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SOLAR ENERGY

SOLAR ENERGY

Gases that produce greenhouse effect

The world now acknowledges global warming and its manifestations in climate 
change are an irreversible phenomenon. Proofs and scientific information on 
global warming show this phenomenon derives from two ways:

1. Natural phenomena such as, changes in solar activity, the earth’s orbit, volcanic 
activity, cloudiness, and reflectivity.

2. Uncontrolled human activity, which is continually and increasingly the main 
responsible for greenhouse gas emissions, such as carbon dioxide (CO2). Between 
1990 and 2005, gas emissions increased by 30 percent, that is 28 billion metric 
tons per year. Developed regions produce the highest emissions (12 metric tons 
of CO2 per person per year).

Global Warming and Climate Change, 
a Global Problem

Between 1990 
and 2005, 
greenhouse gas 
emissions 
increased by 30 
percent, that is 
28 billion metric 
tons per year…

Gas	 Source of emission	 Lifespan	 Contribution			
to warming

Carbon Dioxide 	 Fossil fuels,	 500 years	 54%
(CO2)	 soil destruction

Methane	 Livestock, organic waste,	 7-10 years	 12%	
rice plantations,	
gas leaks, mining

Nitrogen Dioxide	 Fossil fuels, agricultural 	 140-190 years	 6%
(NO2)	 activities, deforestation

Fluorinated gases	 Refrigeration, 	 65-110 years	 12%
(CFC 11 12)	 spray cans,	

foam, plastics

Ozone and others	 Photochemical smog,	 Hours-days	 8%	
vehicles
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Soil use change and irrational exploitation of natural resources, It is estimated that between 2000 and 2005 there 
was an annual loss of 7.3 million forest hectares per year. As a whole, this has caused negative, irreversible changes 
in the increase of the world average temperature rate, which has been 0.7 (± 0.18 oC) during the last 100 years, thus 
increasing the world warming rate. Drought periods have increased in frequency and intensity. Precipitations have 
also increased in medium latitudes and have decreased in tropical zones.  There has been a decrease in snow surfaces, 
marine ice and glaciers, leading to an increase of sea level of 0.17 m (± 0.05 m) during the 20th century.

Consequences of these changes are:

1-	 Biodiversity loss due to species extinction and continuous increase of the number 
of species at risk of extinction.

2-	 Damages to ecological systems.

3-	 Agricultural loss and countries’ economic deterioration.

4-	 Loss and diminishing in quantity and quality of water sources and water tables 
(over 1.2 billion people live in areas of physical water scarcity), dams and river 
bed clogging and subsequent flooding in their basins.

5-	 Increased health and access to education problems because half of the world’s 
population currently lives in rural areas, representing 70 percent of the population 
without hygiene services.

6-	 Farmer migration to the city, mainly to the United States of America.

...It is estimated that 
between 2000 and 
2005 there was an 
annual loss of 7.3 
million forest hectares 
per year. As a whole, 
this has caused 
negative, irreversible 
changes in the 
increase of the world 
average temperature 
rate,...



If scientific data characterize and document the causes 
and effects of global warming and climate change, and 
if the mass media publish it and present evidence every 
day, then it should be considered that in our country 
coffee forest is also very vulnerable and fragile to the 
devastating effects of these phenomena. 

Examples:

Eruption of the Ilamatepec Volcano occurred on
October 1, 2005. There was an emission of 1.5 million 
cubic meters of ashes, 2,000 tons of sulphur dioxide 
(SO2) per day, carbon dioxide (CO2), and debris flows 

of up to 300,000 cubic meters. This eruption caused 
economic losses in crop productivity in nearly 35,000 
manzanas and in the recuperation of coffee and forest 
agro ecosystems. It also harmed biodiversity and 
volcano landscape.
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1

Ilamatepec Volcano
eruption.

Coffee plantation
with volcanic ash.

Forest damaged
by eruption.

Global Warming and
Climate Change Effects
in Coffee Farming in
El Salvador
The continuation of coffee farming production 
services and environmental services of the coffee 
forest are at high risk and are deteriorating.
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Occurrence cycles and effects of El Niño and La Niña 
phenomena are more intense and marked by the 
precipitation patterns. It is estimated that 2007 and 
2008 were years with rainfalls from the beginning, 

abundant hurricanes and tropical storms (Felix, Barbara, 
Arthur, Dolli, Alma, among others), in contrast with 
very dry years with heavy rains, prolonged dry 
periods and a higher number of hot days, provoking 
variations in coffee tree phenology.

3

The 2008 and 2009 strong winds of up to 70 kilometers per hour, 
combined with low temperatures (between 4 and 10 oC), continue to 
generate losses in crop productivity in 26,000 manzanas in the Apaneca-
Ilamatepec and Alotepeque-Metapán mountain ranges. Winds caused 

fruit loss, coffee tree leaf drop, destruction of shadow trees, dryness, soil 
erosion and alterations to the coffee tree bloom cycle.

2
Coffee tree damaged
by low temperatures.

Coffee plantation and 
shadow trees damaged by 

strong winds.

Coffee plantation with a 
complete leaf drop caused 

by strong winds.

Rainfall occurred when 
fruit is ripe, and coffee 

plantation flooding.



5
FUNDACION
P R O C A F E

Increase of land use change, producer’s economic deterioration, 
continuous decrease in coffee price paid to the producer, and 
continuous reduction in productivity resulted in debt 
accumulation. These problems made coffee growers abandon 

their farms, leading to the use of around 4,371 hectares for other 
crops, mainly corn, and in a smaller scale, forest trees and fruit 
trees.  Moreover, 4,027 hectares were urbanized, and 12,790 
hectares of crops were abandoned. Therefore, the land was not 
farmed and there were no investments, increasing rural poverty, 
floods risk, mudslides, and sicknesses. Also, participation in the 
capture of carbon dioxide was reduced, and there was  a 
decreased access to health care, education and basic hygiene 
services. Farmer migration to the city and to the United States 
of America was also a consequence.

4

Abandoned coffee plantation.

Coffee plantation
cleared for urbanization.

…land use change, 
producer’s economic 
deterioration, continuous 
decrease in coffee price 
paid to the producer, and 
continuous reduction in 
productivity resulted in 
debt accumulation which 
led to abandoning coffee 
farms…

Coffee land used
to grow corn .

Coffee trees and 
shadow trees eliminated.
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COFFEE FARMING FEATURES
The history of El Salvador has been associated with coffee farming over 
the last 120 years due to its impact on economic development. Coffee 
accounts for 2% of the Gross Domestic Product, and 16.7% of the Gross 
Domestic Product in the agriculture and livestock sector.  Besides, 
coffee farming generated US$ 106 million in foreign exchange in 2007.

In the social area, coffee produces an average of 133,000 permanent 
jobs and 33.3 million temporary jobs (day men) for the rural 
population, which constitutes 42% of the total population. Coffee 
farming also promotes infrastructure works, basic health services, 
housing, and education.

Coffee: El Salvador’s
Economic and Social 
Development 
Promoter

Every 60 minutes, 
coffee forest 
enriches water 
tables with 715 
cubic meters of 
water, of which 
70% is preserved; 
that is, coffee 
plantations provide 
water tables with 
500.5 cubic meters 
of water every 60 
minutes.
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Around 20 years ago, both 
coffee producers and 
institutions committed to 
promoting coffee industry 
development, devoted 
themselves to show the 
environmental services that 
national coffee farming 
provides at no cost to about 
6.5 million Salvadorans.

El Salvador is one of the 
Latin American countries 
with the lowest tree cover, 
which barely reaches 
362,700 hectares  –almost 
17.5% of the total territorial 
area. Out of the total tree 
cover, 3.7% is coniferous 
forest, 3.7% is deciduous 
forest, 2.0% are mangroves, 
0.3% forest plantations, and 
7.8% is coffee forest, which 
represents almost 50% of 
the national tree cover.

Coffee: Environmental Services 
Generator

…Around 20 years ago, both coffee producers and institutions committed 
to promoting coffee industry development devoted themselves to show

the environmental services that national coffee farming provides at no cost 
to about 6.5 million Salvadorans.

Coffee forest

Coffee forest

Natural vegetation map of terrestrial and aquatic 
ecosystems, El Salvador.

Coffee forest
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Salvadoran coffee farming has a coffee 
forest surface of 229,921 manzanas 
equivalent to 160,944 hectares, 
which are composed by approximately 
626.5 million coffee trees. 

This is 100% shade-grown coffee with 
approximately 11 million trees 
providing shade, mainly from the Ingas 
species and other forest, fruit, and 
native tree species.  Given that coffee 
forest surface is located in the upper 
parts of the country's major mountain 
ranges, it strategically becomes the 
greatest productive reserve forest 
that generates environmental services 
such as:

1.	 Mitigation of global warming by 
capturing 13,178 tons of carbon 
dioxide (CO2) per day, maintaining 
a reserve of 32.2 million tons of 
carbon and generating clean 
oxygen (O2).

Map of El Salvador and 
its main coffee zones



Hydrological map, aquifer 
recharge in millimeters
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2.	 Regulation of the hydrological cycle of water, 
that favors the amount and distribution of 
precipitations as well as enrichment of surface 
water sources, such as rivers, lakes, and 
hydroelectric dams. As for water tables, every 
60 minutes regulation provides them 500 cubic 
meters of water, which is key to supply water 
reserves for human consumption as well as 
to the development of agriculture and 
industry in general.

3.	 Retention of sediments and 
nutrients that protect soil from 
erosion and degradation, 
avoiding sediment and 
nutrient scarcity and dam 
clogging.

4.	 Regulation of precipitation, 
preventing excessive hillside erosion 
from causing either mudslides or 
flooding in valleys and coastal 
zones.

Coffee 
forest, the 
greatest 
aquifer 
recharge.

Coffee 
forest

Coffee 
forest

Different coffee cultivation strata:       
       Central Standard, under 800 meters 
above sea level;       High Grown, 800 
to 1,200 meters above sea level;            
      Strictly High Grown, over 1,200 
meters above sea level.
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Land use map and hydrogeology

5.	 Biodiversity conservation. The coffee forest surface constitutes part of 768,000 square kilometers of the 
Mesoamerican Biological Corridor (MBC), where  over 12% of the world’s biodiversity inhabits. In El Salvador, 
this surface serves as a refuge for 60 families of exotic native trees; five amphibian families; seven reptile 
families; and 34 bird families.

6.	 Scenic beauty that offers biodiversity protection and recreation through agro-ecotourism.  In a historic 
statement in 2007, the United Nations Educational, Scientific and Cultural Organization (UNESCO) declared 
the Apaneca-Ilamatepec mountain range part of the global biosphere reserves, protecting 39,500 hectares 
of coffee forest where roughly 26% of the country’s total coffee harvest is produced.
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Since 1991, PROCAFE Foundation has 
been serving the Salvadoran coffee 
farming with research and technology 
transfer that let coffee growers produce 
high-quality, environmental friendly 
coffee to compete in all markets.

How does PROCAFE foundation	
participate and contribute?

Seed, seedling, and
certified coffee nurseries.

In vitro 
multiplication 
of new 
varieties.

Integrated Pest 
Management (IPM)

Mechanization of 
agronomic practices

Rational harvest

Coffee Processing Plan

Quality control

GIS and measuring 
    of coffee farms

Laboratory analytical 
services

Te
ch

ni
ca

l p
ub

lic
at

io
ns

Training and technical 
assistance

Mechanization of 
agronomic practices

Rational harvest

Quality control
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Considerations
IF COFFEE FOREST IS THE GREATEST PRODUCTIVE RESERVE FOREST 
THAT GENERATES ENVIRONMENTAL SERVICES OF INCALCULABLE 
VALUE TO PROTECT THE COUNTRY FROM THE DESTRUCTIVE 
EFFECTS OF GLOBAL WARMING AND CLIMATE CHANGE 
FOR THE BENEFIT OF THE WHOLE SALVADORAN 
SOCIETY.
WHAT IS NECESSARY TO DO?
1.	 Reactivating shade-grown coffee is a strategic choice. 

2.	 Including coffee farming in the national policies on social, 
economic and environmental  development is a mandatory 
requirement.

3.	 Economic and technical support for those institutions 
committed to continuity and sustainability of the 
coffee industry is a need.

4.	 Financial compensation to coffee farming for 
producing environmental services is a human duty.

5.	 Searching and implementing marketing 
mechanisms for environmental services coffee 
farming produces for developing countries 
are strategic.

6.	 Including and considering coffee farming 
in international treaties on global 
warming and climate change is a 
mandatory requirement.
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Coffee Farming Services
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