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ABSTRACT

Fruits consumption has increased in recent years due to the predisposition of people to have a
healthy diet, which includes the ingestion of fibers, vitamins and minerals present in Fruits. In
Brazil, the five Fruits with highest consumption are: banana, oranges, apple, papaya, and
watermelon. In this investigation we calculated the price volatility and the price elasticities
measures (price elasticity of supply, price elasticity of demand or price inelasticity) of these
five Fruits in three supply centers: CEAGESSP, CEASAMINAS, and CEASA/RJ and from
2017 to 2021. The results indicate that all the evaluated products had similar price volatility
behavior or pattern from 2019 to 2021 in the three supply centers. Moreover, the year with
higher instabilities of prices for banana, orange, apple, and watermelon were 2020. In addition,
the result shows that price elasticity or inelasticity had independent behavior per supply center,
however in this research we identified some periods of inelasticity where the price does not
influence the quantity demanded or supplied of the evaluated product.

Keywords: Fruits; Price volatility; Elasticity of supply; Elasticity of demand; EIGEDIN.

RESUMO

O consumo de Frutas tem aumentado nos Gltimos anos devido a predisposicao das pessoas a ter
uma alimentacdo saudavel, que inclui a ingestdo de fibras, vitaminas e minerais presentes nas
Frutas. No Brasil, as cinco Frutas com maior consumo séo: banana, laranja, magd, mamao, e
melancia. Nesta investigagdo foram calculadas as medidas de volatilidade de precos e
elasticidades de pregos (elasticidade-preco da oferta, elasticidade-preco da demanda ou
inelasticidade-preco) destas cinco frutas, em trés centros de abastecimento: CEAGESSP,
CEASAMINAS e CEASA/RJ e de 2017 a 2021. Os resultados indicam que todos o0s produtos
avaliados tiveram um padrdo ou comportamento semelhante de volatilidade de precos de 2019
a 2021 nos trés centros de abastecimento. Além disso, 0s anos com maiores instabilidades de
precos para banana, laranja, magé, e melancia foi 2020. Ademais, o resultado mostra que a
elasticidade ou inelasticidade do prego teve comportamento independente para cada centro de
abastecimento, porém nesta pesquisa identificamos alguns periodos de inelasticidade onde o
preco néo influencia a quantidade demandada ou ofertada do produto avaliado.
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1 INTRODUCTION

Brazil is the 3rd largest fruit grower, this according to the data of the Food and
Agricultural Organization (FAO) 2017 and 2015, respectively. Among the fruits with high
production in Brazil are found: banana, orange, lemon, apple, papaya, mango, melon, grape,
and watermelons (Camargo et al., 2015; NAN, 2020). However, its habitants, on average, do
not consume the minimum daily amount of fruits and vegetables recommended by the World
Healthy Organization (WHO), which is 400g or 6 to 7% of a total calories diaries of
approximately 2300 Kcal (Claro et al., 2007; Nolasco et al., 2017).

The ingestion of fruits and vegetables are part of healthy eating patterns (Pessoa et al.,
2015) that is why in the last decade, one of the priorities around the world is promote their
consumption. According to different studies food demand depends on preferences or lack of
access for socioeconomic or logistical reasons, being the last two the most recurrent in
developing countries (Nolasco et al., 2017).

In this studied, we calculated the price volatilities and price elasticities of five Fruits
(banana, oranges, apple, papaya, and watermelon) from the FV sector, and in three different
supply centers: CEAGESSP, CEASAMINAS and CEASA/RJ, which are the top three of supply
centers with greater commercialization of fruit in 2018 (CONAB, 2018).

This study has two hypotheses: (i) due to the price volatilities in the fruits sector during
the year, there are a pattern for each product, and (ii) the price elasticities of demand or supply
are highly variable depending on the product within the fruit sector. The aim of the present
study is identifying the price volatility and elasticity measures for Fruits with the highest
production in Brazil in the period between 2017 and 2021, providing information to companies

of the Fruit Sector (FS).

2 LITERATURE REVIEW

The price volatility is the variation of commodity price changes around their mean
value. At the present time, it is an ongoing concern because it may have a negative impact at
the macroeconomic level on growth and poverty as reported by some economists. Thus, it is

important to know the evolution of price volatility in order to develop different instruments and
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design appropriate policies to transfer risk or at least to lessen the extent of world market price
volatility (Huchet et al., 2011).

Additionally, in agribusiness, it is important to do a demand and supply analysis cause
the results of this studies allows to make any significant business decisions regarding market
performance and market activities (Vukadinovi¢ et al., 2017). The elasticity is one of those
analyzes, and is an economic instrument that measure the rate at which quantities of a product
respond to price changes; the percentage at which a one percent change in prices will cause a
certain percentage change in quantities (Jacob, 2014; Vukadinovi¢ et al., 2017; Rosales;
Mercado, 2020).

There are four different elasticities measurements: price elasticity of demand, income
elasticity of demand, price elasticity of supply and cross price elasticity (Mankiw, 2001). The
size of the price elasticities is important from a policy perspective, cause if the price elasticity
is absolutely greater than one, any increase in the price will lead to a reduction in the quantity
exported, so the governments have to stabilize the income of farmers with subsidies (Noel;
Jones, 1988). In the same way, it is relevant in marketing to stablish the optimal price. In
general, the purpose of elasticity is to understand the market's response to changes in prices
(Tiago; Queiroz, 2011), and in this study we focused two measures: price elasticity of demand

and price elasticity of supplied.

3 METHODOLOGICAL PROCEDURES

Data collecting characterization

We selected five fruits to be studied (banana, orange, apple, papaya and melon), A set of
different databases were used depending of the variable studied in these ten products. To
analysed the price volatility, we used the data from the *Boletim Hortigranjeiro’, available on

the website: https://www.conab.gov.br/info-agro/hortigranjeiros-prohort/boletim-

hortigranjeiro, to obtain prices from years 2017, 2018 and 2019. Moreover, the CONAB
(National Supply Company) database, available on the website:

https://portaldeinformacoes.conab.gov.br/mapeamentos-agricolas.html, were used to get the

prices of years 2020 and 2021. For all the calculus, the units for these prices were reais per
kilograms (R$/Kg). All the prices were corrected by the index IPCA (indice de Pregos ao
Consumidor Amplo), which measure the inflation of a set of products sold in retail, using the

online calculator, available in: https://www.ibge.qov.br/estatisticas/economicas/precos-e-
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custos/9256-indice-nacional-de-precos-ao-consumidor-amplo.html?=&t=calculadora-do-ipca.

To analyzed the price elasticities, we utilized the previous data and complement with
information of the quantity sold. The quantity sold from years 2017, 2018 and 2019 were
estimated by the bar graphs from the Boletim Hortigranjeiro and using the WebPlotDigitizer

online tool, available at: https://apps.automeris.io/wpd/, while data from years 2020 and 2021
were download from the CONAB database. The calculus of quantities used the kilogram unit

in all the cases.

Price volatility

Price volatility could be defined as price variability around a central value. So, it is the tendency
of individual prices to vary from its mean value. Thus, volatility is often defined as high
deviations from a global tendency (Huchet et al., 2011). In this study, we calculated the
historical volatility, based on past prices of the last five years, using Coefficient of Variation
(CV) (Equation 1), which is described in the investigations of Huchet et al., 2011; Bellemare,
2014 and Traore and Diop, 2021.

Z:;l(P i — P)?
CV = Standard deviation = n
Mean p

(Equation 1)
where n indicates the number of prices to be analyzed, which are twelve (one per month), P; is
the value of each price and P is the annual mean price changes.
This measure was calculated per year from 2017 to 2021 and for each of the ten products
selected previously. The areas studied include three distribution centers: CEAGESSP (Sao
Paulo), CEASAMINAS (Belo Horizonte), and CEASA/RJ (Rio de Janeiro).

Elasticity measurements

In this research we calculated three measures: price elasticity of demand, price elasticity of
supply and income elasticity of demand. To obtain these measures we used the same data than
to calculate the price volatility plus data of the quantity sold. We evaluated the same ten foods

selected.

Price elasticity of demand
The price elasticity of demand or the elasticity of demand measures the responsiveness of

consumers to a change in price (Barkley, A. 2016). Sometimes price elasticities of demand are
4
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reported as negative numbers. It because the percentage change in quantity will always have
the opposite sign as the percentage change in price. In the present study, we used the absolute
value for dropping the minus sign and report the results as positive numbers when we are
comparing price elasticities of demand of a specific product, but we maintain the negative sign
when we are trying to differentiate the price elasticities of demand from the price elasticities of
supply. Thus, the price elasticity of demand is mathematically defined as the percentage at
which a one percent change in prices will cause a certain percentage change in quantities
(Equation 2) (Mankiw, G. 2001; 2008).

%AQd|
9%AP

€4~

(Equation 2)

where ed is the price elasticity of demand or coefficient of demand, %AQ, is the percentage
change in quantity demanded and %AP is the percentage change in price. To facilitate the
calculation of the price elasticity of demand we used the midpoint method (Equation 3)
(Mankiw, G. 2008).

L
1 2

(u) (Equation 3)

where eq is the price elasticity of demand, Q; is the quantity demanded at time 1, Q, is the
quantity demanded at time 2, P, is the price at timel, and P, is the price at time 2 (Mankiw, G.
2008). We can interpret the eq as follows: if the eq is greater than one the demand is elastic, so
the quantity demanded changes by a larger percentage than does price; if eq is equal to 1, the
demand is unitary elastic, so the percentage increase in quantity demanded is equal to
percentage decrease in price; and if the eq is less than 1, the demand is inelastic which means
that quantity demanded is relatively insensitive to price (McConnell, C. 2003; Mankiw, G.
2008; Besanko and Braeutigam, 2010).

Price elasticity of supply

The price elasticity of supply measures how much the quantity supplied responds to changes in
the price. It because sometimes producers of a good offer to sell more of it when the price of
the good rises (Mankiw, G. 2008). Thus, economists compute the price elasticity of supply as

the percentage change in the quantity supplied divided by the percentage change in the price



ISSN: 2594-8083

NOVAS DINAMICAS DA SOCIEDADE:
desafios e solucoes

(Equation 4). In addition, the price elasticity of supply is never negative, since price and
quantity supplied are directly related (McConnell, C. 2003).

%AQs
YAP (Equation 4)

where es is the price elasticity of supply or coefficient of supply, %AQ; is the percentage change

S

in quantity supplied and %AP is the percentage change in price. In the same way that the price
elasticity of demand, the price elasticity of supply can be calculated by the midpoint method
(Equation 5) (Mankiw, G. 2008).
Q2 =0
(Q1 + Qz)
B 2
&= PP
(P1 + PZ)
2 (Equation 5)

where es is the price elasticity of supply, Q, is the quantity supplied at time 1, Q, is the quantity
supplied at time 2, P; is the price at time 1, and P, is the price at time 2 (Mankiw, G. 2008).
The degree of price elasticity or inelasticity of supply is measure by the es. If the es is greater
than one the supply is elastic, which means that producers are relatively responsive to price
changes. If the es is equal to 1 the supply is unit elastic, which indicates that the quantity
produced change in the same percentage that the price. On the other hand, if the es is less than
1, the supply is inelastic, so the producers are relatively insensitive to price changes

(McConnell, C. 2003; Mankiw, G. 2008).
4 DISCUSSION AND DATA ANALYSIS

The results of price volatilities and price elasticities are analyzed per food. We showed
the results in tables containing four statistic measures: standard deviation (SD), mean,
maximum value (Max) and minimum value (Min) to have a context in data set (price volatilities
and price elasticities calculated), per supply center (CEAGESSP, CEASAMINAS or
CEASA/RJ) and from 2017 to 2021.

BANANA

General price analysis and price volatilities of banana
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Analyzing the results, we concluded that the average prices suggest that banana, during these
five years, tend to be cheaper in CEASAMINAS and more expensive in CEASA/RJ. In
addition, the prices in the three supply centers have been increasing from 2018 to 2021 (Figure
1A, Mean). On the other hand, the prices ranged between 2.70 and 4.77 R$/Kg in CEAGESP,
between 1.89 and 4.09 R$/Kg in CEASAMINAS and between 2.62 and 5.47 R$/Kg in
CEASA/RJ (Figure 1A, Min and Max). Moreover, the SD data indicates that dispersion of
prices are equal or higher 1.00 R$/Kg in 2020 and 2021 years between the three supply centers
(Figure 1A, SD).

About price volatilities, these results were showed as Coefficients of Variation (CV) in a table.
The higher values of price volatilities were found in 2020 (CV > 0.4) and highlighted in green
color while the lower values were presented in 2017 and 2021 years (CV < 0.3) and highlighted
in sky blue color (Figure 1B). Price volatilities data of the five studied years are displayed in a
graph. Comparing data of the three supply centers, we concluded that the price volatility of

banana has similar behavior from 2019 to 2021 in all the three locations although the prices are

different (Figure 1C).
B.
Banana Price Volatility (CV) per year
SR s 2018 2019 2020 2021
A. ICEAGESP 0.21 0.27 0.29 0.54 0.21
ICEASAMINAS 0.27 0.33 0.33 0.55 0.26
i i Years |CEASA/RJ 0.35 0.28 0.41 0.19
Supply centers|Price variable 2017 | 2018 | 2019 | 2020 | 2021 Average
SD (R$/Kg) 058 073 096 198 1.00 1.05
ceaGesp Mean(RS/Kg)| 277 2700 328 365 4.7 3.43 C.
Max (R$/Kg) 395 459 56l 851 585 570 Banana Price Volatility (CV) during the period
Min (R$/Kg) 162l 162 239 137 311 2.02 2017-2021
SD (R$/Kg) 055 062 083 158 105 0.93 0.60
Mean (RS/Kg)| 2.02 189 249 2.88 4. 2.67
REESAMINES Max (R$/Kg) 3200 350 467 7.260 584 4.89 0.50 "\
Min (R$/Kg) 108 099 167 095 225 139 0.40 4 \
A\
[SD (RS/Kg) 0.92, 091 1.62 1.05 1.13 . - 7/ NS
ceasa/y Mean (RS/Kg) 262 331 392 547 383 G 030 — AN
Max (RS/Kg) 518 578 812 747 6.64 0.20 -
Min (R$/Kg) 129 240 177 401 237 010
0.00
2017 2018 2019 2020 2021
Year
—CEAGESP —CEASAMINAS CEASA/R)

Figure 1. Statistic measures and price volatility from 2017 to 2021 regarding the banana. A.
Calculation of SD, Mean and Maximum and Minimum values per supply center and from 2017 to 2021.
B. Data showing price volatilities as CV in a table. C. Price volatilities were showed in a graph.

Price elasticities measurements of banana

Price elasticities measurements variables from 2017 to 2021 were presented in three separated
tables, one per supply center. According to our analysis the price elasticities of banana have
different behaviours in each supply center. In CEAGESP as we can see in the table, we have
two squares in red color during March, April and May months which indicates the presence of

price elasticity of demand (edq), so in these months the demand depends on the banana p. Using
7
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the absolute values of the negative numbers, we can see three months where the ed is higher
than 1, so the quantity demanded by consumers was affected by the changes in prices. In
addition, the price elasticity of supply (es) is present from September to October, indicating that
the decision of the producers is being affected by the changes in price.

On the other hand, in the CEASAMINAS, the ed (Where |ed| > 1) is present in the period from
February to March, and from April to May. Furthermore, the es (where es> 1) is present from
September to October.

In contrast, in the CEASA/RJ, the eda (Where |ed| > 1) is present in four periods: from February
to March, from April to May, from July to August and from October to November. Furthermore,
the es (Where es> 1) is present in three periods: from March to April, from June to July and from
September to October.

Comparing the three supply centers, is common that es was present in the period from
September to October. Additionally, evaluating the SD of all the three tables we deduced that
we have three periods of high stability (with low values of SD and presence of price
inelasticity), which are: from May to June, from August to September and from November to

December (Figure 2).
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Figure 2. Banana price elasticities from 2017 to 2021.

Price elasticity = Price elasticity
of supply of demand Tables showing four statistic measures of all the banana price
] :;‘;:I;”j:a;;ﬂmf [ sp21 elasticities data: standard deviation (SD), mean, maximum
P e (e P E G T value (Max) and minimum value (Min). Values of eq are in red
Month SD__| Mean | Max | Min color, values of e, are in green color, values of price inelasticity
JAN-FEB 122 020 199 166 gre in white color and valued with SD > 1 are in light green
FEB-MAR 2.47| -0.78| 3.35| -4.07|
MAR-APR 3.27 -1.12| 169  -7.43 color.
IAPR-MAY 2.18| -1.66| 0.23 -5.38
MAY-JUN 0.23 0.37| 0.64 0.08|
JUN-JUL 0.59 0.34 1.32| -0.21
JUL-AUG 0.91) -0.65) 0.49 -2.24
IAUG-SEP 0.28| 0.35) 0.78 0.02]
SEP-OCT 4.41 10.94 -0.90
OCT-NOV 0.21 0.16] 0.57| -0.05|
NOV-DEC 0.53| 046 001 -1.48

Banana Price Flasticity in CEASAMINAS (2017-2021)

Month SD Mean Max Min
JAN-FEB 3.46 1.8 871 -0.19
FEB-MAR 388 284 -0.01 -10.53
MAR-APR 1.63 0.99 423  0.00
IAPR-MAY 237 139 036 -6.01
MAY-JUN 0.32) 013 074 025
JUN-JUL 0.29 0.0 o052 025
IUL-AUG 1.31] 046 302 063
IAUG-SEP 0.3§ 019 020 -0.85
SEP-OCT 4.5“ 11.97,  -0.50
OCT-NOV 0.5 009 029 -1.04
NOV-DEC 0.13 014  0.02  -0.30

Banana Price Elasticity in CEASA/RJ (2017-2021)

Month SD Mean Max Min
UAN-FEB 399 043 4.43 -6.51
FEB-MAR 4.05 -3.50 0.34 -9.87
MAR-APR 7. 17.12 -0.37
|[APR-MAY 2.1 -1.2 0.78 -4.75

MAY-JUN 062 04 144 015
JUN-JUL 0.6 1.84  0.08
IUL-AUG 241,68 139, 1.36 -557.60
IAUG-SEP 003 005 -002  -0.08
SEP-OCT 8.2 19.06  -0.25
OCT-NOV 339 20 0.03  -7.92
NOV-DEC 021  -0.26 0.05  -0.50

ORANGE

General price analysis and price volatilities of orange

Analyzing the results, we concluded that the average prices suggest that orange, during these
five years, tend to be cheaper in CEASAMINAS and more expensive in CEAGESP. Moreover,
the prices in the three supply centers have been increasing from 2017 to 2021 (Figure 3A,
Mean). On the other hand, the prices ranged between 2.17 and 4.03 R$/Kg in CEAGESP,
between 1.64 and 3.44 R$/Kg in CEASAMINAS and between 1.84 and 3.51 R$/Kg in
CEASA/RJ (Figure 3A, Min and Max). Moreover, the SD data indicates that the year 2020
had the higher dispersion of prices in the three supply centers with values equal or higher 1.00
R$/Kg. In addition, comparing the SD of the three supply centers, the lower values of SD in
CEASA/RJ denoted that it is the more stable supply center respect to prices (Figure 3A, SD).
About the orange price volatilities, these results were showed as Coefficients of Variation (CV)

in a table. The higher values of price volatilities were found in 2020 (CV > 0.4) and highlighted
9
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in green color while the lower values were presented in 2021 (CV < 0.3) and highlighted in sky
blue color. So, of the five years evaluated, 2020 was the year with higher instability and 2021
the more stable year for the orange market (Figure 3B). Price volatilities data of the five studied
years are displayed in a graph. Comparing data of the three supply centers, we concluded that

the price volatility of orange has similar behavior from 2019 to 2021 (Figure 3C).

B.
e Orange Price Volatility (CV) per year
2017 2018 2019 2020 2021
A. CEAGESP 0.28 0.27 0.41 0.56) 0.24
CEASAMINAS 0.29 0.30 0.39 0.46 0.26
- o CEASA/RI 0.28 0.26 0.44 0.16)
Supply centers|Price variable 017 | 2018 | 2019 | 200 | 200 Average
D (RS/Kg) 061 063 09 141 09§ 092
ceagesp Mean(RS/Kgl 217 230 235 253 403 268 C.
Max(RS/Kg) | 331 398 427 573 621 470 Orange Price Volatility (CV) during the period
Min(RS/Kg) | 145 145 118 096 276 156 2017-2021
SD (RS/Kg) 048 056 073 100 091 073 050
e (RS/kg) 164 183 190 216 344 219 .
Max(RS/Kg) | 245 341 324 429 531 374 0.0 \
Min(RS/kg) | 082 115 107 082 231 123 040
D (RS/Ke) 051 049 103 056  0.65 > 030
CEASRY Mean (RS/Kg 184 191 233 351 240 ~ I
Max (R$/Kg) 321 310 453 457 385 020
Min (RS/Kg) 113 132 105 250 150 0.10
0.00
2017 2018 2019 2020 2021

Year

—CEAGESP —CEASAMINAS CEASA/R

Figure 3. Statistic measures and price volatility from 2017 to 2021 regarding the orange. A.
Calculation of SD, Mean and Maximum and Minimum values per supply center and from 2017 to 2021.
B. Data showing price volatilities as CV in a table. C. Price volatilities were showed in a graph.

Price elasticities measurements of orange

Price elasticities measurements variables from 2017 to 2021 were presented in three separated
tables, one per supply center. According to our analysis the price elasticities of orange have
different behaviours in each supply center. In CEAGESP as we can see in the table, we have
two squares in red color during two periods: from July to August and from September to
October indicating the presence of price elasticity of demand (ea), so there was more demand
of orange during this period. Using the absolute values of the negative numbers, we can see two
periods where the ead is higher than 1, so the quantity demanded by consumers was affected by
the changes in prices.

In reference to the price elasticity of supply (es), CEAGESP did not present period of es.

On the other hand, in the CEASAMINAS, the ea (where |ed| > 1) is present in two periods, from
January to March, and from August to September. Furthermore, the es (where es> 1) is present
from September to October.

In contrast, in the CEASA/RJ, the ea (where |ed| > 1) is present in one period: from January to
10
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February. Moreover, the es (where es> 1) is present in three months: February, March and April.
Comparing the three supply centers there were not common characteristics respect to ea and es.
Additionally, evaluating the SD of all the three tables we deduced that we have on period of
high stability (with low values of SD and presence of price inelasticity), in the three supply

centers: from May to June (Figure 4).

[ 7o elastictty s clasticity Figure 4. Orange price elasticities from 2017 to 2021.
of supply . ..
| ) Tables showing four statistic measures of all the orange
Price inelasticity o . e ..

L cupply o emang  LlsD21 price elasticities data: standard deviation (SD), mean,
Tt Pt (£ oo [ o D22 EERE SUST 1] maximum value (Max) and minimum value (Min). Values
i = e 1 i of eq are in red pqlor, Va1ues qf e are in green color, yalues

IAN-FEB 257 094 606 -058  of price inelasticity are in white color and valued with SD
FEB-MAR 159 -057 113 -265 > gre in light green color.
MAR-APR 0.69| -0.06 0.67] -1.03

APR-MAY 2920 091 637  -2.36

MAY-JUN 0.13] 0.08 0.23] -0.07|

IUN-JUL 108 099 293 0.0

HUL-AUG 2.97] -1.01 2.00] -6.71

IAUG-SEP 021 022 054 004

SEP-OCT 3.12] -1.75 0.13] -7.98

OCT-NOV 03¢l -037 003 -101

NOV-DEC 0.29| 0.10 0.65] -0.13

Orange Price Elasticity in CEASAMINAS (2017-2021)

Month sD Mean Max Min
UAN-FEB 137 -156  -0.47]  -3.74
FEB-MAR 228 108 293 3.8
MAR-APR 056 016 073  -0.85
IAPR-MAY 112 054 05/ 269
MAY-JUN 025 002 027 036
JUN-JUL 129 083 323 039
luL-AUG 227 -040 295  -4.07
IAUG-SEP 526/ 279 o028 -13.28
SEP-OCT s 306 13.27] 0.4
OCT-NOV 147 015 249 201
NOV-DEC 024 015 o050 -0.21

Orange Price Elasticity in CEASA/RJ (2017-2021)

Month sD Mean Max Min
VAN-FEB 15.52] -12.81 -0.86[ -39.45
FEB-MAR 52.17 119.52 -2.33
MAR-APR 2.35] 5.55] -0.43
IAPR-MAY 1.57 -0.90 0.14) -3.61
MAY-JUN 0.34| 0.14 0.49) -0.24]
VUN-JUL 0.78 0.19 1.25 -0.92
HUL-AUG 1.41 0.88 3.17] -0.36
IAUG-SEP 0.56] -0.20 0.28 -1.11
SEP-OCT 3.64 -0.41] 4.54 -5.58
OCT-NOV 0.40 -0.34 0.05) -0.91
NOV-DEC 1.25| -0.01] 1.36) -1.67|

APPLE

Price volatilities of apple

Analyzing the results, we concluded that the average prices suggest that apple, during these five
11
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years, tend to be cheaper in CEASAMINAS and more expensive in CEAGESP. Moreover, the
prices in the three supply centers have been increasing from 2017 to 2021 (Figure SA, Mean).
On the other hand, the prices ranged between 5.42 and 9.18 R$/Kg in CEAGESP, between 3.42
and 7.13 R$/Kg in CEASAMINAS and between 5.50 and 8.81 R$/Kg in CEASA/RJ (Figure
5A, Min and Max). Moreover, the SD data indicates that the year 2020 had the higher
dispersion of prices in the three supply centers with values around 4.00 + 0.2 R$/Kg, while the
SD in the other years were maximum 2.08 R$/Kg. In addition, comparing the SD of the three
supply centers, the lower values of SD were in CEASAMINAS denoted that it is the more stable
supply center respect to the apple prices (Figure 5A, SD).

About the apple price volatilities, these results were showed as Coefficients of Variation (CV)
in a table. The higher values of price volatilities were found in 2020 (CV > 0.5) and highlighted
in green color while the lower values were presented in 2021 (CV < 0.25) and highlighted in
sky blue color. So, of the five evaluated years, 2020 was the year with higher instability and
2021 the more stable year for the apple market. In addition, with exception of 2020 year all the
CVs are around 0.26 = 0.2 R$/Kg (Figure SB). Price volatilities data of the five studied years
are displayed in a graph. Comparing data of the three supply centers, we concluded that the
price volatility of apple has similar behavior from 2018 to 2021 (Figure SC).

B.
Apple Price Volatility (CV) per year
A Supply centers 017 2018 2019 2020 2021
. ICEAGESP 0.24) 0.28 0.27 0.50 0.18
ICEASAMINAS 0.30 0.27 0.32 0.58 0.19
- Years ICEASA/RJ 0.27 0.29 0.53 0.24
Supply centers Price variable 2007 | 2018 | 2019 | 2020 | 20m Average
SD (RS/Kg) 130 179 180 410 167 213 C.
CEAGESP Mean (RS/Kg) 542 644 6.7 8.25 9.8 71.21
Max (RS/Kg) 770 1119 1043 1740 1114 1157
Min (RS/K 431 431 449 297 567 434 Apple Price Volatility (CV) during the period
SD (RS/Kg) 100 1.0 148 388 137 175 2017-2021
Mean (RS/Kg) 342 370 470 672 713 5.3 0.70
CEASAMINAS (RS/Kg) 534 640 770 1622 924 899 0.60 ~
Min (RS/K 178 245 301 229 410 272 0.50 /{.\‘\
SD (RS/Kg) 148 160 410 208 232 S 040 7 \
CEASA/RY Mean (RS/Kg) 550 556 767 881  6.89 O30 — e — \\
Max (RS/Kg) 936 940 1659 1327 1215 0.20 :
Min (R$/Kg) 369 367 284 516 383 0.10
0.00
2017 2018 2019 2020 2021

Year

CEAGESP  —CEASAMINAS CEASA/R)

Figure 5. Statistic measures and price volatility from 2017 to 2021 regarding the apple. A.
Calculation of SD, Mean and Maximum and Minimum values per supply center and from 2017 to 2021.
B. Data showing price volatilities as CV in a table. C. Price volatilities were showed in a graph.

Price elasticities measurements of apple

Price elasticities measurements variables from 2017 to 2021 were presented in three separated
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tables, one per supply center. According to our analysis the price elasticities of apple have
different behaviours in each supply center.

In CEAGESP as we can see in the table, we have one squares in green color so there is price
elasticity of supply (es) from September to October and during this time there is a tendency of
increase or decrease the supply of fruit by producers depending to the price in the market. On
the other hand, in the CEASAMINAS there was one period of price elasticity of demand (eaq),
from July to August, so there was more demand of apple during this period if the price decrease.
In contrast, in the CEASA/RJ, the ea (where |ed| > 1) is present in one period: from April to
May. Moreover, the es (Where es> 1) is present in three periods: from January to February, from
June to August and from October to August.

Comparing the three supply centers there were not common characteristics respect to ea and es.
Additionally, evaluating the SD of all the three tables we deduced that we have two periods of
high stability (with low values of SD and presence of price inelasticity), in the three supply
centers: from March to April and from August to September (Figure 6).

13
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-z;'zﬁrf;fjt'c'w g 7 slasticity Figure 6. Apple price elasticities from 2017 to 2021.
o - Tables showing four statistic measures of all the orange
D Price inelasticity of |:| SD>1 . lasticiti data: standard deviati SD
supply or demand price elasticities data: standard deviation (SD), mean,
e le s B T2 TR (22 maximum value (Max) and minimum value (Min). Values
Month D Mean | Max Min of'eq are in red color, values of e are in green color, values
AN-FEB 313 036 2271 637 of price inelasticity are in white color and valued with SD
FEB-MAR 0.79 -0.14 1.25 -0.76f  >1 are in light green color.
MAR-APR 054  -0.01 095  -0.67
IAPR-MAY 104 -0.45 0.89 -2.22
MAY-JUN 0.57 0.41 134 023
UN-JUL 0.39 0.52 1.02] -0.10
UL-AUG 137 071 098  -2.68
IAUG-SEP 028  -0.03 039 -0.33
SEP-OCT 6.17000502 1493 0.12
OCT-NOV 043  -0.24 0.27  -0.96
NOV-DEC 039 -0.14 0.600 -0.43

Apple Price Elasticity in CEASAMINAS (2017-2021)

Month SD Mean Max Min
AN-FEB 2.55 -0.27 2.19 -5.09
FEB-MAR 1.49 0.02) 2.99 -0.92
MAR-APR 0.19 0.23 0.50 -0.07]
IAPR-MAY 0.62 -0.14] 0.39 -1.36
MAY-JUN 0.66 0.38 1.46 -0.28
UN-JUL 0.28 -0.07 0.45 -0.38
UL-AUG 10.70| -6.5 -0.31 -27.94
IAUG-SEP 0.46 0.04 0.48 -0.82
SEP-OCT 1.66| -0.69 0.77. -3.90
OCT-NOV 1.12 0.34 2.25 -1.14
NOV-DEC 0.29 -0.07 0.22 -0.64

Apple Price Elasticity in CEASA/RI] (2017-2021)

Month SD Mean Max Min
AN-FEB 2.15 4.92: -1.15

FEB-MAR 1.3]1 -0.22 2.05 -1.05
MAR-APR 0.24 0.88 1.17 0.56
IAPR-MAY 1.48 -1.2 0.16 -3.43
MAY-JUN 1.42 0.73] 3.05 -0.66
UN-JUL 11.9 28.74 0.15
UL-AUG 11.92 27.11 -1.20
IAUG-SEP 0.49 -0.63 -0.17 -1.45
SEP-OCT 1.29 -0.12 2.05 -1.23
OCT-NOV 15.09 34.17, -1.00
NOV-DEC 1.5 0.27, 2.01 -1.74
PAPAYA

Price volatilities of papaya

Analyzing the results, we concluded that the average prices suggest that papaya, during these
five years, tend to be cheaper in CEASAMINAS and more expensive in CEAGESP.
Furthermore, the prices in the three supply centers have been increasing from 2017 to 2021

(Figure 7A, Mean). On the other hand, the prices ranged between 2.71 and 5.01 R$/Kg in
14
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CEAGESP, between 1.71 and 4.55 R$/Kg in CEASAMINAS and between 3.07 and 4.77 R$/Kg
in CEASA/RJ (Figure 7A, Min and Max). Moreover, the SD data indicates that from 2019 to
2021 the dispersion of prices are higher than 1.00 R$/Kg in the three supply centers. In addition,
comparing the SD of the three supply centers, the higher values of SD were in CEASA/RIJ
denoted that it is the more instable supply center respect to the papaya prices (Figure 7A, SD).
About the papaya price volatilities, these results were showed as Coefficients of Variation (CV)
in a table. The higher values of price volatilities were found in 2020 (CV > 0.4) and highlighted
in green color while the lower values were presented in 2017 (CV < 0.25) and highlighted in
sky blue color. So, of the five evaluated years, 2020 was the year with higher instability and
2017 the more stable year for the papaya market. In addition, 2018, 2019 and 2021 years have
CVs around 0.35 + 0.05 R$/Kg (Figure 7B). Price volatilities data of the five studied years are
displayed in a graph. Comparing data of the three supply centers, we concluded that the price
volatility of papaya has similar behavior from 2018 to 2021 (Figure 7C).

B.
Supply Papaya Price Volatility (CV) per year
A. centers 2017 ] 2018 2019 2020 2021
ICEAGESP 0.18 0.32 0.39 0.47| 0.32]
ICEASAMINAS 0.21] 0.34 0.39 0.54 0.39
Supply centers|Price variable Years N ICEASA/R) 0.34| 0.38 0.63 0.26|
2017 2018 | 2019 2020 2021 =
SD (RS/Kg) 0.49 1.23 1.80 1.54 1.61 1.3: C.
CEAGESP Mean (RSIKg_] 2.71 3.7‘_1 4.65 3.28 5.01) 3.8
Max (RS/Kg) 3.54 683 852 6.5 734 655
Min (R$/Kg) 2.01] 2.01 2.01 114 290  2.02 Papaya Price Volatility (CV) during the period
SD (RS/Kg) 0.35 0,8401 1.17 1.4% 1.79 1.1 2017-2021
Mean (R$/Kg) 171 2.3 3.02 2.5! 4.55 2. 7
e Max (R$/Kg) 2.17 4.05) 6.00 589 745  5.11 g&g
Min (RS!K&] 0.95 1.23] 1.75 0.82 2.40 1.43| 0.50 :
SD (RS/Kg) 1.05 1.33 250 1220 15 L 0.40 B ——
ceasry Mean (RS/Kg) 307 359 395 477 3. B 030 o
Max (RS/Kg) 567 714 896 684 7.5 0.20
Min (RS/Kg) 1.69 2.01 1.14 3.22 2.01 0.10
0.00
2017 2018 2019 2020 2021

Year

—CEAGESP —CEASAMINAS CEASA/RJ

Figure 7. Statistic measures and price volatility from 2017 to 2021 regarding the papaya. A.
Calculation of SD, Mean and Maximum and Minimum values per supply center and from 2017 to 2021.
B. Data showing price volatilities as CV in a table. C. Price volatilities were showed in a graph.

Price elasticities measurements of papaya
Price elasticities measurements variables from 2017 to 2021 were presented in three separated
tables, one per supply center. According to our analysis the price elasticities of papaya have
different behaviours in each supply center. However, there is no presence of price elasticities of
supply (es) just price elasticity of demand (ed), during the five studied years. It indicates that
there is more likely that the quantity demanded by consumers will be affected by the changes
in prices than the quantity supply be affected by the changes in price in papaya market.
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In CEAGESP as we can see in the table, we have five squares in red color which comprise four
periods: from January to February, from March to April, from May to June and from July to
August. It implies the presence of eda (Where |ed| > 1).

On the other hand, in the CEASAMINAS there was three months with presence of ea (where
|ea] > 1) which are: September, October and November.

In contrast, in the CEASA/RIJ, the ea (Where |ed| > 1) is present in three squares involving two
period: from April to June and from August to September.

Comparing the three supply centers there were not common characteristics respect to ea and es.
Additionally, evaluating the SD of all the three tables we deduced that we have two periods of
high stability (with low values of SD and presence of price inelasticity), in the three supply

centers: from February to March and from November to December (Figure 8).
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Price elasticity m z;';‘z :1':;2‘3”\’ Figure 8. Papaya price elasticities from 2017 to 2021.
of supply Tables showing four statistic measures of all the orange
[ Price inelasticity of i ¢y, ) price elasticities data: standard deviation (SD), mean,

supply or demand

Papaya Price Elasticity in CEAGESP (2017-2021)
Month SD Mean Max Min

maximum value (Max) and minimum value (Min). Values
of eq are in red color, values of e are in green color, values

IAN-FEB 2020 217 o01d 812 ofprice inelasticity are in white color and valued with SD
FEB-MAR 082 001 162 -057 >1 arein light green color.
MAR-APR 199  -1.14 024  -5.07

IAPR-MAY 0.51]  -0.08 068  -0.91

MAY-JUN 3.84  -1.60 053  -9.27

JUN-JUL 025  -0.08 034  -0.43

JUL-AUG 10.50|  -5.29 097 -26.26

IAUG-SEP 294  -1.38 071 -7.19

SEP-OCT 399 -0.62 519  -7.35

OCT-NOV 0.75 0.14 1.57 -0.56

NOV-DEC 075 -094 -034  -2.39

Papaya Price Elasticity in CEASAMINAS (2017-2021)

Month SD Mean Max Min
UAN-FEB 0.53 -0.11] 0.74 -0.84
FEB-MAR 0.30 0.09 0.56] -0.26
MAR-APR 0.83 0.50 1.53 -0.39
IAPR-MAY 0.97 -0.69] -0.08 -2.62
MAY-JUN 0.56 -0.17] 0.35 -1.21
JUN-JUL 0.12 -0.33] -0.14 -0.46
JUL-AUG 1.35] 0.48 3.12 -0.64
WMUG-SEP 0.59 -0.60 0.01] -1.65
SEP-OCT 2.41] -1.89 -0.15] -6.61
OCT-NOV 2.18 -1.02 0.42 -5.36
NOV-DEC 0.35| 0.05| 0.49 -0.46

Papaya Price Elasticity in CEASA/RJ (2017-2021)

Month SD Mean Max Min
UAN-FEB 0.36 -0.99] -0.45] -1.39
FEB-MAR 0.16 -0.68] -0.54 -0.93
MAR-APR 0.57 -0.03] 0.67 -0.65
IAPR-MAY 1.43 -1.16| 0.73 -3.14
MAY-JUN 76.99 -44 03] 0.84) -177.39
JUN-JUL 0.40 -0.18] 0.17 -0.86
JUL-AUG 1.79 0.79 3.74 -1.07]
BUG-5EP 3.55 -2.66| 0.26] -8.73
SEP-OCT 1.24) -0.47| 1.65 -1.51
OCT-NOV 0.97 0.67| 1.79 -0.39
NOV-DEC 0.22 0.34 0.48 -0.03
WATERMELON

Price volatilities of watermelon

Analyzing the results, we concluded that the average prices suggest that watermelon, during
these five years, tend to be cheaper in CEASAMINAS and more expensive in CEASA/RJ.
Furthermore, the prices in the three supply centers have been increasing from 2019 to 2021
(Figure 9A, Mean). On the other hand, the prices ranged between 1.80 and 2.38 R$/Kg in
CEAGESP, between 1.06 and 2.81 R$/Kg in CEASAMINAS and between 2.10 and 3.43 R$/Kg
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in CEASA/RJ (Figure 9B, Min and Max). Moreover, the SD data indicates that during the five
years the dispersion of prices were lower than 0.90 R$/Kg in the three supply centers. In
addition, comparing the SD of the three supply centers, the lower values of SD were in
CEASAMINAS since 2017 to 2019, then in 2020 and 2021, the lower SD were in CEAGESP.
Therefore, from 2017 to 2019 the more stable market was CEASAMINAS and from 2020 and
2021 the more stable supply was CEAGESP (Figure 9A, SD).

About the watermelon price volatilities, these results were showed as Coefficients of Variation
(CV) in a table. The higher values of price volatilities were found in 2020 (CV > 0.35) and
highlighted in green color while the lower values were presented in 2017 and 2021 (CV <0.30)
and highlighted in sky blue color. So, of the five evaluated years, 2020 was the year with higher
instability and 2017 and 2021 the more stable years for the watermelon market (Figure 9B).
Price volatilities data of the five studied years are displayed in a graph. Comparing data of the
three supply centers, we concluded that the price volatility of papaya has similar behavior from

2018 to 2021 (Figure 9C).

B.
Supply Watermelon Price Volatility (CV) per year
A centers 2017 2018 2019 2020 2021
" ICEAGESP 0.22| 0.32] 0.24 0.41f 0.18
ICEASAMINAS 0.22 0.33 0.32 0.52 0.27
ICEASA/RJ 0.39 0.24) 0.37 0.17
Supply centers| Price variable oot Average
sl 2017 | 2018 | 2019 | 2020 | 2021 .
SD (R$/Kg) 039 066 0.45 065 042 051 C.
Mean (R$/Kg) | 1.8 2.05 1.89 157 238 193
CEACES Max (R$/Kg) 230 382 2.90 299 299 300
Min (R$/Kg) 133 1.33) 116 060 142 117 Watermelon Price Volatility (CV) during the period
5D (RS/Ke) 024 039 0.4 088 077 054 2017-2021
Mean (R$/Kg) | 106 117 1.40( 167 281 162
CESAMINS Max (R$/Kg) 144 212 241 373 478 290 060
Min (RS/Kg) 055 069 092 058 169 089 050
ISD (RS/Kg) 0.81 0.53] 089 060 071 0.40 / N
Mean (RS/Kg) 2.10 218 239 343 252 3030 —_—— /,/ N ~
222 Max (R$/Kg) 4.43 3.3 390 441 399 0.20 / -
Min (R$/Kg) 1.34 1.44 094 23§ 152 010
0.00
2017 2018 2019 2020 2021

Year

——CEAGESP ——CEASAMINAS CEASA/R)

Figure 9. Statistic measures and price volatility from 2017 to 2021 regarding the watermelon. A.
Calculation of SD, Mean and Maximum and Minimum values per supply center and from 2017 to 2021.
B. Data showing price volatilities as CV in a table. C. Price volatilities were showed in a graph.

Price elasticities measurements of watermelon

Price elasticities measurements variables from 2017 to 2021 were presented in three separated
tables, one per supply center. According to our analysis the price elasticities of watermelon have
different behaviours in each supply center.

In CEAGESP as we can see in the table, we have one squares in red color so there is price

18



ISSN: 2594-8083

NOVAS DINAMICAS DA SOCIEDADE:
desafios e solucoes

elasticity of demand (ed, where |ed| > 1) from August to September during this time it is very
likely that consumers make their decision based on price. Furthermore, we have four squares in
green color so there is price elasticity of supply (es, where es> 1) in four periods: from February
to March, from July to August, from September to October and from November to December.
In these periods the producers could have made decisions regarding the price of watermelons
in the market.

On the other hand, in the CEASAMINAS there was also one period of ea (where |ed| > 1), from
July to August, so there was more demand of watermelon when the price decrease. Additionally,
the es (Where es> 1) were present in three periods: from February to March, from April to May
and from August to September.

In contrast, in the CEASA/RJ, the ea (where |ed| > 1) is present in three squares involving three
periods: from January to February, from April to May and from August to September. Moreover,
the es (where es> 1) were present in four squares comprising three periods: from February to
April, from July to August and October to November.

Comparing the three supply centers, is common that es was present in the period from February
to March. Additionally, evaluating the SD of all the three tables we deduced that we had three
months with high stability (with low values of SD and presence of price inelasticity), in the

three supply centers: May, June and July (Figure 10).
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Price elasticity D"?;ﬁ elasjcitv Figure 10. Watermelon price elasticities from 2017 to
of supply o feman 2021. Tables showing four statistic measures of all the
e e o [5021 orange price elasticities data: standard deviation (SD),
Watermelon Price Elasticity in CEAGESP (2017-2021) mean, maximum value (Max) and minimum value (Min).
Month SD Mean | Max Min Values of eq are in red color, values of e are in green color,
AN-FEB 0.9 070 058 -187  yalues of price inelasticity are in white color and valued
FEB-MAR 21980090 5647 -1.26 ' p ek y
MAR-APR 109 o054 o087 206 with SD > 1 are in light green color.
IAPR-MAY 1.55 0.23] 1.94 -2.41
IMAY-TUN 0.47| 0.67] 1.13] 0.04
UN-JUL . 0.03] 0.48] -0.33)
UL-AUG 35.34| -3.56|
IMUG-SEP 3.06| -14.15
SEP-OCT 1146 -6.19
OCT-NOV 144 032
INOV-DEC 3.80 -1.06|
Watermelon Price Elasticity in CEASAMINAS (2017-
2021)
Month SD Mean Max Min
AN-FEB 1240 o061 245 064
IFEB-MAR 6.3 15.10| -2.16|
IMAR-APR 2.2 0.1 3.08| -3.86|
APR-MAY 10.55 27.00  -1.07
MAY-JUN 0.27 014 045  -0.20
UN-JUL 0.41] -0.15| 0.56| -0.66|
UL-AUG 18.79] 897 104 46.55
AUG-SEP 572 1003 591
SEP-OCT 1.95 0.80| 3.93] -2.19
OCT-NOV 0.88] 0.32] 1.70 -0.62|
NOV-DEC 0.55 0.24) 107 -0.38
Watermelon Price Elasticity in CEASA/RI (2017-2021)
Month SD [ Mean | Max Min
AN-FEB 2.1 -2.0 -0.48| -5.81
IFEB-MAR 6.33 13.71 -1.81
IMAR-APR 9.7 22.79 0.04
APR-MAY 1447 1072 012 3116
IMAY-JUN 0.36| 0.19 0.45] -0.32
UN-JUL 1.20| -0.07 1.92] -1.17
UL-AUG 2.31 5.9§| 0.24
AUG-SEP 2.7 19 067 -6.55
SEP-OCT 0.97 0.0 070  -1.60
OCT-NOV 2.9 6.82] -0.44
NOV-DEC 1.65 0.5 217 2.8
5 CONCLUSIONS

During the five evaluated years, the five fruits (banana, orange, apple, papaya, and
watermelon) were cheaper in CEASAMINAS. On the other hand, the orange, apple, and papaya
were more expensive in CEAGESP. Moreover, the banana and watermelon were more
expensive in CEASA/RJ.

About the price volatility, all the evaluated products had similar behavior from 2019 to 2021
in the three supply centers. In addition, comparing the CVs of the three supply centers, in the
same year, we conclude that banana, apple, and papaya had similar price volatilities with
differences < 0.10, and orange, and watermelon with differences < 0.15. Furthermore, the years
with higher stabilities of prices were 2021 for orange and both 2017 and 2021 for banana,

papaya, and watermelon. Moreover, the years with higher instabilities of prices were 2020 for
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banana, orange, apple, and watermelon.

About the price elasticity or inelasticity, we concluded that all the evaluated market had
independent behavior per supply center. Additionally, evaluating the means and SD results we
suggest some periods where is likely to found price inelasticity (periods where the price does
not influence the quantity demanded or supplied of the product). In banana, the periods were
from May to June, from August to September and from November to December. In orange,
from May to June. In apple, from March to April and from August to September. In papaya,
from February to March and from November to December, and in watermelon, from May to

June and from June to July.
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