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ABSTRACT
Coffee is a crop of great agronomic interest worldwide. It is one of the most negotiable tropical products, and it has
been gaining “specialty” status around the world, with increasing number of plantations in places with Geographical
Indications. Studies show that coffee has been undergoing recent changes in planting area, due to different economic,
social, cultural, and climatic reasons. The change of in the planted area of a crop causes many different events; among
them, the substitution of it for other agricultural crops. As such, sugarcane is a crop that has been recently gaining space,
as its planted area increased considerably. In this sense, this work sought to analyze the change in the use and occupation
of coffee soil in the State of Parand between 1998 and 2018, comparing it with the change in the use of sugarcane soil;
with altitude; and with regions with indication of source in the state. The results suggest a reduction of 92.29% of the
planted area of coffee and an increase of 289.87% in the planted area of sugarcane. The results also suggests that coffee
was replaced by sugarcane in some sites. The remaining coffee plantations were concentrated in the region of indication
of source in the Northern region of the state, which has lower altitudes.
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1. Introduction

Coffee is a crop of great agronomic interest worldwide. It is one of the most negotiable tropical products, and
has been gaining “specialty” status around the world, especially considering the great amount of gourmet
coffee beans on the market (Alfonsi et al., 2019). According to Iscaro (2014), in agreement with Davis et al.
(2012), coffee is, after petroleum, the most commercialized commodity in the world. According to the Food
and Agriculture Organization (FAQO), in 2019, the world’s production of green coffee beans surpassed 10
million tons, over 11 million hectares. As is the case worldwide, coffee has a historical significance in Brazil;
the country was the largest producer in the world with 3 million tons in 2019. (FAO, 2021). In national
production, the State of Parana occupies the sixth largest production, with 63,300 tons in 38,000 hectares
(IBGE, 2021). Geographical Indications (GI) further contribute to the appreciation of coffee, as they add
value to the product and establish a competitive differential in the market; furthermore, they also protect the
identity of the product as well as the touristic and cultural promotion of the region (Giesbrecht & Minas,
2016). An important region of the State of Parana is its “Norte Pioneiro” (in English: “Pioneer North”), a
region with indication of source that produces differentiated coffees. As stated by Art. 177 of Law 9,279 of
1996, a region with Indication of Source is a location that has become known as a center for the extraction or
production of a certain product (Brasil, 1996). According to the Association of Special Coffees of the “Norte
Pioneiro Paranaense” (ACENPP), the coffees produced in this region have a creamy body, high sweetness,
citric acidity, and flavors and aromas that refer to chocolate, caramel, molasses, and honey.

Bongase (2017) states that coffee requires specific environmental conditions in order to be economically viable.
Climate variability is one of the main factors of oscillation and frustration in coffee productivity in Brazil,
especially in Sao Paulo, Minas Gerais, Espirito Santo, and Parana (Camargo, 2010). In addition to the natural
variability of the climate, or even the possible changes in the trends of meteorological variables, other
economic, social and cultural factors end up affecting the decision of producers regarding the use of their land
(Haggar et al.,, 2013). Thus, it is necessaty to diagnose the change in use and occupation of coffee soil for a
better understanding of the facts. To Mulianga et al. (2015), the use of geotechnology for mapping arable areas
is essential in this type of study, as it is able to provide accurate and fast data.

Changing the coffee area may also lead to changes in the local landscape. Crop retraction can, for example,
promote the advancement of other crops, thus replacing agricultural crops and resulting in possible
interferences in food security. In Nicaragua, large properties located at low altitudes replaced coffee areas with
pastures, fruit, and rubber trees, while medium-sized properties exchanged coffee for corn, bananas and other
crops (Haggar et al., 2013). As for Brazil, in the State of Sao Paulo, between 1990 and 2013, there was a great
abandonment of coffee production (Coltti et al., 2019). In this context of crop substitutions, sugarcane, the
third most produced crop on the planet (FAO, 2021), has gained prominence, as a major substitute for other
agricultural productions (Ronquim & Fonseca, 2018). The advance of sugarcane in Brazil has occurred in
several Brazilian states, such as Sao Paulo (Rudortf et al., 2010), Mato Grosso do Sul (Assuncio et al., 20106),
Goias (Spera et al., 2017) and Parana (Ribeiro et al., 2013). The reasons for such advance are mainly related to
one of the main by-products of the crop: ethanol (Zullo et al, 2018). In Brazil, ethanol receives large
government incentives for its production (Martinelli & Filoso, 2008), as it is one of the most promising biofuels
(Oliveira et al., 2005).

As such, our work sought to evaluate the change in the use of coffee cover in the State of Parana between
1988 and 2018, considering the following hypotheses: (i) there was a retraction of the planted area of coffee
in the state; (ii) this retraction is related to the substitution of the coffee crop by sugarcane; and (iii) factors
such as altitude and regions with indication of source positively interfere in the concentration of coffee areas.

2. Materials and Methods

The methodology of this work consisted of three stages: (i) planted area database, (i) geospatial analysis and
(iif) data analysis and correlation.

2.1. PLANTED AREA DATABASE

We used the SIDRA statistical information database provided by the Brazilian Institute of Geography and
Statistics IBGE), in otder to compose the planted area database, in hectares, for each municipality in Parana.
The planted area data for both coffee and sugarcane were extracted for a series of 30 years between 1988 and
2018. The data were organized in municipality X year format. For the analyses, data from both crops were
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selected every five years, starting in 1988. Therefore, the analyses of planted areas were carried out on the years
1988, 1993, 1998, 2003, 2008, 2013 and 2018. Additionally, a percentual change index (PCi) was performed in
the data, following Formula 1, as described by Berry (1993).

PCi = (Pcur — Ppre)/Ppre x 100 (1)

Pcur was the last year of study (2018) and Ppre, the first year of study (1988). The analysis was thus carried
out with planted area data for both coffee and sugarcane. The possible results are positive percentages, showing
the increase of the planted area, or negative percentages, demonstrating the partial or total decrease of the
planted area.

2.2. GEOSPATIAL ANALYSIS

For the geospatial analyses, the municipal, mesoregional and tetritorial meshes of the Parana provided by
IBGE were used. The software used for the elaboration was the QGis version 3.10. Firstly, the planted area
data of the chosen years in the municipal mesh were geospatialized according to the following classes: O ha; 1
to 100 ha; 101 to 1500 ha; 1501 to 3500 ha; 3501 to 5500 ha; 5501 to 12500 ha and 12501 to 30000 ha. The
same classes were monitored for both coffee and sugarcane.

2.3. DATA ANALYSIS AND CORRELATION

The general analysis of the data was carried out under three aspects: the possible substitution of coffee crops
by sugarcane, described in 2.3.1; understanding the relationship between coffee migration and altitude,
described in 2.3.2 and, finally, understanding the relationship between coffee crop migration and regions with
indication of source for cultivation in the state, described in 2.3.3.

2.3.1. CORRELATION OF CROP SUBSTITUTION

Using the PCi values for the crops, we analyzed the municipalities that presented growth of the planted area
of sugarcane and decline of the planted area of coffee simultaneously. These municipalities were selected and
geospatialized in the municipal mesh, which then led to the crop substitution map.

2.3.2. STATE HYPSOMETRY X COFFEE PLANTED AREA

With the territorial mesh of the state and the images of the DEM (Digital Elevation Models) provided by the
USGS (United States Geological Sutvey), it was possible to perform a hypsometric map of Parana with the
following classes: 0 m; 200 m; 400 m; 600 m; 800 m; 1000 m; 1200 m; 1400 m; 1600 m and 1800 m.

From the state hypsometry map, it was possible to combine the data of planted area of coffee crops
geospatialized in the municipal network. Thus, for each year chosen for study, it was possible to obtain a new
map relating the areas of coffee crops to the altitude of the site.

2.3.3. REGIONS WITH INDICATION OF SOURCE FOR THE CULTIVATION OF COFFERE

Using the mesoregional mesh of the State of Parana it was possible to indicate the “Norte Pioneiro of Parana”
as an area with Indication of Source (INPI s.d.). This region is composed of 45 municipalities: ~Abatia, Andird,
Assai, Bandeirantes, Barra do Jacaré, Cambara, Carldpolis, Congonbinhas, Conselheiro Mairinck, Comélio Procdpio, Curiiva,
Figneira, Guapirama, 1baiti, Itambaracd, Jaboti, Jacarezinhbo, Japira, Joaquim Tavora, Jundiai do Sul, Ledpolis, Nova Ameérica
da Colina, Nova Fatima, Nova Santa Bdrbara, Pinhalao, Quatignd, Rancho Alegre, Ribeirao Claro, Ribeirio do Pinbal,
Salto do Itararé, Santa Amiélia, Santa Cecilia do Pavao, Santa Mariana, Santana do Itararé, Santo Antonio da Platina, Santo
Antinio do Paraiso, Sao Jerdnimo da Serra, Sdo José da Boa Vista, Sao Sebastiao da Amoreira, Sapopema, Sertaneja, Siqueira
Campos, Tomazina, Uras, and Wenceslau Braz,

3. Results
3.1. DECREASE IN THE COFFEE PLANTED AREA

Figure 1 shows the results of the change in coffee planted area in Parana for the analyzed temporal window.
We verified that, in 1988 (the initial year of the series), the state had 505,369 hectares of coffee planted area.
At the end of the series, in 2018, this was reduced to only 38,958 hectares. The data suggest that there was a
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92.29% reduction in coffee planted area over 30 years. However, this reduction in area was not homogeneous
and constant. Between 1988 and 1993, the largest reduction occurred, of 56.4%. Considering the first ten years
of analysis (1988 - 1998) the reduction was 74.6% in the planted area of the state. Between 1998 and 2003
there was a very small reduction, of about 1.3%; and, in the years 2003, 2008, 2013 and 2018 the decrease of
planted hectares occurred more constantly, on average, 32% every 5 years, according to Figure 2.

Figure 3 shows the Change Index, indicated by the PCi, from the State of Parana. We verified that of the 210
municipalities that had some PCi value, only three had an increase in the coffee planted area. Among the 207
municipalities that decreased its planted area of coffee, 41 completely abandoned coffee cultivation, and
another 147 municipalities had a decrease of at least 76% of coffee planted areas.
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Figure 1. Coffee planted area in the State of Parana in the years 1998 (in “a”), 1993 (in “b”), 1998 (in “c”),
2003 (in “d”), 2008 (in “¢”), 2013 (in “F?) and 2018 (in “g”).
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Figure 2. Evolution of the coffee planted area in the State of Parana.
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Figure 3. Change Index of the State of Parana for coffee crops.
3.2. CHANGE IN THE PLANTED AREA OF SUGARCANE

Figure 4 shows the sugarcane planted area in the State of Parana in the analyzed time series. We verified that,
at the beginning of the study period, Parana had 157,355 hectares of planted sugarcane. At the end of the
studied series, the state had 613,487 hectares. These results suggest an increase of 289.8% in planted area of
sugarcane. However, as was the case with coffee, this change was not uniform and constant. It is possible to
notice that this increase in area was concentrated between the years 1993 and 2008, with an increase of 212.6%
of the sugarcane planted area. Between 1988 and 1993, the increase was 20.9%; and during the years 2008 and
2013, there was an increase of 8.5%. In the years 2013 to 2018 there was a 4.9% reduction in the planted area.
In the first 10 years of analysis (1988 - 1998) the State of Parana had already increased 97.2% of the planted
area of sugarcane (Figure 5).

Figure 6 shows the Change Index, indicated by the PCi, for the planted area of sugarcane. We verified that of
the 191 municipalities that had some PCi value, 75 had a decrease in the planted sugarcane area. Among these,
24 municipalities completely abandoned sugarcane cultivation and 17 municipalities had a decrease of at least
76% of the area. Despite this, 116 municipalities showed an advance of the crop. A total of 85 of these
municipalities showed an increase of at least 100%, reaching up to 88,942.8% of growth in the planted area of
sugarcane. Other six municipalities had a growth of at least 76%.
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Figure 4. Planted area of sugarcane in the State of Parana in the years 1998 (in “a”), 1993 (in “b”),
1998 (in “c”), 2003 (in “d”), 2008 (in “e”), 2013 (in “f’), 2018 (in “g”) and percentage of coffee change
in the state between 1988 and 2018 (in “h”)
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Figure 6. Index of Change of the State of Parana for sugarcane crop.

3.3. RELATION OF CROP SUBSTITUTION

Considering the data, it was possible to verify which municipalities presented total or partial substitution of
coffee by sugarcane, obtaining Figure 7. When analyzing the municipalities that had a decrease in the planted
area of coffee and, simultaneously, an increase in sugarcane plantation, we identified that 101 municipalities,
from the 399 municipalities of the State of Parana, may have replaced the crops they produced, which
represents 25.3% of the municipalities of the state. We observed that most of the substitution occurred in the
Northwestern and Northeastern regions of the state, and 16 municipalities are in the region of Indication of
Source of the State of Parana, the “Norte Pioneiro Paranaense” (Figure 8). Other nine municipalities are
located in the Southwestern region, and municipalities in Southeastern Parana also showed a positive

correlation for crop substitution.
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Figure 7. Municipalities that decreased coffee area while increased sugarcane area between 1988 and 2018.
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Figure 8. Location of the “Norte Pioneiro” (Pioneer North) of Parana state.
3.4. LOCATION AND ALTIMETRY OF COFFEE-PRODUCING MUNICIPALITIES

Analyzing the hypsometric map, it was possible to relate producing municipalities with altitudes, thus obtaining
Figure 9. It was possible to notice that during the years analyzed, the coffee plantations always remained in the
lower regions, mainly between 200 m and 600 m. This was still true in the last year of the analysis period;
however, it is possible to notice a concentration of producing area in the North of the state, mainly in the
“Norte Pioneiro” (Pioneer North) (Figure 1 “g”).

4. Discussion
4.1. RETRACTION OF THE COFFEE AREA

The State of Parana, in the 30 years analyzed, had a great decrease in the coffee area. According to Castro et
al. (2021), between 1997 and 2016, there was a 65.5% reduction of the planted area, corroborating the data
obtained by this study. The authors point to the progress of other crops, such as soybean, corn and wheat, as
justifications for this retraction. Other works add the difficulty of crop recovery after the 1975 frost (Robusti
et al,, 2017) and the fall in export volume during the economic crisis of 2007-2009 (Pereira et al., 2011) as
justifications for such change. Likewise, Coltri et al. (2019) noted that, in the State of Sao Paulo, between 1990
and 2013, coffee behaved similarly, with municipalities that completely abandoned the coffee crop, as well as
a large decrease of planted area in the remaining municipalities. On the other hand, in the State of Minas
Gerais, in the region of Tridngulo Mineiro and the Alto Paraiba, Moreira et al. (2015), noted that between the
years of 2008 and 2014, the coffee area had an increase of 23.5% in the mesoregion as a whole. However, the
authors place the Uberaba microregion as an exception for this expansion, since there was a reduction in the
coffee area mainly caused by the expansion of crops like soybeans, corn, and cotton, but mainly sugarcane.

Similar results were found in other parts of the world such as Nicaragua, Honduras, Venezuela and El Salvador,
where coftee also showed a reduction in planted area (Imbach et al., 2017; Ovalle-Rivera et al., 2015). On the
other hand, the authors state that Mexico, Colombia, Guatemala, Costa Rica, Indonesia and Ethiopia showed
a small growth in the coffee area, the main reason being the ability of these countries, compared to those
previously mentioned, to move their productions to areas with higher altitudes.

4.2. SUGARCANE ADVANCE AND CROP REPLACEMENT

Corroborating the data found, the advance of sugarcane production in Brazil has occurred in several states of
the country. Spera et al. (2017) noted the expansion of sugarcane in the State of Goias. The authors state that
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sugarcane planted area increased by 490% during the years 2003 and 2013. Likewise, Rudorff et al. (2010),

using satellite images, noted an increase of 1.88 million hectares in the State of Sao Paulo during the years 2003
and 2008. The authors state that these expansions were mainly due to the increased demand for ethanol to
supply hybrid cars. In the State of Parana, according to Ribeiro et al. (2013), there was an increase in the planted
area of sugarcane, mainly between 2006 and 2011. Other countries have also noticed considerable progress in
sugarcane. In Africa, Zambia showed a 21.6% advance of sugarcane over other crops, mainly those related to

food (German et al., 2020).

The retraction of the coffee planted area can promote the advancement of other cultures, thus causing an
effect called “crop substitution”. Ronquim and Fonseca (2018) state that sugarcane has been gaining
prominence in this substitution in the Brazilian context. According to the authors, the area occupied by
sugarcane in the State of Sao Paulo went from 21% to 44% of the state area, and this advance of sugarcane
plantations did not occur on native forests, but rather on consolidated agricultural areas. Spera et al. (2017)
note that in the State of Goias, sugarcane advanced mainly on soybean crops and pasture areas for cattle.
Similar results were obtained by Sparovek et al. (2009), which noted that in the State of Sao Paulo, a significant
reduction in pasture occurred following the advance of sugarcane. Likewise, Assuncio et al. (2016) noted that,
in the State of Mato Grosso do Sul, this substitution occurred mainly after the installation of ethanol distillation
plants.

According to Ronquim and Fonseca (2018), farmers replaced coffee crops with sugarcane as it presented a
safer and more profitable alternative. Egeskog et al. (2016)still point out that farmers who have changed the
use of their properties for sugarcane production will hardly return to the old uses, mainly for two reasons: the
high cost for this reversal and the good return on investment that sugarcane has brought. Information such as
these strengthens the idea of the progression, and the assured establishment of the sugarcane expansion in
Brazil.

4.3. LOCATION AND ALTIMETRY OF COFFEE-PRODUCING MUNICIPALITIES

In the analyzed temporal window in Parana, the producing properties are concentrated in the Northeastern
regions of the state, a region with Indication of Source called “Norte Pioneiro” (Pioneer North). This
corroborates with Castro et al. (2021), which also noted the same concentration. The same was obtained by
Coltri et al. (2019), which, in the State of Sao Paulo, observed that coffee areas are concentrated in region
producing specific coftees, such as “Alta and Média Mogiana” (in English: “High and Low Mogiana”).

In the State of Parana, one can note that the coffee-producing municipalities remained in the lower regions of
the state, between 200 and 600m altitudes. The risk of frost may be a possible justification for this
concentration in regions of lower altitudes in the State of Parana, since coffee cultivation is not recommended
in areas below 500m or higher than 1,200m (Sediyama et al., 2001).

On the other hand, analyzing the trends projected for the global climate, Ovalle-Rivera et al. (2015), state that
coffee production is shifting to higher regions due to the rise in temperature caused by climate trends. A study
catried out in the State of Minas Gerais, by Barros et al. (2007) observed that, for the municipalities of Aguanil,
Boa Esperanca, Campo Belo and Cristals, the coffee-producing properties are located mainly between 800 and
900m altitudes. Unlike the rest of the state, the city of Londrina presented 41% of the coffee plantations
implanted between 640 and 740m of altitude (Trabaquini et al., 2010).

Malavolta (2000) states that altitude is one of the main points for the quality of the final beverage, as they favor
the slower ripening of the grains, which can generate final products of higher quality. As in Brazil, other
countries seek better quality of the final beverage, so they adapt the production regions focusing on this.
According to Haggar et al. (2013), in Guatemala, there is a large decrease in the planted area of coffee mainly
between altitudes of 700 and 1100m. In Nicaragua, by 2050, projections indicate a propensity to move coffee
areas to higher altitude regions (Ldderach et al, 2017). The authors also mention that producers at lower
altitudes will not be able to produce coffee, and thus will be forced to abandon the crop. In agreement, Ovalle-
Rivera et al. (2015) state that with the increase in temperature, coffee production will tend to focus on higher
altitude areas and countries that do not have apt areas will leave production. This leads producers to tend to
make changes regarding use of land, replacing coffee with other crops.
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Figure 9. Hypsometry of coffee-producing municipalities in 1998 (in “a”), 1993 (in “b”), 1998 (in “c”),
2003 (in “d”), 2008 (in “e”), 2013 (in “f’) and 2018 (in “g”).

5. Conclusion

This work sought to analyze the change in the use and occupation of coffee soil in the State of Parana between
1998 and 2018, comparing it with the change in the use of sugarcane land, with altitude, and regions with
indication of source for cultivation in the state. There was a large reduction (about 92.29%) in the coffee area
in the 30 years analyzed, mainly between the years 1988 and 1998. At least 40 municipalities have completely
abandoned the crop. On the other hand, sugarcane showed a great advance in planted hectares, mainly
between 1993 and 2008. In total, there was a 289.87% increase in area.

An interesting point of the analysis is that the concentration of coffee occurred mainly in the North of the
state and that the advance of sugarcane occurred in this same region. With this, it was possible to state the
hypothesis that many producers chose to replace coffee with sugarcane. A total of 101 municipalities (i.e.,
approximately 25% of the municipalities in the state) made this change in land use.
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The remaining coffee was still maintained in the region to the north of the State of Parana, confirming the
hypothesis that it would concentrate in the region with indication of source, the “Norte Pioneiro Paranaense”.
However, with the altimetry of the municipalities, we noted that coffee was concentrated in the lower regions
of the state, even though better beverages are produced at higher altitudes. The risk of frosts, which in the past
has already caused damage to producers, could be a justification for this movement.
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