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Introduction

There is now little doubt that the climate is changing and will continue to change. Global Circulation
Models (GCMs) all point in the direction of higher mean temperatures and changes in precipitation
regimes, indicating that traditional coffee growing regions may disappear and new regions may appeatr.
For sustainable coffee sourcing, participants of the global coffee supply chain need to have an estimate
of where coffee will grow in the future and how the suitability of these areas will be. The objective of this
paper is to show how coffee (Coffea Arabica) production areas change under progressive climate
change.

The results of the present study are part of a private-public partnership project called AdapCC
(www.adapCcC.org) of the “Deutsche Gesellschaft fuer Technische Zusammenarbeit” (GTZ) and
Cafedirect, a UK-based fair-trade hot-drink company. The ppp project focused on four core-sourcing
areas in Latin America (Piura in Peru, Nicaragua, Chiapas and Veracruz in Mexico). In continuation the
results of the Nicaragua study are presented.

Materials and Methods

The methodology applied was based on the combination of current climate data with future climate
change predictions from 4 global circulation models for 2020 and 18 models for 2050. The data of the
current climate and the climate change was used as input to Maxent, a crop prediction model. The
evidence data used for Maxent were compiled from existing databases, scientific publications, expert
knowledge, and Google Earth. The analysis focused on the specific municipalities that were of interest to
the regional project partners and provide predictions of the future climate and predictions of the suitability
of current coffee-growing areas to continue growing coffee by 2020 and by 2050.

Results

In Nicaragua the yearly and monthly rainfall will progressively decrease and the yearly and monthly
minimum and maximum temperatures will progressively increase by 2020 and by 2050.
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Figure 1. Climate trend summary for sample sites 2020 and 2050 for 10 coffee-growing municipalities of
Nicaragua.

The overall climate will become more seasonal in terms of variation through the year in temperature with
temperature in specific municipalities increasing by about 1.0°C by 2020 and by about 2.3°C by 2050. In
contrast, seasonality of the climate will not change in precipitation with the maximum number of
cumulative dry month staying constant at 6 months. Precipitation for specific municipalities will decrease
70 to 100 mm by 2020, and 100 to 130 mm by 2050 (Fig. 1).

Figure 2, 3 (left) and 4 (left) show the current suitability, the suitability in 2020 and the suitability in 2050
to produce coffee. Warmer colors represent higher suitability and cooler colors lower suitability. According
to the Maxent model are the areas shrinking and suffering an overall loss of suitability by 2020 and 2050.
There are also some areas in Dipilto that will gain suitability by 2020 and 2050. Figure 2 and 3 (right)
show the coefficient of variance of the GCM models and their 19 variables. Even dough the areas where
the models don't coincide well don’'t overlap with the coffee growing zone, were the variables that cause
the majority of variability excluded in the analyses and a coefficient of variance below 20% reached.
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Figure 2. Current suitability for coffee production for 10 coffee-growing municipalities of Nicaragua.
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Figure 3. Suitability for coffee production in 2020 (left) and mean coefficient of variance of bioclimatic
variables 2020 (right) for 10 coffee-growing municipalities of Nicaragua.
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Figure 4. Suitability for coffee production in 2050 (left) and mean coefficient of variance of bioclimatic
variables 2050 (right) for 10 coffee-growing municipalities of Nicaragua

With progressive climate change, areas at higher altitudes will become more suitable for producing
coffee. The optimum coffee-producing zone is currently an altitude of 1200 masl, by 2020 the optimum
altitude increases to 1400 masl, and by 2050 increases further to 1600 masl (Figure 5 left). Increasing
altitude compensates for the increase in temperature. Between now and 2020 areas at altitudes around
800 masl will suffer the highest decrease in suitability and areas around 1600 masl the highest increase
in suitability. By 2050 the corresponding altitudes will be 1000 masl and 1700 masl (Figure 5 right).
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Figure 5. The relation between the suitability of areas for coffee production and altitude for current
climates, and predicted for 2020 and 2050 for 10 coffee-growing municipalities of Nicaragua (left). The
relation between the change in suitability of areas for coffee production and altitude for 2020 and 2050
compared with current suitability for 10 coffee-growing municipalities of Nicaragua (right).

Conclusions

The results show that the change in suitability as climate change occurs is site-specific. There will be
areas that become unsuitable for coffee, where farmers will need to identify alternative crops. There will
be areas that remain suitable for coffee, but only when the farmers adapt their agronomic management to
the new conditions the area will experience. Finally, there will be areas where today no coffee is grown
but which in the future will become suitable. These areas will require strategic investments to enable
them to develop for production of coffee. Climate change brings not only bad news but also a lot of
potential. The winners will be those who are prepared for change and know how to adapt.
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