to women and children. Shortages were principally due to inadequate
provisions for social forestry requirements on one hand and inadequate
distribution systems of LPG in rural areas on the other. The village
survey was subsequently placed in the context of the domestic fuel
situation in central and southern Mexico.
About 20 million people use firewood in Mexico as a whole. A
transi tion "las found from complete dependence upon firewood among the
subsistence families who produce maize, to the combined use of both
wood and LPG among the households having a mixed economy, and finally
reliance upon gas only by wage-€arning employees for whom the opportunity cost of obtaining firewood is too high. The largest single
domestic use of firewood is the preparation of maize tortillas (which
cannot be conveniently done using currently available gas stoves).
Households who do not grow maize buy ready-made tortillas and thus use
less firewood than do the subsistence farmers. Scarcity of fuel is
fel t most, however, by the landless households v/ho earn their livelihood from selling firewood and timber and can often only afford to burn
twigs and crop residues for themselves. The capital investment for a
gas stove (of the currently available models) and steel cylinders, and
regular cash outlay for LPG refills is beyond the means of the poorer
sector.
Wood-only households were using an open hearth and consumed on
average 16 kg of firewood 1 per capita weekly (c.5.3 kgoe) of which 12
kg was in cooking and 4 kg in water heating and more than 76 per cent
complained of having to burn green wood due to the firewood shortage.
An optimum amount 'v/ould be nearer one t orne pe r capita yearly, vii thout
energy-efficient wood stoves. Gas-only users consumed 1.4 kg of LPG,
(1 kg cooking and 0.4 water heating). On the basis of the internal
market price of firewood it was found to be five times more expensive
than LPG, apart from the fact that LPG is at least three times more
efficient in terms of energy output even if a wood-stove is used.
In all, 80 per cent of the total population had gas stoves, but an
average of 8 kg of wood per capita weekly was also used. The need to
have an alternative fuel supply was very evident, since not only access
to both fuels is difficult, but entitlements to either fuel are complex
and vary with both external economic factors and internal social and
political pressures including land tenure.

Standardized to air-dry tropical pines.

Most wood-only users regarded firewood as a 'free good', in spite
of the fact that 15 man-hours weekly were taken to collect sufficient
for the average household, of seven. From the point of view of national development strategy however, these two man-days a week should be
taken into account, e.specially as this 'waste' of human resources in
firewood collection is also linked to waste of environmental resources:
forests, soil and water, which combine further to reduce the nation's
productivity. The opportunity cost of using wood rather than ga.s was
very high for the women: 4 hours a day by each of two women, i.e. 8
hours as against 3.5 hours by one woman using LPG.
It was found that inadequate fuel supply was having a detrimental
effect on diet, both because fewer traditional staples such as dried
kidney beans (the principal source of protein) were being cooked since
there was not enough wood to keep the fire alight for long enoug~ and
also because changing daily timetables of children at school a.nd adults
working outside the village mean that food has to be heated up more
times a day and at times different to those of the traditional two meals
of the campesino.
An overview of natural gas production in Mexico, together with constraints to its use as a domestic fuel is given. Both socio-economic
potential and suitable species for woodlot production and wood stoves
programmes are also outlined. Throughout the paper methodologies and
policy implication of possible relevance in this field for other developing countries are pinpointed. The paper concludes that the role and
cost of firewood is only just being recognized by the ministries concerned in Mexico; there is not at present a crisis in firewood
suppl~ but if the rural domestic fuel situation - in particular the provision of alternative fuels and suitable stoves - is not dealt with
now, current scarcities could cause major social and environmental
problems within 10 to 15 years, with subsequent impacts upon the national economy.
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1.0

IN~ODUC'JIIOlf

It is imperative to place more emphasis on the world need for
adequate domestic fuel supplies.
An enormous volume of finance ana
research is dedicated to the production of more food, and to a lesser
extent to the relief of poverty and famine in the Third World.
In
comparison, a ludicrously small amount of investment is given to the
alleviation of a daily problem that about 200 million people in the
world face, namely insufficient domestic fuel supply to cook the food
they do have.
In spite of increasing response to this problem on the
part of major aid agencies, neither methodolo~es for its evaluation nor
strategies for its solution are well defined.
The present work appro~che8 the problem through an empirical study ot
the constraints imposed on the rural poor in Mexico arising from the need
to provide themselves with domestic fuel supplies.
Lack of adequate fuel
supplies has four main consequences for development strategy and these are
oommon throughout most of the developing world.
Firstly, the use of firewood can be a major constraint on effective labour supply.
For wood
gatherers (notably men in Mexico and in much of Latin America in villages
where supplies are now only available outside the village lands), time and
physical effort are expended which might be used in a more valuable way in
the context of promoting agricultural and technical development.
Secondly,
the opportunity cost of using firewood is much higher than for modern fuels
so that extra time and more physical effort and discomfort is incurred by
women, since it is they who cook food, and often children, since they help
with household chores.
Thirdly, lack of adequate fuel supply affects the
whole diet base of the population concerned.
This may accentuate general
levels of undernourishment which produce symptoms of la$situde' (if not overt
illness) which in turn affect both the general quality of life and the
capacity to engage in productive work.
Finally, the use of firewood and
organic residues has a detrimental effect upon the environment when the
population density is greater than the bearing capacity of the ecosystem.
This last factor is the one that has been most widely documented, usually
in conjunction with discussion on deforestation and 80il erosion.
It is hoped that this work will contribute in several ways to the
increasing literature on firewood use since 1) few studies with statistically
significant field data on use of wood and other domestic fuels are yet
available in Latin America; 2) the methodology emphasizes the socio-economic
aspects of firewood use; 3) importance is given to the need to consider
alternative fuels when planning for rural domestio energy rather than the
sole use of the 'current package' of woodlot plantations and woodstov8S
programmes; 4) details of diet were obtained whilst living with village
families, in order to have some measure of food consumption among various
groups of fuel users; 5) the opportunity cost of using firewood a8 opposed
to LPG was examined, in the totality of food preparation, as well as the
opportunity cost of obtaining firewood which is usually considered; 6) the
variations in access to both fuel supply and staple food were looked at on
a seasonal basis, which is not sufficiently emphasized in ma~ such s~udie8.

It is interesting to note that Sen (1981) has propounded a theory of
'food entitlement'.
There is a clear parallel in 'fuel entitlement'
and an appropriate theory could be developed.
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In order to investigate changes in the fuel supply situation over
t1Jle, the author is returning to the original villages to repeat sampling
ot key factor., in conjunction with the 'Energy and Rural Women's Work'programme of ILO.
This will enable the results contained in this paper
to be put into greater perspective, and to further develop aspects of
'tuel entitlement'.
AB in any study involving de8cription and analysis
ot other people'. daily life patterns, there arises the danger of imposing,
however unwittingly, the value judgements of one t s own family group or
society.
Priorities given to both time i taelf and to use of available
economic resources have to be understood in relation to a social structure
which is u8ually far more important than is the straightforward provision
of material needs.
A1Bo, what may to an outsider appear to be a bad
problem of almost daily shortage of domestic fuel may be perceived by local
populations as only a minor hardship when catalogued alongside shortages
of food, land, water and education - at least when they can still obtain
firewood a8 a 'tree good' which is not usually the case for other basic
nec.sllities.

Local concern about conserving trees and forests tends to appear most
in heavily populated areas where deforestation is already widespread:
peripheral urban villages are particularly hard hit for firewood suppli••,
and have to turn to the commercial sector for tuels.
On the other hand,
in rural areas detorestation is continuing at an alarming rate (from clear~
anc•• by large timber companies and agricultural concerns as well as from
peasant farming and cottage industries which use woodfuel), which in ~
l1m1ts the supply of wood for domestio fuel.

!hi. study present. a picture of the relative importance of the
domestic fuel crisis in the daily life pattern of different socio-economic
group_, in two villages in central Mexioo.
It sUbsequently examines some
of the practical implications for programmes designed to alleviate this
cris1••
2.0

THlI AREA. OF VILLAGE STUDIES

2.1

Location

The central highland area, comprising the states of Mexico, Tlaxcala,
Hidalgo, Puebla, Queretaro and parte of neighbouring state., suffers from
tirewood shortage because it is the most densely-populated zone.
In other
mare arid regions firewood scarcity 1s more noticeable, but demand frequently
1e88, due to lower population density.
Locally acute situations exist around
urban centre. in eroded arid and eem1-arid regions, notably in the .tat. of
Oaxaca. Moet of the subsistence farmere of the Republic are settled in the
central highlands. Their basic crop i8 maize, and about 70 per cent of this,
Mexico'. staple grain, 18 produoed by them, on plot. of land averaging le8s
than a hectare.
The population is predominantly mestilo, wi th indigenous
Indian group! only in the mountainll (many of which still have large tracts
of forests).
The two villages studied in detail are situated' on the sides of the

val1e,. ot Mexico, north and east of latitude 190 29'N and longitude 9Bo48'W.
Tezcoco, the local market town i . only '5km N E of the boundaries of the
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federal district of Mexico City (now the largest city in the world) where
probably go per cent of the population use LPG (liquid petroleum gas) for
domestic fuel.
The villages were chosen to represent the two contrasting situations
of firewood use. In one case, no forest reserves and reasonable road
access for alternative fuels to be transported (La Purificacion); in the
other case, large forest reserves and poor road access for alternative fuel
transportation (sta. Catarina).
.
1.

The 'forest village', Santa Catarina del Monte, lies high up at 2,750
metres above sea level on the edge of the remaining forests of the
Sierra de Nevada. There are extensive tracts of fir (Abies religiosa)
with pines above and oaks on the lower slopes. There is no paved road
to this village and the 14km to Texcoco takes one hour by bus.

2.

The orchard village, La Purificacion Tepetitla, is in the piedmont zone
at 2336 m.a.s.l. and is situated within a wide volcanic crater. It
has no forest reserves left, although due to the favourable microclimate resulting from its sheltered position, there are many orchards.
Purificacion has a paved road providing ready access to Texcoco, which
lies 6km south-west and is a bus journey of 15 minutes away.

The climate is subhumid temperate in Koppens classification. C ~tt Q7
W~b-7 ~i-7 with 80-90 per cent of the MAR of 658mm occurring between April
and October. The MAT is 15°C but with stron§ seasonal and diurnal variation
being a limiting factor for plant growth (15 diurnal range is frequent).
High evapotranspiration and intense insolation in the spring planting season
is followed by liability to flooding or puddling during the rains, and frosts
commonly cause problems both to the autumn maize harvest and the early spring
fruit and flower blossoms.
The importance of the irrigation systems in this area cannot be overstated;
the main limiting factor for plant growth at the inhabited altitude is the
availability of water. Throughout the valley of Mexico water supply is
extremely scarce, and in Mexico City itself the poorer sectors have water only
for an hour or two a day if at all. Decreasing forest cover is indirectly
reducing local water supply. Forest resources have always been. important in
this region, and with recent increases in population and decline in the percentage employed in agriculture many households who do not have qualifications
or contacts enabling them to change to an urban economy have to rely for their
basic income on the illegal sale of timber (and to a lesser extent firewood),
still further reducing the forests.
The Miocene volcanic range of this part of the Sierra de Nevada has been
deeply incised by fluvial erosion forming 'barrancas' which effectively act
as lateral boundaries to the lands of adjacent montane and piedmont villages.
The piedmont zone, where the natural vegetation was oak and juniper, was
deforested after the Spanish conquest and their system of land use caused
massive erosion. Much of the piedmont now has only skeletal soils, and over
70 per cent of it in the area of study is cover~d by 'tepetate', a siliceous
duripan, which can only be cultivated after expensive rotavation to a depth
of at least 30cm, then addition of large quantities of organic matter, and
preferably nutrients.
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Periodio flooding of parts of Mexico City and damage to the ensting
irrigation and drainage schemes is being combated by a government programme,
the 'Comision del Lago de Texcoco', which has overall r8ErpOnsibility for
watershed management in the area, but the tepetate zone is very expensive
to reolaim, and little progress has so far been made.
The remaining
forests of all the Sierra de Nevada are under the oontrol of a lar~
national papermill (recently taken over by Kimberley-Cla~k de Mexico) at
San Rafael, which is legally obliged to reforest after clearances. This
reforestation in practice ,is rather haphazard, insufficient and unsupervised,
and so not very effective.
The soils of the cultivated terraces are predominantly vertisols. These
are difficult to till unless worked whilst neither too wet nor too dry, due
to their low hydraulic conductivity caused mainly by the montmorillonite
fraction, but are otherwise reasonably fertile volcanic soils improved by
mulching and incorporation of organic matter.
However, most households
have to burn organic residues due to lack of firewood.
Fruit orchards and the cultivation of herbs and flowers predominate in
the terraced 'huertas' or gardens around the scattered houses of the village
centres providing cash crops.
Subsistence cultivation of maize, barley,
kidney beans and broad beans is relegated to the outlying fields, few of
which have adequate irrigation.
Recently a few polythene greenhouses ha~e
been introduced by the Comision del Lago together with higher quality ornamental
flowers.
There has also been some attempt at diversification on the larger
plots by the introduction of Opuntia for nopales (the young stems, eaten 8S
vegetables), green tomatoes and other cash crope.
Outside the cu~tivated lands the natural vegetation consists of secondary
grasslands of Buchloe, Llcrus, Aristida and Erioneuron, with the occasional
(naturalized) tree of Schinus molle (pepper tree or 'pirul') and Opuntia
stretacantha (prickly pear cactus), on which the rew dairy cattle and a
reasonably large number of sheep are herded to graze.
Goats are not usually
kept in this area, hedges and fences are few; boundaries are partially
protected from animals by lines of Agave atrovirens (maguey), from which the
local fermented drink, pulque, is made.
2.2

Land tenure systems and socio-economic structure

Both villages have a .strong socio-political structure.
In spite of the
decline in the agrioultural sector, the underlying organization is still based
This i8 linked
upon access to water rights, a relict of pre-Columbian times.
with responsibilities at catholic religious festivals, of which there are
many.
Every household paye dues in proportion to the 'number of hours ot
irrigation water it has.
Village dues include providing labour for community
Minor crime is dealt w1 th the vi llage
work, i. e. ' faenas' and •guardiaa I •
council and punishment takes the form of fines of utilities suCh sa bags, of
oement, or direct cash payment for public use.
This sort of community
system is widespread in central Mexico and could provide a good basis for
the establishment of tree plantation or stove programme••
Irrigation systems and terraces to prevent 80il erosion were established
from 250BC, and crop cultivation as "ell aa floriculture flourished. After
the Spanish conquest indigenous groups were allocated land and water rights
in the marginally productive areas, the richer lowland. being the province
of the large haciendas.
Angel Palem (1967) synthesizes the course, of the
present marginalization of both indigenous and mestizo groups in the Sierra
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de Nevada.
By 1901 the population of these villages only survived by
working a8 'peones', Bupplementing their income by the sale of firewood
and timber.
After the Mexican revolution, all the landless peasants of
sta. Catarina invaded the lands of the ex-hacienda of Chapingo, although
it was not until ten years later, in 1927, that ejido lands were officially
decreed to the villagers.
The people of Sta. Catarina are renowned for the
continual battles for restoration of rights to forests, water and land. They
are still fighting for forest rights today, refusing to allow the San Rafael
papermill to exploit their forests, unlike the villagers of Purificacion, who
relinquished their forest rights in the mountains many years ago.

In spite of the advances made by the revolution, agrarian reform has been
very slow and an inequitable distribution of rights to resources exists.
In
sta. Catarina there are 694 ha of 'ejidal l and 1,736 ha of 'comunal' lands.
However, almost all these lands are forest rather than arable.
Each qualitying head of household who applied for land could be granted
a 1 ha. plot under the ejido system. Only those who had a right by residence,
occupation, and payment of outstanding dues (principally for irrigation water)
could qualify.
Of the 190 individuals entitled to receive land in Sta.
Catarina, 129 received a cultivable plot in 1927.
These plots are now far
too few for the increased village population.
The ejidatarios, as a group,
were also given rights to a specific tract of forest.
The Ley de Reforma Agraria is complex and in need of revision, but
basically ejido lands are given on a 'loan' system.
They cannot be sold
or let. 1 If they are left fallow for more than two consecutive years they
can be forfeited and given to another village (this means that these lands,
mostly of marginal quality, have been exhausted from overworking with insufficient input of fertilizers etc).
Ejido lands cannot be inherited,
but on the death of the ejidatario, or before if requested, a relative
(women have equal rights to hold ejidal lands) is almost always given use·
of the plot.
The ejido lands are administered by a democratically elected
'comision de bienes ejidales' of three people, and any major decisions are
put before the entire assembly of ejidatarios.
Other resources, such as
water and common lands, are managed by similar committees.
The basic
problem is lack of credit facilities for capital investment to improve
cultivation technique and yields are very low.
In addition to ejidal lands, sta. Catarina is rather exceptional in
having had a governmental donation of common lands, ratified in 1966.
All
members of the village, including ejidatarioB, are comuneros (members of the
common holding), however the 238 families who benefited by receiving oultivable plots of common lands in 1966 do not include the entire village due to
insufficiency of land available. Plots of common lands can be managed a8
the •owners , wish - i.e. they can be left fallow, but cannot be sold or
leased.
All villagers do, however, have rights of access to communal forest
lands. Also terraces made up of'tepetate are being- reclaimed, and are then
donated to various families (in 1982 the 'presidente de bienes comunales'
was forced to resign because of a block of public opinion that regarded the
division of the new lands as inequitable)e
The notorious Ley de Fomento Agropecuario has recently been passed,
legalizing the renting of ejido lands to •capitalist' farmers, and
directly contravening Art. 27 of the Ley de Reforma Agraria.
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The result of this system of land tenure in Sta, Catarina is that the
socio-economic status of a family is directly dependent upon his rights of
access to land, since 66 per cent of the heads of households are campesinoB
and a further 18 per cent have occupations directly related to the land,
The ejidatarios are the richest group and have the most entitlements to
forests, having both ejido and communal lands in most cases and also ejidal
forest.
They represent about 31 per cent of the population,
The middleincome group are those comuneros who have land,
The poorest sector are
comuneros who have no land; about 22 per cent,
They rely upon the forests
for their means of subsistence by cutting foliage and branches to make
ornaments, by illegal felling of timber for sale to small scale construction
groups or individuals, and by firewood sold to the producers of barbacued
mutton in Texcoco (an important local product which drawa crowd8 from Mexico
City at weekends).
It is the few relatively wealthy entrepreneurs, however,
who act as middle men and transport most of the timber and firewood, running
the gauntlet of forest guards and transit ~olice whilst doing so.
The social conflict between ejidatarios and comuneros is at the root
of most of the political and economic problems of village organization.
Everyday running of village affairs is conducted by three 'delegados' who
are democratically elected, and the issues dealt with tend to be biased
towards either comuneros or ejidatarios depending on the allegiance of the
village president.
In La Purificacion the land tenure system is more straightforward.
Sixty-four per cent of heads of households are ejidatarios and have small
plots of land below the village, granted by decree in 1930.
Part of the
common lands were divided into plots for residential purposes, part of the
steep edge of the extinct volcano crater which is now deforested is still
communal grazing land, but most of it has become the private property of the
wealthier campesinos of the village who are increasingly selling it to
middle-class outsiders.
Many of the latter are families who migrated from
Purificacion to seek employment in the city, and now due to improvement of
communication have returned.
Only 48 per cent of heads of households give
their main occupations as campesinos.
In spite of this increasing incorporation into the modern sector, with wide diversification of employment in the
last decade, Purificacion remains predominantly a poor, agricultural-based
population.
The poorest sector is made up of the middle-aged and older
members of the community who do not have children living with them. Children
partly perform the function of 'capital investment/insurance' here, as elsewhere in rural Mexico, apart from the open and obvious emotional family ties.
It is the younger generation who are earning most of the village income.
In both villages, the basic unit of production both in the c~pesino
sector and in the modern village household is still the extended family.
The system of compadrazgo1 is also very im~ortant in all sectors of employment.
In Sta. Catarina most adult men and women of 30 years or over are
bilingual, speaking Nahuatl and Spanish.
The 1970 census reports only'

'Godparents' network whereby patronage and protection are obtained in
return for support when needed.
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15.8 per cent of the population as having finished primary education,
but that 71.8 per cent could read and write. 1
In Sta. Catarina girls
tend to lose more schooling a8 they are kept at home to help with the
innumerable, heavy household tasks, especially in the households which
use firewood to cook with and make tortillas.
Division of labour
between men and women is clearly defined.
Men undertake some heavy
household tasks, principally going up into the forest to collect firewood once or twice a week (women do not usually walk alone anywhere,
except near their houses in any case) and sometimes going to the
manantial (the water deposit) to carry barrels of water.
In both tasks
donkeys or sometimes mules are used, although 73 per cent of households
have no pack animals.
There is quite a lot of lending of such animals
between family and compadrazgo groups, but the sector which has no access
to pack animals cannot readily obtain firewood, thus indirectly reducing
their entitlement to it.
Men do not undertake any other household
tasks except at fiesta times, and very rarely prepare or cook food,
excepting meat when animals are slaughtered at weekends or fiestas.
Traditionally there were some male bakers in both villages, but the
practice of bread-making had virtually died out, except on November 2nd,
the day of the dead, due principally to lack of firewood for the ovens.

2.3

Legal access to forest resources

It is against the following background of use of forest resources that
collection of firewood has to be understood.
Villagers are legally
entitled to collect any dead wood in the forest area to which they have
'derecho de montes', to use it as firewood under Article 91 of the Forest
Lawe.
Theoretically they can sell surplus firewood if it comes from dead
wood, or can use it for commercial purposes such as bread-baking or firing
brick ovens.
In practice the individual village authorities still do ~ot
officially approve of excess use of such wood by individual households
if there is insuffioient supply for the domestic requirements of other
households in the village.
As well as rights to obtain firewood, villagers have rights to timber for their own donestic use.
This includes
beams for house-building, poles for fencing and plankS for roofing if
required, but under Art. 91, dead timber should be used if possible.
Art. 97 provides for small scale and domestic use of standing timber,
and commercial use of up to 50 m3 annually (but 425 m3 of precious
timberJ), but only if a report of volume of trees felled and their position (informe marqueo) is given.
This is too complicated for most
villa~r8 to undertake.
What happens in practice is that the population in this, as in
many areas, has increased beyond the bearing capacity of the environment
unless the latter is well managed.
In Sta. Catarina there is now
insufficient dead timber within a day's journey to provide anough firewood for the village requirements. and that has been the case for many
years.
It is probably in the region of 15 years since there has been

This figure is misleading since it includes a large number who can
only read and write their name and a limited number of everyday words.
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enough accessible firewood from dead timber, and even longer since
there has ~een enough of the three preferred genera which are
Ceanothus, Arctostaphylos and Quercus. It so ha.'Ppens that the first
two preferred species are shrubs and can thus be cut whilst still
green, without legal permission.
A permit is needed to cut any tree
(Arts. 91, 85 and 86).
All forested land or land which is classified
as suitable for forestry, is considered to be property or the nation
(Art. 59) even if private title deeds to the land exist, the trees on
it cannot be felled without a legal permit.
Since there is insufficient firewood, 76 per cent of those households who are wood users have to burn green wood.
This may happen
throughout the year, but tends to be more prevalent in the rainy season
when forest tracks are more difficult to negotiate so that firewood is
collected nearer the village.
This means that branches are in fact
cut from living trees, and that frequently whole trees are felled and
left to dry out before the branches are cut into firewood, and any
timber which can be sold as such is cut into transportable sections.
Every day, mule and donkey-loads of beams, poles and firewood cut and
packed into loads for sale elsewhere are brought down into the village.
The smaller branches left by those who earn their livelihood as woodsmen are left in the forest and added to the portion which is collected
for domestic firewood.
Sometimes all the branches are lopped off a
tree so that it will die naturally and can then be legally cut as timber.
Although there is insufficient firewood, the increasing use of LPG
has meant that only the poorer minority are really concerned about longerterm supplies of firewood,
Many households are more interested in
having better access to timber resources for commercial purposes than
for fuel.
There is almost universal concern about lack of trees both
on individual plots and in the village in general.
Eigh~ per cent
said they did not have sufficient trees in the village as a whole,
A dispute between villagers and a national papermill as to forest
resources illustrates this village's attitude to forests.
One of
Mexico's largest papermills, known as San Rafael, has by presidential
decree under Article 107 of the Forest Law the right to use the forests
of the whole area of the Sierra de Rio which includes Sta. Catarina.
The Ley de Reforma Agraria makes it necessary for San Rafael and other
paper and timber mills to ask for permission for forest rights to a
village one year before using the forests.
Such rights have to be paid
for.
All the other villages in this area have allowed San Rafael to
have this concession l but not sta. Catarina.
The fact is that the forests surrounding this village have not
been as well managed by San Rafael, or by timber companies, as have
Sta. Catarina's forests by its own villagers.
In spite of a high rate
of natural regeneration of both Abies religiosa and the various species
of pines which are exploited.
Abies needs shade to grow, and the clear
felling which has been carried out by the papermil1 no longer allows a
high rate of natural regeneration of the fir.
San Rafael is obliged

The first two genera produce hard wood of high calorific value,
useful for mixing with logs of larger size.

~
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to reforest the area felled, under Art. 79 of the Forest Law, but this
has not been carried out efficiently, if at all, in many areas.
For
example, the villagers complain that a lorryload of young trees appears
in the village centre, the trees are unloaded and the villagers are
asked to plant them.
No technical supervision or payment for the
time needed for labour is made in most cases.
San Rafael pays for the timber at a flat rate as though it had
onlY the value of firewood.
In 1982 it was paying 500 pesos per cubic
metre to village authorities and yet retailing timber it did not process
at 1,500 pesos per cubic metre.
If a campesino organization were given
the right to cut, for example, 1,000 cubic metres annually they could
make a good living, producing a net profit of between 80,000 and
1,000,000 pesos according to calculations from experiences of ejido
production.
Concessions of 'derecho de montes' over large areas are given to
specific organizations.
The Forestry Department makes a dasonomic
study, and lays down the number, size and species of trees which can
be felled under the concession.
Very few concessions have been given
to groups of campesinos, and where such ejido organizations exist the
financial and technical infrastructure to support and assist them,
particularly in the beginning, are very deficient.
Not only that, the
areas of ejidal forest rights are liable to be invaded by private companies or individuals who are locally powerful and who may even be able to
persuade officials to give preference to their concessionary permits
rather than those of the campesino sector.
The papermill of San Rafael applied to the village authorities for
the derecho de montes to be ceded to them for one year in 1981.
The
then president of the ejidal comision of Sta. Catarina agreed, in return
for a nominal cash payment ~ and the construction of a paved road to
link the village direot1y with the market town of Texcoco, and the
installation of a piped domestic water supply in the village.
The
village felt:
a)

that their forests would be exploited for an inadequate payment and
that it would take years for the present density of tree cover to
return;

b)

that they would lose rights of access to the ejido forest and so
the ejidatarios would then have to use common forest, putting
undue pressure on this;

c)

that the ejidatarios would gain proportionally more than would the
comuneros by the transaction, and that perhaps certain individuals
would benefit particularly (ie lorry and taxi driver);

d)

that they ought not to follow the example of neighbouring villages
which had lost their forests by selling the concession and so lost
a source of livelihood, and also that increased erosion and general
environmental degradation had followed.

As a result the village assembly would not allow San Rafael to use
village forests, and new delegates were elected to replace those who
had considered selling the concession.
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In an interview Ing. Jorge Cuanalo de la Cerda, managing director
of the San Rafael papermill, gave a different interpretation of events.
He also gave an assurance that, whatever the former policies of San
Rafael, new reforestation was now always included in management of the
concessionary areas.
He said that timber exploitation was difficult
in the area, in that trees suitable for timber were felled along with
material suitable for paper production which the mill needed.
It
would be more suitable if the timber companies and the papermill worked
together in management of forest resources.
He complained of the
difficulty of dealing with village authorities who had narrow prejudices
and where intra-village rivalry was prevalent.
Whatever the good intentions expressed, it is evident from field
and aerial survey that the Sierra de Puebla as a whole is becoming
deforested in many areas and San Rafael is the major concessionary of
most of this forested area.
The national papermill in San Cristobal
has recently been taken over by Kimberley-Clark de Mexieo, 8 branch of
one of the leading multinational companies in the paper industry, and
it was implied that San Rafael will follow suit.
In terms of annual
balance of companies on the Mexican Stock Exchange in 1982 this company
is 39th, and it is receiving foreign capital.
The relative increase
of its income was 407 per cent between 1977 and 1981.
It therefore has
the financial resources to ensure both a fair market price for timber
extraction from village lands, and effective reforestation and improvement rather than the degradation of the forest areas by mills such as
San Rafael.
The director pointed out that apart from straightforward felling
of immature trees, individual campesinos frequently cause destruction
of considerable areas of pine forest during the period in which montane
grassland is burned off to encourage new growth for their cattle and
sheep.
In sta. Catarina the villagers take reasonable care of their
forest lands, since they themselves will lose its benefits if destruction is widespread.
The people are said locally to take care of their
forests by going outside them and felling timber and collecting firewood
from the forest lands of neighbouring villages!
There ia considerable
condemnation in the village of the landless comuneros and others who,
since they bave only simple saws and axes, tend to cut immature trees,
so reducing the forest regeneration.
In fact, it is uneconomic for
the papermill to strip the bark of trees smaller than 10 cm so they are
not over concerned if t~e campesinos use them.
Obtaining an official
permit to cut a tree involves:
a)
b)

a lengthy journey which takes time
dealing with bureaucracy and paperwork,

both of which, understandably, are avoided where possible. by campesinos
in common with many other sectors of the populationo
These procedures have to be repeated for each tree - and the request for
permission may not be granted.
In many areas the procedures are circumvented by direct bribery of forest guards in the field or of offi'~Als
who grant the permits, or whilst timber is being transported to markets
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(which is done under cover of nightfall if in any quantity) also
involving the transit police.
It is impossible to provide sufficient
forest guards to patrol all the forests of Mexico.
In the area of
study there is active hostility to forest guards and no fewer than
four forest guards were killed in the last 20 years in adjoining
village lands, part from other incidents of violence.

More higher income villagers who cut timber and firewood for
commercial purposes now have chainsaws and take lorries up into the
forests so that deforestation is becoming more of a danger in sta.
Catarina, giving the village authorities cause for concern.
It is
probably the middle-men who transport and sell the timber and firewood
who are making most income from the activities of the poorer sector,
but the use of chainsaws is spreading this income more.
If the Mexican
forest lays were updated and more facilities were given to enable timber
rights to be acquired legally under conditions which encouraged good
management of forests, then in villages such as Sta. Catarina cooperatively run timber mills and production of other forest products (such as
stripped branches for decoration and ornamental pieces now made from
twigs and foliage) could be set up and enable a reasonable standard of
living to be earned openly by the woodsmen.
Several of the 1960 forest
laws were revised at the end of the last sexenio, but apart from modifications to Art. 115 which is of particular interest for social forestry,
it is not clear that the law reform wil~ in fac\ improve the legal access
of campesinos to forest resources.
The provision of sufficient budget
and infrastructure for social forestry projects is not specified in the
laws.
Neither is emphasis placed upon active measures either to reduce
deforestation or to increase reforestation.
All these three aspects are
of considerable concern to the present Undersecretary of state for Forestry,
but there are various vested interests which do not facilitate developm~nt
in these fields, and current economic conditions in Mexico mean strong
budgetry restrictions for forestry, as in other sectors not currently
earning foreign exchange.
:3 .0

G~NERA.L

3.1

Methodology

RESULTS OF

~WLING

The underlying methodology used was participant observation, carried out
by living and working in the villages and involving members of the local
community in the study.
This was structured by the superimposition of
quantitative sampling at a statistically significant level.
It is im~ortant to emphasize that the background information obtained
by staying with different families, eating their food and helping to
prepare it, was by far the most valuable and informative part of the
survey.
Sampling in each village was dones in three stages: 1. initial
survey and random s'ample large enough to classify into statistically
significant strata, with type of fuel used as the. dependent variable,
and household as the sampling unit.
(The household was defined as the
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group of peo~le who normally live and eat together, not as the
family group); 2. main sampling of households in the three strata
defined from the initial survey (a - wood users only; b - gas users
only; c - wood and gas users), the work involving a questionnaire
with 80 variables, filed in by the researcher, and 3. within the
stratified samples, in all households using wood at all a sample was
weighed and both the use to which the wood was put and the time it
lasted was noted.
The original intention to take a random sample using the sampling
unit of a household was not straightforward.
Sta. Catarina, as with
many other forest villages in Mexico, has a basic mistrust of outsiders
and particularly of anyone who could be a government official concerned
with their use of the forests.
The village was visited for six weeks
before permission was given for this study.
Then, shortly after
beginning work, permission was revoked due to a major conflict between
ejidatarios and comuneros about selling their first concession. Eventually, a new village president was elected, and permission was given.
This survey thus began three months after arrival.
The facts of a)
being a woman basically studying women's occupations, b) a 'foreigner'
and unlikely, therefore, to be forestry official c) recommended by a
small group of families with compadres in Purificacion, and d) introduced
to some key informants by an anthropologist who has worked in the village
as an undergraduate were all important in eventually gaining permission.
These points are made to emphasize the length of time which it can take
to obtain people's confidence, without which it is obviously impossible
to make a study of this sort in depth.
Even so, since everyone wanted
to receive some benefit from this work the author was obliged to visit
almost every household (327 out of the 345) for the initial survey.
In Purificacion a very large number of households also had to be
visited (233 out 385) so that the majority could give their objections
to the gas delivery service.
Contrary to other experiences that such
a census should be avoided due to fears by the population that it would
be for taxation purposes, here the survey was only possible if all
households were treated equally.

3.2

Initial survey and working hypotheses

Variables oollected in this initial sampling were as follows:
1•

Fuel types and women"' s estimatea of quanti ty used each week: this
was converted to ex nditure on each fuel to have a common denominator,
Since wood is a tfree good' here i.e. the opportunity cost of
labour to collect it is not quantified), an artificial cost element
was introduced calculated on the lowest resale of a 'standard' donkey
load within the villages themselves.
The estimate of a standard
load was made by weighing several donkey and mule loads, allowing
for differences in density of different species and differences in'
relative water oontext, then taking a mean value.
The standard for
'air-dry' wood was taken. from local women's opinion. as being
'whether the wood was dry enough to burn well'.
At no stage was it
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practicab-le or necessary to improve upon this rule of thumb.
All the
initial survey was conducted during one season the dry season, to
minimize seasonality effects on the sampling.
Moat women were
perfectly well aware of how many donkey loads (or their equivalent)
were represented by the wood they burnt.
A positive correlation was
found to exist between quantity of wood they estimated using and the
measured quantity of wood they used taken in subsampling.
The following mean measurements were used to convert loads to kilos:
1 donkey load 70kg; 1 mule loada 104kg; 1 armfull (machochilla) 10kg;
1 sugar-sack load (ayatada) 16kg. (a.-2 'tercios' of 32 kg with a 'sobernal'
of 40kg.)
2.

Number of people in the household and name of house.

3.

Whether or not tortillas were prepared (this is the largest single
use to which firewood is put).

4.

Access to house to assess the difficulty of distribution of LPG.

5. Problems with LPG supply.
6.

Land tenure (not in sta. Catarina because of current controversy) in
order to have some indication of access to land.

The principal pattern of fuel use obtained for the initial survey is
shown in fig. 2.
There are four main characteristics: 1. Few households use firewood alone (28 per cent of star Catarina's population and
only 10 per cent of Purificacion); 2. The great majority of households
have a gas stove, run by LPG held in steel containers (90 per cent of
Purificacion and 72 per cent of Sta. Catarina), 20kg being the most
usual size; 3. However, the great majority of households use wood:
in Purificacion 88 per cent use wood, since 68 per cent use both wood
and ga.s.
As is to be expected, in the village without forest reserves few
households have relied entirely upon wood since gas has become more
readily available, notably since 1977.
In the village with forest
reserves, Sta. Catarina, only six per cent rely entirely upon gas for
fuel, however.
In both Villages it is the poorer sector of the community
which relies exclusively on firewood, The higher income group in
Purificacion use gas only.
In Sta, Catarina, however, the gas-only
users have low incomes; the higher income group uses both gas and firewood.
When the introduction of gas in the mid to late seventies became
widespread there was an adequate distribution system.
This hae so
deteriorated in the last three years that there is a distinct trend
back to using firewood.
Eighty-six per cent of households in Purificacion and 80 per cent in Sta. Catarina gave complaints against the gas
service, and 60 per cent of gas users paid for private car owners to
go to the gas depots to collect refill tanks.
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other fuels were not significant.
Charcoal is only used as an
emergency standby when the gas supply fails, or for special occasions,
as it is too expensive for everyday use.
Charcoal is still made,
from species of oak, in the forests of the Sierra Rio de Frio. Only
a few families in the area of study now find charcoal making to be
an economic proposition since a) the employment opportunity base
has widened, and b) LPG has bcome available.
Charcoal making is
carried out in areas of more difficult access, where forest guards
are not so likely to be able to cover the area frequently.
The
charcoal sold in Texcoco is brought by lorry from the northern state
of Tamaulipas, which also supplies most of the Mexico Ci~ market (as
well as exportation to the ,US).
Thus the use of charcoal by middle
and upper income groups in the cities for weekend barbecues together
with its value as an export to the US has brought the price beyond
the means of lower income groups for general use, although it is
widely made and used in the more inaccessible forest areas throughout
Mexico which have sufficient forest reserves to make charcoal.
Only
one household in the two villages exclusively used charcoal, and only
two people made up this household.
Kerosene is disliked because it has become increasingly contaminated,
and splutters dangerously.
Only three households used kerosene exclusively.
It is also heavy to carry, and bus drivers charge extra for
heavy loads.
There is no kerosene depot in sta. Catarina.
In both
villages the importance of kerosene is as an aid to light wood fires,
especially during the rainy season: this requires only a small amount
weekly.
Kerosene is not widely used as the only domestic fuel in any
part of Mexico, and the government's subsidy to this fuel, originally
made to aid rural communities, has recently been reduced since it was
principally industry which was benefitting from the low price rather
than the poorer agricultural sector.
Several working hypotheses were evolved from this initial survey:
1•

Main restrictions to usinf ,as are a) initial capital investment
in stove and gas cylinder s , b) inadequate distribution of gas
supplies, c) unsuitability of the gas stove for making tortillas 1
and d) the general attitude that firewood is a free good whereas
gas costs money;
Main restrictions to firewood use are a) difficulty of obtaining
enough wood near the villages, b) total time taken in collecting
wood, c) changing patterns of employment so that fewer men are
available to go up into the forest for firewood, d) changing daily
meal times with increasing attendance at school and employment
outside the villages and e) increase in consumption of rea~-made
tortillas now each village has a tortilleria;

Unleavened bread made principally from maize in Central and Southern
America.
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3.

The change in fuel use from firewood alone, to firewood plus gas,
then to gas alone is principally a produce of the change of these
villages from predominantly closed subsistence farming communities
to predominantly open mixed economies.
Subsequent sampling and other activities were designed, within the
limited time available, to test these hypotheses.

3.3 Stratified sampling for fuel type
Since there were clearly three groups of fuel users based on the two
domestic fuels, wood and gas, and since other fuels were entirely
peripheral, the detailed sampling was based on these three groups:
1. Wood only; 2. Wood plus gas; 3. Gas only.
Calculation of subsample size for each strata was made by comparing Neyman allocation and
proportional allocation for each village.
Since Sta. Catarina had large
differences between the standard deviation of the strata, Neyman's formula
was used.
Proportional allocation was adequate for Purificacion.
Calculations were made wi th, 1 -d..= 0.90.
The strata were weighted according
to their size, to ensure adequate representation of the smaller groups
(which were gas-only users in sta. Catarina and wood-only users in
Purificafion) for a statistically significant minimum subsample size,
with maximum precision for the time available.

!.!..9.:l.
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A questionnaire involving 80 variables was decided upon after
initial trials in a third village; a copy is given in Appendix I.
The ~ossible replies were coded directly in a form which facilitated
input for computer processing.
Any information given in addition to
this was noted in the field book.
A tape deck was used to record
conversations with'key informants.
The questionnaire was designed
so as not to emphasize use of firewood as the main point of interest,
and so some of the questions may seem to be extraneous. ,
If this research had been carried out in an area or country where
the use of firewood could be approached more directly, the questionnaire
could have been restructured to reduce some of these detg[s and include
others of direct relevance to wood use e.g. kitchen and hearth design.
Questionnaires obviously need to be tailored to meet local needs and
circumstances.
In Sta. Catarina the questions were memorized by the
author and written in a small field book as though taking note of the
individual's opinion in a general way and not on a printed form which
could be used by the authorities.
In Purificacion the process was
simplified by direct use of printed questionnaires.

An unexpectedly long time was lost in having to repeatedly re-visit
households which had been randomly chosen to be in the stratified sample,
when either head of the household was absent.
Both villages, but
particularly sta. Catarina, are made up of very scattered houses, so
that 10 or 15km walking was typically involved eaoh day, even though
the village had been divided into sectors to be dealt with at a time.
The use of trained enumerators would have been invaluable at this stage.

3.4

Subsampling by wood weighing

In order to quantify the amounts and species of wood being used, and the
use to which it was put, the firewood consumed by all households of the
stratified sample was measured over time.
This involved two initial
problems: 1. finding the woman who was head of the household at home;
2. there being any wood to weigh!
This latter point was an important
result in itself.
Seventy per cent of households do not have any
firewood in hand, whereas the more prosperous agricultural families with
larger houses tend to build up a store of firewood.
The method followed was: 1. Weighing a quantity of wood dry enough
for use as fuel, by separate species; 2. Wood was placed on an ayate
(sugar bag opened out and used to carry loads) and this was weighed
using a 50kg butcher's balance suspended from a beam; 3. The wood was
left in the ayate (and this was given to the household) as a manner of
separating the weighed wood from the rest of the woodpile, if any;
4. Frequent visits were then made to these households to observe the
use to which the wood was put.
The quantity of dough made into tortillas,
amount of beans cooked, and the number of times water was heated for
bathing were all noted separately to the general use for cooking food.
At this stage it was particularly useful to have a field assistant.
As mentioned above the main problem enoountered with this method
was the insecurity of amounts of wood available; in some cases wood was
weighed and upon returning in the afternoon or the following morning,
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having started the trial, the remaining wood had been sold. In other
cases, repeated visits to households were made, in the wood and gas
users' sector, and no wood was there. In a very few cases the measured
wood had been mixed with other wood, but this was avoided partly by
promising to leave the ayate to the households if they would be kind
enough to comply with the trial.
The striking outcome from this section of sampling was the
definite firewood shortage that existed even in a village with forest
reserves nearby.

3.5 Socio-economic characteristics of fuel groups
Group 1:

Wood-only users

A - Sta. Catarina: Wood users here are the most conservative,
traditional sector and almost without exception represent the poorest
group. Almost half of wood users (47 per cent) had.no land at all.
Eighty per cent gave the main occupation for the head of household as
campesino. Of the occupations which brought in the most income in the
last two years, campesino and woodsman were first, followed closely by
artisan. There were two households which earned most from trading,
having shops in the village. Domestic service and work as a day-labourer also brought in more income than did the main occupation of the head
of the household. Land tenure in the wood users' stratum was 73 per
cent comuneros and 27 per cent with both ejido and common rights, so
that the great majority belonged to the least privileged of the poorest
group. The mean area of irrigated land pertaining to the 52 per cent
of wood using households with land was only 0.25 ha, with a maximum
holding of only 0.76 ha. The mean area of non-irrigated land was only
0.7 ha.

All wood users lived in traditional adobe (mud-brick) houses of
which only 27 per cent had any plaster to protect the walls. The same
family often had lived in their house for much longer than in the other
two groups of fuel users, with the majority stating that their family
had 'always' lived there (as opposed to only two years for the gas-only
users). The mean number of rooms in the houses was only two (half the
size of those of gas users) for an average family size of seven, one
room usually being a bedroom/living room, the other a kitChen/storeroom
where the wood fire was situated. Twenty per cent cooked outside in
the open and many of these had only a one-roomed house. Forty seven
per cent of wood users have a television compared with 62 per cent in
the total village population, so that communication with ideas from
outside the village is considerable. (A great many of the programmes
shown, however, are made in the US, or have a strongly industrialcommercial bias, which may increase the sense of alienation felt by the
villagers).
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A third of families had no livestock at all, none had cows and very
few had pigs. However, 67 per cent had donkeys or mules without which
wood could not ~e transported in any considerable quantity. A mean of
only 31.4 pesos a week per household was spent on fodder, most forage
being obtained from crop residue and open grazing or foliage collected
from common land.
All households in Sta. Catarina have to carry water for domestic
use, but this group spent considerably longer doing so than the others
since the houses tended to be peripheral. One hour ten minutes was the
mean amount of time spent, with a maximum of three hours.
B - Purificacion: This is the village with no remaining forest
reserves and with good access to urban centres. The use of firewood
only for domestic fuel is virtually at an end.

The two features of this group which distinguish them from the
rest of the village are firstly, their poverty, which makes capital
investment in a gas stove and gas tanks beyond their means, and secondly, their efficient use of firewood available, probably because it is
so difficult to obtain.
Of the four households sampled in this stratum (which contained
only 22 households in the initial total sample of 223), the main occupation of three is given as campesino and the other one is a domestic
servant. Most income, however, was obtained from service in two households and in a third as a small trader selling herbs and branches of
pirul (Schinus molle) in Mexico City. The families were well above
average size, with a mean of ten people all living in adobe houses without plaster to protect the outside, and with two rooms. None of this
wood-using group had piped water to their houses, although 62 per cent
of the village has water supply, however erratic. Wood users spent an
average of 35 minutes a day carrying water, the maximum time being 1.5
hours. Half the families had television compared with 69 per cent of
the total village population. None of the houses was on a road or
track where a vehicle could enter. Two of the families cooked outside
in the open, the other two cooked inside, using one of their two rooms.
Only 875 pesos was the mean weekly expenditure on food, a per capita
cost of $MN87.50. This is less than 50 per cent of that spent by the
other two groups. The maximum per capita weekly expenditure on food
was 210 pesos, about a day's wages. Even at this low expenditure,
this means that one person per household had to work a full week, and
another one a half week just to ensure the family's food supply.
Group 2:

Gas-only users

A - Sta. Catarina: This group is the smallest of all six being
described in both villages. Unlike the gas users in Purificacion, this
group does not contain the wealthiest sector, but is formed of unskilled
workers having employment with a fixed timetable, who are beginning to
find gas more convenient than wood. This is part due to their family

All prices throughout are standardized as at 1st September, 1982,
when £1 = 118 pesos (~MN118) and 1 US dollar = c. 70 pesos.
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structure which makes it difficult to collect firewood, since there are
no men or youths at home. They did not grow maize and did not, therefore, make tortillas. Referring back to the preliminary survey, only
21 out of 345 households in the village used only gas. The subsample
only took two gas households, but even then this smallest stratum was
proportionally weighted two-and-a-half times in relation to the other
two strata. Its relevance is to show the beginnings of modernization
in this village.
The houses of this group were both modern and above average in
size. In one family, only the husband worked, as a night watchman in
Mexico City, spending only Sundays with his family. All six children
were encouraged to study hard, so that there was no one to help with
household chores or collect firewood. The other household consisted
of a young couple and baby, the man working as a day-labourer and not
having much time to collect firewood.
Both women refused to cook by kneeling over a wood fire, and
whilst they preferred the taste and texture of home-made tortillas did
not think it worth the effort to make them, even if given maize of low
cost from their families. Both complained of poor gas service and one
household always obtained gas directly from the depot, a 30km return
journey. Neither household had a car and had to pay for a taxi ride to
fetch the gas.
The gas users spent only slightly more on food than the wood users,
142.86 pesos weekly per capita, but very much less on fuel, being only
6.8 pesos per capita weekly. This is five times less than wood users
if a cash resale value is placed on wood. Three hot meals a day were
served. one more than most wood users have, and three hours daily were
spent preparing and cleaning food by one woman (compared with a mean
3.6 hours by usually two women using wood, i.e. 7.2 woman-hours a day).
An average of 25 minutes a day were spent by the women carrying water.
B - Purificacion: Unlike the gas users in Sta. Catarina, this
group is formed of the households with the highest income of all six
groups in the two villages. Family size is smaller than in WOOd-using
groups. The complete households, that is, everyone including children,
have a mean of two people in each working outside the village, so that
virtually all wage-earners in this group have moved into an open mixed
economy. There are no cam esinos in this rou, which consists of 40
per cent labourers mostly working in the building industry), 30 per
cent in commerce, running their own businesses, and the rest in services
and professions. There is a positive correlation between main occupation
of head of household and main source of income, unlike wood or wood and
gas user groups in either village.
The houses are go per cent owner-occupied, and are twice as large
as the WOOd-using group, having a mean of four rooms each. Sixty per
cent of them are new, built within the last seven years, of breeze
block or brick, and 70 per cent of the houses in the gas user group are
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plastered. They were substantially the only group in either village to
own vehicles, and 60 per cent of these households had private transport,
but 70 per cent of the vehicles were used for commercial purposes to a
greater or lesser extent.
In spite of these modern houses, 30 per cent do not get piped water,
and those that do receive only 1 hour 20 minutes a day on,average. The
village has been trying to improve its piped water supply for more than
ten years and are now installing a new system. Eighty per cent of the
gas-using group have bathrooms with modern WC. Water is stored in the
original small ponds in the huertas (jaguei) which receive irrigation
water through the pre-Columbian channel system.
The gas group spent more than twice as much per capita weekly on
food than did the wood group, 429 pesos. Households in the gas-using
group had as much land as those in other groups in Purificacion. They
also had an average of 24 fruit trees in the huertas, so could supplement gas with wood use if they wished.
Group 3: Wood and gas users
There is a very wide range of emphasis on the importance of wood
in this group and gradations from the poorest sector, who use wood most
of the time and gas only as a supplement, to higher income groups where
wood may only be used to heat water for bathing. There is a tendency
in the latter case to rely more upon ready-made tortillas, but this is
not at all straightforward since tortillas are made in all the households of medium to high income range which have sufficient women to make
tortillas and sufficient time to collect wood (which is itself related
to total number of men and youths). vllien the village of Sta. Catarina
has a piped water supply, if it proves adequate, households which can
afford to buy gas boilers to heat water will probably do so. Then the
fuel use pattern there and in other villages like it will more closely
approach that of Purificacion. People will probably not use wood any
more for heating water and unless they continue making tortillas will
turn to using only gas, if it is available.
A - Sta. Catarina: This is by far the largest group in this
village, and is proportionally much larger in Sta. Catarina than in
Purificacion. There is basically a division in the use of fuel - a) gas
is used for its convenience especially in making early and late meals,
i.e. outside the traditional schedule, b) wood is used only to make
tortillas, cook beans and other foods which take a long time cooking,
and to heat water for bathing. Thus firewood is still used to cook the
basic staple diet, but gas is used to accommodate the new variations in
both working hours and to some extent in range of foods eaten.
Wood and gas using households are slightly larger than are those
of the other two groups, and this stratum does contain the largest households of the village (maximum 15 people). Using two fuel types may be
related to size of household, enabling more cooking to be carried out
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at the same time for larger households. Eighty-two per cent live in
traditional adobe houses with three rooms on average. Almost double
the percentage of people in this group work outside the village compared with the wood only users. More than 60 per cent state the main
occupation of the head of the household to be campesino. The occupation which has actually brought in most income in the last two years,
however, was spread throughout various activities, and only 26 per
cent of income was from campesino work, followed in second place by
musicians (18 per cent). Also included here was a trader, the major
entrepreneur in all commercial and political activities in the village,
and owner of a car, a taxi, a lor~ and a tractor, yet he classified
his occupation (as head of household) as campesino.
B - Purificacion: Wood and gas users form the largest group in
this village, as in Sta. Catarina. The division in use of fuel is not
quite the same, however, since less than half the number of households
in Purificacion made tortillas in this group compared with their counterparts in Sta. Catarina. Basically, wood was only used in Purificacion
to heat water for bathing in 84 per cent of the wood and gas using
households, and to make tortillas on a few days of the week. The remaining households used wood to cook all the tortillas eaten by the
households, and in a limited number of cases to cook beans and occasionally other food.
Wood and gas users differed from the gas-only group in having fewer
people working outside the village (one per household) and in being
predominantly campesinos (61 per cent), whereas no gas-only users gave
this occupation for the head of the household. The occupation which had
actually brought in most income in the last two years, however, was labouring (particularly in the building trade).
Most households lived in houses which were midway in size between
those of gas users and wood users, having three rooms. The houses were
almost all of adobe and less than half were plastered. Thirty-four per
cent had no running water and 61 per cent had no bathroom of WC. Although the houses were not modernized, this group had a considerably
higher income than wood and gas users of Sta. Catarina, a.nd the per
capita weekly expenditure on food, 443 pesos, was only slightly less than
that of the gas-only group in Purificacion. These facts show that in'
general this group is transitional. Many of the households (36 per cent)
still cooked in a room apart from the house, although using the ga.s stove
in the place where the tlecuil (a hearth of three stones on which wood
fires are made) used to be. In almost all cases the wood fire was now
made only outside. In contrast to sta. CataTina the majority here (71
per cent) used gas more frequently than they used wood. Only 11 per
cent used woor more frequently than they used gas. The only households
sampled in the two villages which for cooking used kerosene only (two
per cent) and charcoal only (two per cent) were placed in this group.
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4 .0

.£PPORTtI~r?:I

COST 0' 013~AININq. FUELS

The aim of the next two sections is to quantify the labour costs
of obtaining and of using fuel. Can the labour cost involved be
regarded as an opportunity cost in the sense that there would be useful productive work to do if alternative sources of energy were available? vlould the ttquali ty of life" improve in tlmis case? Ho~\ would the
physical environment be affected?
Superimposed upon the opportunity costs of obtaining and using the
different fuels are the different degrees of "entitlement" to firewood.
These vary v'Ti th land tenure and forest access rights described earlier,
as well as with a household's degree of suitability for entry into the
current Nage labour market. Family structure also strongly influences
a household's potential for firewood collection, since it is principally
a man's job here due to the distances involved and also to the relative
underemployment of men's time when compared to that of women.
A discussion of the empirical results is now given, in relation
firstly to firewood, then to LPG.

4.1

Quantities and costs of firewood used
Firewood used is quantified in table 1.
Table 1:

Weekly consumption of wood per capita

Sta. Catarina
1~'ood-only

users

Wood and gas users

stated mean

measured mean

9.8kg

11.6kg

=3.9 kgoe 1

6.9kg

7.8kg

=2.6 kgoe

14.3kg

12.2kg

=4.0 kgoe

7.2kg

8.0kg

Purificacion
~"ood-only

users

Wood a.nd gas users

= 2.7

kgoe

This means that per capi ta. l4/eeklv consumption of firewood as the unique
cooking fuel is 12kg in this area. Added to this is 4kg used for heating
water, a total of 16kg. The per capita consumption of wood measured per
day for cooking alone was almost identical in both villages, being 1.65kg.
4.4kg was measured per capita weekly to heat water for bathing in Sta.
Catarina, making a total daily per capita wood use of 2.3kg. Here the
mean weekly cash expenditure on wood per household was nil. If the internal market resale price for firewood is used ($MN3 per kg), however, it
becomes 3MN35 per capita weekly, which represents one day's wages per
week for a household at the official rural minimum wage. Only 3kg of wood
per capita weekly was used to heat water to bathe in Purificacion, considerably less than in Sta. Catarine, probably d~e to the fact that the

Approximate kg oil equivalents, based on wood of air-dry tropical pines.

- 24 -

"temascal tl is no longer used. This is a small sauna bath \vhich is usually
heated up on Sundays for all the family to bathe. It takes about 40kg per
time, included in the above figures.
Woad-only users in Sta. Catarina collect from the forests an average
of only 6.2kg of firewood per hour spent on the entire journey. At internal market resale prices of firewood this could realise ~MN3 per kg, or
.18.6 per hour without discounting for labour or animal usa.ge. For 8
hours this meant only ~MN149 compared with the daily minimum labourer's
wage of $MN220 for the area, and the actual average income of $MlJ180 in
sta. Catarina. This implies that the opportunity cost of obtaining firewood is higher than that of working as a wage labourer. If jobs were
available, then, it would be more cost-effective to earn cash to pay for
alternative convenient fuel such as LPG than to gather firewood. In
Purificacion,since distances to collect wood are less, g.2kg per hour
was recorded. This is not comparable to Sta. Catarina,however, since
the wood collected is mostly of too poor a quality to be resold. Much of
it is dead wood from orchards and whilst of high calorific output the
small size and irregular shape restricts its market value. Women and
children also tend to collect other residues such as dry maguey leaves,
in short periods each day, sometimes whilst carrying out other 'tasks'
e.g. returning from school.
Firewood is very much more expensive to buy than gas, in order to·
obtain the same effective heat output. Poorer households which cannot
afford to invest in using gas are now spending five times as much on fuel
by using firewood, for which they could obtain cash by selling it to
commercial interests in the loca.l market town. However, since these
commercial groups are rapidly changing over to gas, the bottom will be
falling out of the firewood market and it will again be increasingly
regarded as a 'free good'. This may be a factor in the increased use
of firewood in Sta. Catarina recently, especially in those households
where men have time to collect it.
Taking the standard of air-dry tropical pines, with a density of

0.55, one tonne of firewood is approximately equivalent to 2m3 of timber.
The 0.83 tonnes used annually per capita in these villages, where the
amount of firewood is inadequate to meet optimum requirements, should be
increased to 1.0 tonne annually to represent an optimum quantity. If.
energy-saving wood stoves are used then a maximum of about 0.70 tonnes
annually would provide enough fuel to make tortillas daily and cook
sufficient beans several times a week as well as providing for other
domestic 'needs.
Taking the current management of forests, then, 0.4 hectares per
capita are needed to provide an optimum supply of firewood on a sustainable basis. If energy-saving wood stoves are used this fi.gure would be
reduced by about a third to about 0.26 ha per capita. To provide optimum
annual quantities of firewood for the existing structure of fuel use in
Sta. Catarina (i.e. about 650 people using wood and 1,500 using wood and
gas), 260 ha. of natural forest is needed for the wood users and 300 ha.
for the rest (who use approximately half the quantity of wood). This
would mean the equivalent of 560 ha of tropical pines yielding 5m3
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annually on a sustainable basis. Sta. Catarina has 2,430 ha. of lands for
a population of c.2,400., About three-quarters of these lands are forested, c.1822 ha, which means that, if the forests are well managed, there
will still be about 1,262 ha. to provide other timber products once current firewood needs were subtracted.

A major problem therefore is not the inadequate number of trees, but
inadequate entitlement to these trees, due to current Forest Laws which
effectively restrict legal tree felling by individuals due to the problems
of obtaining a permit, whilst at the same time encouraging clear-felling
by large companies. Villagers now have to travel long distances from
their homes to find enough dead wood, or to fell trees for domestic use
without fear of being apprehended by forest guards. Superimposed upon
this is the over-cutting by landless comuneros in order to obtain timber
to sell.
The author does not think it helpful to describe firewood collection and use in terms of energy expenditure on oil equivalents. It is
much more satisfactory to think in terms of time spent and the hard.ships
and distance travelled. In areas of alternative employment prospects the
opportunity cost of IHbour can also be considered. However, in order to
enable comparison to be made with studies which use oil-equivalents~ the
following calculations are made.
The maximum quantity of energy expended by a healthy 30-year-old man
in a normal day's work is taken by Hutte (quoted in Fehr, 1978) to be
10,475 kg joules a day. If a figure of 10,000 is taken as a general
approximation, then the maximum energy expended weekly for firewood collection by wood users in the forest village is 20,000 kg joules (taking
15 man-hours as two da.ys). This is 0.4 kgoe if a. standard energy equivalent of 44.7 x 10 joules per tonne of oil is taken. Since wood
collected is used by a household of seven, per capita weekly energy
'spent' on collection is only 0.066 kgoe.
The 16kg of firewood used per capita weekly is 5.3 kgoe (if a value
of 1 tonne of air dry wood equivalent to 15 x 10 joules is used). The
1.43 kg of LPG used by gas-only households per capita weekly (see 4.3)
is far less than energy expended in using wood. Added to this, the erlergy
spent cooking over a wood fire is considerably greater than that spent
when using gas.

in

Thus the conclusion
terms of reducing total expenditure is that
LPG should be used as domestic fuel in preference to firewood.
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4.2

Patterns of wood collection

Table 2

illustrates the picture of firewood collection.

Table 2: Firewood collection.
A

Man-hours spent weekly collecting wood per household
Sta. Catarina

Purificacion
wood-only users

11.6 hrs @

9.5 kg/hr
4.3 brs

wood and gas users
B

"~ere

15 hrs @
6.2 kg/hr
wood and gas users 7.6 hrs

wood-only users

firewood is obtained

by wood-users 1

Purifi.cacion

Sta. Catarina

hills
21%
orchard
36%
village in general 14%
bought
7%

hills
6~~
orchard
0%
village in general 9%
bought
18%

C

Who collects firewood 2
Sta. Catarina

Purificacion
don't collect any
wood

29%

don't collect any
wood

14%

of the remainder who
collect wood (71%):

of the remainder who
collect wood (86%):

women
61%
men
24%
children ~12 yrs) 17%

women
14%
men
83%
children «12 yrs) 5%

Of the wood used in Sta. Catarina by households who rely entirely
upon this fuel, 83 per cent was collected by men using their own or
borrowed donkeys or mules, taking an average 7.5 hours per week per
household and usually involving two people, hence 15 hours or two mandays per·week. This time is entirely dedicated to obtaining wood by
more than half the households, but 18 per cent of collectors put
animals to graze, eight per cent collected herbs to sell and 16 per cent
cut timber to sell at the same time. The practice of collecting wood
whilst herding or carrying out other productive activities is widespread
here, as in most developing countries. This in fact reduces the opportunity cost of obtaining it.
Each percentage in table B represents the proportion of households
who at some time collect firewood from the specified locations.
2

Percentages overlap because more than one person often collects
firewood together.
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Table 3

indicates products obtained as 'free goods' from common land

Table 3: Percentage of wood-users obtaining products from common land
Purificacion

Sta. Catarina

firewood
26.0%
herbs, branches etc.
to sell
9.5%
nopales, fungi etc.
for domestic use
40.5%
forage
17.0%

firewood
42%
timber
10%
herbs, branches etc.
to sell
7%
forage
7%
fungi etc. for domestic use 9%

Wood and gas users showed less reliance on collecting wood from
the forests, only 66 per cent doing so. This reflects the fact that
for those in this section who only use wood for heating water, in many
cases women collect what wood and plant organic residues they can in
the village itself, approaching the pattern of the 'urban' village of
Purificacion. Nine per cent obtain all wood used from this source.
This group had far more households where only one man appeared to
collect wood. UnfortunatelY,this was not quantified, since it varied
depending upon seasonal activities. It is noticeable that whilst collecting wood more men combined this activity with other tasks than did
those in the wood-only group, maybe because in the latter group more
wood was needed. Of all the six groups this was the only one in which
a noticeable ro ortion 18 er cent actuall bou ht wood for cash,
buying from woodsmen in the village at a cost of approximately
3
per kg, bought as loads of between 45 and 70 kg). Opinion was divided
concerning the problem of obtaining wood. In the survey, 40 per cent
said it is more difficult to obtain than it was five years ago, the
principal reason given being increase in village population, 53 per
cent said it was the same as before, the principal reasons being the
decreased vigilance of forest guards and the increased use of gas. A
minority said it was easier, because they had chainsaws instead of axes
to cut branches.
Unlike the situation in Sta. Catarina, wood was mostly collected
by women in Purificacion, but children played a significant part, in 18
per cent of cases being the only people in the household who collected
wood. This is directly related to the employment structure, since fewer
men work in the village i~self, but principally due to the fact that the
only available firewood is near the house.
If a woodlot was established in Sta. Catarin~more women and children would no doubt have the task of firewood collection than they do
at present. Ironically, then the establishment of a woodlot in such
communities where men at present journey outside the village to obtain
wood would be likely to cause an additional burden for the women and
,
children by increasing their daily tasks, except for those of the poorer
sector who have lowest entitlements to forest firewood. This should be
seen in relation to the patterns of change t.o al ternative fuels discussed
in section 5.
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The annual work cycle of a peasant farmer is seasonal, and in these
villages the campesinos have so little land there is not enough work
needed in the fields to occupy a reasonable number of working hours. In
the peak work times of planting and harvesting people work inordinately
long days. Otherwise, after working the required day a week (or 14ha.tever
is needed) to contribute to community projects, and spending time on
maintenance and improvement of buildings, terraces and irrigation ditches, there is little to occupy a man's time unless he can obtain a parttime or temporary job working as a labourer. In the dry season therefore,
many campesinos go up to the forests to collect wood (timber or firewood).
In the larger more prosperous households, which tend to use both
wood and gas, and in the wood-using households where there are several
men, stores .of firevlood for domestic use are made in the dry season but in all other cases collection of firewood is made weekly or more
frequently. The opportunity cost of obtaining firewood is thus not held
to be high in these middle income campesino households since they find
little else to occupy their time at this season.
However, in order to supplement their livelihood, cutting timber
and firewood from the forests is very common in the poorest sector and
is the main source of income for the landless comuneros who form this
group. Since men of this poorest sector (who make up the majority of
wood-only using group) go up to the forests frequently for timber,
branches for ornamental work or for firewood for sa.le, it could be thought
that they would collect firewood for their own domestic use whilst they
were there, and would regard this firewood as a free good.

In fact, it is this poorest group which has to pay most for firewood, since the time collecting it could profitably be spent collecting
forest products to sell.
In real terms, this means that the women in these households almost
always have poor quality firewood of insufficient quantity because the
best is sold. They have to spend time collecting twigs from woody
herbs, maguey leaves and refuse available around the village, so that
much of the opportunity cost of obtaining firewood is borne by the women,
who also have increased opportunity cost in using such organic residues.
The opportunity cost of obtaining firewood is thus highest in the
poorest group, since the households which have higher incomes and have
wage-earning male members no longer rely entirely upon firewood. They
have changed to using gas, since their time now has a cash value on it
and they cannot afford almost two days work (15 hours) a week in Sta.
Cstarina, or one-and-a-half days work (11.6 hours) a week in Purificacion
to collect sufficient firewood for use as the sole domestic fuel. An
increasing number of the wealthier households have hired.. lorries an~
use chainsaws. In this way, a few men can collect several months supply
in one or two days.
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The wood-and-gas users of Purificacion are exceptional in these
two villages, in that here the women and children gather firewood, since
more than half of this is from the orchards around the houses. They
spend only 4.3 man-hours each week in collection (usually collecting
wood only as it is needed). Families without orchards collect whatever
combustible material they can find in and around the village. Since
firewood collection is made by the women who work as housewives, and
by children after their school hours, it is regarded as simply another
household task on a par with herding animals or carrying water, and time
spent by these women and children is not perceived as having a definable
cash value. This can cause conflict if the decision is taken to change
to using LPG, since not only the capital cost of the stove and refill
tanks is involved, but also a regular cash outlay, and it is the men who
earn cash.
4.3

Quantities and costs of LPG used

Most gas-only users are in the modernized village of Purificacion.
Expenditure on fuel is much lower than in the wood-using groups (see
table 4), being just over 6 pesos per capita weekly for a quantity of
just over a kilo of LPG, using an average price paid for gas (excluding
transport) .
Table 4: LPG consumption
with prices at 1st September 1983

1 kg LPG

= $MN5.4

note:, data calculated from no. of people eating in house, not
household alone.
We'ekly per capi ta consumption
Sta. Catarina

Kg LPG
(= kgoe)

gas only

6.20

1.15

gas plus wood

3.75

0.69

gas only

4.75

0.90

gas plus wood

4.60

0.85

No vehicular
access to house

Purificacion

There is not only the cost of using LPG to be taken into account
however; there is the major problem of heavy initial investment in gas
stove and replacement cylinders. In July 1982, the cost of an empty
gas cylinder was 1080.20 pesos for a 20 kg size, and a basic stove with
four burners cost 4-5,000 pesos. The official daily minimum wage was
220 pesos in the zone of Texcoco. Use of credit facilities to buy
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stoves and other household goods has led some families into debt in
Purificacion. In Sta. Catarina and among the more conservative sector
of Purificacion there is distinct distrust of credit and also of crop
and life insurance systems and people tend not to invest in capital
goods such as a gas stove unless they can pay outright, although this
often involves borrowing money from relatives or compadres.
However, once households have a reasonably regular fixed income
in these villages (and in most villages visited in central Mexico where
gas deliveries were made); they tend to invest in a gas stove even if
the household still has a man working within the village who could
collect firewood. This is because the opportunity cost of obtaining
wood is now higher for most households than is that of obtaining cash
to pay for gas •

.4.4

Problems in obtaining LPG

Once a household has invested in a gas stove and the steel
cylinder(s) which gas is retailed in, by far the greatest problem faced
in its use is obtaining adequate LPG supplies.
There was almost universal complaint (83 per cent) by gas users in
both sample villages against the poor distribution of gas by retail
companies. This was given by many wood-only users as a principal reason
for not changing to gas, and was also causing gas users to revert to
using wood, in spite of the general change from wood to ga.s. It may be
useful to reiterate here that 90 per cent of households in Purificacion
and 72 per cent in Sta. Catarina had gas stoves (although 32 per cent
in Purificacion and 94 per cent in Sta. Catarina also used. firewood).
One of the direct action aims of this survey came to be to improve this
retail distribution. 1
In general households need a. 20 kg cylinder of gas every 15 days.
A regular delivery to the village of a complete lorry load of gas
cylinders twice a week would cover this present demand. If all households in the village were to use gas, only about 200 cylinders per week
would be needed, i.e. four or five lorry loads. Access to houses is
still a problem but a regular delivery would enable households to leave
refill tanks with neighbours to which the lorry drivers can deliver.
In spite of the fact that 70 per cent of houses in Purificacion
could be reached in the dry season by gas lorries, 86 per cent of gas
using households complained of poor service. The great majority went
With reference to the author's request for some new cylinders to
be sent to the concessionary companies serving the villages in this
study, 1,989 replacement cylinders of 20 kg have been promised to
"Gas America", 1928 to "Gas Bustamante" , and 1,531 to "Gas de
Texcoco". This is only going to make a slight local improvement,
as at least ten times more cylinders would be required to phase out
the most damaged tanks in use.
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directly to the gas depot to obtain supplies, most of them by paying
for a taxi-driver or neighbour owning a vehicle to undertake this
service. This meant an increase of up to 50 per cent in the actual
cost of gas.' 71 per cent of villagers have no mechanized transport
of their own. In other parts of Mexico donkeys are used to transport
gas cylinders, but in villages such as Purificacion where only a
minority of the population are full time agriculturalists, there are
few such a.nimals. From Sta. Catarina it is too far to use donkeys or
mules to obtain gas cylinders.
Sta. Catarina is more than 32 km. return from the nearest gas
depot, and there is no paved road for two-thirds of that distance.
The difficulty of obtaining LPG here means that more people who would
otherwise prefer to use gas use firewood. Most of the gas and wood
users only use gas for reheating food and preparing hot drinks, due
almost as much to the problem of obtaining it as to the cash outlay
involved. Seventy four per cent complained that the gas distribution
was inadequate, and in addition 8 per cent went directly to the depot
to get gas. Only 8 per cent had no complaints about the gas service.
In an interview tvi th the Secretary of State for Mines and Energy,
Ing. Fernando Hiriart,2 the initial survey data was presented to him,
and enquiries into some of the underlying causes of the L.P. gas distribution problems was enabled by his authority.
LPG is retailed by private companies who have been awarded a
governmental concession to sell within a specified area by SECOM.3 There
are considerable problems of "piracy", especially since the population
of the valley of Mexico is increasing rapidly and new companies are
invading old concessionary zones. This happens particularly when the
original concession no longer provides a sufficient service for the increased population of a zone.
A reV1S1on and up-dating of gas retail concessions seems, therefore,
to be needed to ensure adequate supplies of this domestic fuel.
The drivers of the lorries which are used to distribute gas earn
the official basic minimum wage for the region concerned, and on top of
this earn a commission for volume of gas sold. It is therefore not in
their interest to try to sell gas in rural areas difficult of access.
This results in problems for the consumers, such as refusal to carry
steel gas cylinders to ho"uses, refusals to replace cylinders which are

During the same time firewood prices rose by 50 per cent and kerosene,
from which the subsidy was removed, by 234 per cent; salaries (theoretically) rose by 30 per cent: the $MN293 new wage in Texcoco a.rea
was only paid to some urban wage labourers though.
2

Now head of the National Electricity Board in President M. de la
Madrid's government.

3

The Board of Trade.

.. 32 -

damaged (although women often have no alternative to that of accepting
a damaged container if they are to have gas at all), refusal to accept
tanks supposedly supplied by a rival company (although all containers
are standard), irregular distribution days, and extra charges levied on
top of the official price for delivery off the main road (i.e. for the
majority of the population).
To improve supply of gas as a domestic fuel, a subsidy system to
gas companies who retail in rural areas difficult of access would be
another step to consider, enabling some change in the scale of commissions, so making it worthwhile for drivers to serve these areas.
In one week in sta. Catarina,15 containe'rs with gas leaking from
them were found just whilst visiting some of the households in the subsample. The great majority of gas cylinders in the area arr in a poor
state of repair and new refill tanks are urgently required.
It is inevitably the poorer sector of the gas users in the rural
population who have the most problems. Houses without vehicula.r access
tend to be inhabited by poorer households. They also tend to buy one
gas cylinder only when the heavy initial investment in a gas stove is
made, whereas two cylinders are needed to ensure a continual supply.
There is a feeling of frustration, particularly a.mong the poorer sector
of these villages, that their new gas tanks are exchanged for old, often
damaged, refill tanks. Many users complain that the containers are not
completely full and vary in pressure, but the companies contend that due
to faulty refill tanks gas escapes en route.
The private gas companies have to pay 10 centavos for each kilo of
gas, which is automatically included in the wholesale price by the government, a~d is placed in a special fund for the replacement of refill
cylinders.
This fund is controlled by the Secretaria de Patrimonio
Nacional y Fomento al Industria (SEPIN). In early June 1983 no new
replacement cylinders had been received by the "Gas de Texcoco" for
three and a half years.
A third factor in improving rural gas distribution would therefore
be the provision by the government of sufficient replacement gas cylinders to the retail concessionaries.
In order to understand why no replacement cylinders had been provided for so long, in spite of the accumulation of approximately 1 ,500
million ·pesos (pre-February 1st devaluation) in the fund for this purpose, an interview was arranged for the author by the Secretary of Sta.te
for Mines and Energy, with Ing. Jose Dominguez Marquez, then subdirector de Hidrocarburos, Direccion General de Energia.

Presumably this situation is occurring throughout rural Mexico certainly in all areas visited in central and southern Mexico enquiry suggested that this is so.
2

This cost is in fact passed onto consumers in the retail price.
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The explanation given leads into the ramifications and interdependence of various sectors of the economy. Basically, repla.cement cylinders have not been available due to cost disputes with the manufacturers
following production problems in the sheet steel industry, aggravated by
wa.ge disputes after two recent devaluations of the national currency.
This has been worsened by slow bureaucratic procedure in the Secretaria
de Commercio, who are responsible for authorizing official prices. Hundreds of thousands of replacement cylinders which were m2nufactured have
ended up being exported to Central America and to certain areas of
Mexico City.
The retail cost of LPG in Mexico is subsidized by the government.
Ing. Jorge Serra,no, Gerente de Mercado Technico of PEMEX 1 stated in June
1982 that the retail price of gas to the public wa.s 4.30 pesos per kg.
PEMEX sells gas to the wholesale distributors at 2.11 pesos per kg, from
which 10 centavos is charged to the public within the 4.30 pesos retail
price for replacement of steel cylinders, but is received by PEMEX in
the 2.11 pesos and given to the Secretaria de Patrimonio al Industria
every six months (making about 300 million pesos a year). This means
that 2.10 pesos per kg is received by PEMEX. Ing. Serrano stated that
the cost to PEMEX was much grea.ter than 2.1 pesos, and that bet\"leen 1 .00
and 1.50 pesos '-lent in transportation alone. When a.sked for the cost
of production he had no data available, but said that it was more than
1.00 peso per kg.

°

Mexico has large reserves of oil which put it in fifth position in
the world with regard to proven reserves, and there are indications that
this will be higher.
PEMEX is flaring an enormous quantity of natural gas daily. The
1977 report stated that 3,600 cu.ft. of gas was produced with each barrel of oil in S.E. Mexico. (That is 0.78 barrels of crude oil in terms
of thermal equivalence). From the most recent available crude oi1 2
production statistics for last year, it would seem most likely that at
the end of 1982,1,000 million cu.ft. of natural gas per day was being
burnt off at source in Mexico. Mexico's main customer for petroleum,
the USA, is interested in importing almost all the liquid fraction it
can, but does not need all the gas associated with this. In view of
Mexico's balance of payments deficit, and the current fall in world oil
prices~ there is little incentive to decrease either oil production or
exportation at present, and an increasingly large volume of natural gas

1

Petroleum Mexicanos, the national oil company.

2

Statistics are difficult to verify, particularly since a fire in the
main offices of PEMEX in the late summer of 1982 destroyed many
records. Strong public reaction to a 3,560 million peso deficit in
the PEMEX accounts ha.s led to a change in personnel and Ing. Jorge
Diaz Serra.no has now been publicly tried and convicted of fraud
(August 1983).
,

3

A U.S. dollar per barrel decrease in oil price means a loss of $650
million dollars a year in foreign exchange for Mexico. A one per
cent fall in the dollar's rate makes a $850 million saving to Mexico's
annual interest payments.

- 34 -

is resulting from the expanding crude oil production. If sufficient
infrastructure for storage and transportation of natural gas were
established, however, the majority of the population could have one
direct benefit in the form of very low cost domestic fuel.
Mexico is not alone in wasting gas at source: in OPEC countries
in 1981 approximately 30 per cent of natural gas produced was flared,
representing 37 million U.S. dollars per day going up in smoke.

4.5 The choice of fuel and effective labour supply
Some of the practical problems of evaluating the true costs involved in obtaining different domestic fuels have been described. In
summary, a number of issues can be stressed.
1.

There is no straightforward way of quantifying the opportunity
cost of labour used in obtaining firewood, either in a subsistence
economy or during the stages of transition to a market economy.
Translation to a money cost can only be done for those members of
a society in which time spent obtaining fuel can'be directly related to the wages lost during that time i.e., where full wage
employment is a practical reality. Appropriate calculations have
been made where this is possible.

2.

Since unemployment or underemployment are the norm in Third World
societies, there are many households in urban as well as rural
areas who do not receive a specific cash return for their labour.
Where there is no opportunity for paid work, the cost of time and
the cost of human energy is more elusive than when this opportunity
exists. It is only the populations involved who can decide what
other uses are made of time available. In principle, however, this
does not mea.n the opportuni ty cost is necessarily zero.

3.

If a.lternDtive sources of energy were available, which were less
demanding in terms of labour and time (LPG in this case) two mandays weekly would be freed per household of seven people. This
time could be used for useful productive work, though the current
economic crisis in Mexico (as in much of the world) makes it unlikely tha.t these two dRys could be used to earn cash. From the
point of view of national development strategy, this time should
be taken into account, especially as the 'waste' of human resources
is also linked to waste of environmenta.l resources: forests, soil
and· water. which combine to further reduce the nation's productivity.

4.

Unfortunately, the problem of mobilizing labour remains. In
current circumsta.nces, low human energy resulting from poor nutrition, ill health, heavy daily tasks and alcoholism are prevalent
in the poorest sectors - in the face of totally inadequate infrastructural support for the development and improvement of their
daily life. The cost of collecting firewood has to be regarded,
therefore, in qualitative terms, both of health, and of preferred
uses of time, rather than in artificial quantitative terms of
market costs.
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5.

Once a household task such as wood collection becomes too much of a
burden, however, then the tendency is to change to an alternative,
rather than to suffer undue stress in an attempt to continue a traditional pattern. This is, of course, only possible where feasible
alternatives exist. Extension agencies and other aid organizations
should not simply decide to improve existing conditions (e.g. with
woodlot plantations and energy-efficient woodstoves) but should
consider the encouragement and provision of alternative fuels.

6.

Superimposed upon the whole is the question of differential
entitlements to fuel supply. Not all households have equal rights
to forest resources, and the land tenure system, whilst not dis- 1
couraging tree planting by those who have rights to plots of land,
does mean that landless households have less access to trees than
do others. Household structure also affects ease of access to fuel
supply. Where there are no able-bodied men or youths, forest firewood cannot be obtained without considerable difficulty, unless
they can afford to pay for the labour involved. Poorer houses are
often more peripheral, with no vehicular access to facilitate gas
delivery, and no means of paying for private collection from the
depot. Low entitlements to credit restricts the opportunity for
capital investment in LPG stoves and cylinders.

Unlike the situation for tenant farmers in much of the developing
world, where land tenure is not secure.
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5 .0

OPPORTUNITY COST OF USING

FUELS

This chapter emphasizes that the labour costs involved when firewood
and organic residues are the major domestic fuel for a household are not
only those involved in collecting or otherwise obtaining wood. The labour
costs of using firewood may be relatively higher than those of obtaining
it. This factor has not so far been incorporated into the literature on
firewood use, although studies of daily patterns of the domestic work
undertaken by women in underprivileged societies are increasing.
The realization of the number of hours spent daily by women in providing meals, the same pattern having to be repe,ated day after day without
fail, should penetrate more widely into plans for improvement aid and
development.
In the villages studied, the opportunity cost of women's time spent
on household tasks including cooking is taken to be nil - just as in many
societies. Even when the women also worked to earn cash income, or worked
at cultivating the flower and herb gardens and other agricultural activities,
it was expected that all the household tasks would also be carried out by
them. The systems of having daughters-in-law to live in the paternal home,
as well as having large numbers of children, of which the girls were expected
to help with the daily tasks, enable division of the necessary labour, so
that for example if two women go to the river to do the washing (which takes
four or five hours) another can make the tortillas and cook over the wood
fire. In the wood-using group a mean of almost four hours a day was spent
on preparing, cooking and serving meals by each of two women, i.e. eight
woman-hours a day for households averaging eight people.
The four hours spent doing this by two women each day is a far greater
task than is the eight hours spent once a week by each of two men going up
into the forest to collect firewood.
The traditional daily work pattern of women in these villages is
changing. On one hand more now have salaried employment. Older women tend
to have only part-time employment, in domestic and other services, or as
small traders often selling their own produce. Younger women, particularly
those who have finished their primary education, are now frequently employed
full-time, and may be the sole or chief contributors to the cash income in
families which are basically campesino, where the young men help their
fathers in the fields. This change in employment patterns means that the
opportunity cost of using firewood is now high where women's access to cash
has increased, and a change to low labour intensive fuel is the logical outcome of this.

5.1

Species used for firewood

It is not simply the difficulty of obtaining firewood, or the time
taken to use it, that is affecting the pattern of domestic fuel use in this
area. The opportunity cost of using firewood is increased due to the poor
quality of wood available. Oak is one of the most preferred local species,
but the oak forests are rapidly disappearing. There. are several species of
tropical oak in central Mexico and some can be successfully coppiced. They
are not as slow growing as temperate oaks. It was found that very few households were, however, able to burn such slow-burning wood of reasonably con-
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sistent calorific output, or to burn wood of high calorific value, or wood
which does not give either much smoke or acrid fumes.
In the village of Sta. Catarina, where there are still forest reserves,
firewood species are over-exploited and sufficient firewood is difficult to
get for the majority of those using it, so that only a minority can use the
species they prefer. One of the more important consequences of this is that
the preferred hard woods which are ideal for the slow fire~ needed to cook
beans for four to five hours are scarce, and this is considered to be an
important factor in their decreasing consumption in this village.
When asked to give their first three choices of species preferred as
firewood, the list of all wood-users (including those using gas as well) was:
first, Ceanothus (32) ('huacalillo', a shrub with blue flowers cultivated
in the UK as an ornamental); second, 'anything we can get' (20); third, oak
(15). \Vhen asked what they actually burnt, the result was: first, 'anything
we can get' (51); second, 'twigs' (10); third, fir (6).
When a comparison is made between the information given by the women as
to which species they usually burnt, with the ordered list of species
actually measured by the author during the sampling, the two are almost
identical. Throughout the sampling it was found that the quantitative
measurements made were almost always in very close agreement with the information given by the villagers.
Appendix 11 shows the species of firewood found to be used during the
sampling period. It can be seen that the majority who have access to firewood from the forests burn fir and pine. Others burn a wide variety of
species, and 62 per cent of the wood-using group also burn maize cobs instead
of using them to improve their soil.
It is also noticeable that 76 per cent stated that they have to burn
fresh green wood, due to the insufficiency of dead wood in the forests. In
fact, some of this green wood is available as a side product of illegal tree
cutting by woodsmen who sell timber as planks etc., but when one goes up
into the forest it can be seen that there is very little dead wood available.
Under Mexican forest laws, only dead wood can be used by villagers, as
explained in 2.3.
In Purificacion, the type of species burnt by wood-users was not considered to be important any longer; the main concern was to obtain enough
wood. Fifty four per cent 'when asked for their preferred species said:
'anything we can get'. The next most frequent answers being fruit trees,
pepper tree (Schinus) and oak. The sampling showed that the majority of
WOOd-users burnt dead wood pruned from the orchards around their houses.
Unlike Sta. Catarina, only 17 per cent here had to burn fresh green wood.
Many of these families continue to use wood because the orchards have become
very neglected and many trees are dead or dying. This is due principally to
lack of sufficient water for the twice-yearly orchard irrigation, (this
insufficiency of water being in turn related to decreasing forest cover in
the Sierra de Nevada), but is also affected by the increase in employment
outside the village, so that less labour time 'is available to tend the
orchards. The majority of households use gas for most of their cooking and
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wood from the orchards is used only for heating water and by those who still
make tortillas. As usual, it is the poorer sector which suffers most, since
they tend not to have land or orchards, and have to collect twigs, dead
maguey leaves and other residues to burn. Many of the WOOd-only users have
to do this, as there is certainly an insufficient amount of dead wood in the
orchards to provide for firewood as the sole domestic fuel except in households of only two people.
The two wood-using groups of Purificacion were the only people in either
village to express an active interest in setting up a village woodlot. Those
women who preferred to continue making tortillas for the foreseeable future,
at least several days a week, showed some interest in the idea that a plantation of trees to provide firewood for the village could be set up. Even so,
other priorities for the improvement of the community were considered more
important, above all ensuring an adequate water supply to each household and
for irrigation, ensuring regular gas supply, getting the health centre to
function properly and improving the school. The neglected orchards and
village lands in general were felt to be providing enough firewood to supplement gas use in the wood and gas group: only 2.4 hours a week were spent
collecting wood, and although those households which relied more extensively
on wood (and, of course, the wood-using group itself) felt that firewood
supplies should be improved, they did not form the majority of the village.
Unlike Sta. Catarina, here there was a general desire to change to using gas
and to forget about the hardships of cooking over a wood fire. There was
the feeling among the younger households in particular that to continue to
use firewood was a temporary measure until they could obtain a good water
supply and install a gas water heater.

5.2 Daily cooking patterns and diet·
The pattern of cooking meals is changing with change in employment opportunities and in school attendance. This is a crucial factor in the domestic fuel problem, because traditional cooking on wood fires is not as
flexible as are modern convenient fuels such as LPG.
The number of people who work outside the village was calculated for
each stratum, but as a percentage of the total number of people (including
children who had been weaned) who normally eat in that household as opposed
to elsewhere. This shows the degree to which adult members of the village
now eat at times at which other members of the household do not, since the
traditional two-meal patterns of 'almuerzo' mid-morning and 'comida' midafternoon. is used for adult household members working in and around the
village. In Sta. Catarina this was only six per cent; ten per cent and 12
per cent for the wood, gas, then wood plus gas strata respectively. In
Purificacion, the village more within the modernized sector of the Mexican
economy, the figures were ten per cent of wood-users, then about 32 per
cent of gas-only users and 17 per cent of gas and wood using households,
i.e. about 25 per cent of household members where gas was used at all
worked outside the village. Super-imposed upon this is the fact that most
children between the ages of six and twelve attend primary school more or
less regularly.
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Both those adults and secondary school students who work outside the
villa.ges, together with children attending primary school, leave home
before the traditional morning meal, and arrive back before the traditional comida, (or vice-versa if they are on afternoon shifts). In other
words, meals have to be heated up and served more times every day than
before. This brings three problems: the increased fuel requirements, the
extra labour input by women, and the inadequacy of firewood use to quickly reheat a cooked meal, particularly in the rainy season •. All three
factors tend to have an adverse effect on the overall diet base of the
population.
The daily pattern of meals is as follows: Early in the morning a
hot drink of herb tea or atole 1 is taken with white bread or sweet buns
if the family can afford these. Bread used to be baked locally for sale,
using wood-fire ovens but only one family in Sta. Catarina now does this.
Bread rolls from Texcoco are resold in the villages at an inflated price
and are no longer fresh, but eating white bread rather than tortillas is
prestigious. On the practical side bread does not have to be heated up,
and if hard is dipped into a drink, whereas tortillas are completely
unpalatable unless heated. Bread also plays a new role in providing
snacks for children and members of the household who work outside the
village. They rely considerably upon 1ttortas" or sandwiches of white
bread filled with various ingredients, and more perniciously, the sweet
packaged cakes and snacks together with sweet bottled carbonated drinks
sold in every village where there is a transitable road. This change
from the basic nutritional diet of maize tortillas with beans and chili
sauce, to refined white flour and sugar, is of considerable concern to
Mexican nutritionists. Since children have frequently not eaten anything
but snacks during the day, when they leave school at 1.00 p.m. there is a
rush to buy another snack or sweet which keeps their appetite satisfied
until the main meal is served between 3.00 and 5.00 p.m. in the woodfire
using households. Those families with gas stoves can readily heat up a
prepared meal as soon as the children arrive home. If there is insufficient firewood, hot food or drink before school for the children is not
usually available. The early morning is often cold in the central plateau
and highlands of Mexico a.nd da.mp during the five months rainy season,
making if difficult to light a fire for the 55 per cent of wood-only users
who cook outside, and unless carefully tended to last only the the
required time wood is wasted.
Between 10.30 and 11.30 a.m. the "almuerzo' is eaten. If the men
and older children are in the fields a considerable distance away a young
woman will usually take some cooked food and tortillas to them, and reheat the meal on a small wood fire made on the spot. Remaining family
members eat at home. Usually tortillas made the previous day are reheated
and served with food left over from the previous day's comida. This may
be supplemented by a new dish such as eggs cooked as an omelette then
stewed in green tomato and chili sauce to ma~e them go further (as well as
being a preferred taste) or stewed quelites.
A large proportion of
1

Made with maize flour

2

A wild species of Amaranthus
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tortillas is eaten, only a small amount of other food taken with each.
In the poorer families beans are usually the main source of protein and
may be eaten for almuerzo or comida.
Soon after the almuerzo, the next nixtamal is prepared, or beans or
other food which takes a long time to cook is put on the fire. The main
dish of the comida is usually cooked before the tortillas are made, so
that it is just warmed up at 4.00 to 5.00 p.m. when people have returned
from the fields. Both main meals are accompanied by tortillas which are
the overriding staple diet in the campesino sector. Much more firewood
is used to cook tortillas than is used for any other item. A mean consumption of 4.7 kg of maize dough per capita per week was measured in
wood burning families across both villages.
After the main meal, the fire is not usually lit again except in the
few households who have a sufficient store of firewood, where a hot drink
may be made in the evening.
Poor nutrition is of course not restricted to ruraf wood-using families, but in Mexico as a whole it was estimated in 1982 88 per cent of
the rural population were undernourished, and that in this sector 92 per
cent of children under the age of fourteen show symptoms of chronic malnutrition. Almost 39 million of the national population as a whole are
undernourished. Food consumption by the highest income group is frequently up to five times more calories a day than that of the lowest income groups. A large part of this is of anima.l origin, compared with
the poorest campesino diet of only two thousand calories, largely of
vegetable origin. Deficit in food production in Mexico, currently between 12 and 15 per cent, is not fundamentally due to lack of land or to
ignorance of suitable techniques, but to the decline in political importance of the agricultural sector accompanying the increasing reliance
upon revenues from oil production. Apart from this, eighty per cent of
the food industry is in the hands of multinational companies who thus
have a great deal of influence over prices and over type of foods marketed,
and most of their profits are exported from Mexico.
In Sta. Catarina the wood using group ate meat only once a week on
average: 27 per cent had meat only once a month and 33 per cent only once
a fortnight. Only one of the families sampled had fresh milk as a normal
part of their diet, and there it was just for the children. Dried milk
was used for children, but average consumption per capita was only one and
a half t~me8 a week as part of the normal diet. Eggs were eaten only twice
a week and tinned or dried fish once a fortnight. Bottled carbonated
drinks were consumed twice a week (not including those bought by children
after school or other purchases outside the normal meal times). In
Purificacion in the wood using group the diet contained more protein:
meat was eaten twice a week, fresh milk four times a week and eggs six
times on average. This was to a certain extent a reflection of the greater
number of domestic animals (e.g. households having a mean number of six
chickens) as well as fresh cows' milk being sold d.aily in the village. It
also reflects the proximity to Texcoco and its market; food prices are
considerably cheaper there than in the villages, but above all it reflects
the large percentage of wage-earners in this village.
RelIo Espinosa
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The wood users of Sta. Catarina did not answer the question on weekly
expenditure on food, partly because expenditure is very low, and partly
because it is irregular. From two reliable observations made by the author
over a period, one family of three spent $MN800 a week, another family, of
eight $MN1050 (or $~N131 per capita weekly). This is to be compared with
the then retail price of 1 kg maize in grain ($MN12), 1 kg beans (~MN26),
1 kg ready-made tortillas (~MN5.5), 1 1 cooking oil (~MN70), 1 kg eggs
($MN7S), and 1 kg cheapest stewing beef ($MN125).
The measurement of quantities of kidney beans cooked in both wood
using and wood plus gas using sectors showed a per capita daily consumption
of 23 g, which is equivalent to an intake of 441 g-equivalents of protein,
(the nutritive importance of beans however is not only the protein content,
since maize has a large percentage of available protein, but the B vitamins,
phosphorous and iron which complement the maize).
There is considerable variation depending upon income range and upon
fuel used. In Sta. Catarina, where more people relied entirely upon wood
fires and general income level and diet is poorer, only 15.3 g of beans
per capita daily in the wood sector were measured. In Purificacion more
beans were cooked. Unfortunatel~ it was not possible to make quantitative
measurements of decline in consumption of beans with decrease in firewood
supply since the field work was carried out in only one year, but almost
all the wood-only users stated that they cooked beans fewer times a week
than before, and many stated that they cooked about half the quantity
that they used to cook five years before. This may be partly due to a
general widening in diet base, but when the consumption of protein rich
foods is considered then it is still very low, particularly for the wood
users where beans are a. main protein source.
Monitoring the use of the wood sample weighed over time showed that
over 15 kg of wood was used on average to cook 1 kg of kidney beans which
took 4.5 hours to cook slowly. On a gas stove (i.e. at constant heat)
only about 3 hours are needed, and with a pressure cooker, only an hour.
That beans are no longer cooked daily in the wood using groups is
borne out by the fact that the fire was kept alight for an average 3.5
hours daily (minimum one hour and maximum seven hours) in Sta. Catarina.
Meals were served on average only twice a day. In the village of
Purificacion, the fire was kept alight for 4.2 hours per day on average
and meals or drinks were h~ated three times a day. The extra hours of
wood-use probably reflecting the fact that three meals, not two, were the
norm. The households where the fire was alight for only an hour were
invariably using LPG as well as wood. Simply keeping a wood fire alight
is obviously far more time consuming than lighting a gas or kerosene stove,
and results in increased opportunity costs of women's labour.
In the gas-only group which formed 22. per cent of Purificacion, there
were also high opportunity costs of labour associated with fuel use, but
for completely different reasons. It is interesting that since none of
the women in this group made tortillas, they in fact spent more time preparing and serving the rest of meals than did the women of any other group
in either village, an average 3.3 hours per day per woman. This is due to
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the fact that (a) more types of food are prepared, (b) food is served
more frequently, catering for the various meals each day to fit into
the timetable of primary school, secondary school and working hours (which
are all different), and (c) there is usually only one woman at home to
undertake this work.
This implies that time and energy are used
point of view of nutrition and health; it would
the preparation of the same food ingredients by
different fuels and stoves. It also emphasizes
time spent by wood users in making tortillas.

to greater effect from the
be interesting to study
the same women given the
the high proportion of

From the initial survey it was found that in both villages combined,
in 54 per cent of households sufficient tortillas were ma.de for daily
requirements, 16 per cent made tortillas sometimes (usually enough for 2
or 3 days a week). Thirty per cent did not make tortillas at all.
The next section describes the processes and problems associated
with making maize tortillas, since this has the highest labour input
associated with firewood use.

5.3 Preparing and cooking maize tortillas
Tortillas are the most important single item of diet and they cannot
be eaten cold, even if they are bought ready-made to save both time and
wood needed to prepare them. It is not practicable to make tortillas on
a gas stove, at least not on the size of hotplates currently available
(see later), and so wood fires have to be used. Small comales can be
placed on top of gas stoves to reheat tortillas however.
The first stage is to remove the grain from the maize cobs. Children
often help in this. Three to five kilos are used at a time. Then
the grains are soaked with enough water to enable them to swell. Quicklime (CaO) is dissolved in the water to help break down the maize kernels
(and, incidentally adds an important nutrient, calcium, which is valuable
for a population which has a. diet very limited in dairy produce and other
calcium sources). Usua.lly a laminated iron drum is used as a container
(bought from wholesalers of lard, oil etc.). This 'nixtamal' is then
boiled for an hour or 1t hours until the maize is soft.
The prepared maize is placed in a plastic bucket. 1Yhen convenient,
this is taken to the village mill to be ground, forming a moist dough.
This job is frequently that of female children after they have returned
home from morning school (which finishes at 1-1.30 p.m.), as old.er women
may have to stay at home to care for younger children and light the fire
to cook the main dish of the comida before cooking the tortillas. It
often involves a long walk to and from the mill, and no meal will be ready
until about 4 p.m., when the tortillas have finished being cooked. Where
there is no mill in the village, the nixtamal is ground by hand. Sometimes small meat-mincers are bought for this purpose. Either way it is
a hard chore.
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The woman who is going to make tortillas has to first light the fire
in the tlecuil (open hearth of three stones) if it has not been used that
day, otherwise modify it to give an even temperature, not too hot or the
tortillas will burn, neither too low or they will be hard or raw. This
is difficult to do without good firewood supplies to hand~ If, as is now
the case for the majority, only twigs and other rapidly burning residues
are available, then the opportunity cost of using firewood increases.
The woman then has both to tend the fire frequently and C09k the four to
five tortillas at a time as traditionally done in this and many areas
to maximize labour and minimize firewood use.
For a household of seven people, the mean time spent cooking tortillas was 1* hours a day by one person, and 4.7 kg of dough was used.
The woman sits with her legs tucked under or kneels so that she can
reach both the metate (the stone surface on which the maize dough is
rolled, usually made of basalt) and the comal over the fire. A container
of water placed on the floor is used to moisten her hands when needed.
A small ball of dough is made into the form of a pancake about 15 cm in
diameter (the size of tortillas varies in different parts of Mexico so
that different sizes of comal are needed. This size is the most standard
and widespread). The tortillas is then cooked on the comal. Most women
in these villages now use a metal 'tortillas press' to form the circular
bread, which is much quicker than doing it by hand. As the tortillas
are cooked they are placed within a cloth napkin in a basket to keep warm.
\Vhen there is more than one woman in the household, tortillas may be made
throughout the main meal, by the junior woman.
The comal is a portable hot plate about 40 cm in diameter, on which
the tortillas are made. It also serves to reduce direct heat from the
fire while simmering foods. Traditionally of earthenware, many villages
which are more isolated from markets still use this material. In the
villages studied here, less than a quarter used earthenware in Sta.
Catarina and a.lmost nobody in Purificacion. Earthenware comales cook
evenly and retain heat, but are liable to break, so that metal comales
have become popular. They enable cooking to be carried out more rapidly
and are also used to grill offal, toast chilis etc. vfuen there is
sufficient firewood to have beans or other stew cooking separately over
a second hearth, then the earthenware comal is more useful as it. does
not have to be moved, but this is not the case in these villages.
The hearth is most often in a kitchen separate from the house: a
small adobe room without aO chimney. The draught is obtained through the
open door and some smoke escapes through a hole in the roof, in the
corner above the tlecuil.' Only a very few of the wealthier traditional
households have anything resembling a wood stove - which consists of an
adobe range at waist height with two or more fireboxes open at front and
top, and in only one instance a chimney. These provide a slightly increased heat-efficiency as draughts are limited, but most women do not
prefer to stand and cook tortillas due to the length of time of at least'
1t hours at a stretch. Preferences, of course, vary, depending also on
the number of women available to share the tasks. These ranges were used
in houses where several women cooked, including domestic servants.
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Smoke is a very serious health problem in small kitchens. Respiratory disease is the second most common cause of death in areas at this
altitude in Mexico.
'The roofs of the adobe houses are made of thin bricks (bobida)
supported by timber beams every 60-80 cm, and the smoke does have a
beneficial effect in controlling woodworm, and other pests, but there
are other means of doing this. No local products are cured by being
smoked. Smoke is thus another ingredient of the high cost of using
firewood. Twenty-two per cent of women using wood only cook outside,
for which the only palpable advantage is that they inhale less smoke,
but the main reason is that they have no kitchen or space indoors in
which to cook.
Not surprisingly, the quantity of wood used to make tortillas varied
considerably in different households. It was positively correlated with
both amount of wood available and species of wood. The quantity used
was also positively correlated with the time that women spent upon household chores (which in turn was most frequently related to the number of
women in the household). An average of 0.4 kg a masa was cooked as
tortillas per kg of wood used by the wood users of Sta. Catarina.
The initial survey of the preparation of tortillas showed a marked
difference between the two villages. Sixty-five per cent of households
in Sta. Catarine always prepare the tortillas, using firewood as fuel,
whereas 63 per cent in Purificacion never prepare them. Those households
using both firewood and gas use the wood for making tortillas and cooking
beans, and gas for cooking other food. In both villages, water for bathing
is heated using firewood, and in Purificacion this is commonly the only
use of firewood, as more women are turning away from preparing and cooking
tortillas.
If the breakdown in market terms is made, using the internal resale price of firewood, then the cost of cooking 1 kg of tortillas was 9
pesos plus the cost of wood for boiling the nixtamal and reheating tortillas at meal times. Added to this is the cost of the women's labour and
the detrimental effects to their health resulting from bending over a
smoky erratic fire. To the 10.5 hours a week spent cooking tortillas for
a household of seven, must be added the hours spent in preparing the
dough, so that about 15 hours (or more if the mill is a long way from'house)
are spent. Shopping cannot usually be done at the same time as the bucket
of 5 kg qf dough is heavy. The cost of using maize which has been grown
and harvested by the family but had a retail value of 12 pesos per kg in
the village shops should also be included.
It is not surprising, therefore, that an increasing number of women
are buying tortillas, which were 5.5 pesos per kg at the prices of
September 1,1982. This number is increasing particularly among younger
households which do not have land to cultivate maize; for these people
buying maize at 12 pesos per kg (or even at the much reduced rate for bulk
purchase made in the market town) is obviously prohibitive when ready-made
tortillas retail at less than half that price, even,though maize grain
yields up to 1t times its weight as tortilla dough.
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In Purificacion, the women used less wood when making tortillas,
probably because the wood was more difficult to obtain: 0.6 kg of
dough was made into tortillas for every kg of wood used, compared with
only 0.4 kg in the forest village. There all households in the woodusing sector made tortillas. They also had land, in fact slightly above
the average village area of non-irrigated maize field, a mean of 0.75 ha.
But, of course, this group was very small, only ten per cent of the
'
households in the village, and many of its members were older people who
preferred the traditional way of life.
The fact is that tortilla-making is part of a very strong sociocultural tradition and the psychological importance of maize as the basic
food source in central and southern Mexico is felt by rich and poor
alike.
Apart from this, for nutritional reasons, maize tortillas are very
much to be preferred to the alternative white wheaten bread, not only
in themselve~ but because of the way they are eaten - together with
other traditional nutritious foods. White bread tends on the other hand
to be eaten with highly processed, non-traditional commercial foodstuffs.
There are now mechanized 'tortillerias' in towns and in villages
fairly near to urban centres, where many households buy ready-made tortillas. The taste and texture of such tortillas is less preferable to
those made at home (a difference similar to home-made wholemeal bread and
a shop-bought white sliced loaf). Moreover, the nutrient content is
usually inferior, as additives may be used to increase the bulk of tortilla
dough produced commercially.
Where households have no land and cannot therefore cultivate maize,
they were buying granular maize by the sack and cooking tortillas with it.
The Mexican government subsidizes the cost of both ready-made tortillas
and other goods, since it is difficult to live outside the cash economy
except in the more remote villages.
An important cause of this pattern of change to ready-made tortillas
is the difficulty of obtaining sufficient suitable firewood with which to
cook them. In the traditional households of Sta. Catarina 46 per cent of
women state that they prefer to make tortillas, even at the high opportunity cost of labour involved, but cannot do so all the time because of
lack of firewood. The net .result of this introduction of tortillerias,
from the viewpoint of labour costs of using different foods, is that buying ready-made tortillas has obviated the need for using wood as a domestic
cooking fuel.
Gas stove design
Whilst details of time and motion studies in the kitchen were outside
the briefing of this research, it was however concluded that the inadequacies of design of gas stoves currently available on the market was a major
constraint to the total change away from firewood. This is because making
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tortillas cannot be satisfactorily carried out using the gas stoves
commonly available unless very few are to be cooked:

(a)

the diameter of heat source is too small to enable several tortillas
to be well cooked at the same time (although they can be warmed up
on a small comal over a gas ring),
the time needed to stand still, to reach the top of the gas stoves
sold in Mexico which have a design suited to the European or North
American manner of cooking is very tiring (and also means that a
woman has her back to the room, cannot see what children are doing
or take part generally in what is happening), and

(c)

the cost of using the gas for such a long period at a steady temperature, whilst being lower than that of firewood in real terms,
involves a cash outlay which is not felt when firewood is used.

Energy-saving wood-burning stoves which have been designed specifically to incorporate a large comal and separate smaller burners for
pots of beans etc., are at a comfortable height for the women to use, and
are built so as to have worktop on which to prepare the tortilla dough
are being modified to local needs and introduced in the state of Puebla
in areas where the gas is not available.
LPG burners with a larger diameter than the normal 10-15 cm, for
mounting in a specially built unit are obtainable in Mexico City for
commercial use e.g. restaurants or for fitting in individually designed
expensive kitchens. Table-top gas stoves, usually with two small burners,
are sold throughout most of Mexico in a limited number of shops but are
not in great demand, probably due to (a) the small size of burners
(b) insufficient number of burners on which they may rest and (c) lack
of useful stand.
The author is currently undertaking a study of the stove requirements and preferences in central and southern Mexico with emphasis on
stoves or burners for use with LPG.

5.4 Sessonality effects
The division between dry season and the rains, when there is normally
between one and five hours of heavy conventional rainfall, (usually early
afternoon) between the end of June and the beginning of October, has
both direct and indirect effects on firewood use.
Prosperous families build up a store of wood before the rainy season
begins. The wood-weighing part of the sampling had to be carried out in
this season, and it was obvious that, apart from this wealthy minority,
there was inadequate room to store firewood to keep it dry. This meant
that even when the men had brought a week's supply of wood from the
forest, there was not more than one or two days supply dry enough for
use at a time. Women would bring wood in beside the fire so that it
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dried out ready for use the next day. It would be a good idea probably
to demonstrate that small shelters made from cheap materials (e.g. poles
and heavy-duty polythene) could be made over the woodpile, in order to
protect the wood, especially since the small size of many houses restricts the storage room inside. In general, less wood is collected from
the forests during this season since mist, rain and slippery tracks make
this an unpopular as well as time consuming task. In the wood and gas
users group the lack of wood during the rainy season is exacerbated by
the bad conditions of the unpaved roads so that gas deliveries are made
more difficult. In Purificacion, the climate is not so humid but the
same problems of storage exist for the few WOOd-only users.
During the rains more time has to be spent in cultivation, especially for the herb and flower growers, so women have less time for household tasks. An important side effect of this was that fewer tortillas
were made during then. (This is not necessarily to say that fewer tortillas were generally eaten then, but that more were bought ready-made).
In the poorer agricultural sector which relied almost or entirely upon
subsistence crops, however, the maize available to make tortillas was
at a minimum at this time since the latter part of the rains is the
time of pre-harvest scarcity, and undoubtedly fewer tortillas were eaten.
For the 55 per cent of women who have no kitchen and cook tortillas
outside, it is of course more difficult to do so in the rainy season.
Many of these women have bought gas stoves, which they can place inside
one of the two or three rooms of the house, in order to facilitate
general cooking during the rains. An open wood fire on the other hand
needs 'a separate room, or at least the end of a large room, in order to
cope with several hours of smoke.
Wood fires are not used specifically for space heating and are not
usually lit in a room which is occupied by the household. Meals are
more frequently not eaten around the hearth, apart from in the poorest
sector of the community who have only one main room. In the later case
cooking is more often done outside in any case. In other words the heatenergy from an open fire is not normally benefiting the family as space
heat, even though the temperatures at this altitude are very low in the
evening and early morning. Also people do not have many changes of
clothes, and frequently get wet through. There is no suitable provision
for drying clothes,after the afternoon rains, and respiratory infections
are 'common during this season.
The use of wood stoves would greatly improve heat efficiency, from
a given volume of firewood, would reduce smoke problems and provide
space heating and a heat source for drying clothes, since it can be more
easily situated in a main room of the house than can an open .hearth.
If a true picture of domestic fuel use is to be obtained, it is
important therefore to undertake each stage of sampling during one particular season, and if possible during the same stage of the harvest cycle.
In the same way, to make a comparative study ·over time, like seasons
should be used.

-~-

5.5 The constraints to using these fuels
In summarizing the use of firewood as compared with that of LPG it
should be emphasized that the principal costs are borne by women and
children, but that the whole diet base of the poorer sectors of the
populations (i.e. those with inadequate fuel supply to serve hot meals
as and when required) is affected. It is of course true that this same
sector most frequently has the poorest diet in any case, but it is also
true that they have to expend more calories obtained from their diet
in obtaining and using firewood than do those households who can pay to
use gas, and that the raw ingredients of their diet most frequently
need longer cooking periods than those who can afford a varied diet.
A.

Constraints to using firewood may be summarized as follows:

1.

Insufficient supply of firewood within reasonable distance of
village centre;

2.

Decline in availability of preferred species due to over exploitation;

3~

The availability of gas for use as domestic fuel;

4.

Increasing employment in the wage-earning activities with fixed
working hours, with result that (a) the general opportunity cost
of obtaining firewood is becoming too high and (b) there are fewer
men and youths per household with time to collect wood;

5.

Increase in .number of times daily that meals have to be served due
to change in daily life patterns (especially school attendance);

6.

Change in cultural attitudes involving the trends for emancipation
of women from labour-intensive tasks such as using wood-fires, to
labour saving-tasks such as using gas-stoves;

7.

Relative cheapness of gas in terms of market value of firewood;

8.

Decreasing number of households growing maize and consequent decrease in number of households making maize tortillas;

9.

Introduction of tortillerias in the villages enabling ready-made
tortillas to be bought.

Gas stoves are also important now that many young mothers in these
Villages, as in much of Mexico, do not breast-feed their babies. Water
can be boiled on them to prepare dried milk and bottles heated when required, as well as separate heating of food for young children at intervals more frequent than required by adults.
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B.

Constraints to using gas may be summarized as follows:

1.

Inadequacy of design of available gas stoves for Mexican meals
especially when cooking tortillas;

2.

High initial capital investment in gas stove and in gas containers.

3.

A regular cash. Qutlay for

~he runn~ng

cost

~f ~ ~8

stove,

which is felt to be heavy although the cost of gas rose by only
20 per cent in 1982 when successive devaluations caused general
price rises frequently higher than this.

4.

The inadequacy of retail gas distribution (see section 2.6).

5.

Preference for traditional cooking methods using a wood fire among
the villagers of Sta. Catarina, particularly the older sector.
Even where a gas stove is used for convenience to fit in with the
new demands for meals at various times, the great majority of
households prefer to use a wood fire as well, because it is a traditional part of their way of life.

If gas or other fuel which is rapid and not expensive cannot be
provided, then it is necessary to ensure that adequate firewood is
available so that change in traditional work patterns and daily timetable does not mean that some members of a household have to go without
proper meals.
6.0

SOME ENVIRONMENTA!i.ASPECTS. O'h.FIUWOOD USE

Throughout the developing world, programmes to provide village woodlots and introduce energy-efficient stoves have not so far been very
successful, principally due to failure to incorporate the local populations into design and implementation of solutions. There is also a tendency, due to bureaucratic procedures, for somewhat inflexible approaches
to programme designs, even when these are large scale and long term.
Also national governments themselves do not tend to take the problem of
domestic fuel supply very seriously. Of far more consequence to their
social policies is the availability of sufficient food, commercial energy
supplies, consumer goods and transport, designed usually to meet the
demands of the urban populations. As well as military concerns, water
supplies, medical care and education also rank higher on the list of
priorities than do either rural energy supplies or environmental factors
such as reforestation and erosion control, in spite of the fact that
probably more than 1 ,000 million people in the world are still meeting
domestic fuel needs by Qvercutting existing resources to obtain firewood,
and about 100 million have insufficient resources within a day's journey.
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Much damage to the environment is irreversible. Desertification is
now advancing at a rate which is at last beginning to alarm those concerned with commercial agriculture at least. Whereas Mexico does not
have to face the extreme problems of the Sahel, for example, it is time
that environmental protection and control had higher priority on the
government's agenda.
6.1

Deforestation and firewood requirements

Apart from adverse effects on daily life, lack of adequate fuel
supply may be a major contributing factor in deforestation in areas of
'acute firewood shortage'. However, the underlying responsibility for
deforestation cannot always be placed upon the local rural population.
A larger total is often attributable to clearances by national and
multinational companies for timber extraction, ranching and monoculture
cash cropping, and by government programmes such as colonization schemes.
Whatever the cause, deforestation leads to accelerating environmental
degradation through soil erosion, siltation of irrigation works and
flooding of lowlands. For example, in the upper reaches of the river
basin of the Rio de Texcoco where fieldwork for this research was carried out, 16 tonnes of soil per hectare annually are lost by erosion1
and deposited on the intensively cultivated lands of the Valley of
Mexico. This means that potential agricultural production is decreased
on the lands farmed by the rural poor (which are most frequently the
steepest and otherwise least productive in any case) but it is also
decreased by externality effects on the richer agricultural lands where
most crops are produced and heavy capital investments have been made.
So deforestation not only reduces the available supply ~f firewood in
general, but also indirectly reduces the available supply of food.
Clearance by rural populations for reasons other than that of obtaining
firewood are widespread. If people have no land to cultivate or no hope
'of other employment, they cannot ultimately be held responsible for
such deforestation. Even if their aim is to sell timber and forest
products, forest laws and national forestry programmes should enable
local populatio~s to undertake controlled forest management on a sustainable basis which includes plantation.
With present silvicultural techniques and knowledge of species
suitability for a wide range of environments it is possible to overcome
most of the technical problems of the establishment of tree plantations,
although as yet not sufficient attention has been given to locally end~
emic species. It is therefore the socio-economic aspects of tree plantation wliich are the main constraints to successful reforestation schemes.
Furthermore, there is not always a clear distinction between a) plantations to provide firewood and maybe forage and other local everyday
needs, b) plantations to combat soil erosion and for general environmental
improvement, and c) plantations for timber extraction or other commercial

Figueroa, in Evans de Cuanalo 1978.
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use. The preferences and requirements of local populations are not normally taken into account when plantations are made and even where these
factors are considered, the benefits of tree plantations do not always
accrue to the poorer sector of the population, since locally powerful
individuals may obtain a disproportionate share.
In the last 40 years Mexico has lost more than 16 million ha of
forests. 1 Deforestation is thought to be continuing at a rate 0f more
than 1 ,000 ha a day. The 1982 rate of clearance was 365 x 103 ha per
annum. Already 7.4 million ha of land have been eroded beyo.nd the stage
of economically feasible reclamation, and much of this land was originally forested. Only about 600,000 ha of tropical rain forest remain in
Mexico (and this remnant now contains very few of the valuable timber
species such as mahogany). The Republic is eleventh in the world in
terms of potential forest resources, yet of the 14 million ha of forests
in Mexico only 200,000 were being managed as forest plantation in 1982.
Seventy two per cent of Mexico's surface area is classified as land
suitable for forestry and range management; the surface suitable for
arable cultivation is very restricted in comparison and yet forestry has
always been overshadowed by agriculture, due to the understandable national priority given to food production. However, only 1.2 per cent of
the G.N.P. is accounted for by forest products.. There is a national
potential for the production of 1.4 million tonnes of wood cellulose each
year at present, but in 1981 680 thousand tonnes were used, of which 200
thousand tonnes had to be imported. Forest product imports represented
17 per cent of the balance of payments deficit.
Mexico, in other words, has large areas of forest which have been
lost through over-exploitation and inadequate planning in the forest
sector. Although the use of wood for domestic' fuel is not the main
cause of deforestation, deforestation will cause increasing hardship to
the people who use firewood. However, whilst it will take time to reorganize and improve Mexico's forest production, it is evident that the
long term potential exists to satisfy the demand for firewood for domestic use, even if the whole population were to revert to using firewood
or charcoal.
This fact does not however eliminate the present problem of local
shortages of fuel.
A study made of the domestic use of wood in N.E. Puebla in 1980/81,
showed that 93.4 per cent of the total timber consumption in this region
was for domestic use. There were 23,923 cubic metres used for cottage
industries, of which more than 17,000 cubic metres was as firewood.
Only 17 per cent of the wood being used annually is at present being
repl~nished. The picture is very bleak.
A pilot scheme for the introduction of wood-saving stoves has begun, but in the author's opinion

Dra. Rosario Casco 1982.
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there must be an urgent programme for introducing an alternative fuel
source until sufficient plantation for domestic use is made in these
semi-arid areas of central Mexico.
The per capita annual consumption of firewood measured in the
above survey (by volumetric displacement of samples in water), carried
out by a limited sampling method over a large area, resulted in a
value of 1.44 cubic metres. The principal species used were stated to
be pines. This amount is rather less than that measured in the present
work, namely 1.66 cubic metres annually for the combined activities of
cooking and heating water when firewood ~lone was used for fuel. If
cooking only is taken the figure was 1.08 cubic metres. In all the two
results are comparatively uniform, and a figure of 1.4 cubic metres per
inhabitant would be a good working basis upon which to plan minimum
annual firewood requirements for subsistence farmers in central Mexico
without introduction of energy-saving wood stoves. If these are used a
saving in firewood of about 30-35 per cent has been found. This would
mean that 1 cubic metre of firewood per capita annually would be needed
on a sustainable basis as a minimum requirement in the central uplands
of Mexico.
In a report on the 1981 symposium held in Mexico on 'Energy in the
transition from rural subsistence', there is a breakdown of energy consumption by source in the rural domestic sector in 1975, derived from
an internal document of the Instituto de Economia Energetica in
Argentina. This estimate includes the human energy used in the collection of firewood and plant residues for domestic fuel, and these combined
to form about 80 per cent of total rural fuel consumption, whereas charcoal supplied 6-7 per cent. This percentage of domestic energy use as
firewood is now too high for the low income sector of rural Mexico (and
indeed for all sectors), since only about 50 per cent of low income
households are probably now entirely dependent upon firewood, due to
the change to use of LPG since the 1977 increase in Mexican oil production. The estimate was made without direct recourse to field measurements of firewood use. When the figure for yearly per capita consumption
of firewood of 548 kgoe is given (including the cost of energy used in
the labour of collection) it is 3.6 times the average urban consumption.
Later in the paper a figure of 3 kg per capita annually for firewood is
given. Without examining the original report of I.D.E.E. it is difficult to follow the conversions used in this relationship between urban
and rural energy use, but it appears to imply that they are the same.
It would appear that the energy of human labour in collection has been
added to account for the 0.6 extra, and no energy expenditure involved
in production and distribution of oil-based urban domestic fuel is included (although this input would be much smaller than the human energy
factor).
The present study result showed a per capita daily consumption of

2.3 kg of air dry wood, for households relying solely upon firewood.
Since there is a scarcity of firewood in the villages studied, and in-
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figure given by the I.D.E.E. of 3 kg may be a good approximation of the
optimal firewood daily requirements for areas in Latin America with
similar daily life patterns.
A. The rural domestic fuel situation in the sub-humid and humid
tropics of the south of Mexico is distinct from that of the central
plateau area, where the village studies for this work were carried out,
in four ways:
1.

More households are entirely reliant upon firewood for fuel, so
that apart from the most sparsely populated localities more wood
is being burnt per unit area than in the state of Mexico. This
amount varies, as in the study area - more firewood being burnt
where it is readily available than in areas where it is scarce.

2.

The use of LPG is very restricted in much of the south since distribution is difficult during the rainy season when roads become
impassable. Very low income levels make its cost prohibitive for
most campesinos in any case. These two facts mean that there is
more firewood burnt for the population as a whole in these areas.
On the other hand population density is higher in the central
region of Mexico described in section B.

3.

Kerosene is far more widely used here, partly due to the considerable area having no electricity supplies and using kerosene for
light, and partly due to its use as an alternative fuel to firewood. Kerosene stoves are cheaper to buy than are gas stoves, and
kerosene can be more easily transported by retailers than can
~PG.
However, kerosene is disliked, as in the central plateau,
because it splutters quite dangerously - which is a recent problem
of standard of refining. It also involves a cash outlay which for
many indigenous groups in the south was beyond their means even
when the retail price of kerosene was subsidized heavily. Now that
the sUbsidy has been removed, there will be an increasing reversion
to firewood in these localized minority groups of kerosene users.

4.

Deforestation is proceeding at a faster rate in the southern highlands than in central Mexico. This will only increase the problem
of obtaining sufficient firewood in the future so that by about
1990 the situation will be acute.

Rapid growth rates in the humid and sub-humid lowlands enable high
biomass production. In Yucatan, Quintana Roo, Campeche and lowland
Vera Cruz it is alternative land use pressures, such as cattle-ranching,
which limit firewood production. Allocation of specific lands for
community woodlots would ensure better access to this resource in some
areas, but in general the slash and burn system of agriculture practised by the campesinos provides sufficient firewood, and there would be
no local incentive to establish woodlots, except where population density is increasing. Firewood species used a~ predominantly leguminous,
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e.g.: Acacia guamerii (boxkatzim); Mimosa bahamense (xacaztim); ~.
hemiendita (saskatsim); Caesalpinia guamerii (quitanche); Lysiloma
bahamense (tsalam); Gymnopodium antigonoides (ts'its'ilche). Charcoal
is widely made, from Pithecellobium albicans and P. dulce, as well as
from Lysiloma bahamense.
B. In the arid and semi-arid central highlands such as in Oaxaca,
Tlaxcala Guerrero, Puebla, Hidalgo:
1.

There is very little natural tree cover and the firewood situation
is acute. Widespread use both of crop residues and also of dried
dung was seen.

2.

Kerosene use has similar restrictions to that of the humid south,
especially in the innumerable villages without electricity.

3.

More roads are transitable all year than in the humid tropics and
it would be possible to provide a subsidized LPG supply to a large
part of these states which do not at present use gas, in villages
where road improvement schemes are being carried out.

4.

It is in these states where there is most urgency to establish
village woodlots with species such as Prosopis juliflora (mesquite)
which is the most commonly used firewood, and trials of faster
growing species such as Acacia tortilis which can be coppiced, but
also with non-tree species which are faster growing and have other
uses, such as Ricinus (castor oil plant), which is being planted
in strips alongside maize in the central valleys of Oaxaca, and
after cropping the oil the plant residue is used for fuel. The use
of LPG as an interim 'stop-gap', at least until wood-fuel plantations are established, would be most applicable here.

5.

Energy-saving wood stoves should be widely introduced into these
areas of acute wood shortage either to complement gas stoves or to
provide alternative fuel supplies.

No field trip was made to the northern states of Mexico. Discussions confirmed that, away from the peripheral urban areas and from
villages well served by LPG or kerosene supplies, there will be considerable shortages of domestic fuel, especially in the large areas of semidesert lands where little firewood is available.
Species of Acacia and
Prosopis could be used for woodlots.
6.2

Potential species for plantation in the area of study

This work did not aim to carry out quantitative studies of the wood
yield of various species since this would have required a considerably
larger research time, and is logically sequential to the study of the
social and economic factors which will influence both firewood use and
its production. There are more than sufficient well qualified technicians in the Mexican forestry sector who can undertake studies of wood
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yield but as in most of the Third World their training has usually
been orientated towards methodologies suitable for northern industrialized nations, and/or commercial production, and do not take traditional expertise and preferences sufficiently into account.
The campesinos in this area have been given several recommendations for crops, fruit trees and domestic animals from official organizations and unfortunately these recommendations have not.usually proved
to be beneficial or have not had the required follow-up in technological
aid. As long as sufficient trees of species which villagers desire to
have are planted, then a proportion of potentially useful fast growing
exotics could be acceptable, but not otherwise - they will be neglected
by the villagers if they are imposed without consideration of local
needs and land use pressures.
In this area there was little interest in establishing a woodlot
specifically for producing firewood. It was considered by several key
informants to be a good idea, and that it could be feasibly carried out
using the present system of community labour existing in the villages,
but other priorities for village community action were much in the forefront at the time. Allocation of lands for cultivation is already in a
crisis situation and many families have no land. To establish a woodlot
on a site in the village would have some opposition therefore, unless its
usefulness could be well demonstrated. By the time the woodlot was
mature most of the population expect to be using gas stoves, not wood
fires, so that these recommendations will only be applicable to more
remote villages of which there are many.with.no acoess.to alternative
fuel supplies.
Tree planting in the area of study is needed more for
erosion contro1 and for commercial products.
Sampling showed, however, that over 90% of the population in each
village thought that there were not enough trees in the village as a
whole, and a similar percentage when asked what species they would like
to have on the village lands, said fruit trees. In all cases lack of
sufficient irrigation water was given as the only reason for not wanting
any more trees on the individual plots of land around the houses, as
borders along the edges of contour terraces and around the village in
general. Lack of sufficient arable land was given as the reason for not
wanting trees to be planted on existing arable land, unless they were
commercially productive fruit trees and ornamentals. People wanted the
fruit trees to be planted on their own land. Sixty per cent of all households in Purificacion said they do not have enough trees on their own
land and 57 per cent want fruit trees. In Sta. Catarina the figures
were 80 and 78 per cent respectively. Those without land would be
excluded, unless plots of communal land were to be planted under organization of the village authorities, to form a fruit producing cooperative with suitable variet'ies and technical assistance in fruticulture
given by agricultural extension workers e.g. of the Comision del Lago
and of the Agricultural University of Chapingo. Considerable land
is at present wasted by being planted with fruit varieties which are lowyielding in these villages and capital investment for fungicides, pruning
shears and other basic necessities for fruit· production is not possible
for most households.

- 56 Fruit trees would not only help improve local incomes (and diets),
but be of some use for watershed control, particularly when planted on
terraces with Opuntia Agave and Agapanthus protecting the edges, all
of which are also useful to the local population. Some other species
which may be worth considering for this area and for deforested regions
of the central highlands in general are:-

1.

Schinus molle L. (Anacardiaceae)
This species (pepper tree, pirul) is considered to have the most
potential for widespread reforestation in the piedmont and valley
area.
- It is drought resistant, tolerates a considerable level of
salinity, prefers alkaline soils and is reasonably fast growing.
- Although it is not at present propagated in tree nurseries by any
of the local reforestation programmes, due to a low rate of germination when trials were undertaken elsewhere in Mexico from seed,
work is being carried out on pre-seeding treatment to increase
germination.
Natural regeneration is not occurring at a high rate in this area
so that plantation is recommended.
- The tree foliage is used for forage and sold for medicinal purposes, the fruits are sold for birdseed, a Belgian company has
shown interest in extracting aromatic oils for the cosmetic industry, and it is left to give shade along the boundaries of the
maize fields.
- Apart from these uses to which the villagers put Schinus, it is
also widely burnt as firewood, although the smoke produced contains an irritant. If wood-burning stoves are used, with a controlled outlet for smoke, then this problem would not arise. In
any case it is preferable to the smoke emitted by the eucalypts
which have been planted locally.

2.

Salix and Alnus
Both of these genera are widely used in the village, willow being
particularly important for the production of ornamental branches
for the flower markets of Mexico City. They are therefore not
burnt as fuel usually because they have additional value. Their
higher water requirements would restrict their distribution somewhat.
- However, it is considered recommendable to introduce a woodlot
plantation of the fast growing Salix caprea aff. for which there
exists technical experience of management and the possibility of
trials of clones of stock which is most likely to survive local
conditions. A woodlot of Salix could be est.ablished in Sta.
Catarina as part of the extension programme of the Comision del
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Lago de Texcoco, in conjunction with the State Forest~ Department
(Desarollo Forestal section), using village labour under their
community schemes. Populus spp. could also be tried, but is not a
local genus.
- This could be suitably situated within the central village area
on a plot of land acquired for the purpose by the village authorities.
- Alder could be usefully planted at high intensity along the
barrancas (gullies) where there is sufficient moisture. The
local species Alnus firmifolia has a high rate of natural regeneration from seed. The author was shown a natural nursery of
several hundred seedlings under two trees. These could be transplanted by community labour.
- Their main function would be for soil conservation and improvement ~y nitrogen fixation and addition of organic matter).
- If a suitable plot could be agreed upon alder coppice could also
be usefully established for pole production with firewood as a
secondary product.

3.

Quercus
There are several species of oaks which are endemic to this area
and oak is the third most preferred genus for use as firewood, following the two shrubs (described in 1.) in Sta. Catarina, and fruit
trees in Purificacion.
- Oak has been heavily exploited both for charcoal production (which
is no longer important in these villages, unlike the situation in
more remote areas of the Sierra de Puebla) and for use as firewood.
It is very slow growing compared with other local species sU~h as
pines and firs, but it has much higher calorific value per m ,
and has a faster growth rate than do temperate oaks.
There is a tradition of Copp1c1ng some species of oak locally,
and trials could be made to establish the practicability of this
in terms of wood production.
- Oak standards or a sustainable coppiced area (depending upon
results of trials) could be established on the lower slopes of
the existing forest where there is retreating, and on the mountainside in Purificacio~but only if a more reliable supply of
irrigation water is established.
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- Due to their slow rate of growth, oaks cannot provide a short
term answer to firewood supply but should seriously be considered in long term planning for general reforestation as well
as for coppiced woodlots, due to the great degree of preference given to them by the villagers for use as firewood.

4.

The two shrubs which are locally the most preferred firewood due
to their qualities of slow burning, high calorific value and
smokeless are not suitable for propagation in WQodlots.

a)

Ceanothus coeruleus Lag.(Rhamnaceae)
- Only 2.5-3.5 m high at maturity after c.5 years growth, with
mainly narrow branches. Very low production of combustible
material. Main stems reach 101-2 cm bore. Probably cannot be
coppiced. Light requiring, not totally frost hardy. Not
drought resistant. Probably restricted to high altitude here
due to moisture regime.
- Increase of cover of this shrub could however be attempted within the natural forest by'plantation, along the opened areas that
also have some shelter.
- Can be propagated by cuttings. Village women who are very adamant about preferring this genus may be willing to undertake this
propagation in the patios of their houses as there is a tradition
of plant propagation (for commercial species of ornamentals, and
for fruit trees).

b)

Arctostaphylos arguta (Zucc.) D.C. (Ericaceae)
- Another high altitudinal species with ecological characteristics
similar to Ceanothus, which strictly limits its usefulness as a
genus for woodlot plantation.
Deliberate increase of this species within its natural habitat in
forest clearings would probably be carried out by villagers if
initial encouragement and demonstration were given.

5.

Eucalyptus and Casuarina
High altitudinal fast-growing varieties of eucalypts which are not
too demanding in terms of soil nutrients and water have obvious
potential here. The acrid smoke the wood produces makes it best
used in enclosed stoves. Casuarina eguisitifolia is already being
planted alongside roads, but is not so amenable for firewood use
due to its form (just as the present plantations of eucalypts are
difficult for firewood collectors due to their large size. Introduction of new varieties would be sensible). Neither genus is
likely to be preferred to those previously described, however, since
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can't use them', and since government programmes for watershed
control locally are at the root of this prejudice, it will take
some time to eliminate.
6.3

The production of natural gas

Unlike many countries which are experiencing the problem of
scarcity of firewood supplies, Mexico has an alternative source of
energy which could be used for rural domestic supplies: large reserves
of oil and gas. It is in fifth position in the world with regard to
proven reserves, and there are indications that this will be higher.
Other countries which do not have proven resources of fossil fuels may
be able to obtain them at a lower long-term cost than will result from
costs of environmental degradation and of labour in obtaining and using
firewood.
The current Mexican oil production in July 1983 was 2.75 million
barrels a day (of which 1.54 million barrels were exported, mostly to
the United States). Natural gas is produced at the same time as crude
oil and much of it is flared off at source. The author estimates that
this amounts to about 1 ,000 million cu. ft. per day, which could
theoretically be used to improve rural domestic fuel supplies, and a
sufficient surplus for industrial use would still exist. The 1977
PEMEX stated that 3,600 cu. ft. of gas was produced with each barrel of
oil in S.E. Mexico: that is 0.78 barrels of crude oil in terms of
thermal equivalence. Heberto Castillo believes that this figure was
deliberately exaggerated in order to influence the decision to build a
gas pipeline to the USA, 2,000 cu. ft. may be a truer figure. Whatever
the case, a large volume of gas is being wasted at source.
The waste of natural resources which results from such flaring off
is inexcusable but understandable in view of the lack of economic incentive and technical expertise to harness this gas for productive use.
If the energy balance of the two types of fuel is looked at comparatively, 1 tonne of oil or oil equivalent provides the same thermal
energy as do 3 tonnes of air-dry wood, so that use of oil-based'fuel is
more efficient in calorific terms than using wood. Added to this is the
human energy involved in both collection and use of wood, which is considerably greater in terms of the nation as a whole than is the energy
(human and mechanical) used to extract and distribute oil based fuels.
The adverse effects of oil production on the ecosystems surrounding
the wells is augmented by accidents such as that of Ixtoc 11, and it is
evident that LPG storage and transportation also adds to environmental
pollution. A balance has to be considered between the environmental
degradation caused by deforesta.tion resulting from firewood collection
and its use and that resulting from oil derivatives. In tOday's world
unfortunately decisions tend to be made which are economically and politically expedient in the short term, not those which are socially and
environmentally important in the long term.
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7.0 CONCLUSIONS AND POLICY IMPLICATIONS
This study points to the fact that there is an inordinate waste of
resources in both the forestry sector and the oil sector in Mexico.
There is a firewood shortage in Mexico, but it is locally acute in
only the most heavily-populated deforested areas. National forest resources could be more than adequate to provide firewood for all the
people wishing to use it, without detriment to the nation's industrial
forest requirements. Time is still available to organize provision for
rural domestic energy needs, but this should start immediately in view
of both the accelerating environmental degradation in the country, and
the increasing alienation between the nation's poorest rural sector and
the sector incorporated into its modern industrial growth.
The 16 kg of firewood used per capita weekly is equivalent to 5.3
kg. oil equivalent (if one tonne of air dry wood is assumed equivalent to

15 x 10

joules). The 1.4 kg of LPG used by gas-only households per
capita weekly is thus far less than the energy expended in using wood,
if one wishes to think in terms of oil equivalents. Added to this, the
energy spent cooking over a wood fire is considerably greater than that
spent when using gas.
Thus the conclusion in terms of reducing total energy use is that
LPG should be used as domestic fuel in preference to firewood.
Since Mexico was flaring about 1,000 million cubic feet of natural
gas a day at the end of 1982, it should be possible to utilize this to
help overcome rural domestic fuel problems. Basic production costs can
be regarded as virtually nil since gas is produced incidentally to the
extraction of crude oil. Hence additional costs involved would be in
the initial harnessing, conversion and storage of LPG and then in
transportation.
If the per capita weekly consumption of 1.0 kg of gas found in this
study is taken as a minimum requirement for cooking alone, then the rural
household of a mean size of seven will need to be assured of a 20 kg
container full of gas every two weeks to allow for both cooking and heating water adequately (i.e. 1.4 kg). For about half the 20 million
campesinos, those who at present rely on wood, but live in communities
where road access is reasonably adequate so gas could be delivered if
concessionary companies were given sufficient incentive to do so (and
sufficient supplies of steel gas containers), only ten million litres of
LPG would be needed every week.
This improved service would enable the diet pattern to improve,
and would provide a breathing space for the establishment of tree plantations for multipurpose use, including the production of firewood. It
would also give time for the widespread introduction of energy saving
wood stoves to reduce the eventual consumption of wood. Provision of
suitably designed gas stoves at low cost would be necessary, and is in
any case to be recommended even if no increased ga~ delivery service
is made.
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There will probably be cultural acceptance of gas stoves t particularly if it is easier to make tortillas on them. However, it would be
advisable to have a parallel introduction of wood stoves, except in the
areas of most acute firewood shortage, so that both fuels can be used
if preferred, and to facilitate the eventual return to using firewood
which will be most likely in the long term, in view of the non-renewable
nature of fossil fuels combined with the great potential for forest
production in Mexico.
In concise terms the village survey revealed:

a)

firewood shortage is of special significance in poorer rural sectors
(some of which sell firewood and cannot afford to use more than
twigs and crop residues).

b)

Whilst there is still firewood available in the forest, even though
it means illegally cutting down trees, households with members who
have sufficient time due to general underemployment in the area
will contrive to do so.

c)

Existing forest laws do not provide for regeneration of firewood
sources, and two kg wood per capita daily is the minimum requirement; three kg would be optimal (without wood stoves).

d)

Forest laws are repressive on rural populations in other ways, but
in particular for those people who cannot afford either to obtain
permits or to bribe officials.

e)

The change from subsistence farming to the modern wage economy has
created awareness of the 'opportunity costs' of collection of
firewood and has led to preference for 'convenient' fuel.

f)

Although it is men who usually collect firewood here, taking 15
hours per week for a household of seven, the major hardship falls
on women. Usually two women spend four hours a day cooking and
preparing food, i.e. eight woman-hours a day.

g)

Changing daily life patterns (schooling and fixed employment) have
altered traditional meal patterns, and increased demand for wood
or other domestic fuels, none of which is in adequate supply.

h)

Inadequate fuel supply is adversely affecting diet, and although
this is only part of the problem of undernourishment, it is basic,
and could cause increasing hardship throughout rural Mexico as
population increases, if adequate fuel supplies are not ensured.

i)

The traditional hearth (tlecuil) is very wasteful in terms of fuel
energy and the available gas stoves are inadequately designed for
making tortillas: stove design is thus unsuitable for both fuels
used.
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j)

Distribution of LPG is totally unsatisfactory and the lack of new
steel gas containers is dangerous.

k)

There is a negative attitude by villagers towards planting trees
that are of no direct commercial value-to the villagers themselves.

1)

Locally preferred species could be planted within the framework of
existing village community labour schemes, common to much of the
central highlands.

m)

Fast-growing exotic species proven to be high-yielding in fuel of
good quality would be acceptable only if planted in association
with locally preferred fuel species, particularly if they yielded
other products, such as fruit.

n)

There is insufficient land and/or irrigation water for the pl~nt
ations (of eucalypts and pines principally) made by the government
solely for watershed control to be readily acceptable by the
villagers: tree plantations should therefore by multipurpose in
order to ensure their survival.

Mexico is now the world's tenth largest country in terms of GNP
and yet the dichotomy between the lack of access to resources experienced by the rural poor and the exploitation and waste of resources by
many of the rich elite remains. The new government for the sexenio
which began at the end of 1982 proposes to take steps to alter this
situation. The fieldwork was carried out during the last year of
President Lopez Portillo's government which proved to be' a time of economic crisis and natural disaster. Droughts and floods after the eruption of el Chicon volcano caused devastation for the maize harvest and
other agricultural activities, to add to the political and economic upheaval. The national currency, the peso, was devalued by 80 per cent
against the US dollar, in two stages in February and August - and in
August the banks were nationalized. The harvest failure in the autumn
of 1982 and general economic problems are making everyday life of the
villages described even more difficult. The sampling was,however,
undertaken before the main effects of the crisis reached study areas,
and the conclusions are therefore if anything optimistic.
Policy implications
1.

Inadequate firewood resources are a constraint upon national development. Although the opportunity costs of collection to the
family may appear low, society as a whole ~ bearing costs. Part
of the problem, however, seems to be lack of sensible rural devprogrammes. Firewood constraint on development is not currently
of great significance because of poor planning of development programmes which are out of line with local aspirations. If rural
development could be more appropriately organized to attract
enthusiasm, the firewood constraint would become real.
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In the short to medium term it has to be decided whether it is more
sensible to transport gas from southern Mexico or to use firewood
for fuel. Improvements in the LPG supply combined with lower costs
for both gas refill cylinders and gas stoves would relieve pressure
on forest resources. LPG could serve as a stopgap to enable organization of enough firewood supplied on a sustainable basis. A
detailed study of the economic and social implications of the necessary infrastructure for storage, transportation and provision of
steel containers for LPG would need to be made.

Subsidies for LPG or kerosene or biogas plants may also be a solution for other developing countries, at least to relieve the pressure
on firewood resources and allow the establishment and maturity of sufficient woodlot plantations. For countries which do not produce oil and
which have an acute firewood-deficit, the problem of receiving subsidies
to buy fossil fuels or receiving international aid in the form of such
fuels would involve political complications as well as examination of
cost in terms of their balance of payments deficit, even if the cost
subsidy was considerable. However, it may be worth examining these
aspects, particularly where firewood deficit is acute, at least as an
interim measure to relieve the domestic fuel crisis.

3.

It is doubtful whether gas supply can be relied upon in the longer
term since it is a non-renewable resource. However, Mexico has
large areas suitable only for forest, and wood appears likely to
re-emerge as a basic source of energy. REP is large in potential,
but has a high cost in environmental terms and although rural
electrification is essential at the moment to enable modernization
(e.g. of irrigation and domestic water supplies and to encourage
light industries) it is not likely to be important as a domestic
fuel. Solar energy has similar restrictions for use in domestic
cooking.

4.

Forest policy should be redirected, not only with respect to
industrial timber production, which is abysmally low, but for
social forestry:

a)

to provide a legal framework enabling access to plantations of
species not only for firewood but for other rural necessities such
as forage, domestic timber and fruit.

b)

to establish such plantations together so that the experience of
local people can be used.

c)

to both encourage and sustain cooperatives which use forest resources.

d)

to undertake a comprehensive programme of improved stove design to
ensure a more efficient use of firewood energy.
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This cannot be done without a complete change of attitude by many
people concerned in the forestry sector, and by a higher priority towards integrated regional programmes which take account of activities
in other sectors. Since this study has been made, the new Undersecretary
of State for Forestry, Ing. Lean Jorge Castanos M., has started a nationwide programme to evaluate firewood use and to introduce woodstoves and
woodlot plantation. His overall emphasis is towards social forestry,
and both conservation and rational development of the forestry sector,
so that distinct improvements should be forthcoming.
A major problem is that in Mexico there is a shortage of technicians
capable of carrying out extension work due to the low priority hitherto
given to the forestry sector. Pupils who have graduated from ETA's
(rural agricultural schools) and work in rural extension programmes need
professional foresters' technical advice. Many professional people also
have little experience of, or desire for, work in rural conditions. A
programme of training and of coordinated multidisciplinary projects
similar to those being carried out by COPLAMAR, but with an adequate
overall budget and sufficient financial inducements to attract wellqualified personnel, would be needed to undertake social forestry projects, including establishment of woodlots and introduction of wood
stoves.
In summary, the results of the survey show that where firewood is
collected now, the time saved by substitution of gas for wood could enable alternative productive uses of time to emerge. This could improve
diet and other living standards. It would also allow opportunity for
increased leisure, which would also be conducive to bet~er health.
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APPENDIX I: LIST OF VARIABLES IN QUESTIONNAIRE

Note:

a

Used as indirect estimate of income group. b Variables 23-28,
47 and 62 were women's estimates of quantities but 37-42 were
the authQr's measurements.

Identification
Total number of people in household
7-8
a
Occupation and main income source
Number of people working outside village
9
10-12 a
House tenancy, material, number of rooms
Daily number of hours water in tap, daily hours needed to
13-15
fetch water and who does this?
16
Type of bath (traditional temascal, modern with WC, none)
a
Ownership of T.V.
17
18
Number of years family living in house
Access to house
19
20
Number of people eating daily in house
21
Where cooking carried out
22
Fuel-type most frequently used
b
Total weekly expenditure on fuel
23
Separate weekly expenditure on wood, gas, kerosene, charcoal
24-28 b
and electricity for cooking
29
Principal problems with gas service
Wood-only Users
30
Number of hours spent weekly to obtain fuel wood
31
Where wood obtained
32
Who collects wood
33
Other occupation(s) at same time as wood collection
34
Whether more d~fficult to obtain wood than 5 years ago
35
Which species preferred for cooking (3 ordered choice)
36
Which species most frequently used for cooking (ditto)
37
b
Wood weighed for sampling (kg)
38
b
Species weighed (up to 3 types)
39
b
Number of days wood lasted
40
b
Kilogrammes of masa (dough) made into tortillas in this time
41
b
Kilogrammes of beans cooked in this time
42
b
Number of times water heated for bathing
43
Weekly consumption for commercial purposes
44
Type of commerce
45
Type of rubbish and crop residue burnt
46
Whether green wood burnt
47
b
Kilogrammes of masa made into tortillas weekly
48
Number of hours· when fire is alight
All Strata
Number of times daily hot food is served
49
Number of hours daily working in kitchen and number of women
50-51
Weekly expenditure on food
a
52
Diet
53-59 a
60
a
Mechanical transport
61
Which products obtained from forests/fields
1-5
6

APPENDIX I
62
63-70
71

72-75
76
77-78

b

Kg wood used weekly to heat water.
Animals 01 lned
Veekly expenditure on fodder
Land tenancy, ha irrigated, ha non-irrigated, number of
plots
Number of fruit trees
vlhether there are sufficient trees in village, 1~hich Hould
you like to have there
r

In addition, there are detailed breakdowns of families: names,
ages, sex, occupation(s) and relationships.

APPENDIX 11:
A.

Species of firewood used

Species measured in sample of wood only users (ordered list)

Santa Catarina

Purificacion (no forest reserves left)

2

(25)
pine (12)

3

Ceanothus (6)

4

twigs (4)

2

twigs

5
6

oak (3)

Schinus (6)

Cupressus (3)

3
4

Agave (dried leaves) (4)

7

alder (3)

5

Senecio (2)

8

Arbutus (2)

6

ash (2)

9

Juniperus

7

pine (1)

fir

(1)

fruit trees

(19 )

(9)

10

Senecio (1)

8

alder (1)

11

maize cobs (1)

9

timber shavings (1 )

12

fruit trees (1)

13

Arctostaphylos ( 1 )
In addition

6~

burn maize cobs

62% burn maize cobs

4%

use crop residue
on fields

74% burn domestic waste

76%

have to burn fresh
green wood

B.

Species preferred for firewood (ordered list)

17%

have to burn fresh
green wood

anything we can get ( 18)

Ceanothus (32)
2

anything (20)

2

fruit trees (7)

3

oak (15 )

3

Schinus (6)

4

fir (9)

4

oak (3)

5
6

Arctostaphylos (6)

5

ash (1)

pine (2)

6

alder (1)

7

Arbutus (2)

7

Senecio (1)

8

alder (1)

8

timber shavings ( 1 )

9

Cupressus ( 1 )

APPENDIX III:

OCCUPATIONS AND LAND TENURE

Purif.icac:i.on

Sta. catar:Lna

64\

31'

Ejidat=ios
Q\.mer occupiers

-

24\

12\

Comuneros
Others (mostly "borrowi.ng" land)

100\

Si.ze of Plots

Irrigated
Non-irrigated
Nuxnber of plots

0.56 ha
0.71 ha

'.6

0.29 ha
0.85 ha
1• a

PrincipaJ. OCcupa.tion of Household Bead

campesino
Bousewi.fe
Labourer
Commerce
Sma.~l trader
Servi.ces
Whi.te collar

\

\

48

66

2

11
11

14
12

-4

7
10

2
2

2
5

Ret.i.red

-

-

Others
Artisans

-

7
4

Musi.cians
~loodsmen

P:r;nc.i~

Source <;)f

B:ousebo~d

for 1980-1982.

ca.mpesi:c.o

Housewife
La.bou:rer
Commerce
Sma..lJ. trader
SerV:i.c:es

,

,

17

27

29
17
12
17

13
6
9-

-

Whi.te.. collar
Reti:red

5

Others

2.-

-

Artisans

Musicians
. 'ioodsmen

Income

4

-

2-

-

-

I
13
16

