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Abstract: It is well known that producers of agricultural products do not able to capture most of the
value from what they grow. As such, it is important for producers to be attuned to the various fac-
tors that impact the viability of their products. One such potential avenue for coffee producers is
developing a strong awareness of profitability across their respective geographic regions. This re-
search presents a fine-scale geospatial profitability model for coffee production using the test case
of the Jamaican Coffee Industry, a sector which once guaranteed profitability but now presents var-
iable (often losing) returns for many producers, this research presents a cost-surface model for coffee
production in the island of Jamaica. Results indicated large scale profitability in the 2016-2017 coffee
year but limited profitability in the 2019-2019 coffee year, highlighting the important role of revenue
fluctuation in island-wide profitability. Results underscore importance of scenario planning in the
coffee production cycle. By understanding the spatial properties of profitability producers will ob-
tain better decision-making insight for production and management decisions in the coffee industry
around the world. The geospatial profitability model establishes a baseline approach that can be
accessed by industry stakeholders of varying technological capacities.
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1. Introduction

Coffee is one of the most popular beverages in the world and its economic influence
is as big as its popularity. This commodity is the second most valuable good legally traded
and over 100 million people derive their livelihood in one way or another from coffee
[1,2]. Prices can range from a bargain US$6/lb. for low quality Robusta coffee (Coffea
canephora) coffee blends such as Maxwell House or Folgers in a typical U.S. supermarket
to over US$100/1b. for high end, single-origin premium Arabica coffee (Coffea arabica) cof-
fees such as Kopi Luwak from Indonesia or the Hacienda La Esmeralda from Panama.
However, the prices paid by consumers are not always an indication of the prices received
by growers. Moreover, retail prices do not necessarily reflect profitability in coffee pro-
duction.

The modern development of the global agricultural commodity value chain has
shifted value away from the farm and toward the retailer. Researchers have found agri-
cultural producers capture only a small fraction of the overall economic value generated
by the global value chain; with small landholders netting even less of the economic bene-
fit. Alternatives to improve farmers’ revenue include increased involvement in vertical
integration up the value chain or engaging in cooperative approaches to production [3—
7].

In addition to this, fluctuating supply and demand for coffee and steadily rising pro-
duction costs of inputs regardless of demand further complicate the lives of coffee farmers
around the world. According to the International Coffee Organization (ICO), global coffee
prices remain the lowest of recent coffee years. This is primarily due to supply exceeding
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demand —even as global consumption increases; production levels continue to oversup-
ply the market [8,9]. With the realization that producers often realize small profit margins
or even losses, the ICO approved a resolution in 2018 to address these issues [8]. Resolu-
tion 465 recognizes the impacts of low coffee prices on the livelihoods of coffee farmers
including increasing food insecurity, reducing access to health and education, and even
cultivation of illicit crops. Therefore, the resolution mandates action in the form of assist-
ing exporting countries to increase their own consumption levels and the strengthening
of ties with the international (coffee) roasting industry.

Along with action taken at the (inter)national level, a key avenue for maintaining
viability at the local level is for stakeholders in the coffee industry to have a strong aware-
ness of profitability across their respective geographic regions. Stakeholders in the agri-
cultural sector are regularly confronted with challenges which might drive land use
change and ultimately agricultural profitability to a substantial degree. The challenges
include questions around climate variability, demographic changes, use of land for alter-
native production (i.e., biofuel production) and ensuring an increase in food production.
As profitability drives many agri-business decisions, knowledge about the existing socio-
economic landscape, the economic profile of agricultural production, as well as potential
impacts on profits provides useful contextual information when agricultural policies are
designed [10].

Farmers’ awareness of their geographical, socio-economic region, and profitability
may stimulate differentiation of coffee. An increasing number of coffee producers have
turned to producing some variety of specialty coffee [11] with the aim of offsetting rising
production costs and escaping a stagnant conventional coffee market by selling to a higher
income market. For the purposes of this paper, we define coffee producers as those di-
rectly involved in the planting, cultivation and harvesting of coffee. They will also be re-
ferred to as ‘farmers’ throughout this paper. Consequently, there has been an increasing
number of brands competing for a relatively small pool of consumers willing to pay top
dollar for their coffee. These coffee marques are spatially scattered around the world and
include famous names such as Ethiopia’s Yirgacheffe, Panama’s Hacienda La Esmeralda,
Hawaii’s Kona, and Jamaica’s Blue Mountain coffees. Notably, these are exporting re-
gions. They are often characterized by distinctive flavor profiles, small production quan-
tities, and restricted geographic regions. However, even specialty coffee producing region
are considered price takers from the international market.

The goal of this research is to present a geospatial profitability model for coffee pro-
duction at local-level. With increasing competition in this agricultural segment, it has be-
come paramount that coffee stakeholders adopt a more precise approach not just to culti-
vation but awareness of profitability across their respective production regions. ‘Coffee
stakeholders’ refer to all parties involved in the coffee value chain. This includes produc-
ers, processors (takes the harvested coffee cherries and prepares it to green bean coffee),
roasters (roasts green bean coffee for sale to consumers, retailers or wholesalers), export-
ers/importers (exports or imports green bean or roasted coffee), retailers/wholesalers (fo-
cused on sale of prepared coffee products to consumer/coffee beans intended for retail
sale) and public (government) bodies involved in the regulation and sale of coffee.

Incorporating geospatial technologies provides an opportunity for producers to un-
derstand the potential for profit at multiple geographic scales—from the sub-acre local (or
small) farm level up to the national level. We tested our profitability model using cost and
revenue data for the Jamaican coffee industry, a sector which once guaranteed profitabil-
ity but now presents a great variability on the returns for many producers. In the Jamaican
coffee industry, small farmers are the main producers of coffee berries. The information
generated by this geospatial profitability model can provide farmers and policymakers
better decision-making insight in the year-to-year feasibility and market potential for
growing coffee across the island. Given the upcoming challenges of climatic change, mar-
ket competition and their associated uncertainties, it is important to ensure that such maps
of agricultural profit can be reproduced in various scenarios and simulation settings
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which can allow exploring uncertainties around the impacts on agricultural profits as
well.

The result of this research has implications for production and management deci-
sions in the coffee industry around the world. Small farmers who do not have the luxury
of large economies of scale can use the results of this research to be ‘nimbler’ and make
informed decisions more readily by examining the potential profitability of their lands.
This research also highlights the contribution of exogenous factors such as farmgate prices
vs. endogenous factors such as land suitability and production methods to farm profita-
bility, even in an agricultural commodity that commands a significantly higher market
price. Finally, the model discussed here is designed in such a way to facilitate a ‘plug and
play’ functionality to predict potential profitability. Not only does this make it more ac-
cessible to stakeholders with variable technological capacities, but it provides an avenue
for modification and use on various geospatial software platforms—a real benefit for en-
tities with limited access to or funding for more expensive geospatial software.

2. Materials and Methods
2.1. Study Area

The Jamaican coffee industry (JCI) produces an Arabica varietal and has a longstand-
ing reputation as being among the best coffee in the world [12]. Jamaican coffee is espe-
cially known for its Jamaica Blue Mountain (JBM) coffee brand which is cherished as a
mild, smooth coffee with an earthy, deep aroma with hints of chocolate (and sometimes
banana, cedar, and walnut) [13,14] and commands prices as high as US$60 per pound in
some markets. Though the island has transitioned from an agriculture-based economy to
one heavily dependent on the service industry (especially tourism), the niche that Jamai-
can coffee held among consumers has made it a valuable segment of the local agricultural
sector. Employing several thousand people, the industry remains one of the island’s larg-
est sources of agricultural foreign exchange earning US$16 million (over J$2.03 billion) in
2014 according to the Bank of Jamaica (2017). Coffee is typically grown in several regions
across the island of Jamaica (see Figure 1).

Major Coffee Growing Regions in Jamaica

Legend

- Jamaica Blue Mounain Coffee Communities D ¥
I:l Non-Blue Mountain Coffee Communities

Jamaica Parish Boundaries

_— Kilometers
0 125 26 50 % 100

Figure 1. Major coffee growing regions in the island of Jamaica.
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Most coffee farms are located above 300 m on soils rich in organic material. The fa-
mous JBM coffee is grown in the Blue Mountains located in eastern Jamaica. With a max-
imum height of 2256 m, the range covers over 750 km?2. JBM coffee is grown at elevations
ranging from a low of 550 m up to 1600 m, with the best beans growing between 1100 and
1600 m. At these elevations, the higher quality Coffea arabica thrives; the berries mature
more slowly and produce a drink with more delicate flavors than those grown at lower
elevations. As a result, production is concentrated in the JBM region [15]. According to
the Jamaica Agricultural Regulatory Authority (JACRA), about 80% of the island’s 5000
farmers are found in the Blue Mountains of eastern Jamaica. A smaller concentration exists
in central Jamaica, and the balance is scattered throughout the hills of the island. The area
outside of the Blue Mountain region is formally marketed as the Jamaica High Mountain
region. However, for the purposes of this research paper, all areas outside of the JBM will
be referred to as the non-Blue Mountain (NBM) region.

During the 1980s, relatively low production costs and access to government subsidies
combined with high prices from large external demand made it possible for farmers to
remain profitable regardless location. Since the 1990s, global production and competition
in the specialty coffees market has soared and production costs have increased several-
fold due to a severely weakened Jamaican dollar, increased impacts of pests and diseases
and the evaporation of government subsidies. The regulatory authorities attempted to
provide some stability by establishing price minimum to be paid to farmers per 60 Ib. box
of coffee at the start of each season. However, thousands of farmers have left the JCI and
for many that remain involved, they do so because coffee production is part of their way
of life. Production data obtained from JACRA indicated that almost 90% of Jamaica’s cof-
fee production has been derived from the JBM region for the past several years (236,513
60-1b. boxes from the JBM region vs. 27,988 60-1b. boxes in the NBM region in the 2017-
2018 crop year). A major influence driving this imbalance is the fact that farmers are paid
almost twice as much for coffee grown in the JBM region as opposed to the NBM region.

The JBM brand has thrived in the last three decades of the 20th century, primarily in
Japan. Its prominence is a stellar example of competitive advantage as it has been able to
sustain profits that are greater than average for the global industry. However, over the
past 15-20 years, the customer base has changed significantly: the loyal post-World War
II customer base is being replaced by a new generation of coffee drinkers who are not as
loyal, given a wider choice of specialty coffees and coffee blends. Combined with a stead-
ily declining local currency driven by a stagnating economy, stakeholders in the JCI have
had to adapt to the challenges of declining profitability due to rising production costs [15].
Anecdotal reports from field research in 2018 and 2019 indicate the need for the JCI to
conduct more detailed data collection on yields, farm locations and other quantifiable data
from production regions. Thus, the analyses conducted in this paper will be quite relevant
not only to the JCI but other coffee enterprises worldwide that face similar challenges.

2.2. Geospatial Applications in Agriculture

The geospatial revolution has arrived on the farm. Applications range from mapping
of various soil, water and nutrient components of agricultural land (e.g., [16,17]), land
suitability assessment and multicriteria decision making (e.g., [15,18-21]), impacts of
flood hazards (e.g., [22,23]) and precision agriculture (e.g., [24,25]) among others. The use
of precision agriculture (PA), supported by GPS-oriented machines and variable rate of
application, and drones to collect data with spatial resolution of less than a centimeter, the
field of big data agricultural information is growing fast. However, the agronomic success
of PA has largely been confined to large-scale, (relatively) flat land crops such as wheat,
corn (maize), sugarcane, tea, and lowland coffee. Beyond this realm, and particularly in
low income countries, the potential for economic, environmental, and social benefits of
PA are largely unrealized because several practical barriers inhibit its successful imple-
mentation. These include the significant capital input to obtain the requisite information
on field conditions, the prevalence of large numbers of small land holdings, lack of success
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stories, heterogeneity of cropping systems, infrastructure and institutional constraints and
the lack of technical expertise knowledge and technology [26,27].

The research presented in this contributes to the realm of the economics of agriculture
in GIS, something that has been considered essential for many, many years [24]. This pa-
per provides a launching point for smaller scale agricultural producers—a point that is
essentially the primary concern for all producers at all scales—profitability. The creation
of this profitability model for the JCI enables producers to visualize expected returns and
consequently make informed farm management decision. The model’s combination of site
suitability and cost surfaces to generate a potential profitability surface using available
information reduces the barriers to utilizing geospatial tools accessible to many of the
large-capital intensive agricultural operations.

Landscapes, past and present, contain resources that are unevenly distributed, hence
the value of GIS and other geospatial technologies in managing such resources. Site suit-
ability and cost surface analyses attempt to quantify these variations for decision-making
purposes. This paper does not focus solely on the environmental aspects but expands to
other economic drivers of production. Most suitability (or cost) analyses assume technol-
ogy as constant—a strong assumption, especially if we are analyzing a long period of time.
Our study focuses on two recent crop-years; therefore, technology change should have no
or minimal effect on the results present here.

Cost surface analysis (CSA) can be thought of as a generic name for a series of GIS
techniques based on the ability to assign a cost to a point/line/area in a vector dataset or
each cell in a raster map, and to accumulate these costs by travelling over the map [28].
CSA can incorporate relevant properties of the terrain being studied and allows rules to
be set based on distance, time, energy, and other costs to create a multi-criteria cost surface
[28,29]. One advantage of this approach is that it is possible to tailor the priority or
weighting of the various cost factors as one desires, making it useful to researchers inter-
ested in diverse social, temporal, and regional settings. These surfaces can then be used to
inform a multiplicity of decisions. Examples of CSA can be seen in many fields of study,
ranging from ecology (e.g., [30,31]), planning and engineering [32], archaeology (e.g.,
[28,29]) to agriculture [33]. According to [29], another advantage is that, while multi-crite-
ria cost surface analysis allows flexibility and variation between cases, the concepts un-
derlying it are straightforward and universal to its application. This universality ensures
that, while there is variation, different studies are still comparable, furthering its cross-
cultural applicability. Building on this concept, a profitability model which incorporates
a revenue estimate and a CSA has the advantages of CSA while identifying both areas of
least cost and highest profitability.

CSA involving profitability modeling is highlighted in [33,34]. Bateman et al. [34]
creates a model of timber production for two species (Sitka spruce and beech) utilizing
both statistical modeling and GIS approaches. While rigorous in its yield modeling, this
work did not consider production or operational costs, which limits the ability to assess
actual profitability. McConnell and Burger [33] takes things a step further to consider both
components as predictors of profitability. They combined PA and conservation ap-
proaches in order to identify lands that were available to enroll in USDA conservation
programs and calculate potential profitability for utilizing land in and out of two conser-
vation programs. They illustrate the utility of a profitability tool to model the financial
opportunities associated with combining crop production and available conservation in-
centive programs [33] (p. 350). A key component in this profitability tool is the availability
of spatially explicit yield data (ibid.) —this enables one to visualize a variety of profit sur-
faces related to agricultural production under various scenarios.

Bazzi et al. [35] and Marinoni et al. [10] provide insight on the mechanics and utility
constructing profit maps at various spatial scales. With the technological advances in PA
that have made yield maps accessible to farmers, [35] investigates the utility of creating
profit maps rather than just yield maps as well as the effect of various interpolation meth-
ods on the results of these maps. Since yield variability has rarely been correlated with
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profit variability [35,36] analyzed yields for four crop areas in Parand, Brazil which grew
either soybean or corn in order to create their profit maps. As with other efforts at creating
profit maps, they acknowledged the impacts of variation in agricultural prices on profit
results (and the consequent ‘best time” to sell a harvest. It was assumed that all crops were
sold at the end of the harvest to maintain consistent comparisons. The shape of the profit
maps was strongly impacted by the yield map results. However, all fields studied showed
large profit variations that would not be easily found by analyzing a yield map alone [35]
(pp. 391-392). Marinoni et al [10] considered a more expansive spatial scale than [34] —the
entire continent of Australia. At the core of their creation of maps of agricultural profita-
bility was a database (SQL Server) that stored information about revenues and production
cost for a variety of agricultural commodities for various spatial entities. This database
architecture allowed for the inputting of heterogeneous information collected by a variety
of institutions across different scales. They argued that such a structure would allow in-
formation to be queried, processed, and visualized in a GIS environment. It also facilitated
the production of profit maps in the future using updated economic information and ge-
ospatial datasets. According to [10], this would help end users, policy makers, and re-
searchers understand profit trends in time and across space as well as address issues such
as climatic variability, changes in land use and demographic developments.

Among the challenges in creating profit maps noted by [10,35] was that the final ac-
curacy of a profit map is influenced both by the spatial prediction from the yield map and
the quality of the economic data, especially temporal inconsistencies for cost information.
A compound challenge is that final profit maps have a significant in-built uncertainty and
error that is often not made explicit in the results. Some of these challenges are addressed
in our study by using a proven coffee suitability model for the study area [15] and incor-
porating price information sourced directly from the coffee regulatory authority. The is-
sue of inherent error can be addressed at the source of the various datasets, something
beyond the control of the researchers. However, the challenge of creating a model that can
be regularly updated is a clear need to be filled in our web-based/internet-connected so-
ciety. In combination with the many other variable incorporated in the creation of this
model, the key to realizing the potential in these programmatic opportunities, i.e., CSA
and profit models is helping producers visualize spatially explicit economic and environ-
mental tradeoffs [33] (p. 351).

2.3. Methods: Data Collection, Analysis, and Results

This section provides an overview of the steps involved in producing the models of
profitability for the JCIL. The approach to the methodology was guided by [10]. A summary
of the entire process is laid out in Figure 2 below.

This profit model incorporated a previously developed suitability model which uti-
lized the analytic hierarchy process to integrate the expert knowledge of local coffee stake-
holders [15]. Eight biophysical and infrastructure variables (elevation, temperature, geol-
ogy, soil type, slope, precipitation, distance to roadways, and distance to waterways) were
weighted based on importance to coffee production in Jamaica. Each criterion in the suit-
ability analysis was then reclassified on a scale of 1 (worst) to 9 (best) based on their suit-
ability for coffee production. The most suitable areas for growing coffee were to be found
in the mountainous core of central and eastern Jamaica and least suitable areas were to be
found on the southern and northwestern coastal plains of the island. A generalized ver-
sion of the suitability map is presented in Figure 3 below.
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Figure 3. Generalized coffee suitability map for the island of Jamaica. Higher values reflect better suitability. These values
were used as the basis for the yield scale factor and production scale factor described below.

2.3.1. Development of Profitability Model
Profitability is defined as it simplest as income minus operating or production costs.
However, in the context of agricultural production, profitability can be further defined in
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a few more ways: a farmer may or may not include their own labor as an input costs;
depreciation of equipment can be included in operating costs; so too can debt/interest
payments. Further still, the rate of return on farm investment can be compared to working
outside of the farm to assess whether or not a farm is profitable [37,38]. In this paper, the
researchers define profitability as the result of income minus direct production costs. This
straightforward approach enables us to make use of the currently available datasets for
this project as well as provide a standard base upon which the relevant coffee stakeholders
can incorporate other desired costs or benefits.
The formula used to calculate profitability is

Yi = ((Yldl — LL) * P % SYldl) — ((Cl * CTl) * SCl)

where Y is the profit (or loss) in US dollars per unit area in area i at farm gate ; Yld is the
coffee yield (in 60 Ib. boxes) per unit area; L is the percentage crop loss (including loss due
to pests and diseases) per unit area; P is the price paid per 60 Ib. box of coffee cherry (price
per box); SYId is a yield scale factor derived from the suitability model in [15]; C is the
production costs (per unit area); CT is the contingency cost (accounting for various un-
foreseen expenses) per unit area; SC is the production scale factor derived from the suita-
bility model in [15]. The values for Yld, L, P, C and CT were all derived from official coffee
production cost estimates published by JACRA and detailed in Supplementary File S1 of
the supplementary materials. JACRA compiles this information based on data from field
experiments on ideal production conditions as well as annual surveys of prices for the
various input materials (fertilizers, labor, equipment etc.).

The yield and cost scale factors (SYId and SC) were utilized as a proxy measurement
of the variations in coffee yields and production costs experienced by producers on the
ground. Due to the variable nature of production yield across the island, the researchers
consulted with field extension officers of the JACRA to determine an appropriate interval
for the scale factors. After presenting preliminary analyses of the effects of several possible
intervals it was determined by the field officers that a scale interval of 5% would most
closely represent the realities and experiences of coffee producers (personal communica-
tion, 2019). The scale factors follows the suitability scale presented in Figure 3, with areas
rated as good (suitability of 7-9) being assigned a scale of 1.0 (maximum potential yield
and base level of cost); areas rated as fair (suitability of 4-6) are assigned a scale of 0.95
(95% of maximum potential yield) and 1.05 (105% of base cost level); areas rated as poor
(suitability of 1-3) are scaled at 0.9 (90% of maximum potential yield) and 1.10 (110% of
base cost level). In other words, areas with ideal growing conditions face no reduction in
maximum estimated yield or increase in production costs. As suitability for the produc-
tion declines, the scale factors correspondingly reduce maximum potential yields and in-
creases production costs for the crop. The unit area i represents one grid cell of the profit-
ability model which has a spatial resolution of 30 m. Therefore, each cell represents 900
m? (derived from 30 x 30 m raster grid cells). This value can also be expressed as 0.09
hectare or 0.222 acre.

To showecase the utility of this research, two coffee years were selected for modeling
in consultation with JACRA —the 2016-2017 coffee year, where prices reached record
highs in recent history, and the 2018-2019 coffee year where prices paid to farmers fell
significantly compared to the record high prices but were closer to average prices in recent
history in the local industry. These two years were selected based on the availability of
the data and for exploring the impacts of the significantly different prices being paid on
coffee production profitability in the island. As outlined in Section 2.1, the JACRA estab-
lished price minimums paid to farmers per 60 Ib. box of coffee for each season. The setting
of these prices is informed by production levels from the previous coffee year and dialog
with major buyers of the coffee cherries across the island [39].

The modeling of coffee profitability in this paper carries certain assumptions: (i) cof-
fee producers are cultivating “pure stands’ of coffee, with fully mature trees and maximum
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production, while following the JACRAS's best practices; (ii) producers are profit-maxi-
mizers, agents, and price-takers, however they are not counting their own ‘sweat equity’,
i.e., they do not include their own labor as part of the production costs; (iii) no stock for-
mation—all crops are sold at the end of the harvest to maintain consistent comparisons;
(iv) producers have equal access to necessary farming technologies; and (v) travel costs
are constant across the study area.

2.3.2. Data Collection

In order to create the coffee profitability model using the formula above, a variety of
information needed to be collected. Table 1 below summarizes the information collected
for this research project.

Table 1. Summary of variables utilized in profitability calculations. Please see Supplementary File S1 of the Supplementary
Materials for additional details.

Profitability Variables Source Definition
Income variables: yield per unit area (ideal
mature tree count, coffee berry production, Detailed values for each component provided in
estimated production loss, yield per 601b. ~ JACRA Supplementary File S1 of the Supplementary Materi-
box), price paid per (60 Ib.) box of coffee, per- als

centage production loss

Production cost variables: labor, input materi-
als (insecticide, fungicide, fertilizer, herbicide,
and other material costs), transportation,

Detailed values for each component provided in
JACRA Supplementary File S1 of the Supplementary Materi-

. . . . als
equipment rental, harvesting, contingencies

Derived from coffee production
suitability model in Mighty

Yield scale factor (2015) and adjusted by expert
review.

Coffee yields adjusted as follows: areas rated 7-9 =
1.0 (maximum level of production); areas rated 4-6 =
0.95 (95% of maximum yield); areas rated 1-3 = 0.9

See Figure 3 for visualization. (90% of maximum yield).

Derived from coffee production
suitability model in Mighty
Production cost scale factor (2015) and adjusted by expert

Coffee yields adjusted as follows: areas rated 7-9 =
1.0 (base level production costs); areas rated 4-6 =
1.05 (5% increase in production costs); areas rated 1-

review. . . .
3 =1.1 (10% increase in production costs).

See Figure 3 for visualization.

Detailed information on various income estimates and production costs were ob-
tained from JACRA (personal communication, 2018). The agency maintains a proprietary
database of production cost estimates in order to provide recommendations and updates
to various stakeholders in the local coffee industry. This information ranged from esti-
mates of number of man hours required to perform various on-farm tasks, to amounts
and costs for various herbicides, fertilizers, and insecticides used throughout the coffee
year, to transportation and harvesting costs. Please see the supplementary information
provided in the appendices for details on the variables used. The coffee suitability model
for the island of Jamaica was obtained as a raster dataset that portrayed the suitability of
the land area for the island for growing coffee on a scale from 1 (least suitable) to 9 (most
suitable). The model used eight biophysical and infrastructural variables to evaluate the
island of Jamaica for suitability for coffee production. A comprehensive description of the
model’s data sources and creation can be obtained from [15].

As mentioned above, two years were selected for modeling profitability in the JCI. In
2015 there was a significant decline in coffee production island-wide leading to a shortage
of product for the export market. Competition for the scarce crop among dealers saw
prices offered to farmers rise significantly across all regions, and reached a peak in the
20162017 coffee year (as high as US$94/]$12,000 per box in JBM regions and US$39/J$5000
in NBM regions). However, as more and more coffee entered the local market, there was
oversupply of coffee and prices fell precipitously. By the 2018-2019 coffee year, prices
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offered to farmers were almost half what was offered just two years earlier (on average
US$38/]$5000 per box in JBM regions and US$26/J$3500 in NBM regions). This rapid
change provided a great test case for this research endeavor and thus, these two years
were chosen for modeling profitability in the local industry.

2.3.3. Data Preparation

After obtaining the variables needed to calculate profitability, they were formatted
for use for the model. All values recalculated to align with the areal unit/measure being
used and costs were kept in their values of Jamaican dollars until final results were calcu-
lated. The yield scale and production cost scale factors were created from the suitability
model. These scale factors were used as a proxy for actual yield monitors that one would
find in advanced agricultural enterprises [35] (p. 386). In consultation with extension of-
ficers at JACRA, the suitability model was first divided into three groups and then a scale
factor applied to each group. It was recommended that 5% would be an appropriate scal-
ing factor to use for this model [38]. As noted in Table 1 above, coffee yields and produc-
tion costs were adjusted as follows: areas rated 7-9 were assumed to obtain maximum
yield and incur base level production costs; areas rated 4-6 saw a 5% decrease in yields
and a 5% increase in production costs; and areas rated 1-3 saw a 10% decrease in yields
and a 10% increase in production costs.

In order to effectively manage this significant dataset, a file geodatabase was created
using the ArcGIS suite of software. The program ArcCatalog was used to create the geo-
database and set up the necessary schema and domain attributes. The raster dataset of
suitability values had a 30 m cell size and was converted to a point vector dataset in order
to facilitate easier attribute table management. This conversion resulted in just over 9 mil-
lion data points of coffee suitability for the island. After validating the spatial integrity of
these points, fields were added denoting whether or not the point was located in the JBM
region (price differentiator) in both string and binary formats. The attribute table of this
dataset was then exported for further processing using Python code. The processing used
the Geopandas and Numpy libraries to handle the computation of the profitability for all
the 9 million data points. The results were exported as a CSV file and later incorporated
into the geodatabase.

3. Results

Once all the relevant variables were entered in the database, the profitability formula
was run to calculate estimated profit or loss for each data point across the island (see Fig-
ures 3-7). Across both model years, the primary changes surrounded the price paid per
60 Ib. box of coffee. Most of the other variable remained fairly constant for both income
and production cost calculations. The contingency factor used in the calculations was 5%
(per JACRA recommendations). The outputs of these calculations reported income, pro-
duction costs and profitability with and without the scale factors in Jamaican dollars.
These results were converted to US dollars using the average exchange rate for the rele-
vant coffee year. The final outputs were converted first to a comma separated value (CSV)
file, then the CSV file imported as a database table back into ArcCatalog. This table was
joined to the original point dataset, giving the researchers profitability information across
the island of Jamaica.

For better visualization and rendering, the results were converted to raster datasets
for each modeled coffee year. Figure 4 presents a visualization of the income generated
and production cost surface across the island while Figures 5-8 display the profitability
results for the 2016-2017 coffee year and 2018-2019 coffee year across the entire island as
well as the four coffee extension regions used by JACRA.
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Estimated Income for Producers in the Jamaican Coffee Industry (2018 - 2019)
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Figure 4. (A-D): Calculated income and production costs for the island of Jamaica for the 2016-

2017 and 2018-2019 coffee years.
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Overall Profitability in the Jamaican Coffee Industry (2016 - 2017)
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Figure 5. Calculated profitability for the island of Jamaica for the 2016-2017 coffee year.
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Profitability in the Eastern Extension Region of the Jamaican Coffee Industry (2016 - 2017)
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Figure 6. (A-D) showcase profitability in the island of Jamaica by the four coffee extension regions
(western, central, northern, and eastern) for the 2016-2017 coffee year.
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Figure 7. Calculated profitability for the island of Jamaica for the 2018-2019 coffee year.
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Profitability in the Northern Extension Region of the Jamaican Coffee Industry (2018 - 2019)
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Figure 8. (A-D) Showcase profitability in the island of Jamaica by the four coffee extension regions

(western, central, northern, and eastern) for the 2018-2019.

Table 2 below provides a summary of the key statistics resulting from the profitabil-
ity calculations in three groups—overall values for the island, JBM and NBM regions, and

the four extension regions for each of the model years.
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Table 2. Summary table of key profitability statistics for the 20162017 and 2018-2019 coffee years. Please see Supplemen-
tary Table S1 in the Supplementary Materials for complete table.

2016-2017 Coffee Year

Area/Region Estimated Income Estimated Production Costs Estimated Profit
Per Unit Area: $US Per Unit Area: $US Per Unit Area: $US
Mean Min Max Mean Min Max Mean Min Max
Overall 723.31 660.46 1473.72 580.32 549.64 605.25 142.99 55.86 923.49
JBM 1418.27 1326.35 1473.72 570.93 550.23 605.25 847.35 721.10 923.49
NBM 692.32 660.46 733.84 580.74 549.64 604.60 111.58 55.86 184.20
2018-2019 Coffee Year
Area/Region Estimated Income Estimated Production Costs Estimated Profit
Per Unit Area: $US Per Unit Area: $US Per Unit Area: $US
Mean Min Max Mean Min Max Mean Min Max
Overall 483.31 452.13 720.61 572.28 542.03 596.86 -88.91 -143.99 177.87
JBM 693.50 648.55 720.61 563.02 542.60 596.86 130.58 51.65 177.87
NBM 473.94 452.13 502.36 572.70 542.03 596.23 -98.69 -143.99 -39.63

20162017 exchange rate: 1USD = 128.6 JMD; 2018-2019 exchange rate: 1USD = 131.5 JMD.

4. Discussion

The record high prices paid to farmers for their coffee in the 20162017 coffee year is
clearly reflected in the profitability results for that year. Figure 5 reveals that all areas of
the island, even areas that would be considered unsuitable for viable production would
return a profit if coffee were cultivated, harvested and sold. Taking a closer look at the
various sections of the island, the eastern extension region (Figure 6D), which includes
the JBM coffee region returned the greatest profit margin while the western, central, and
northern extension areas appeared to return a much lower (but still positive profit margin)
as shown in Figure 6A-C. The contrast with the 2018-2019 coffee year, where prices paid
to farmers fell significantly is stark and apparent—this decrease in income is reflected in
Figure 4C. In Figure 7, we can see that all areas of the island, except for the JBM region,
now experience losses. Zooming into the various extension region maps in Figure 8A-D,
coffee producers in the western, central, and northern extension areas were expected to
incur losses for this coffee year, while the eastern extension area would only realize a
modest profit margin in the JBM region and losses outside of this area.

The visual depiction of these results is further supported by the statistics presented
in Table 2. Production costs remained fairly constant across the island for the two modeled
years at approximately $575 per unit area (or just under $6400 per hectare/$2600 per acre),
with slight variations due to the change in exchange rate and the impact of the scale factors
derived from the suitability ratings. In the 20162017 coffee year, the mean income is esti-
mated to be $723 per unit area (or approximately $8033 per hectare/$3257 per acre) but
this falls to $483 per unit area (or approximately $5366 per hectare/$2175 per acre) for the
2018-2019 coffee year.

Surprisingly, the NBM income had a smaller reduction than the JBM for the period,
a drop of 31.5% compared to 51.1% of the JBM. The difference in prices paid to farmers in
the JBM and NBM coffee region was the driver behind this notable difference in income
and consequently profitability in both modeled years. Income in the JBM region was al-
most 100% greater than the mean in the 2016-2017 coffee year and almost 50% higher than
the mean for the 2018-2019 coffee year. While income in the NBM coffee region was 4%
and 2% lower than the mean for the respective years. Considering that production cost is
quite similar among regions, the resulting profitability then is no surprise. Farmers in the
JBM region were estimated to realize a profit of $847 per unit area (or $9411 per hec-
tare/$3815 per acre) and NBM farmers obtaining a profit of $111 per unit area (or $1233
per hectare/$500 per acre) for the 20162017 coffee year. The sharp drop in income (coffee
prices fell by US$38.02/J$5000 in the JBM region and by US$11.40/J$1500 in the NBM re-
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gion) in the 2018-2019 coffee year meant that farmers JBM region would achieve on aver-
age a profit of $130 per unit area (or $1444 per hectare/$585 per acre) and NBM farmers
would realize losses of $98 per unit area (or $1088 per hectare/$441 per acre).

The profitability model results clearly highlight the challenges to economic feasibility
in the JCI. Production anywhere outside of the JBM region is a low profit undertaking and
this continues to drive the concentration of coffee farmers into the JBM region. Consider-
ing that the 2017 GDP per capita for Jamaica was just over $5100 (World Bank Group
2019), a producer would need to cultivate at least 25 acres or 10 hectares in the NBM region
to achieve the mean GDP level in the country as compared to 1.3 acres or 0.5 hectares in
the JBM region in the 20162017 coffee year. However, the results for the 2018-2019 coffee
year paints a grimmer picture. With the sharp decrease in prices paid per box to produc-
ers, a farmer would need to cultivate at least 8.7 acres or almost 3.5 hectares in the JBM
region to achieve the mean GDP level for the island. With losses being incurred with every
unit area being cultivated in the NBM region, farmers would need to implement measures
to further reduce production costs or increase revenues in order to achieve the nation’s
mean GDP level.

The implications of these numbers are clear: in ‘good” years, when there is limited
production and prices rise there is money to be made, but when farmers increase produc-
tion in response to this, then oversupply results in lower prices and economic loss—the
classic supply and demand curve reflecting the point made by [35] on the impacts of var-
iation in agricultural prices on profit results (and the consequent ‘best time’ to sell a har-
vest). However, with the conventional coffee market saturated with coffee for the last sev-
eral decades and the specialty market becoming ever more crowded, stakeholders in the
JCI may need to consider the best route forward in order to remain economically viable,
particularly at the farmer level. Considering that a significant proportion of the island’s
small farmers cultivate less than one hectare of coffee, the attraction to remain in coffee
production is likely to continue waning and decreasing the number of stakeholders in the
JCL

One possibility may be the creation of production quotas (similar in concept to the
international coffee agreements of the 1960s through to the 1980s in the global coffee mar-
ket). Such a mechanism may include a provision allowing for the suspension of quotas if
prices remain high, and their reintroduction if prices became too low [40]. This would be
useful since most producers lack the ability to process and store their harvest and sell at
time when prices are higher. Some producers may consider diversification away from
pure coffee production if this crop has become a money-losing venture. The researchers
would dare say that unless farmers are able to ally themselves with other areas of the
coffee value chain (particularly the export or resale of green or roasted coffee) or increase
their production to gain greater economies of scale, then it may be more feasible to focus
on diversification to other crops or livestock.

Conversations with representatives from JACRA [39] revealed that the prices for the
2016-2017 year was considered unsustainable as it was fueled by a severe shortage in sup-
ply. Current prices reflect the glut in the market due to oversupply of green bean coffee
to purchasers. They estimate that a market correction to stable prices of approximately
J$7000 (US$53.5) and J$4000 (US$30.5) per 60 Ib. box for JBM and NBM coffee cherries
should occur over the next few years. Even at these prices, it remains very clear that Ja-
maica’s current small farmers engaged in coffee production, those cultivating under 0.4
hectare or 1 acre of coffee will be engaging in a money losing proposition depending solely
on coffee. During on the ground conversations with farmers, increasing the prices paid to
the farmer is a popular proposition. However, this ignores the reality that there is a de-
creasing demand for JBM and other Jamaican coffees from their primary market of Japan.
Efforts that have been made to expand the market for Jamaican coffee in the USA, Europe,
and Asia must be reinforced in order to viably increase the prices paid per box, and con-
sequently the income that can be received by the producer. In the most extreme case, with
limited government resources to support industry stakeholders, one may consider solely
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focusing efforts on the JBM brand. In this high cost production reality of growing coffee
in Jamaica, unless farm gate prices increase to above breakeven levels (at least
US$30.5/J$4000 per box), losses will continue to be experienced by many coffee producers.

For producers seeking to go beyond the mean GDP per capita, it is instructive to ob-
serve that the land area requirements are significantly greater in the NBM region. Larger
farms will incur other costs not considered by this model (dedicated farm vehicles, full-
time staff, etc.) that will potentially reduce profitability. All else being equal, it is rare for
production costs in agriculture to remain stable. Decreases in production costs are often
realized from either incorporating some form of labor-saving technology, especially in
larger (over 20 Ha) enterprises or realizing economies of scale by increasing production
volume relative to input costs. In Jamaica, as in many other developing nations, inflation,
and a depreciating local currency have a strong role in driving increasing production costs
rather than an increase in actual farm needs. Agricultural inputs such as fertilizers and
pesticides are often imported using foreign currency, and depreciation leads to making
imported products more expensive without a corresponding increase in value for local
goods and services. This implies that especially for producers in the NBM region, locating
in the few areas of high suitability and crop diversification remain the clearest path to
profitability. Some farmers may consider pursuing a cooperative model in order to gain
some benefits from an increased economy of scale. However, weak formal institutions to
enforce contracts and agreements and lack of trust amongst peers present significant chal-
lenges to this approach (see [41,42] for more on these challenges to this approach).

In our analyses of profitability potential for the JCI, we have seen that many areas of
the island are likely to operate at a loss, given the most recent farm-gate prices for coffee.
The fluctuations in market prices for this commodity means that farmers need to plan and
implement efficient use of input resources. One strategy that is widely implemented
across tropical coffee farms in Jamaica and around the world is the use of fruit or hard-
wood trees for shade [42-45]. The revenue from these trees can support the goals of farm
profitability with the additional benefit of forming sustainable agroecosystem —an im-
portant tool for habitat restoration efforts [45]. However, this common approach does vi-
olate one key model assumption—that of cultivating pure stands of coffee. The assump-
tion of best practices is a simplification necessary to represent the current official standard
of production and the official data for cost and yield. In future work, the profitability
model could be improved to accommodate the presence of intercropping if data for the
secondary crop is available. Moreover, the present model should be seen as an unre-
stricted coffee profitability model as coffee trees are not competing with other crops for
area. Another crucial consideration in applying the results of this research is assessing real
world yield estimates with model estimates in order to ground stakeholder expectations
of profitability. Mechanization is often discussed as a means of increasing efficiency, but
in the case of the JCI, steep slopes and high equipment costs generally limit machinery to
transportation of inputs and produce to and from the farm and utilizing handheld ma-
chinery in the fields. A major consideration that will have long term impact on profitabil-
ity is the threat posed by climatic changes. Many sources have documented these actual
and predicted effects, which range from increased ranges for pests and disease to disrup-
tion of favorable growing conditions, all of which will affect profitability (see for example
[9,46]).

5. Conclusions

This research presented local-level models of profitability from coffee production in
Jamaica for the 2016-2017 and 2018-2019 coffee years. With the saturation of the conven-
tional coffee market, one might expect significant specialty coffee brands to consistently
return profit year after year. However, this is not the case. With increased competition,
variable supplies and changing consumer preferences, prices paid to farmers fluctuate—
sometimes significantly over a relatively short period of time. While always an enterprise
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fraught with risk, these wide price fluctuations add an element of risk that many stake-
holders, particularly small farmers are no longer willing to endure. This is a tale that plays
out across multiple agricultural crops at several scales all around the world. The geospa-
tial models created in this research provide an opportunity for those involved in agricul-
ture at smaller scales to take advantage of the PA toolsets available to larger farmers in
order to support an informed decision-making process. The methodology presented here
provides a fairly flexible method for replication in regions/countries where detailed yield
monitoring is uncommon or unavailable.

The researchers believe that this paper provides a means to address a number of the
challenges to geospatial applications in agriculture, most notably small farm sizes and the
technical expertise to generate such a model. Based on the researcher’s field experiences,
producers will have an idea of how well (or not) the coffee year is going but many do not
keep a detailed record needed to calculate profit or loss in a given year by smaller areas.
Furthermore, the model presented here can be used to plan new producing areas by of-
fering a reference for potential profitability. Thus, the detailed results of this model might
be valuable as a reference point for Jamaican coffee farmers, and consumers of Jamaican
coffee worldwide. There remains a number of valid obstacles, particularly the issue of
crop heterogeneity and any number of infrastructural and institutional constraints not ac-
counted for in this model. While the model assumes that farmers are following recom-
mended practices by extension officers, it is fair to assume that a significant proportion of
producers are more risk averse, accepting lower yields in order to have a more diversified
farm base instead of pursuing higher yields and dealing with the variable nature of coffee
prices over time.

This paper has demonstrated the viability of modeling potential profitability in a spe-
cialty agricultural enterprise. We have also shown the utility that this model has for coffee
stakeholders, but particularly for producers in the island of Jamaica. This model has the
potential to be incorporated into a spatial decision support system that can be used for
planning purposes by regulators, investors, and other stakeholders. It also has the poten-
tial to be transformed into a web-based or mobile application for a crop profitability cal-
culator, where users could personalize results with their own variables for yield, price,
and production costs and obtain up-to-date and spatially-explicit profit estimates in their
area(s) of interest. Geospatial application such as this model can enable underserved farm-
ers to receive the benefits of the new technologies that are promoting higher gains to larger
and more capitalized farmers—a situation faced not only by Jamaican coffee producers
but by small farmers around the world.

Supplementary Materials: The following are available online at www.mdpi.com/2077-
0472/11/2/121/s1, Supplementary File S1: Detailed profitability calculation values; Supplementary
Table S1: Key Profitability Statistics for the 2016-2017 and 2018-2019 coffee years.
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