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Abstract: Jamaica produces one of the most expensive coffees on the global market. The local specialty
coffee industry plays a significant role in the island’s economy and also contributes to the livelihood
of smallholders—the majority of whom operate the industry’s coffee farms. While climate model
projections suggest that Jamaica will continue to experience a warming and drying trend, no study
has assessed the future impacts of changing climatic patterns on local coffee-growing areas. This
research developed a number of geospatial processing models within the ArcMap software platform
to model current coffee suitability and future crop suitability across three Shared Socioeconomic
Pathways (SSP1-2.6, SSP2-4.5, and SSP5-8.5) and three future time periods (2021–2040, 2041–2060, and
2081–2100). The results validated current locations of coffee production and revealed that there was
an observable decrease in coffee suitability across the island, across all SSP scenarios and time periods
under study. Most growing regions were projected to experience declines in production suitability of
at least 10%, with the most severe changes occurring in non-Blue Mountain regions under the SSP5-8.5
scenario. Implications of this projected suitability change range from decreased production volumes,
increased price volatility, and disruption to market operations and livelihood incomes. The paper’s
findings offer stakeholders within Jamaica’s coffee industry the opportunity to develop targeted
adaptation planning initiatives, and point to the need for concrete decisions concerning future
investment pathways for the industry. It also provides insight into other tropical coffee-growing
regions around the world that are facing the challenges associated with climate change.

Keywords: coffee; climate change; Jamaica; Caribbean; suitability modelling; shared socioeco-
nomic pathways

1. Introduction

Territories within the Caribbean region are particularly vulnerable to climate change
due to their small size, dependency on natural resources, and heightened exposure to
extreme weather events. These features have been further compounded by deep-seated so-
cioeconomic and political factors that limit their ability to respond to such changes. Regional
climate models have acknowledged the increased frequency of storms, extreme tempera-
tures, and drying trends in the Caribbean’s climate that will likely continue throughout
the century [1–4]. Changes to the region’s climate have particularly impacted agriculture,
where the sector’s sensitivity to varying climatic parameters has led to decreased crop
yields, lowered economic revenue, and increased vulnerability of livelihoods [5–9].

Globally, coffee-producing countries have had first-hand experience with these climatic
changes, where even coffee-suitable land and average yields are expected to decrease by
2050 [10–12]. According to the ITC [13], “coffee growers are by far the most numerous group
that is directly affected and the most vulnerable” to the impact of climate change. Extremes
such as increased temperatures and variable rainfall have produced multiplier effects within
coffee-producing landscapes, including decreased coffee yields and quality [14–16], a shift
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and/or decrease in optimal growing areas [17–19], the proliferation of pest and diseases
in areas where they were not initially prevalent [20–22], as well as the increased cost of
coffee production [23,24]. These changes have severely threatened the coffee industry and
intensified the vulnerability of livelihoods [25,26].

The global coffee market has been dominated by the economical production and
trade of the Arabica (Coffea arabica) and Robusta (Coffea robusta) species, where the for-
mer accounts for 57.4% of global coffee production in the 2019–2020 coffee year [27].
Arabica characteristically produces higher-quality beans with better taste profiles than
Robusta [28,29]. The Arabica varietal has been recognized as more sensitive to changing
climatic parameters, particularly during the blossoming and bearing stages of the plant’s
growth cycle, while Robusta is somewhat heat-tolerant as it can grow at higher tempera-
ture ranges without compromising its production capabilities [23,26,29–31]. Hence, Coffea
robusta has been considered the most ‘robust’ to withstand the vagaries of climate change
and has been suggested as an adaptation strategy to populate coffee-producing landscapes
that are projected to become unsuitable for Arabica coffee [32,33]. However, changing
climatic conditions feature not only rising temperatures, but also increased variation of
other climatic parameters [18]. Hence, though Robusta coffee may generally respond
better to increasing temperatures, this does not negate the loss of spatial area and yield
of coffee and the migration of its production activities to higher altitudes. Furthermore,
Kath et al. [34] noted previous studies may have overestimated Robusta’s temperature
range and its ability to maintain suitable production levels amidst increased temperatures
under climate change. There have been several suitability modeling efforts for coffee world-
wide. Locations include Central America, e.g., [35–37], east-central Africa, e.g., [38–40], and
Asia [41,42]. Efforts within the Caribbean have been limited.

Since the 1950s, the Caribbean region has observed increased temperatures (along with
evidence of more very hot days and very hot nights), increased seasonal and inter-annual
variability in rainfall (with small but statistically significant increases in the maximum
number of consecutive dry days) and a noticeable increase in the frequency and intensity
of extreme weather events such as droughts and hurricanes [4,43,44]. Studies on medium
to long-term climate projections for the region indicate these trends continuing toward the
end of the century [1,2,4,43–45].

Fain et al. [7] projected a significant loss of coffee suitability in top-producing areas
of Puerto Rico. The decline in coffee quality and yield was attributed to temperatures
exceeding optimal thresholds, drying conditions due to low levels of precipitation, as
well as an increase in insects and diseases. Similarly, Eitzinger et al. [46] acknowledged
a projected decline in yield and quality across the Haitian coffee-producing landscape,
particularly in lower elevations, while coffee suitability may shift to higher altitudes
with cooler conditions. Across the region, the unpredictable seasonal patterns associated
with changing climatic conditions have also impacted the ability of farmers to employ
traditional agronomic practices. Producers, especially smallholders, have been faced
with higher financial costs associated with managing their coffee farms under a new
climate regime, ultimately leading to a landscape that is not economically viable for coffee
production [7,26,30,35,46,47].

However, despite such changes, a crop suitability model using future climate scenarios
has not been used to assess the coffee-growing landscapes across Jamaica. The objective of
this paper is to address this knowledge gap by modeling current and future suitability for
coffee production on the island under three Shared Socioeconomic Pathway (SSP) scenarios
(SSP1-2.6, SSP2-4.5, and SSP5-8.5) for the near, mid, and far future (2021–2040, 2041–2060,
and 2081–2100). These models have the potential to support national-level planning
decisions and policy for the island’s coffee-producing landscape against progressive climate
change as well as add to the current body of literature focused on climate change modeling
for the global coffee sector. Like many tropical regions with significant agricultural export
commodities, it is critical to have a quantified assessment of the negative impacts of climatic
change on the future viability of said commodities. Paired with consideration of other
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environmental stresses and resource constraints, this paper provides an avenue for creating
resilience-oriented pathways to survival.

2. Methodology—The Suitability Modeling Process

Although Jamaica produces less than 0.1% of the global coffee trade, it remains a
notable player within the international specialty market as the producer of one of the
best-tasting and most expensive coffees in the world—Blue Mountain coffee [48]. Coffee is
generally grown in the mountainous central regions of Jamaica, highlighted in Figure 1.
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Figure 1. Illustration of coffee growing communities across Jamaica [Reprinted/adapted with
permission from [49]. 2015, Mighty].

Jamaica has two distinct coffee-producing zones—the Blue Mountain zone and the
non-Blue Mountain zone (High Mountain). Although historically demarcated as such,
market demand for the higher elevation Blue Mountain coffee has led to the majority
of the island’s 6,018 coffee farmers registered (as of 2021) with the Jamaica Agricultural
Commodities Regulatory Agency (JACRA) located in this zone. The Arabica varietal grown
here can thrive and produces high-quality and flavourful beans. According to the Statistical
Institute of Jamaica [50], coffee exports accounted for 83% of traditional agricultural exports
in 2016 and earned USD23 million. However, the industry has experienced a 58% decline in
export earnings since 2000. Key drivers of this decline include decreased technical support
services, higher cost of farm inputs, and increased frequency of hydro-meteorological
hazards (see [51–53]). These have contributed to a decline in coffee production, challenges
managing pests and diseases, and the abandonment of coffee farms. Taken together, these
issues have the potential to be exacerbated by changing climatic conditions.

Crop suitability models have been widely used throughout the literature as a tool
for assessing the relationship between crop growth and the surrounding environmental
conditions, e.g., [6,8,18,47,54], each operating under different assumptions, parameters, as
well as uncertainties surrounding observed and simulated results. Though these prediction
models possess some level of uncertainty, their utility provides an opportunity to illustrate
the various ways in which changes in climatic variables could influence the suitability of
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various crops and thus guide policymakers in proactively formulating adaptive strategies
for tackling these challenges.

GIS-based suitability models have been widely used in infrastructure planning, sustain-
able land management, resource allocation, and crop growth and production, e.g., [49,55–58].
Several approaches have been taken to modeling coffee suitability, including MaxEnt [8,42],
CaNaSTA [25], CCSM4, and HadGEM2 [17]. Previous work by Mighty [49] utilized the
AHP framework to model the ideal coffee-producing landscapes within Jamaica, empiri-
cally validating that the areas where coffee is currently growing across the island are indeed
the best regions to produce the crop.

The widespread impacts of climate change, specifically the variability in temperature
and precipitation, necessitate a reassessment of the nuanced demands of a future that is
likely to be reconfigured by these changes. This research first presents the development
of a current suitability model for coffee production on the island, then presents models of
coffee suitability under future climatic conditions.

2.1. Modeling Current Climatic Suitability for Coffee

Via a combined review of the literature and the use of expert-based knowledge from
the Food and Agriculture EcoCrop database, the major parameters which conditioned
the suitable growth and production of Arabica coffee were identified as temperature,
rainfall, geology, soil type, soil pH, elevation, humidity, wind, slope, and aspect [49,59–61].
However, due to the unavailability or inaccessibility of some datasets, the model focuses on
seven agroecological parameters, as shown in Table S1 in the supplementary information.
The optimum range represents the ideal conditions in which coffee production is best
suited, while the absolute range represents the parameters beyond which growth and
production of the crop are constrained.

All data were processed using the ESRI ArcGIS software suite version 10.8.1. The 30 m
resolution Digital Elevation Model (DEM) of the island’s terrain (obtained from the US
Geological Survey’s Earth Explorer portal) was used to derive the slope and aspect datasets.
The elevation is particularly applicable as an independent suitability indicator/variable
considering its relationship with temperature and its influence on the growth of the coffee
plant, as well as on the fruit development and flavor profile of beans [25,62]. This dataset
was also used to generate the slope and aspect variables used in the model. The soil data
from the National Spatial Data Management Division in Jamaica contained information on
both soil type and soil pH. Mean monthly temperature and rainfall datasets for weather
stations across the island were acquired from the Meteorological Service of Jamaica with
a date range of 1970–2020. This range allowed for the calculation of climate means for
precipitation and temperatures and provided a homogenized dataset for future scenario
modeling.

A five-point suitability scale system was used as it allowed the reader to easily process
and differentiate spatial patterns and observations. Each dataset was reclassified as shown
in Table 1 below, where 1 = lowest suitability and 5 = highest suitability.
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Table 1. Agroecological parameters for ideal growth and production of Arabica coffee.

Agroecological
Parameter

Very Unsuitable
(1)

Unsuitable
(2)

Moderately
Suitable

(3)

Suitable
(4)

Very Suitable
(5)

Temperature <10 ◦C OR ≥34 ◦C 10–11.99 and
31.1–33.99 ◦C

12–13.99 and
28–30.99 ◦C

14–15.99 and
24–27.99 ◦C 16–23.99 ◦C

Precipitation <62.5 mm OR >350 mm 62.5–80.54 OR 302.78–350 mm 80.55–98.60 OR 255.56–302.77 mm 98.61–116.66 OR
208.34–255.55 mm 116.67–208.33 mm

Soil Type
Clay, sand, peat, gravelly

sandy clay, sandy soils, and
other soil types

Silty clay, gravelly clay, stony
clay, and mixed clay types

Sandy loam, silty clay loam, silt
loam, and other loam soils

Fine sandy loam, clay loam,
sandy loam, or clay loam
(except for stony types)

Channery clay loam, volcanic
loam, and loam

Soil pH

Strongly acidic, strongly
alkaline, strongly to very

strongly alkaline, and very
strongly acidic

Acidic, alkaline, medium
acidic, medium to strongly
acidic, mildly to strongly
alkaline, slightly acidic to

mildly acidic, and slightly to
medium acidic

Mildly alkaline, neutral, slightly
alkaline Slightly acidic Neutral to slightly acidic,

slightly acidic to neutral

Elevation <0 and >1666.67 m 0–350 m 350–600 m 600–900 m 900–1666.67 m

Slope >35◦ 24.8–35◦ 17.4–24.8◦ 10.9–17.4◦ 0–10.9◦

Aspect East South-east North-east,
South-west North-west North, south,

west
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Mighty [49] provides a detailed rationale for the various parameters utilized in this
model. However, a few points bear emphasis here. Arabica coffee thrives best in more
temperate climates, where the annual average temperature is between 17 and 25 ◦C [63,64].
In tropical countries, these temperatures are obtained at higher elevations. With the mean
monthly temperature from the dataset ranging from 22 to 28 ◦C, this means that suitability
for this parameter would fall in the three highest categories. JACRA uses three elevation
classifications to categorize its coffee region production profiles. Low-elevation coffee
(350–600 m), mid-elevation coffee (600–900 m), and high-elevation coffee (900–1500 m).
Additionally, the government of Jamaica has designated altitudes over 1666.67 m (5500 ft)
as forest reserves, so no coffee cultivation should occur above these elevations. Therefore,
the authors utilized these guidelines to guide the reclassification procedure for elevation.
With the optimal precipitation range of 1400–2500 mm per year (116.67–208.33 mm/month),
this range received a suitability value of 5. Suitability rankings of 2–4 consisted of dividing
the remaining absolute ranges of 750–1400 and 2500–4200 mm/year into three equal parts
and converting them to their monthly precipitation equivalents in the dataset. This was
carried out as the authors found no real guidance from the literature on a gradual suitability
change. Values beyond these ranges received a value of 1.

Soil reclassification was guided by the works of Wrigley [64] and Mickle [65], which
stated that the best soils for coffee are deep, well-drained loamy soil, slightly acidic,
and rich in humus and bases (especially potassium and phosphorous). Volcanic soils,
latosols/podsols, and lateritic clays/loams were also good soils. Saline or marshy soil,
hardpan (in heavy loam soils), gravel, and those near high water tables were the worst soils
to grow coffee. Additionally, soil pH should be between slightly acidic (5.5–6 or 7) and
moderately to well drained. Slope and aspect suitability was guided by information from
JACRA which indicated that gently sloping landscapes (easier to farm) and non-east-facing
slopes (sun exposure later in the day promotes slower maturing and higher-quality coffee
berries) were the most ideal for coffee production.

Once the necessary data layers were obtained, they were imported and organized in
a file geodatabase using ArcCatalog 10.8.1. In ArcMap 10.8.1, slope and aspect informa-
tion were extracted from the DEM using the relevant tools in the Spatial Analyst toolset.
From there, these three parameters were reclassified according to Table 1. Precipitation
and temperature data in the form of a Microsoft Excel (Office 365, version 2304) file were
converted into a comma-separated variable file and imported into ArcMap. After being
transformed into point-based shapefiles, inverse distance weighting spatial interpolation
was used to generate raster datasets for each data layer. A total of 97 stations for precipita-
tion and 14 stations for temperature were used to calculate climatic means. A cell size of
0.00028 decimal degrees was used to approximate the 30 m spatial resolution of the DEM
layer used to create the elevation, slope, and aspect layers. The vector-based soil pH and
soil type were reclassified and then rasterized.

The reclassified layers were weighted using the Rank Sum (RS) method [66,67]. In
the RS procedure, the weights are calculated by ranking each parameter (based on their
importance to the growth and production of coffee), then normalized by dividing by the
sum of the ranks (see Table 2 below for final weights). Initial rankings were informed by
interviews with farmers and industry stakeholders as well as from the literature. The RS
formula (Stillwell et al., 1981) is as follows:

Wi =
n − ri + 1

∑n
j=1

(
n − rj + 1

)
where Wi = weight of the criteria i; n = total number of criteria to be ranked; and ri = rank
position of the criterion to be weighted.
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Table 2. Ranking of the relative importance of agroecological criteria and their assignment of
normalized weighted scores.

Weight Normalized Weight

AgroEcological
Criteria Importance Rank n − ri + 1 n−ri + 1

∑n
j = 1 (n − rj + 1)

Temperature 1 7 0.25
Precipitation 2 6 0.21

Soil Type 3 5 0.18
Soil pH 4 4 0.14

Elevation 5 3 0.11
Slope 6 2 0.07

Aspect 7 1 0.04

Total 28 1

Finally, the initial suitability model for the year 2020 was created using the Weighted
Sum tool (see Figure S1 in the Supplementary Information).

2.2. Modeling Future Climatic Suitability for Coffee

After the creation of the 2020 suitability model, future coffee suitability models were
created to examine the impacts of changes in precipitation and temperature over the next
several decades. The projected changes in these variables were taken from Almazroui
et al. [1], where the authors had modeled changes in precipitation and temperature for the
United States, Central America, and the Caribbean for a near-, mid-, and long-term time
span. Table 3 highlights the detailed parameters for modeling changes in temperature and
precipitation. The values obtained were based on an analysis of 31 global climate models
from Phase 6 of the Coupled Model Intercomparison Project, providing multi-model climate
projections based on alternative scenarios of future emissions and land-use changes pro-
duced with integrated assessment models [1]. Our paper focused on modeling three of the
five Tier 1 Shared Socioeconomic Pathway (SSP) scenarios at various radiative forcing levels
by 2100. These included SP1-2.6 (sustainability scenario at 2.6 Wm2- radiative forcing),
SSP2-4.5 (middle of the road scenario at 4.5 Wm2 radiative forcing), and SSP5-8.5 (fossil-
fueled development scenario at 8.5 Wm2 radiative forcing) (see https://www.carbonbrief.
org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change for a
more complete introduction to the SSP scenarios [accessed on 5 April 2023]). These three
scenarios correspond to roughly a best-case, middle, and worst-case projection of changes
in global temperature and precipitation (see Table 3 below). Almazroui et al. [1] note
that the averages calculated did not reflect spatial heterogeneity in the region, especially
considering the influence of topography.

ArcGIS ModelBuilder was once again employed to create models that incorporated
the changes in precipitation and temperature across the scenarios and time periods (see
Figure S2), calculate differences in suitabilities between the suitability model for 2020 and
the model for each scenario and time period (see Figure S3), and to calculate the changes
in suitability values across the model rasters between the 2020 base model and each of
the nine future suitability models (see Table 4 below and Figure S7 in the Supplementary
Information). The model to run each future suitability model scenario held all aspects of
the coffee suitability model process constant apart from the changes to precipitation and
temperature means listed in Table 3 above. The resulting processes would then create a
projected suitability model for the respective scenario period. The model to calculate the
differences in suitabilities incorporated the use of iterators to optimize the calculation of
the needed values.

https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
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Table 3. Parameters for modeling changes in temperature and precipitation. [Reprinted/adapted
with permission from [1]. 2021, Almazroui et al.”].

Scenario Temperature Increase (◦C) Precipitation Change Notes

Base period Describe average temperature
values from 2020 model

Describe average precipitation
values from 2020 model

Values here vary across Jamaica,
reflecting the spatial heterogeneity of

the island

SSP1-2.6
near (2021–2040): 0.69
mid (2041–2060): 0.94
far (2080–2099): 1.04

near (2021–2040): 0.34
mid (2041–2060): −0.64
far (2080–2099): −0.14

SSP1 Scenario: Sustainability

SSP2-4.5
near (2021–2040): 0.71
mid (2041–2060): 1.17
far (2080–2099): 1.94

near (2021–2040): 0.06
mid (2041–2060): −1.50
far (2080–2099):−3.34

SSP2 Scenario: Middle of the road

SSP5-8.5
near (2021–2040): 0.77
mid (2041–2060): 1.62
far (2080–2099): 3.53

near (2021–2040):−1.09
mid (2041–2060):−6.30
far (2080–2099):−19.73

SSP5 Scenario: Fossil-fueled
development

3. Results
3.1. Current Coffee Suitability in Jamaica

Figure 2 presents the current (2020) suitability for coffee production on the island of
Jamaica based on data collected for the year.
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Figure 2. Suitability of coffee production for the year 2020.

For the sake of comparisons with all model results, five classes were used to depict
the suitability of coffee across the time periods and scenarios. These classes spanned
the absolute range of all the models and divided the suitability into quintiles: 1.96–2.51;
2.51–3.06; 3.06–3.61; 3.61–4.16; and 4.16–4.71. The 2020 suitability model had a minimum
value of 2.32 and a maximum value of 4.71 on the 5-point suitability scale. It depicted
the most suitable regions for coffee production to be the hilly central and eastern sections
of the island as well as portions of the south-western plains. The figure also displays
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the general location and the number of producers registered with JACRA by community
location—larger trees reflect greater numbers. According to a personal communication
between the then Coffee Industry Board and one of the authors [49], some farmers provided
addresses that were not necessarily in the communities they farmed in; hence the location
of some producers in urban or other areas clearly unsuited for agricultural production.
The locations of these producers align well with suitability ratings the majority of the time.
The results also showed some similarity to the suitability map presented in Mighty [49],
where hilly regions of the central and eastern sections of the island were found to favorably
accommodate coffee production. Figure 2 also highlights the least suitable areas for coffee
production along the coast as well as the north-eastern and south-central sections of the
island. Unlike in the work of Mighty [49], this model did not exclude urban regions or
protected lands (such as the forest reserves within the Blue Mountains and the Cockpit
Country), as this allowed a wider representation of the suitable areas where coffee can be
produced.

3.2. Future Coffee Suitability in Jamaica

Our models revealed that coffee suitability in Jamaica decreased under all projected
climate change scenarios. This decrease was particularly pronounced in the non-Blue
Mountain coffee-producing region. The values presented in Table 4 and the maps shown
in Figures 3–5 highlight the results of the differences in suitabilities under each focal
period due to the projected changes in precipitation and temperature on coffee suitability.
For additional comparisons, Figures S4–S6 in the supplementary information portray a
comparison between the suitability models generated for each scenario.
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Table 4. Changes in coffee suitability for each scenario compared to the 2020 base model.

Model Scenario

Change from 2020 Model Base Value

No Change from Base
Model

0–5%
Increase in
Suitability

0–5%
Decrease in
Suitability

5–10%
Decrease in
Suitability

10–20%
Decrease in
Suitability

2021–2040
SSP1 2.6 95.13% 0.58% 0.12% 4.16% 0%
SSP2 4.5 95.5% 0.10% 0.02% 4.33% 0%
SSP5 8.5 90.74% 0.04% 0.20% 9.02% 0%

2041–2060
SSP1 2.6 92.55% 0.20% 0.86% 6.39% 0%
SSP2 4.5 81.63% 0.35% 1.99% 16.03% 0%
SSP5 8.5 58.69% 0.54% 9.09% 31.68% 0%

2081–2100
SSP1 2.6 90.74% 0.04% 0.20% 9.02% 0%
SSP2 4.5 50.64% 0.06% 4.12% 45.18% 0%
SSP5 8.5 2.93% 0% 7.23% 86.74% 3.10%

In the 2021–2040 period, the majority of the island experienced no change in suitability
for coffee production (see Table 4 above). Under the SSP1-2.6, a slight increase in the
suitability of 0–5% above the original suitability values is projected across the central
portions of the island, especially in south-central Jamaica. However, this increase is much
less apparent in the SSP2-4.5 and SSP5-8.5 scenario models. This increase is likely fuelled
by the increased precipitation projected for this time period (see Table 3 above). An even
smaller proportion of the island is projected to experience a decrease of 0–5% below original
values. A decrease in the suitability of 5–10% of original values is the most notable change
across all model scenarios (see Table 4 above). As highlighted in Figure 3 above, this
decrease was exhibited in the urban areas of north-western and south-eastern Jamaica
(Montego Bay and Kingston metropolitan regions) as well as a notable ring in the Cockpit
Country in central Jamaica. The latter region is the only one of concern as the others are
not in coffee-producing regions.

In the 2041–2060 period, there is a significant decrease in the area that retains its
original coffee suitability rating. SSP1-2.6 projects changes in almost 7.5% of the island, and
almost 19% and 42% for the SSP2-4.5 and SSP5 8.5 scenarios, respectively (see Table 4).

The largest changes were calculated to be the 5–10% decrease in the suitability category,
followed by the 0–5% decrease category. Spatially, these changes are projected to be across
western Jamaica, as well as in the north-eastern and south-central portions of the island for
the SSP2-4.5 (see Figure 4 above). The SSP5-8.5 scenario continued the spreading pattern
of a 5–10% decrease in suitability in western, south-central, and eastern Jamaica. Sparse
patches of increased suitability appeared in the more heavily forested regions of eastern
Jamaica, accounting for less than 1% of the island. The expansion of decreasing coffee
suitability carries significant implications for coffee-producing communities on the island,
as discussed in subsequent sections of the paper.

For the 2081–2100 period, continued decreases in suitability are projected to intensify.
Figure 5 displays the emergence of a greater area with a 5–10% decrease in suitability for the
SSP1-2.6 scenario, especially in western Jamaica. The SSP2-4.5 scenario showed significant
areas with a 5–10% decrease in suitability (from initial values) across the entirety of western
Jamaica, a distinct portion of central Jamaica, and most of eastern and south-eastern Jamaica.
The SSP5-8.5 scenario exhibited a stark change in suitability. Most of Jamaica is projected to
experience a 5–10% decrease in suitability, with only isolated portions of the island escaping
with only 0–5% declines. For the first time, areas experiencing 10–20% declines in suitability
appeared in south-central Jamaica and the Montego Bay and Kingston metropolitan areas.
These spatial patterns are supported by the values in Table 4 above, with SSP1 2.6 showing
the most optimistic case of 90% of the island remaining unchanged from the 2020 model.
However, the subsequent scenarios leave significantly less area unchanged as most of
the island is projected to experience declines of 5–10% in coffee suitability in the most
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extreme SSP5 8.5 model. These projected changes again carry significant implications for
the long-term production of coffee on the island.

4. Discussion: Assessing the Implications for Jamaica’s Specialty Coffee Industry

The results presented are consistent with previous studies that showcased the decline
in coffee-producing areas due to changes in climatic conditions, particularly temperature
and precipitation [7,14,30,35,47]. There was an observable decrease in coffee suitability
across Jamaica, across all SSP scenarios and time periods under study. This was partic-
ularly notable under the SSP5-8.5 scenario across all time periods. Suitability declines
were particularly concentrated within the lower elevation areas of the non-Blue Moun-
tain coffee-producing zone. In comparison to current conditions, this suggested that as
climate parameters become untenable, suitable coffee lands will retreat to higher-elevation
regions. This is substantial, as the region already operates within a comparatively higher
temperature range than the Blue Mountain region. Projected increases in temperatures
and/or decreases in rainfall are likely to have disastrous effects on coffee production in
non-Blue Mountain areas, as plant health declines as temperatures approach 30 ◦C, causing
yellowing of leaves and physiological abnormalities [29]. This will, in turn, impact the
coffee farming livelihoods in these regions and the overall economic viability of the local
coffee industry.

According to the CSGM [3], downscaled climate models across all scenarios projected
increased temperatures and dry conditions extending from the mid-2030s into the 2050s and
throughout the end of the century. Under the worst-case climate scenario, it is suggested
that the island will experience temperature increases of up to 3.9 ◦C by the end of the
century. They further acknowledge that the northern and central sections of the island
will experience marginally higher levels of warming compared to other areas. In terms
of changing precipitation patterns, the southern and eastern sections of the island will
experience a greater decrease in precipitation than the northern and western areas from
the 2030s. This pattern is likely to continue into the 2050s through to the end of the
century, and a general decline in rainfall is expected. The CSGM [3] also acknowledged
that although a slight increase in rainfall may occur during the dry season, this would not
be enough to offset the general drying pattern. Hence, it is expected that the island will
experience “longer and more intense droughts” [8]. These changes would severely affect
coffee development (outlined in Table 5 below), especially key moments in the flowering,
fruiting, and ripening periods of the plant’s life cycle. The island is also projected to
experience significant warming during the late wet season as well as during the dry
season [68]. These trends potentially have important implications for plant physiology
and, by extension, agronomic practices employed by smallholders. Activities such as
new planting, fertilizing, and chemical application are dependent on reliable climatic and
seasonal patterns for coffee production. Producers have begun to experience the adverse
effects of these trends, such as burnt coffee berries, delays in bearing season, and an increase
in pests and diseases, among others [69]. Based on the model results, these conditions are
expected to worsen, thus further impacting coffee growth and livelihoods.

Considering these challenges, producers must rapidly implement a variety of adap-
tation strategies to ensure survival [70]. These range from improving shade management
practices in the short and medium term to pursuing alternative livelihood activities such
as animal husbandry and/or cultivation of other food crops more tolerant of warmer
temperatures. Eitzinger et al. [8] modeled the suitability of some of Jamaica’s important
food crops under future climatic conditions and found that under warmer temperatures,
there was minimal loss of suitability for crops such as bananas, yams, oranges, mangoes,
and sweet potatoes. Similar results were also found in Rhiney et al. [6], where crops such
as pigeon peas and sweet potatoes showed an increase in suitability under scenarios with
warmer conditions. Since non-Blue Mountain coffee growing areas receive significantly
less socioeconomic investment than those within the Blue Mountain areas [51], the authors
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anticipate this transition and/or diversification into food crops by local smallholder coffee
farmers will occur more quickly than industry regulators anticipate.

Table 5. Crop calendar for Blue Mountain and non-Blue Mountain coffee-growing areas.

Season Dry Season Early Wet
Season

Mid-
Summer
Drought

Late Wet Season Dry Season Early Wet
Season

Months J F M A M J J A S O N D J F M A M J

Blue Mt. Pre-Flowering Flowering Fruit-
Setting Fruiting Full maturity and

rapid ripening

Season Late Wet
Season Dry Season Early Wet

Season

Mid-
Summer
Drought

Late Wet
Season

Dry
Season

Months A S O N D J F M A M J J A S O N D J

Non-Blue Mt. Pre-Flowering Flowering Fruit-
Setting Fruiting Full maturity and

rapid ripening

Although the model showcased a comparatively higher decline in the non-Blue Moun-
tain coffee-producing zone across timescales and scenarios, coffee suitability within the
Blue Mountain region was also impacted. Historically, the eastern section of the island
characteristically receives the highest rainfall volumes [68,71], primarily due to its higher
elevations and orientation to the trade winds. However, this region is projected to undergo
more notable drying trends than the northern and western sections [3]. As the Blue Moun-
tain coffee-producing zone hosts over 90% of the industry’s registered coffee farmers, the
changes in suitability would dramatically impact the quality and quantity of the coffee
produced, and potentially reduce the number of smallholder farmers who can cultivate
the crop.

There have already been reports of traditional coffee-growing areas shifting to higher
altitudes. According to one advisory officer at a local coffee factory, “farmers have been
going higher up into the mountains, what will happen in the future is that they will
cut down the trees in the mountains and it will cause disasters such as landslides and
floods” (personal communication, Mavis Bank Coffee Factory, Kingston, Jamaica 2015).
Ovalle-Rivera et al. [47] and Läderach et al. [72] have also mentioned that higher altitudes
are becoming increasingly suitable for coffee production. This shift of coffee-growing
areas to higher elevations may mitigate some of the impacts associated with increased
temperatures and declining rainfall. However, the steep terrain which characteristically
defines the Blue Mountains and the presence of the UNESCO heritage site—the Blue
and John Crow Mountains National Park—limit this option. Challenges may also arise
among decision makers and stakeholders within the coffee industry and environmental
institutions concerning whose framing of adaptation takes precedence under a new climate
regime [70]. For example, according to one industry stakeholder, “what one acre of Blue
Mountain coffee can do for this [Jamaican] economy, one acre of pine [trees] cannot do it”
(personal communication, Wallenford Coffee Company Limited, Kingston, Jamaica 2015).
Economically valuable spaces such as the Blue Mountain coffee-producing region may
become particularly contested as climate conditions change.

These newer areas of suitability in established conservation sites or national nature
reserves are likely to face claims from various stakeholders as they navigate a new cli-
mate regime to sustain their livelihoods and economic returns. However, this shift may
eventually lead to unintended socio-ecological consequences such as increased pressure
on land use and degradation of natural landscapes. Active discussions regarding these
conservation sites must incorporate all voices to maintain sustainability for all parties and
regions. It is also important to note that even though temperature and rainfall patterns may
be suitable at these high altitudes, it is not guaranteed that the other agroecological factors
would be as suitable, negatively impacting coffee production. Similar considerations for
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land-use conflicts in relation to shifts in coffee suitability, as well as the possibility of other
agroecological parameters being unsuitable at higher elevations, were also reiterated by
Lara-Estrada et al. [35].

Under future climatic conditions, farmers may be increasingly dependent on irrigation
systems and greenhouse technology, as the water supply is key to maintaining coffee
bean quality [73]. However, the costs associated with such systems are likely to exclude
smallholder farmers, who are typically unable to bear the significant financial investments
to establish such systems. Thus, the development of a holistic climate change adaptation
(CCA) strategy plan (currently absent from the Jamaican coffee industry) is warranted.
Such a plan should engage stakeholders at multiple points of the value chain, address
underlying institutional barriers, and foster innovative adaptation technologies.

Plans for the coffee industry have focused on increasing production, exports, and
expanding marketing reach. An action plan for the coffee industry was developed in
2009, which focused on maintaining coffee quality, increasing environmental practices,
enhancing labor productivity, increasing production, as well as improving the wider social
and physical coffee infrastructure [74]. Since then, CCA capacity-building initiatives at
the local scale have been characteristically ad hoc. Interviews with stakeholders in 2015
suggested that Jamaica’s coffee industry is ill prepared for the challenges associated with
climate change. According to industry stakeholders:

“We are in a fragile ecosystem up in the Blue Mountains so [we] see the effects
of climate change on diseases, pests, the ease of movement in and out of the
community, the fires we’ve been having; all of these are all climate-related. The
roasters do not have a ‘Plan B’ in case things get worse since we exist to procure
Blue Mountain coffee, so anything outside of that will be a different business
altogether. So no, we do not have a ‘Plan B’.” (Manager, Blue Mountain Coffee
Ventures, Kingston, Jamaica).

“We should adapt and we need to advise the farmers. We should go out there
to set examples and the government should also take a lead role.” (Manager,
Jamaica Coffee Corporation Limited, Kingston, Jamaica).

“Not enough is done in terms of [managing the impacts of] climate change”.
(Manager, Jamaica Standard Products Company Limited, Kingston, Jamaica).

Moreover, even though climate change was highlighted as a threat in the SWOT Anal-
ysis that was documented in the recent Jamaica Agricultural Commodities Regulatory
Authority (JACRA) 2022–2026 Corporate Plan, there was a stark absence of strategic objec-
tives for climate change adaptation. This absence of targeted adaptation strategies at the
regulatory level may reinforce the ad hoc implementation process of climate change-related
projects that have shaped the coffee industry. However, the Corporate Plan does propose ac-
tivities that may inevitably benefit producers operating under changing climatic conditions.
These include conducting research to identify stronger varieties that meet the industry’s
required taste profile, improving support services such as the provision and delivery of
clean planting materials, seedlings, and other inputs, increasing training events for farmers,
as well as developing action plans for pest and disease management. Separately, JACRA
has also recently collaborated with the Private Investment Enhanced Resilience project to
develop a carbon footprint mapping tool and a capacity-building model. The purpose is
to conduct a carbon mapping exercise of the Jamaican Blue Mountain coffee value chain,
to build the capacity of stakeholders for estimating greenhouse gas emissions, as well
as establish related knowledge management solutions. Collectively, this is projected to
promote sustainable land-use practices, as well as strengthen the medium and long-term
climate resilience (and investment) of coffee value chain operators in Jamaica.

Among the suite of adaptation strategies the literature has suggested for maintaining
coffee production under future climatic conditions, several studies have advised expanding
Robusta coffee varieties or their hybrids. These are admittedly of a lower value but have a
higher tolerance for a broader range of temperatures [29]. However, this may have long-
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term implications on how Jamaican coffee is branded, particularly impacting its position
within the global niche and gourmet specialty coffee market—a market that is defined
by a coffee’s unique taste and high quality [70]. The signature taste of Jamaica’s Blue
Mountain Arabica coffee has historically been highly valued across the world. Therefore,
incorporating Robusta coffee varieties will impact the marketing capabilities of industry
stakeholders, as such products do not occupy strong positions in the specialty market.
Additionally, convincing farmers to simply switch to new coffee varieties on a wide scale
may prove difficult, faced with lower prices to be paid for the lower quality product.

In essence, assessing future suitability in coffee production goes beyond analyzing
the role of changing temperature conditions and rainfall patterns, and involves a holistic
analysis of the complex interaction of biotic and abiotic factors [10,11]. Importantly, human
and societal factors can strongly affect the suitability of coffee production on the island and
for climate-resilient goals. For example, a government-led support program or restricted
coffee supply could increase prices to the point where it remains viable to maintain produc-
tion despite less favorable environmental conditions. However, it is more likely that the
number of producers may decline to a level that would severely affect production outputs
due to the rising price of inputs, general economic stagnation on the island, and other
socioeconomic factors. Therefore, policies and plans which lessen the impact of changing
climatic patterns remain vital. The models presented in this paper provide an opportunity
for decision-makers to re-evaluate their maintenance of the status quo in tackling the
challenges associated with climate change. A sharper focus by industry officials is required
toward implementing action-oriented strategies and policy responses. The industry must
engage in ‘no-regret’ measures that are both sustainable and beneficial.

The implications for Jamaica’s coffee industry also offer insight into other specialty
coffee-producing regions around the world. Though the impact of changing climatic
conditions is contextual and site-specific, it is seen that climatic changes can worsen the
latent socioeconomic vulnerabilities that often characterize developing nations, particularly
small islands. The wide-scale implications may range from decreased production volumes,
increased price volatility, and disruption to market operations and livelihood incomes.
The models presented offer stakeholders within Jamaica’s coffee industry the opportunity
to integrate these findings into targeted adaptation planning initiatives based on the
spatial and temporal patterns of suitability declines and guide the decision-making process
concerning future investment pathways.

Despite the relevance to current climate trajectories, the models presented are not
without limitations. The local meteorological datasets that were utilized had occasional
missing values for their monthly records, which in turn had a minor influence on the
annual mean values for some years. A more notable issue was the spatial distribution of
temperature stations across the island. Their locations (see Figure S8 in the supplementary
information) did not cover the main Blue Mountain coffee region. While it is understandable
that there is no station in the less accessible region, observed data from such a station would
improve the model’s ability to project changes in this region.

5. Conclusions

This research paper sought to determine the extent to which projected changes in
precipitation and temperature would impact the suitability of coffee production across the
island of Jamaica over the 21st century. Utilizing three SSP scenarios, and three time periods,
it was determined that all areas of the island would experience declines in production
suitability, with the most severe changes occurring in non-Blue Mountain regions under
the SSP5-8.5 scenario. These areas are highly likely to experience loss, as coffee producers
and production operate in both select mountainous regions of central Jamaica, as well as
the Blue Mountain zone.

Smallholder coffee farmers have been the first to face the brunt of climate change
impacts. As the quality and quantity of coffee produced are affected, there will be negative
impacts on exporters and buyers on the international market, ultimately making Jamaican
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coffee less competitive on the global market. Thus, the local coffee industry needs to shift
from fragmented approaches to holistic strategies which foster a cooperative (and likely
state-supported) initiative to enable stakeholders to thrive into the 22nd century. These
measures should include the incorporation of enhanced agronomic practices, such as soil
and water conservation, making greater use of heat-tolerant varieties, improving access to
affordable irrigation technology, improving the management of shade cover on farms and
agroforestry, expanding industry-wide integrated pest and disease management practices,
as well as improving social safety nets such as financing and crop insurance packages.
Improving the management of the limited yet vital resources is also particularly important
for the sustainability of the island’s specialty coffee industry. Unless decisive action is taken,
the authors foresee a precarious forecast for Jamaica’s coffee industry over the next century.
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Author Contributions: Conceptualization, A.-T.B.; methodology, M.M.; formal analysis, A.-T.B. and
M.M.; writing—original draft preparation, A.-T.B. and M.M.; visualization, M.M.; writing—review
and editing, A.-T.B. and M.M. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Data Availability Statement: The datasets generated during and/or analyzed during the current study
are available from the Meteorological Service of Jamaica upon request at request2@metservice.gov.jm.

Acknowledgments: The authors wish to acknowledge the assistance of the Jamaica Agricultural
Commodities Regulatory Authority (JACRA).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Almazroui, M.; Islam, M.; Fahad, S.; Sajjad, S.; Muhammad, I.; Muhammad, E.; Ismaila, D. Projected Changes in Temperature

and Precipitation over the United States, Central America, and the Caribbean in CMIP6 Gcms. Earth Syst. Environ. 2021, 5, 1–24.
[CrossRef]

2. Campbell, J.D.; Taylor, M.A.; Bezanilla-Morlot, A.; Stephenson, T.S.; Centella-Artola, A.; Clarke, L.A.; Stephenson, K.A. Generating
Projections for the Caribbean at 1.5, 2.0 and 2.5 ◦C from a High-Resolution Ensemble. Atmosphere 2021, 12, 328. [CrossRef]

3. CSGM (Climate Studies Group, Mona). State of the Jamaican Climate 2019: Information for Resilience Building; Planning Institute of
Jamaica (PIOJ): Kingston, Jamaica, 2020. Available online: https://www.pioj.gov.jm/product/the-state-of-the-jamaican-climate-
2019-historical-and-future-climate-changes-for-jamaica/ (accessed on 4 September 2021).

4. Taylor, M.A.; Clarke, L.A.; Centella, A.; Bezanilla, A.; Stephenson, T.S.; Jones, J.J.; Campbell, J.D.; Vichot, A.; Charlery, J. Future
Caribbean Climates in a World of Rising Temperatures: The 1.5 vs. 2.0 Dilemma. J. Clim. 2018, 31, 2907–2926. [CrossRef]

5. Lachaud, M.A.; Bravo-Ureta, B.E.; Ludena, C.E. Economic Effects of Climate Change on Agricultural Production and Productivity
in Latin America and the Caribbean (LAC). Agric. Econ. 2022, 53, 321–332. [CrossRef]

6. Rhiney, K.; Eitzinger, A.; Farrell, A.D.; Prager, S.D. Assessing the Implications of a 1.5 ◦C Temperature Limit for the Jamaican
Agriculture Sector. Reg. Environ. Chang. 2018, 18, 2313–2327. [CrossRef]

7. Fain, S.J.; Quiñones, M.; Álvarez-Berríos, N.L.; Parés-Ramos, I.K.; Gould, W.A. Climate Change and Coffee: Assessing Vul-
nerability by Modeling Future Climate Suitability in the Caribbean Island of Puerto Rico. Clim. Chang. 2017, 146, 175–186.
[CrossRef]

8. Eitzinger, A.; Läderach, P.; Gordon, J.; Benedikter, A.; Quiroga, A.; Pantoja, A.; Bruni, M. Crop Suitability and Climate Change in
Jamaica: Impacts on Farmers and the Supply Chain to the Hotel Industry. Caribb. Geogr. 2013, 18, 20–38.

9. Barker, D. Caribbean Agriculture in a Period of Global Change: Vulnerabilities and Opportunities. Caribb. Stud. 2012, 40, 41–61.
[CrossRef]

10. Bilen, C.; El Chami, D.; Mereu, V.; Trabucco, A.; Marras, S.; Spano, D. A Systematic Review on the Impacts of Climate Change on
Coffee Agrosystems. Plants 2022, 12, 102. [CrossRef]

11. IPCC. Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change; Pörtner, H.-O., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K., Alegría,
A., Craig, M., Langsdorf, S., Löschke, S., Möller, V., et al., Eds.; Cambridge University Press: Cambridge, UK; New York, NY, USA,
2022; p. 3056. Available online: https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/ (accessed on 5 April
2023).

https://unaedu-my.sharepoint.com/:b:/g/personal/mmighty_una_edu/EZwsloAcNSFJmURO6lImbpoBzrtyWR_xP4u_F6oMeKs58A?e=7gF4F0
https://unaedu-my.sharepoint.com/:b:/g/personal/mmighty_una_edu/EZwsloAcNSFJmURO6lImbpoBzrtyWR_xP4u_F6oMeKs58A?e=7gF4F0
https://unaedu-my.sharepoint.com/:b:/g/personal/mmighty_una_edu/EZwsloAcNSFJmURO6lImbpoBzrtyWR_xP4u_F6oMeKs58A?e=7gF4F0
https://doi.org/10.1007/s41748-021-00199-5
https://doi.org/10.3390/atmos12030328
https://www.pioj.gov.jm/product/the-state-of-the-jamaican-climate-2019-historical-and-future-climate-changes-for-jamaica/
https://www.pioj.gov.jm/product/the-state-of-the-jamaican-climate-2019-historical-and-future-climate-changes-for-jamaica/
https://doi.org/10.1175/JCLI-D-17-0074.1
https://doi.org/10.1111/agec.12682
https://doi.org/10.1007/s10113-018-1409-4
https://doi.org/10.1007/s10584-017-1949-5
https://doi.org/10.1353/crb.2012.0027
https://doi.org/10.3390/plants12010102
https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/


Climate 2023, 11, 122 17 of 19

12. Grüter, R.; Trachsel, T.; Laube, P.; Jaisli, I. Expected global suitability of coffee, cashew and avocado due to climate change. PLoS
ONE 2022, 17, e0261976. [CrossRef]

13. ITC (International Trade Centre). Climate Change and the Coffee Industry; International Trade Centre: Geneva, Switzerland,
2010. Available online: https://intracen.org/resources/publications/climate-change-and-the-coffee-industry-technical-paper
(accessed on 5 April 2023).

14. Malek, Ž.; Loeffen, M.; Feurer, M.; Verburg, P.H. Regional Disparities in Impacts of Climate Extremes Require Targeted Adaptation
of Fairtrade Supply Chains. One Earth 2022, 5, 917–931. [CrossRef]

15. Koh, I.; Garrett, R.; Janetos, A.; Mueller, N.D. Climate Risks to Brazilian Coffee Production. Environ. Res. Lett. 2020, 15, 104015.
[CrossRef]

16. Craparo, A.C.W.; Van Asten, P.J.A.; Läderach, P.; Jassogne, L.T.P.; Grab, S.W. Coffea Arabica Yields Decline in Tanzania due to
Climate Change: Global Implications. Agric. For. Meteorol. 2016, 207, 1–10. [CrossRef]

17. Chemura, A.; Kutywayo, D.; Chidoko, P.; Mahoya, C. Bioclimatic Modelling of Current and Projected Climatic Suitability of
Coffee (Coffea Arabica) Production in Zimbabwe. Reg. Environ. Chang. 2015, 16, 473–485. [CrossRef]

18. Bunn, C.; Läderach, P.; Pérez Jimenez, J.G.; Montagnon, C.; Schilling, T. Multiclass Classification of Agro-Ecological Zones for
Arabica Coffee: An Improved Understanding of the Impacts of Climate Change. PLoS ONE 2015, 10, e0140490. [CrossRef]
[PubMed]

19. Zullo, J.; Pinto, H.S.; Assad, E.D.; de Ávila, A.M.H. Potential for Growing Arabica Coffee in the Extreme South of Brazil in a
Warmer World. Clim. Chang. 2011, 109, 535–548. [CrossRef]

20. Agegnehu, E.; Thakur, A.; Mulualem, T. Potential Impact of Climate Change on Dynamics of Coffee Berry Borer (Hypothenemus
Hampi Ferrari) in Ethiopia. OALib 2015, 02, 68012. [CrossRef]

21. Kutywayo, D.; Chemura, A.; Kusena, W.; Chidoko, P.; Mahoya, C. The Impact of Climate Change on the Potential Distribution of
Agricultural Pests: The Case of the Coffee White Stem Borer (Monochamus Leuconotus P.) in Zimbabwe. PLoS ONE 2013, 8, e73432.
[CrossRef]

22. Jaramillo, J.; Muchugu, E.; Vega, F.E.; Davis, A.; Borgemeister, C.; Chabi-Olaye, A. Some like It Hot: The Influence and Implications
of Climate Change on Coffee Berry Borer (Hypothenemus Hampei) and Coffee Production in East Africa. PLoS ONE 2011, 6,
e24528. [CrossRef]

23. Ebisa, D.B. Impacts of Climate Change on Global Coffee Production Industry: Review. Afr. J. Agric. Res. 2017, 12, 1607–1611.
[CrossRef]

24. Gay, C.; Estrada, F.; Conde, C.; Eakin, H.; Villers, L. Potential Impacts of Climate Change on Agriculture: A Case of Study of
Coffee Production in Veracruz, Mexico. Clim. Chang. 2006, 79, 259–288. [CrossRef]

25. Läderach, P.; Ramirez–Villegas, J.; Navarro-Racines, C.; Zelaya, C.; Martinez–Valle, A.; Jarvis, A. Climate Change Adaptation of
Coffee Production in Space and Time. Clim. Chang. 2017, 141, 47–62. [CrossRef]

26. Baca, M.; Läderach, P.; Haggar, J.; Schroth, G.; Ovalle, O. An Integrated Framework for Assessing Vulnerability to Climate Change
and Developing Adaptation Strategies for Coffee Growing Families in Mesoamerica. PLoS ONE 2014, 9, e88463. [CrossRef]
[PubMed]

27. ICO (International Coffee Organization). Annual Review: Coffee Year 2019–2020; ICO (International Coffee Organization): London,
UK, 2022; pp. 1–21. Available online: https://www.ico.org/documents/cy2020-21/annual-review-2019-2020-e.pdf (accessed on
5 April 2023).

28. Chemura, A.; Mudereri, B.T.; Yalew, A.W.; Gornott, C. Climate Change and Specialty Coffee Potential in Ethiopia. Sci. Rep. 2021,
11, 8097. [CrossRef]

29. DaMatta, F.M.; Ramalho, J.D.C. Impacts of Drought and Temperature Stress on Coffee Physiology and Production: A Review.
Braz. J. Plant Physiol. 2006, 18, 55–81. [CrossRef]

30. Bunn, C.; Läderach, P.; Ovalle Rivera, O.; Kirschke, D. A Bitter Cup: Climate Change Profile of Global Production of Arabica and
Robusta Coffee. Clim. Chang. 2015, 129, 89–101. [CrossRef]

31. Haggar, J.; Schepp, K. Coffee and Climate Change Impacts and Options for Adaption in Brazil, Guatemala, Tanzania and Vietnam: NRI
Working Paper Series No 4, Climate Change, Agriculture and Natural Resources; Natural Resources Institute: Kent, UK, 2012; pp. 1–55.
Available online: https://www.nri.org/publications/working-paper-series/4-coffee-and-climate-change/file (accessed on 5
April 2023).

32. Pham, Y.; Reardon-Smith, K.; Mushtaq, S.; Cockfield, G. The Impact of Climate Change and Variability on Coffee Production: A
Systematic Review. Clim. Chang. 2019, 156, 609–630. [CrossRef]

33. Chengappa, P.G.; Devika, C.M.; Rudragouda, C.S. Climate Variability and Mitigation: Perceptions and Strategies Adopted by
Traditional Coffee Growers in India. Clim. Dev. 2017, 9, 593–604. [CrossRef]

34. Kath, J.; Byrareddy, V.M.; Craparo, A.; Nguyen-Huy, T.; Mushtaq, S.; Cao, L.; Bossolasco, L. Not so Robust: Robusta Coffee
Production Is Highly Sensitive to Temperature. Glob. Chang. Biol. 2020, 26, 3677–3688. [CrossRef]

35. Lara-Estrada, L.; Rasche, L.; Schneider, U.A. Land in Central America Will Become Less Suitable for Coffee Cultivation under
Climate Change. Reg. Environ. Chang. 2021, 21, 88. [CrossRef]

36. Bacon, C.M.; Sundstrom, W.A.; Stewart, I.T.; Beezer, D. Vulnerability to Cumulative Hazards: Coping with the Coffee Leaf Rust
Outbreak, Drought, and Food Insecurity in Nicaragua. World Dev. 2017, 93, 136–152. [CrossRef]

https://doi.org/10.1371/journal.pone.0261976
https://intracen.org/resources/publications/climate-change-and-the-coffee-industry-technical-paper
https://doi.org/10.1016/j.oneear.2022.07.008
https://doi.org/10.1088/1748-9326/aba471
https://doi.org/10.1016/j.agrformet.2015.03.005
https://doi.org/10.1007/s10113-015-0762-9
https://doi.org/10.1371/journal.pone.0140490
https://www.ncbi.nlm.nih.gov/pubmed/26505637
https://doi.org/10.1007/s10584-011-0058-0
https://doi.org/10.4236/oalib.1101127
https://doi.org/10.1371/journal.pone.0073432
https://doi.org/10.1371/journal.pone.0024528
https://doi.org/10.5897/AJAR2017.12147
https://doi.org/10.1007/s10584-006-9066-x
https://doi.org/10.1007/s10584-016-1788-9
https://doi.org/10.1371/journal.pone.0088463
https://www.ncbi.nlm.nih.gov/pubmed/24586328
https://www.ico.org/documents/cy2020-21/annual-review-2019-2020-e.pdf
https://doi.org/10.1038/s41598-021-87647-4
https://doi.org/10.1590/S1677-04202006000100006
https://doi.org/10.1007/s10584-014-1306-x
https://www.nri.org/publications/working-paper-series/4-coffee-and-climate-change/file
https://doi.org/10.1007/s10584-019-02538-y
https://doi.org/10.1080/17565529.2017.1318740
https://doi.org/10.1111/gcb.15097
https://doi.org/10.1007/s10113-021-01803-0
https://doi.org/10.1016/j.worlddev.2016.12.025


Climate 2023, 11, 122 18 of 19

37. Caswell, M.; Méndez, V.E.; Hayden, J.; Anderzén, J.; Cruz, A.; Merritt, P.; Izzo, V.; Castro, S.; Fernandez, M. Assessing Resilience
in Coffee-Dependent Communities of Honduras, Nicaragua and Haiti. Research Report; Agroecology and Rural Livelihoods Group
(ARLG), University of Vermont: Burlington, VT, USA, 2016; Available online: https://www.uvm.edu/agroecology/publication/
assessing-resilience-coffee-dependent-communities-honduras-nicaragua-haiti/ (accessed on 5 April 2023).

38. Moat, J.; Williams, J.; Baena, S.; Wilkinson, T.; Gole, T.W.; Challa, Z.K.; Demissew, S.; Davis, A.P. Resilience Potential of the
Ethiopian Coffee Sector under Climate Change. Nat. Plants 2017, 3, 17081. [CrossRef]

39. Ngeywo, J.; Evans, B.; Anakalo, S. Influence of Gender, Age, Marital Status and Farm Size on Coffee Production: A Case of Kisii
County, Kenya. Asian J. Agric. Ext. Econ. Sociol. 2015, 5, 117–125. [CrossRef] [PubMed]

40. Parrish, B.D.; Luzadis, V.A.; Bentley, W.R. What Tanzania’s Coffee Farmers Can Teach the World: A Performance-Based Look at
the Fair Trade-Free Trade Debate. Sustain. Dev. 2005, 13, 177–189. [CrossRef]

41. Mithöfer, D.; Méndez, V.E.; Bose, A.; Vaast, P. Harnessing Local Strength for Sustainable Coffee Value Chains in India and
Nicaragua: Reevaluating Certification to Global Sustainability Standards. Int. J. Biodivers. Sci. Ecosyst. Serv. Manag. 2017, 13,
471–496. [CrossRef]

42. Schroth, G.; Läderach, P.; Blackburn Cuero, D.S.; Neilson, J.; Bunn, C. Winner or Loser of Climate Change? A Modeling Study of
Current and Future Climatic Suitability of Arabica Coffee in Indonesia. Reg. Environ. Chang. 2014, 15, 1473–1482. [CrossRef]

43. CSGM (Climate Studies Group Mona) (Eds.). The State of the Caribbean Climate. Produced for the Caribbean Development
Bank: Kingston, Jamaica, 2020; pp. 1–200. Available online: https://www.caribank.org/sites/default/files/publication-resourc
es/The%20State%20of%20the%20Caribbean%20Climate%20Report.pdf (accessed on 5 April 2023).

44. Stephenson, T.S.; Vincent, L.A.; Allen, T.; Van Meerbeeck, C.J.; McLean, N.; Peterson, T.C.; Taylor, M.A.; Aaron-Morrison, A.P.;
Auguste, T.; Bernard, D.; et al. Changes in Extreme Temperature and Precipitation in the Caribbean Region, 1961–2010. Int. J.
Climatol. 2014, 34, 2957–2971. [CrossRef]

45. Karmalkar, A.V.; Taylor, M.A.; Campbell, J.; Stephenson, T.; New, M.; Centella, A.; Benzanilla, A.; Charlery, J. A Review of
Observed and Projected Changes in Climate for the Islands in the Caribbean. Atmósfera 2013, 26, 283–309. [CrossRef]

46. Eitzinger, A.; Läderach, P.; Carmona, S.; Navarro, C.; Collet, L. Prediction of the Impact of Climate Change on Coffee and Mango Growing
Areas in Haiti; Full Technical Report; International Center for Tropical Agriculture (CIAT): Cali, Colombia, 2013; pp. 1–44. Available
online: https://cgspace.cgiar.org/bitstream/handle/10568/56976/Prediction_impac_climate_change_Haiti.pdf?sequence=1&
isAllowed=y#:~:text=Our%20analyses%20show%20that%20suitability,no%20adaptation%20measures%20are%20taken (accessed
on 5 April 2023).

47. Ovalle-Rivera, O.; Läderach, P.; Bunn, C.; Obersteiner, M.; Schroth, G. Projected Shifts in Coffea Arabica Suitability among Major
Global Producing Regions due to Climate Change. PLoS ONE 2015, 10, e0124155. [CrossRef]

48. UNECLAC (United Nations Economic Commission for Latin America and the Caribbean). An Assessment of the Economic Impact
of Climate Change on the Agriculture Sector in Jamaica; UNECLAC: Subregional Headquarters for the Caribbean, Port of Spain,
Trinidad and Tobago: Santiago, Chile, 2011; pp. 1–72. Available online: https://www.cepal.org/en/publications/38585-assess
ment-economic-impact-climate-change-agriculture-sector-jamaica (accessed on 10 April 2023).

49. Mighty, M.A. Site Suitability and the Analytic Hierarchy Process: How GIS Analysis Can Improve the Competitive Advantage of
the Jamaican Coffee Industry. Appl. Geogr. 2015, 58, 84–93. [CrossRef]

50. Statistical Institute of Jamaica. International Merchandise Trade. Statistical Institute of Jamaica 2020. Available online: https:
//statinja.gov.jm/Trade-Econ%20Statistics/InternationalMerchandiseTrade/newtrade.aspx (accessed on 5 April 2023).

51. Birthwright, A.-T. A Historical Review of Jamaica’s Coffee Statecraft: Capitalism and Crises. Social and Economic Studies; 2021; Volume
70, pp. 102–141, ISSN 0037-7651. Available online: https://www.proquest.com/openview/e43efc8327109a9594d603380233661d
/1?pq-origsite=gscholar&cbl=35950 (accessed on 10 April 2023).

52. Guido, Z.; Knudson, C.; Finan, T.; Madajewicz, M.; Rhiney, K. Shocks and Cherries: The Production of Vulnerability among
Smallholder Coffee Farmers in Jamaica. World Dev. 2020, 132, 104979. [CrossRef]

53. Birthwright, A.-T.; Barker, D. Double Exposure & Coffee Farming: A Case Study of the Vulnerability & Livelihood Experiences
among Small Farmers in Frankfield, Jamaica. Caribb. Geogr. 2015, 20, 41–59.

54. Davis, A.P.; Gole, T.W.; Baena, S.; Moat, J. The Impact of Climate Change on Indigenous Arabica Coffee (Coffea Arabica):
Predicting Future Trends and Identifying Priorities. PLoS ONE 2012, 7, e47981. [CrossRef]

55. Deswal, M.; Laura, J.S. GIS Based Modeling Using Analytic Hierarchy Process (AHP) for Optimization of Landfill Site Selection
of Rohtak City, Haryana (India). J. Appl. Nat. Sci. 2018, 10, 633–642. [CrossRef]

56. Baseer, M.A.; Rehman, S.; Meyer, J.P.; Alam, M.M. GIS-Based Site Suitability Analysis for Wind Farm Development in Saudi
Arabia. Energy 2017, 141, 1166–1176. [CrossRef]

57. Naughton, C.C.; Lovett Peter, N.; Mihelcic James, R. Land Suitability Modelling of Shea (Vitellaria Paradoxa) Distribution across
Sub-Saharan Africa. Appl. Geogr. 2015, 58, 217–227. [CrossRef]

58. Malczewski, J. GIS-Based Land-Use Suitability Analysis: A Critical Overview. Prog. Plan. 2004, 62, 3–65. [CrossRef]
59. Nzeyimana, I.; Hartemink, A.E.; Geissen, V. GIS-Based Multi-Criteria Analysis for Arabica Coffee Expansion in Rwanda. PLoS

ONE 2016, 11, e0149239. [CrossRef]
60. Van der Vossen, H.; Bertrand, B.; Charrier, A. Next Generation Variety Development for Sustainable Production of Arabica Coffee

(Coffea Arabica L.): A Review. Euphytica 2015, 204, 243–256. [CrossRef]
61. Budhlall, P.E. Growing Coffee in Jamaica; Coffee Industry Development Company: Kingston, Jamaica, 1986.

https://www.uvm.edu/agroecology/publication/assessing-resilience-coffee-dependent-communities-honduras-nicaragua-haiti/
https://www.uvm.edu/agroecology/publication/assessing-resilience-coffee-dependent-communities-honduras-nicaragua-haiti/
https://doi.org/10.1038/nplants.2017.81
https://doi.org/10.9734/AJAEES/2015/15702
https://www.ncbi.nlm.nih.gov/pubmed/26507897
https://doi.org/10.1002/sd.276
https://doi.org/10.1080/21513732.2018.1460400
https://doi.org/10.1007/s10113-014-0713-x
https://www.caribank.org/sites/default/files/publication-resources/The%20State%20of%20the%20Caribbean%20Climate%20Report.pdf
https://www.caribank.org/sites/default/files/publication-resources/The%20State%20of%20the%20Caribbean%20Climate%20Report.pdf
https://doi.org/10.1002/joc.3889
https://doi.org/10.1016/S0187-6236(13)71076-2
https://cgspace.cgiar.org/bitstream/handle/10568/56976/Prediction_impac_climate_change_Haiti.pdf?sequence=1&isAllowed=y#:~:text=Our%20analyses%20show%20that%20suitability,no%20adaptation%20measures%20are%20taken
https://cgspace.cgiar.org/bitstream/handle/10568/56976/Prediction_impac_climate_change_Haiti.pdf?sequence=1&isAllowed=y#:~:text=Our%20analyses%20show%20that%20suitability,no%20adaptation%20measures%20are%20taken
https://doi.org/10.1371/journal.pone.0124155
https://www.cepal.org/en/publications/38585-assessment-economic-impact-climate-change-agriculture-sector-jamaica
https://www.cepal.org/en/publications/38585-assessment-economic-impact-climate-change-agriculture-sector-jamaica
https://doi.org/10.1016/j.apgeog.2015.01.010
https://statinja.gov.jm/Trade-Econ%20Statistics/InternationalMerchandiseTrade/newtrade.aspx
https://statinja.gov.jm/Trade-Econ%20Statistics/InternationalMerchandiseTrade/newtrade.aspx
https://www.proquest.com/openview/e43efc8327109a9594d603380233661d/1?pq-origsite=gscholar&cbl=35950
https://www.proquest.com/openview/e43efc8327109a9594d603380233661d/1?pq-origsite=gscholar&cbl=35950
https://doi.org/10.1016/j.worlddev.2020.104979
https://doi.org/10.1371/journal.pone.0047981
https://doi.org/10.31018/jans.v10i2.1753
https://doi.org/10.1016/j.energy.2017.10.016
https://doi.org/10.1016/j.apgeog.2015.02.007
https://doi.org/10.1016/j.progress.2003.09.002
https://doi.org/10.1371/journal.pone.0149239
https://doi.org/10.1007/s10681-015-1398-z


Climate 2023, 11, 122 19 of 19

62. Salas López, R.; Gómez Fernández, D.; Silva López, J.O.; Rojas Briceño, N.B.; Oliva, M.; Terrones Murga, R.E.; Iliquín Trigoso, D.;
Barboza Castillo, E.; Barrena Gurbillón, M.Á. Land Suitability for Coffee (Coffea Arabica) Growing in Amazonas, Peru: Integrated
Use of AHP, GIS and RS. ISPRS Int. J. Geo-Inf. 2020, 9, 673. [CrossRef]

63. Shalima Devi, G.M.; Anil Kumar, K.S. Remote Sensing and GIS Application for Land Quality Assessment for Coffee Growing
Areas of Karnataka. J. Indian Soc. Remote Sens. 2008, 36, 89–97. [CrossRef]

64. Wrigley, G. Coffee; Longman Scientific & Technical: Harlow, UK, 1988.
65. Mickle, E. Using GIS to Locate Areas for Growing Quality Coffee in Honduras. Bachelor’s Thesis, University of Nebraska,

Lincoln, UK, 2009. Available online: https://digitalcommons.unl.edu/envstudtheses/3/ (accessed on 5 April 2023).
66. Roszkowska, E. Rank Ordering Criteria Weighting Methods—A Comparative Overview. Optimum. Stud. Ekon. 2013, 5, 14–33.

[CrossRef]
67. Stillwell, W.G.; Seaver, D.A.; Edwards, W. A Comparison of Weight Approximation Techniques in Multiattribute Utility Decision

Making. Organ. Behav. Hum. Perform. 1981, 28, 62–77. [CrossRef]
68. CSGM (Climate Studies Group, Mona). State of the Jamaican Climate 2015: Information for Resilience Building; Planning Institute of

Jamaica (PIOJ): Kingston, Jamaica, 2017. Available online: https://www.pioj.gov.jm/product/the-state-of-the-jamaican-climate-
2015/ (accessed on 5 April 2023).

69. Birthwright, A.-T. Liquid Gold or Poverty in a Cup? The Vulnerability of Blue Mountain and High Mountain Coffee Farmers in
Jamaica to the Effects of Climate Change. In Climate Change and Food Security: Africa and the Caribbean, 1st ed.; Routledge Taylor &
Francis Ltd.: London, UK, 2016.

70. Birthwright, A. Negotiating Politics and Power: Perspectives on Environmental Justice from Jamaica’s Specialty Coffee Industry.
Geogr. J. 2022, 1–13. [CrossRef]

71. Bhalai, S. Landslide Susceptibility of Portland, Jamaica: Assessment and Zonation. Caribb. J. Earth Sci. 2010, 41, 39–54.
72. Läderach, P.; Haggar, J.; Lau, C.; Eitzinger, A.; Ovalle, O.; Baca, M.; Jarvis, A.; Lundy, M. Mesoamerican Coffee: Building a Climate

Change Adaptation Strategy: Policy Brief No. 2; International Center for Tropical Agriculture (CIAT): Cali, Colombia, 2013; Available
online: https://cgspace.cgiar.org/handle/10568/29001 (accessed on 5 April 2023).

73. Vinecky, F.; Davrieux, F.; Mera, A.C.; Alves, G.S.C.; Lavagnini, G.; Leroy, T.; Bonnot, F.; Rocha, O.C.; Bartholo, G.F.; Guerra, A.F.;
et al. Controlled Irrigation and Nitrogen, Phosphorous and Potassium Fertilization Affect the Biochemical Composi tion and
Quality of Arabica Coffee Beans. J. Agric. Sci. 2016, 155, 902–918. [CrossRef]

74. Jamaica Trade and Invest. Jamaica National Export Strategy: Coffee; International Trade Centre: Kingston, Jamaica, 2009. Available
online: https://www.yumpu.com/en/document/read/29258979/coffee-strategy (accessed on 5 April 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijgi9110673
https://doi.org/10.1007/s12524-008-0009-z
https://digitalcommons.unl.edu/envstudtheses/3/
https://doi.org/10.15290/ose.2013.05.65.02
https://doi.org/10.1016/0030-5073(81)90015-5
https://www.pioj.gov.jm/product/the-state-of-the-jamaican-climate-2015/
https://www.pioj.gov.jm/product/the-state-of-the-jamaican-climate-2015/
https://doi.org/10.1111/geoj.12465
https://cgspace.cgiar.org/handle/10568/29001
https://doi.org/10.1017/S0021859616000988
https://www.yumpu.com/en/document/read/29258979/coffee-strategy

	Introduction 
	Methodology—The Suitability Modeling Process 
	Modeling Current Climatic Suitability for Coffee 
	Modeling Future Climatic Suitability for Coffee 

	Results 
	Current Coffee Suitability in Jamaica 
	Future Coffee Suitability in Jamaica 

	Discussion: Assessing the Implications for Jamaica’s Specialty Coffee Industry 
	Conclusions 
	References

