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Abstract 
The exploitation of non-timber forest products (NTFPs) represent a way of subsistence for Amazon extractive 
communities, which demonstrate great recognition of its importance to income generation, notably in rural areas. 
This paper aims to identify and analyze the existence of seasonal behavior, cycle occurrence and price tendency 
upon Brazil nuts products (Bertholletia excelsa H.B.K.) exported by Brazil to international market during 2005 
to 2015. Products quantity and price database were collected from Foreign Trade Information Analysis System 
(AliceWeb) and used as proxy to estimate its unit price in US$/kg. Deflated by the Consumer Price Index (CPI), 
using as reference base December 2015, the analysis consisted on applying the Mobile Geometric Mean (MGM) 
and the ARIMA econometric models. The evaluation of cycles and tendency were realized by graphic analysis of 
the stationary indexes, visual identification of structural series breaks and plotting reference value to analyze the 
occurrence of increase or decrease price. Because of the models application a seasonal price behavior was 
observed for both Brazil nuts products analyzed, shelled and in shell. Although the tendency of price growth was 
verified for both, the in shell products presented short term annual cycles, while for the shelled product  only 
three long term cycles with distinct intervals were noticed. 

Keywords: ARIMA, non-timber forest products (NFTPs), Amazon 

1. Introduction 
The exploitation of non-timber forest products (NTFPs) is a means of subsistence for extractive communities 
that contribute to the maintenance of the structure and functionality of native forests, and the systems of 
exploitation of products inserted in a context of numerous social, political and economic relations (Santos, 
Hildebrand, Pacheco, Pires, & Rochadelli, 2003; Balzon, Silva, & Santos, 2004; Hernández-Barrios, Anten, & 
Martínez-Ramos, 2015; Tieguhong, 2015; Elias & Santos, 2016; Ball & Brancalion, 2016).  

Thus, considering the premise of the extraction of these products, NTFPs can be defined as the different plant 
and animal products obtained in forest environments and extracted from natural forests, as well as in plantations, 
agroforestry systems, or produced in varying degrees of domestication. Therefore, coconut, rubber and cocoa can 
represent examples of NTFP (Wong, Thornber, & Baker, 2001; Vantomme, 2001; Santos et al., 2003).  

However, considering the extent of this concept due to lack of adequate knowledge of these products, the 
absence of adjusted development practices and policies, or even product diversity, there is no universally 
accepted concept by researchers and institutions. Among the existing currents of thought, the common point is 
the non-admission of timber as an NTFP independent of destination (Alves, 2010).  

Extractive activities associated with NTFP exploitation, particularly in the Amazon, are linked to the difficulty of 
access to the areas where they occur in abundance, which is also one of the barriers to commercialization of 
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these products extracted on a large scale, but without adding value. The lack of strategies to differentiate these 
products limits the contribution of the activity to regional social, economic and environmental development 
(Gama, 2016).  

Although domestication of species has intensified throughout world history, and in Brazil more and more 
farmers are adopting crop regimes of species, some of them have not been domesticated so far, for example 
Brazil nut (Bertholletia excelsa H.B.K.) (Veasey et al., 2011). This, considered of great importance for many 
riverside communities of the Amazon region, still does not have an economically feasible plantation model and 
its exploitation is carried out solely by the extractivism in the forest areas, located in the Amazon region, mainly 
in the states of Amazonas, Pará, Acre and Rondônia (Homma, 2001, 2006; Pimentel, 2007).  

The growing recognition of the importance and contribution of non-timber forest products in socioeconomic and 
environmental aspects has attracted the global interest for these products, since they play an important role in 
income generation, especially in rural areas (Elias & Santos, 2016; Maisharou & Larwanou, 2015).  

Although the national scientific literature presents a lack of studies on the temporal analysis of NTFPs price 
series, some products have several papers with other approaches. Thus, Gonçalo (2006) discussed integrated 
strategies for the best management and commercialization of NTFP of Brazil’s biodiversity; Salomão (2009) 
assessed the density and spatial distribution of Brazil nut trees (Bertholletia excelsa H.&B.) in northern Brazilian 
Amazon and Assis (2011) made a comparative analysis between small farms in Brazil and India concerning the 
relation among their extractive activities and management to biodiversity conservation in situ. 

Similarly, other authors evaluated economic and market subjects regarding NTFP’s. Seasonality assess of retail 
prices of açaí, cupuaçu and bacaba in Pará is discussed on Nogueira and de Santana (2011); Lopes, Almeida, and 
dos Santos (2006) evaluated the seasonality, production cycles and prices of açaí marketed in the city of Belém 
between 1995 and 2004. Both studies perceived a strong seasonal component and defined price cycles periods 
for the products analyzed.  

The concerns regarding NTFP can be found with broader discussions globally, as Albers and Robinson (2013) 
who reviewed the spatial economics of NTFP and its implications on policy. Likewise, Shaafsma et al. (2014) 
made the economic valuation of NTFP in eastern Arc Mountains in Tanzania and evaluated the local forest 
importance to low income families. Finally, Živojinović et al. (2017) analyzed NTFP in transition economies and 
innovation cases in selected southeast European countries where they found poor support for NTFP businesses 
and weak innovation systems, suggesting the urging need to give more importance to NTFP. 

Thus, considering the economic, social and environmental importance of Brazil nut extraction for Amazon 
communities, this work aims to identify the existence of seasonal behavior, analyze the occurrence of cycles and 
the price trends of Brazil nuts—with rind and shelled—exported by the country during the period from 2005 to 
2015.  

2. Method 
2.1 Data Source 

The data used were extracted from the Foreign Trade Information Analysis System (AliceWeb), developed by the 
Foreign Trade Secretariat and the Ministry of Development (SECEX).  

The information collected covers the years 2005 to 2015, and data on the value of exports (US$) and quantities 
(kg) of Brazil nut, with rind and shelled, were analyzed, according to the Mercosur Common Nomenclature 
(NCM) 8 digits, of which: 08012100—Fresh or dried Brazil nut, with rind; and 08012200—Brazil nut, fresh or 
dried, shelled. 

Similarly to Cardoso, Soares, Silva & Timofeiczyk (2013), the unit price of Brazil nut exported as the ratio 
between the value of the production acquired by the foreign trade of these products (US$) and the quantity 
produced for export (Kg) was obtained, as follows on Equation 1:  

Pu = V/Q                                      (1) 

Where,  

Pu: unit price of product (US$/kg); V: real gross export value (US$); Q: exported quantity of the product (t).  

2.2 Processing of Data 

The price analysis of a product involves several economic factors, which should be considered for the possibility 
of affecting medium and long term comparative analysis. With the possible distortions influenced by inflationary 
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effects, the Consumer Price Index (CPI), having as the month and base year December 2015, deflated the prices 
of the evaluated products after the data collection and tabulation. 

Time series, which are understood as a set of observations ordered in time to a dependent between the instants of 
time, hold stochastic characteristics and can be influenced by several factors (Granger & Newbold, 2014; Box, 
Jenkins, Reinsel, & Ljung, 2015). Therefore, four main components of the price are considered in the series that 
help to explain these influences: seasonality, trend, cycle and randomness (Pindyck & Rubinfeld, 2005; Morentin 
& Toloi, 2006).  

The general representation of the model is given by: 

X	=	S	×	T	×	C	×	A                                   (2) 

Where, 

X = time series; S = seasonal component; T = trend component; C = cyclic component; A = randomness 
component. 

Seasonality can be classified into two types with regard to knowing the reasons or not for the occurrence of an 
event that may influence the behavior of a series of prices. Thus, it can assume deterministic character in 
situations that are known the reasons for occurrence of the event and stochastic, when there is no knowledge of 
the factors (Morentin & Toloi, 2006).  

2.3 Analysis Methods 

Thus, assuming the stochastic nature of the factors influencing Brazil nut prices, the analysis of the price series 
data for the products contemplated in this study used the methodology of Mobile Geometric Mean (Gt), cited by 
Hoffman (2006), and Bouzada (2012), where three price components are considered: 

i) ABt, Factor that includes the trend and variations in the level of prices between the years; 

ii) εj, Representative factor of seasonal variations; 

iii) Ut, Random variations in monthly prices.  

Demonstrated on Equation 3: 

Pt	= Pij	= ABt·εj·Ut                                  (3) 

Where,  

P = product price; i = indication of the year; j = indication of the month. 

The seasonality calculation steps are broken down:  

a) Centralized Mobile Geometric Mean 

gt	=	1/12(0.5·lnPt-6	+	lnPt-5	+	…	+	lnPt	+	…	+	lnPt+5	+	lnPt+6)                (4) 

Where, 

gt	=	lnGt	= Geometric moving mean of month t; Pt = price at month t; t = month the mean is centralized.  

b) Seasonal Price Index 

It	=	 Pt

Gt
	×	100                                    (5) 

Where,  

It = Seasonal index in month t; Pt = price in the month t; Gt = geometric mean in month t.  

c) Monthly Seasonal Index 

lnIi̅	=	 1

m	–	1∑ lnij
m
j                                    (6) 

Where,  

i = month (January, February, ... December); j = year; m = number of years.  

d) Irregularity Index 

si	=	 1

m	– 2
∑ (dij	– dij)²

m–1
j=1                                  (7) 

Where,  

i = month (January, February, ... December); j = year; m = number of years.  
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The maximum and minimum prices recorded in the period were in November 2011 and December 2008, 
respectively, with values of US$ 5.11/kg and US$ 0.38/kg.  

That way, it is possible to infer from the behavior of the price curve that there was a gradual increase in the price 
of the product with rind during the analyzed period and it is possible that this growth will continue for the next 
years.  

The price of the product without rind (Figure 2-b), exported by Brazil, presented high instability during the 
period evaluated, emphasizing the presence of three cycles of distinct intervals. 

The first cycle lasted 57 months, starting in January 2005 until September 2009; already the second cycle lasted 
41 months, between October 2009 and February 2013; and, finally, the third cycle with a duration of 34 months, 
starting in March 2013 until December 2015. However, it should be noticed that this might still be expanding. 

The instability in the price of the product exported along almost five years is observed in cycle 1, with a 
decreasing price behavior assuming an average of US$ 5.30/kg. Nevertheless, at the end of this cycle there is a 
price increase already in October 2009.  

Prices fluctuated significantly during the second cycle at short intervals: US$ 4.00/kg in December 2010; 
US$ 6.90/kg in February 2011; US$ 8.80/kg in April 2011; US$ 4.85/kg in June 2011 and US$ 7.60/kg in July 
2011. Finally, the price reached a peak during the cycle in April 2012 (US$ 9.40/kg) followed by a few 
oscillations until reach US$ 5.40/kg in February 2013.  

Finally, the third cycle is characterized by the increase of the shelled product price, ranging from US$ 7.0/kg to 
US$ 9.0/kg by the end of the series in December 2015, registering US$ 7.9/kg.  

Therefore, the analysis of the trend line of the prices of the product without rind indicates the gradual increase of 
these in the long term, suggesting the continuity of the increasing behavior for the following months. 

3.3 Seasonal Variation of Product Prices 

The seasonal variation of prices of the product with rind, presented in Figure 3-a, showed similar behavior to the 
price curve, with the maximum and minimum values recorded in October 2005 (353.93) and December 2011 
(30.24).  

The seasonal analysis of prices for the shelled product, Figure 3-b, showed a smaller variation in the indexes 
over the analyzed period, as the first cycle presented a coefficient of variation (CV) of 16.33%, with the 
maximum and minimum values of the seasonal indexes presented in April 2005 (91.84) and November 2006 
(145.96), respectively. 
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