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Fig. 1. Map of the Jalapa region. Dots indicate the location of weather stations which provided data for climatic zones.

q8



TABLE I

Climatic zones of the Jalapa region

98

Zone Altitude Average Frost- Annual Annual Average R-Factor®
: (m) temperature free precipitation  pan annual
°C) months (mm) evaporation 24-h
Jan.? Mayb (mm) rainfall
(mm)

Humid boreal 3000—4000 7 11 none 1800 900 — —
Semiarid cool temperate 2250—2750 10 15 Apr.—Sept. 450 1650 30 88
Subhumid cool temperate 2000—3000 8 14 Apr.—Sept. 1000 1200 95 1080
Humid warm temperate 1300—2250 14 19 Mar.—Oct. 1600 1100 80 740
Humid subtropical 900—1300 16 22 Mar.—Dec. 1700 1200 65 471
Subhumid subtropical 300—1100 18 24 dan.—Dec. 1100 1350 75 645
Subhumid tropical 0—600 22 29 Jan.—Dec. 1100 1650 85 850

2 January is the coldest month of the year. bMay is the warmest month of the year. ®Erosion (t ha™! year™!) to be expected when

there is no cover, and the soil factor (K) and slope factor (LS) are unities; the R-values are based on Fig. 6.
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Fig. 2. Climatic zones of the Jalapa region. The dots indicate the same locations as in Fig. 1.

many areas. Where there is sufficient soil, much of the mountain is now planted
with potatoes.

Below this mountainous zone, there is a semiarid, cool-temperate zone
(Valley of Perote) representative of Mexico’s central plateau. This zone ex-
periences a relatively short frost-free season (April—September) and com-
paratively low rainfall which restrict agricultural production (Table I). Origi-
nally pine forest, this zone was in wheat production 20 years ago, but the
wheat subsequently disappeared because of a rust infestation. At present,
the primary crops are subsistence maize and barley which are shipped to a
beer factory. Both grains yield 0.5~1 t ha™! year™.

Descending towards the Gulf of Mexico, there is a subhumid cool-tem-
perate zone which has subsistence maize and commercial orchards of tem-
perate fruits such as apple, plum and pear.

Below this is the humid zone, characterized by high rainfall and deep,
volcanic-ash soils which are very fertile. The city of Jalapa and most of the
region’s rural population are situated in this zone, primarily because of its
high productivity. A mosaic of Liquidambar cloud forest, dairy pasture and
subsistence maize cover the higher, warm-temperate region of the humid
zone. There are also temperate fruit trees, but production is limited because
many are in backyard gardens where they receive little care.

Maize produces well in the humid warm-temperate zone (an average of 2 t
ha~! year™!), but milk production is more profitable. Maize fields have given



TABLE XIII

Results of optimal land allocations meeting Jalapa region food requirements for 1978 compared with present use

Higher priority

to maximize income

Higher priority
to minimize erosion

Present
use (1978)2

1978-Level Unlimited 1978-Level Unlimited
technology technology  technology technology
Farm income (pesos ha")b’C 12800 46200 5550 16800 4840
Total region farm income
(pesos X 1068c 5350 19350 830 746 1140
Erosion (t ha™') 30 36 0.93 0.56 38
Total region erosion
(t X 109) 12.6 15.1 0.14 0.025 104
Chemicals (pesos ha™')? 550 4500 300 1200 440
Total regional chemicals
(pesos X 10°¢) 230 1890 44 53 104
Labor employed (pesos ha * )P 35 123 21 41 33
Total regional labor
(pesos X 10°) 15 52 3 1.8 7.9
Area in grain/leg'umescl 922 486 540 196 1532
Area in vegetables 6 1411 11 20
Area in fruit? 2650 1635 13 4 312
Area in cattled 612 658 930 224 919
Total area in use%*® 4190 4190 1494 444 2763

Based on the land allocations in Table XI. ®Hectares in usg. ®Following the second definition of farm income
presented in the section on income from land-use systems.  Area in square kilometers. *Not counting forest use.
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timal solution for increasing income when unlimited assistance and inputs
were made available, 18-times greater than actual applications in 1978.

Results from erosion priority scenarios

When a higher priority was assigned to minimizing erosion than to maximiz-
ing farm incomes (Tables XII and XIII, columns 4 and 5), the optimal solu-
tion placed only enough land in nonforest use to satisfy regional food needs
with no commercial surpluses. When erosion control had higher priority with
1978 level technology (Table XII, column 4), the optimal solution concen-
trated agricultural services and irrigation on the tropical alluvial soils, where
inputs are in fact concentrated in actual practice, for intensive rice, maize,
vegetable and cattle production. Maize, wheat and potato production were
allocated to the flattest land in the semiarid cool-temperate zone (Perote)
and to the rich, flat soils of the subtropical zone (Coatepec), which actually
grow coffee and sugarcane. Coffee is a profitable crop and occupies much of
the best agricultural land in the region, but it does not contribute to food
production. If food is a priority, coffee should be restricted to slopes, where
it provides ecologically sound soil protection.

Requirements for additional meat and milk in the optimal allocation were
met by using the tropical zone, and regional fruit needs were met with the
allocation of a small amount of subtropical land. All sloping land, most of
the land in the naturally productive humid warm-temperate zone, was allo-
cated to forest only.

When minimizing erosion remained the higher priority but unlimited tech-
nology was available (Table XII, column 5), maize, bean, potato and vege-
table production were concentrated in the Valley of Perote, and milk, meat
and fruit production were allocated to the flat land in the tropical zone. All
other land was put into forest use only. Employment was generally higher
with the use of more modern technology because modern technology is
generally more labor intensive than the land-use systems actually in effect in
the Jalapa region at the time of the study.

Because as little land as possible was in agricultural use in the ‘“Erosion
Priority’’ scenarios, erosion dropped to very low levels, and chemical applica-
tions became extremely low; half the quantity actually in use in 1978 (Table
XIII). Although chemical applications per hectare were high with unlimited
technology (Table XIII, column 5), total chemical applications for the region
were about the same regardless of the level of technology (columns 4 and 5),
because less land is needed to satisfy food requirements when unlimited tech-
nology is made available.

Farm incomes per hectare when minimizing erosion were half those in the
“‘Income Priority”’ scenarios, though still higher than actual incomes in 1978.
Farm incomes with unlimited technology were 3-times as high as actual in-
comes. Total regional income and employment were considerably less than
in maximum income scenarios because less land was in cultivation when ero-
sion was minimized.
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Carrying capacity

How many people could the Jalapa region support, according to the land-
use game? The answer to this question is not a single number. The number
of people that could be supported is dependent upon the level of technology
for agricultural production; the life-style of the region’s inhabitants (partic-
ularly their patterns of consumption); and environmental standards.

With no limit on the supply of irrigation and agricultural services in sup-
port of agriculture, the Jalapa region could feed 8-times the 600,000 people
in the region in 1978 if all land were allocated to agricultural use. However,
this production could not be sustained without special erosion control mea-
sures on land with steep slopes. When only the land suitable for sustained
agriculture without special erosion measures is allowed to receive agricultural
use, and there is still no limit on the availability of agricultural services, the
region could produce (theoretically) sufficient food for 5.5-times the 1978
population.

When the agricultural services available in 1978 are considered, the carry-
ing capacity of the region would be 900,000 people (1.5-times the 1978
population) if excessively erosive land were kept out of agricultural use. Food
production could be increased temporarily by 40% if erosive lands were used.
The long-term carrying capacity of the region (without the use of highly
erosive lands) could be 1,300,000 people if the present level of agricultural
services were doubled, and 1,540,000 people if multiplied 4 times.

These carrying-capacity projections assume that the consumption habits
of the population remain the same. However, the population of the Jalapa
region is urbanizing rapidly and changing its habits accordingly. If the entire
population had the same dietary habits as the present urban population in
the city of Jalapa (Table V1), the carrying capacity in each scenario would
be reduced by 30%.

Prospects for food production

The food requirements of the Jalapa region during the period of popula-
tion growth and urbanization expected in the next 20 years can be con-
sidered, with the help of the land-use game, in terms of: (1) how much food
the city of Jalapa and the Jalapa region will be consuming in the year 2000;
(2) how much food the Jalapa region could produce with the present level
of technology; (3) how much improvement in technology would be neces-
sary to meet food needs fully and to which land uses that technology should
be directed.

The population of the Jalapa region, if it grows as predicted, will double
by the end of the century. Most of the growth will be in the high-consump-
tion urban sector, which will triple in size. If the existing population and
existing demand were small in comparison to the productive capacity of the
land, then the rapid increase in demand would present no problem. However,
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the Jalapa region already has virtually all of its agriculturally suitable land in
agricultural use; 90% of that land is being used for food production.

With ‘“‘Erosion Priority” scenarios, the land-use game indicated it would
be possible (with land allocated optimally) to produce sufficient food for
the region at acceptable levels of erosion only if the agricultural services in
support of modern technology are 4-times the present level (Fig. 9). The bulk
of agricultural development would have to be directed at intensified beef
production in the tropical zone and the remainder at intensified grain produc-
tion (maize and rice) in the same zone.

Regional Erosion (tons x 10%/year)

1978 2000
Food Production

Fig. 9. Minimum possible erosion for the Jalapa region, as it depends upon the quantity of food
production. It is assumed that land allocation is optimal for meeting the region’s food re-
quirements with minimal erosion. The points “1978’’ and “2000” on the horizontal axis
represent the amount of food necessary to feed the region in the years 1978 and 2000.

The interval between 0 and “1978” is a linear interpolation between no food and the food
necessary for 1978. The interval between “1978” and ‘“2000” is an interpolation between
the food production requirements of those years. m = 1 corresponds to the quantity of agri-
cultural support services available in 1978, m = 2 corresponds to double the 1978 quantity
and m = « indicates unlimited agricultural support services.

Beef production as presently practiced in the Jalapa region is a wasteful
use of land. Yields of calories and protein from beef are less per hectare than
for any other food-producing land use (Table VIII). As the demand for beef
is expected to be high in the year 2000, beef production can be expected to
occupy excessive land and force maize production onto hilly areas where
erosion will result, unless appropriate planning measures are taken. Fortunate-
ly, beef production could be improved drastically, at least five-fold, with the
use of better technology, particularly if combined with forage crops.
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This improvement could free tropical land for grain production and allow
maize production to be moved away from the hilly and mountainous areas
of the temperate zone. These areas would be freed for more appropriate uses,
such as forestry, fruit orchards, or well-managed dairy pasture. Fruit trees
and pasture would have to be restricted to the gentler slopes, unless they are
managed explicitly to limit erosion. The importance of tropical-zone lands
for grain production would be their immense scope for improved production
because of the possibility of two crops per year with irrigation. Caution would
be necessary with irrigation schemes, however, because year-round irrigated
agriculture in the tropics may not be sustainable unless it is carefully designed.
Use of marginal tropical land for cattle-forage tree plantations plays a
prominent role in the optimal solutions for many scenarios. This land-use
system was represented in the Jalapa game by Brossimum alicastrum, a tree
whose high-protein seeds and leaves provide excellent cattle forage. This tree
is not cultivated in the region but should be tested on a pilot basis in the
tropical zone as a promising and ecologically sound means of utilizing marginal
lands to increase cattle production.

Environmental costs of increasing food production

When we looked at how erosion was affected by the level of food produc-
tion (Fig. 9), from low levels of production up to regional food needs in the
year 2000, it was found that, at a given level of technology, erosion can be
quite low until production reaches a threshold. At this point erosion increases
considerably because additional and inappropriate land is brought into use.
This threshold increases as the level of technology is increased.

In contrast, although the regional load of pesticides and other agricultural
chemicals in the environment increases in proportion to the level of produc-
tion, the chemical load is virtually unaffected by the level of technology used
to attain that production. Thus, modern technology is a necessary (though
not sufficient) tool for keeping erosion within tolerable bounds as demand
for products increases, but such technology does not necessarily imply greater
chemical loads on the environment (Table XIII)

The Jalapa region could meet its 1978 production requirements with little
erosion; if there were better land use allocation. However, food requirements
can be expected to pass the threshold of unavoidably high erosion (Fig. 9) by
the year 2000 if technology stays the same. Fortunately, the situation can be
corrected by increased inputs of appropriate modern technologies. The neces-
sary increase in modern technology is feasible with sufficient effort.

The land-use game, because it works with optima, presents desirable pos-
sibilities. These possibilities can be compared with what is actually happening
(Table XI). The erosion occurring in the Jalapa region with land uses that
existed in 1978 and 70-times greater than the low level possible if the actual
production in 1978 was achieved with an optimal land allocation using 1978
technology (Table XIII). Suboptimal land allocation existed from a soil con-
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servation point of view because individual producers were using the land to
satisfy other criteria such as maximizing profits or minimizing the risks and
effort involved. Furthermore, implementing optimal land use, whether from
an individual or regional point of view, was impeded by socioeconomic con-
straints such as land tenancy and the availability of technical assistance.
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