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Abstract 

The objective of this research is to estimate the socioeconomic and environmental value of 

ecosystem services produced by Agroforestry Systems of Tomé-Açu in society's perception. 

These systems, in addition to fruits, seeds, and nuts, provide other services that are perceived 

by society in the form of welfare, and are not yet sold on the market. For the analysis, the 

Integrated Method of Contingent Valuation was employed, which contemplates the economic, 

social and environmental dimensions. This approach relied in the equations modelling the 

Willingness to Pay for the conservation of Agroforestry Systems, and Willingness to Accept a 

compensation for not using these systems over other commercial production systems such as 

oil palm and soybean. The average value of ecosystem services in the Agroforestry Systems 

of Tomé-Açu in the population's perception was estimated at R$ 5.011,19 ha-1 for the 

Willingness to Pay and R$ 7.367,24 ha-1 for the Willingness to Accept. This indicates the 

importance given by the community to the benefits generated by the ecosystem services, in a 

magnitude higher than the market value of the Amazon rainforest and of the production 

systems. Therefore, the value of these services should also integrate the payment to 

compensate the producers that maintain these systems in the Amazon. 

Keywords: agroforestry systems, amazon, conservation of biodiversity, valuation, natural 

asset 

1. Introduction 

Worldwide acquaintances, the Agroforestry Systems of Tomé-Açu, are referred as ASTAs, 

doing an allusion to the county name, are composed of crops of native or exotic woody, fruit, 

oil and medicinal tree species, among others, simultaneously and in the same environment 

(Barros et al., 2011). These systems in the county were applied by Japanese-Brazilian farmers 

as a result of the search of productive alternatives due to Fusarium invasion in the pepper 

plantations in 1957 and devastation from 1970 onwards, in addition to the prices fall in 

function of plantations expansion. 

The perennial and annual crops at Tomé-Açu were implemented to enhance the use of areas 

before, after and during the cultivation of Black Pepper, which consists in the main culture. 

All of these cultures’ combinations aiming the market, generated many AS at the county, with 

economic profitability and risk mitigation demonstrated in studies as Sanguino et al. (2007) 

and Varela and Santana (2009). 
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The dynamics and diversity of these systems, with permanent and temporary cultures, 

produce wood, fruits, seeds, oils, medicinal essences and many Ecosystem Services as 

climate regulation, as greenhouse effect gases, nutrient cycling, control of pest and diseases, 

in addition of generate employment and income to the rural communities along the year. 

In fact, these systems account for the ecosystem services produced by the natural assets of the 

ASTAs of rural properties in the municipality of Tomé-Açu (Barros et al., 2009; Santana et al., 

2018). However, the interaction of fauna and flora in the ASTAs of rural properties generates 

a continuous flow of ecosystem services. 

This flow of services is incorporated at society’s through improvements in the welfare by 

simple functions that the ecosystems from ASTAs produce, which can be divided in four 

categories (MEA, 2003; Costanza et al., 1997; Wallace, 2007; Santana et al., 2016; Costanza 

et al., 2017): (I) provision service as food and fibers, wood, seeds, genetic resources, 

biochemical products, medicinal, pharmaceutics, ornamental and water; (II) environmental 

regulation service as the weather control, storms, winds, pollination, plagues and diseases, 

water and air purification and soil protection; (III) the cultural service as the cultural and 

social values, religious and spiritual, fauna and flora knowledge, landscapes values, 

recreation and tourism; and (IV) support service that defines the production of others services 

as the formation and retention of soil, photosynthesis, nutrient cycle, soil biological activity, 

water cycle and maintenance of habitat dynamics. 

In this context, the value of these services can be incorporated into the rural properties value 

and should be compensated by the benefits they produce for the population and the 

environment, once they acknowledge their importance and declare their willingness to pay to 

continue enjoying these benefits or to receive them through substitution by other 

environmentally deficient production systems (Santana, 2017; Santana et al., 2018). 

Therefore, the question to be answered on this research is how much the population are 

willing to pay, besides the price of bare land, for ecosystem services of supply, regulation, 

culture and formation of soil structures, water courses, vegetation and biodiversity provided 

by ASTAs? 

The hypothesis that arises from this question is that the economic value from these ecosystem 

services exceeds the average market price of land occupied with agriculture, livestock and 

forest in the county and surrounding region. To answer this question and test the formulated 

hypothesis, it were applied the Integrated Method of Contingent Valuation (IMCV) suggested 

by Santana (2015), for specify a simultaneous model with the equations of Willingness to Pay 

(WTP) by the ASTAs preservation and Willingness To Accept (WTA) by the ASTAs 

substitution for others productive systems and integrate the knowledge of neoclassic and 

ecologic economy in the definition of the model equations (Santana, 2014; Santana, 2015; 

Santana et al., 2017). 

Hence, the research objective was to value the ecosystem services of the ASTAs in society's 

perception to internalize them to the market value of these systems in the region in a 

perspective of their conservation and maintenance of the welfare of local, regional and global 

society. 
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Theoretical Foundations 

In order to understand the nature of economic value, the instrument of neoclassical economic 

theory of the consumer is incorporated, where the individual with the limited budget makes 

several combinations of goods and services to maximize their utility function, which reflects 

the welfare (Marshall, 1982; Farber et al., 2002). 

From this perspective, the total economic value of ecosystem services is based in the concept 

of Economic Surplus proposed by Marshall (1982), which is composed by the Producer 

Surplus, equivalent to the net revenue or profit (area above the supply line and below the 

market equilibrium price of a given good or service), and by the Consumer Surplus, given by 

the difference between the maximum value consumers are willing and able to pay for a good 

or service and the equilibrium market price.  

Thus, the Economic Surplus is the maximum welfare that society can obtain from the 

production and consumption of goods and services (Marshall, 1982; Costanza et al., 1997; 

Santana, 2015). As ASTAs are in rural properties, the externalities produced by ecosystem 

services for the benefit of society can be valued by analyzing the costs and social benefits of 

these natural assets to maximizing the welfare produced.  

In this sense, the analysis of social costs and benefits can be expressed in the value of use 

(utility) and non-use (social) of the natural assets (Liu et al. 2010; Santana, 2015; Santana, 

2018). According to Bishop and Romano (1998), Adams et al. (2008), Carson (2012), 

Santana et al., (2015), Santana et al. (2016), Santana et al. (2017), the total economic value 

(TEV) of ecosystem services can be expressed as follows: 

TEV = Use Value (UV) + Non-use Value (NUV) 

The TEV from a natural resource consists in the sum of the UV and NUV. We further 

highlight that UV is subdivided into direct and indirect use values, where the former concerns 

the consumption or direct enjoyment of natural resources as a source of raw material, food 

and medicinal products; and the latter is defined by the externalities that the resource 

produces in the form of its functions within ecosystems, such as maintenance of biodiversity, 

preservation of waterways and nutrient cycling (Baral et al., 2008; Santana et al., 2015). 

The NUV, in turn, incorporates the option and the existence values. The former refers to the 

possibility of attributing the value of direct and indirect uses as an option in the near future; 

where as the existence value simply refers to the existence of the resource in the form of 

benefits generated by ecosystem services not associated with use, that is, it is related to the 

concept of intrinsic value and departs from the utilitarian approach to economic value (Tôsto 

2010; Santana et al, 2015; Santana et al., 2016; Santana et al., 2017). 

In particular, the ASTAs locally developed in rural properties and with adaptations from the 

Japanese immigration have characteristics that transcend the instrumental and utilitarian 

value, also including intrinsic values such as the cultural identity of the municipality, the 

promotion of natural amenities and the conservation of biodiversity.  

We see that, to value the ecosystem services of ASTAs requires an analysis of their 
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environmental, social and economic aspects, in order to be able to guide public policies for 

sustainable development in the rural sector. 

In this research, instead of using the use value and the non-use value to estimate the total 

economic value of the natural asset, which presents great difficulty in categorizing assets in 

people's perception, the IMCV works with another theoretical foundation. The IMCV model 

focuses on variables associated with economic, social and environmental dimensions to 

estimate the value of natural assets and, in turn, the opportunity cost of preservation or 

replacement with other economic activities (Santana et al., 2017). 

The decision to preserve or to explore the natural assets is modeled by the structural equation 

of willingness to pay and willingness to accept, both representing the maximum value of the 

welfare generated by ecosystem goods and services of natural assets to people. These 

equations are theoretically interrelated, therefore, should be specified by a system of 

equations to avoid error in the model specification. The WTP and WTA equations constitute 

the IMCV, which must be estimated using the method of Seemingly Unrelated Regression. 

Thus, the model generates the maximum welfare, estimated by the socio-economic and 

environmental surplus of the consumer and producer goods and services generated by natural 

assets (Santana et al., 2017). 

The market demands of consumers for ecosystem products and services offered by the natural 

assets of rural properties are specified in the IMCV using the WTP and WTA equations, as 

follows: 

IMCV 

WTP = f (EDIM, SDIM, ENVD; ) 

WTA = f (EDIM, SDIM, ENVD; ) 

Where α and β are the vectors of parameters to be estimated, EDIM is the economic 

dimension, SDIM is the social dimension, and ENVD is the environmental dimension. 

2. Method 

The research was carried out in the municipality of Tomé-Açu, located in the Northeast of 

Pará State, the Mesoregion of the Brazilian Eastern Amazon (IBGE, 2018). The data were 

obtained using a specific questionnaire applied to a representative sample of 382 interviewees 

from the population of 62.854 inhabitants of the municipality (IBGE, 2018).  

The interviews were conducted from September to December of 2018. During the interview, 

it was sought to clarify the objective of the research, as well as the characteristics of the 

municipality’s agroforestry system. In addition, images with many ASTA compositions were 

shown, to provide the necessary conditions for the interviewee to express his/her willingness 

to pay or receive a monetary value for the ecosystem services generated in these areas. The 

price ranges for land occupied with various agricultural systems, livestock and forests in the 

municipality and region were also presented. 

The environmental dimension was constructed by applying factor analysis to 12 variables that 
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shaped the environmental indicator, as provided in Santana (2018). In this way, the effect of 

environmental variables in the equations of willingness to pay and willingness to accept from 

the contingent evaluation can be obtained; then following the Integrated Method of 

Contingent Valuation (IMCV) proposed by Santana (2015), and avoiding multicollinearity 

problems due to the large number of qualitative variables in the equations, while integrating 

economic and ecological precepts. 

The IMCV was used to value the ecosystem services provided by ASTAs, since they do not 

have a defined market price; for the adequacy of the methodology and contribution to other 

valuation studies, such as Santana and Khan (1992), Carson (2012), Groot et al. (2012), 

Santana (2014), Bentes et al. (2014), Santana et al. (2015), Rosa et al. (2016), Santana et al. 

(2016), Santana et al. (2017) and Begot (2018). 

The model was composed of several variables expressed in the economic, social and 

environmental dimensions:  

• Economic (EDIM), represented by the income variable and the dummy variable 

related to the differentiated values of WTPASTA and WTAASTA; which assumed 

zero for the average values and 1 for the values different from the average and which 

can influence significantly above the average;  

•  Social (SDIM), represented by the variables age, gender, time living in the location, 

education, main activity as source of income source and place of origin;  

• Environmental (ENVD), represented by the environmental indicator and includes 12 

variables related to the protection of watersheds and water quality, conservation and 

restoration of biodiversity, erosion control, recovery of degraded areas, use of 

pesticide, use of fertilizers, sustainable use of land in the Amazon, quality of life for 

the population, ASTAs as employment and income generation, scenic beauty and 

tourist attraction. 

In the empirical model, the application of IMCV in the valuation of ecosystem services of 

ASTAs contemplated the equations of the Willingness to Pay a maximum amount for the 

maintenance of ASTAs areas in the municipality, called (WTPASTA), and the Willingness to 

Accept a minimum amount to give up the ASTAs areas in substitution for other production 

systems, called (WTAASTA). Thus, the equations were specified in a system of apparently 

unrelated equations, according to Santana (2015) and Santana et al (2016):   

𝑊𝑇𝑃𝐴𝑆𝑇𝐴𝑖 = 𝛼10 + 𝛼11𝐴𝑔𝑒𝑖 + 𝛼12𝐺𝑒𝑛𝑑𝑒𝑟𝑖 + 𝛼13𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑖 + 𝛼14𝐼𝑛𝑐𝑜𝑚𝑒𝑖 + 𝛼15𝑆𝑓𝑎𝑚𝑖𝑙𝑦𝑖 +

𝛼16𝑂𝑟𝑖𝑔𝑖𝑛𝑖 + 𝛼17𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙𝑖 + 𝛼18  𝑇𝑄𝑉𝑁𝐿+ 𝛼19 𝐴𝑇𝑉 + 𝛼110𝑉𝐷𝑊𝑇𝑃𝑖 + 𝑢𝑖1                      (1) 
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Where: Gender - interviewee gender i (0 for male and 1 for female); Education - level of 

education of interviewee i; Income - income of interviewee i (in R$ per month); Sfamily - 

family size of interviewee i; Origin: place of origin of interviewee i; Environmental - 

perception of the interviewee i regarding the 12 variables related to ecosystem products and 

services provided by the ASTAs; TQVNL - how long interviewee i lives in the municipality; 

ATV - Main activity as source of income; VDWTP - dummy variable related to the 

WTPASTA values (being 0 for the mean values and 1 for the different mean values and that 

can influence significantly above the mean); VDWTA - dummy variable related to the 

WTAASTA values (being 0 for the mean values and 1 for the different mean values and that 

can influence significantly above the mean); u1, u2 - random error terms; α1j,2j, β1j,2j (j=1,...,10) 

- parameters of apparently unrelated equations, to be estimated by the method of Generalized 

Least Squares (GLS). With this method, the problem of heteroscedasticity is analyzed and 

equated, according to Santana et al. (2016). 

3. Results and Discussion 

Before presenting the analysis of the econometric model of contingent evaluation specified 

for the valuation of ASTAs, we will first introduce the synthesis of the socio-demographic 

and economic profile of the interviewees.  

In general, the interviewed population agreed to participate in the survey and expressed the 

ability to answer questions about the benefits of agroforestry systems to the environment and 

welfare of the population, as well as to declare their preference regarding the conservation of 

ASTAs and/or replacement of these systems by other forms of land use.  

The total was 398 interviews, greater than the minimum sample 382, which reduces the 

sampling error of 4.19% to 5%. Of this total, 52.27% of participants were male and 45.73% 

female, with ages ranging from 15 to 85 years. With regard to the income of those 

interviewed, 81.16% earn up to three minimum wages and their main occupations as a source 

of income were: rural producers (21.11%), self-employed (19.10%), civil servants (18.34%), 

company employees (6.78%), extractivists (1.76%) and entrepreneurs (1.76%). The 

remaining practice varied activities. 

Entering the analysis of the econometric model, the explanatory variables included in the 

WTPASTA and WTAASTA equations explained 55.8% and 69.2%, of their variabilities, 

respectively.  

The signs of the coefficients associated with the variables of the equations are in accordance 

with the theoretical assumptions and present statistical significance below 10% (Table 1). The 

exception being for the parameters: variable family size, which was not significant in both 

equations; and the time lived in the municipality, in the WTAASTA equation. These results 

indicate that the model was correctly identified and the results could represent, in the 

population’s perception, the real value of the ecosystem services produced by ASTAs. 
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Table 1. Parameters of the WTPASTA and WTAASTA equations, Tomé-Açu, Pará 

Variables Coefficient t-Statistics Probability 
WTPASTA 

Average 

Intercept 347,193 0,52967 0,5965 347,193 

Income 0,1129 4,29455 0,0000 301,26 

Environmental Indicator 4098,31 7,45368 0,0000 2796,11 

Education 309,916 3,82202 0,0001 1480,88 

Dummy Variable 5247,92 11,9362 0,0000 356,912 

Time local living 15,046 1,97943 0,0481 293,45 

Gender -388,48 -1,8117 0,0704 -564,62 

Family Size 25,8792 0,45321 0,6505 106,189 

Total Economic Value of WTPASTA (R$ ha-1) = 5.011,19 

WTPASTA Máx (R$ ha-1) = 7.092,86 

Variables Coefficient t-Statistics Probability 
WTAASTA 

Average 

Intercept 5051,17 5,45963 0,0000 5051,17 

Income  0,092 2,46897 0,0138 245,446 

Environmental indicator 2270,97 2,83241 0,0047 1549,39 

Education 216,988 1,85594 0,0638 1036,84 

Dummy Variable 13103,3 31,0946 0,0000 1584,28 

Time local living 9,0091 0,81564 0,415 175,709 

Gender -967,91 -3,0864 0,0021 -1406,8 

Family Size -11,435 -0,1414 0,8876 -46,92 

Total Economic Value of WTAASTA (R$ ha-1) = 7.367,24 

WTAASTA Máx (R$ ha-1) = 10.398,30 

Adjusted R-Square: WTPASTA 0,558 Mean of the dependent variable 5117,38 

Adjusted R-Square: WTAASTA 0,69206 Mean of the dependent variable 8189,15 

Source: Survey data.  
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The income variable presented direct relation with WTPASTA and WTAASTA, indicating 

that people with higher income are willing to pay values above average for maintaining 

ASTAs, in order to preserve the welfare levels and improvements in environmental quality 

(Pearce; Turner, 1990; Biel et al. 2011; Costanza et al., 2014).  

In this sense, an increase of R$ 1.000,00 in the interviewees’ income tends to generate an 

increase in WTPASTA of R$ 112,90 per hectare to preserve the rural properties with ASTA in 

Tomé-Açu, and an increase in WTAASTA of R$ 92,00 per hectare to replace the ASTAs  for 

another form of land use, ceteris paribus. 

These results are consistent with those found in other studies, such as: Tostô (2010), which 

estimated the total economic value that the population of Araras is willing to pay for the 

revegetation of riparian forests; de Mattos et al. (2007), which estimated the value of 

permanent preservation areas of the Ribeirão São Bartolomeu watershed in the municipality 

of Viçosa; Adams et al. (2008), which used the contingent evaluation to estimate the total 

economic value of preserving the Morro do Diabo area in the Atlantic Forest; and in the 

research of Santana et al. (2016), which applied the IMCV to estimate the total economic 

value of the vegetation in the Metalófita Savannah area in the Carajás National Forest. 

The education variable showed a positive result, indicating that the higher the level of 

education, the higher is the amount of willingness to pay for the preservation of the ASTAs 

areas of the municipality. Showing that, with each additional year of education there is an 

increase of R$ 309,91 in WTPASTA per hectare, and of R$ 216,99 in WTAASTA per hectare 

to replace this production system, ceteris paribus.  

These results, underlying the impact of higher education more than income, demonstrate the 

importance of knowledge about ecosystem services and the benefits they generate for society. 

The result is linked to the teaching on environmental education in schools in the municipality, 

and the presence of universities that directly and indirectly contribute to environmental 

awareness and the maintenance of the cultural aspects and tradition of agroforestry practices 

used in the local production systems. 

While to a smaller extent, when compared to this study, significant results attributed to the 

education variable were also reported in other works, to note: by Trujillo et al. (2016), in the 

studies of willingness to pay for the conservation of threatened coral reefs in the Caribbean; 

by Rosa et al. (2016), in the willingness to pay for the preservation of mangroves; by Santana 

et al. (2016), in the valuation of “canga”; and by Begot (2018), in the analysis of the 

externalities of a port project in the perception of fishermen.  

In contrast, works that did not show statistical significance for the education variable can also 

be found, such as: Mattos et al. (2007), in the evaluation of the willingness to pay to conserve 

permanent preservation areas in the municipality of Viçosa; Tôsto (2010), in the estimation of 

the willingness to pay for revegetation of riparian forests; and Venerosi et al. (2014), in the 

willingness to pay for the reduction of ecological and health risks caused by floods in 

different climate scenarios. 

The gender of the interviewee was shown as significant for specifying the model for both 
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WTPASTA and WTAASTA. Since most interviewees are male, the results show that values are 

higher when the interviewee is male. This reflects the dominant Japanese culture in the research 

area, and that men follow the conduct of activities always in the perspective of socioeconomic 

and environmental sustainability and, therefore, are willing to value their activities. 

According to Silva and Lima (2004), this behavior can occur due to the greater contribution of 

gender in family income and consequently in the spending decisions. In the case of Tomé-Açu, 

it may also be explained by the fact that most producers are male and are more involved in 

agricultural activities, which reflects the greater willingness to pay to preserve the ASTAs.  

The variable “time living on the location” was significant for the WTPASTA equation, but not 

for the WTAASTA. The results indicate that for every additional year of living in the 

municipality, the average value of WTPASTA increases by R$ 15,04 ha-1, ceteris paribus. 

The behavior of the variable may be linked to the effort to maintain the tradition of 

consortium plantations and the agricultural vocation of the municipality for cultivation in 

ASTAs. This eventually involves the resident population over time, given the temporary 

employment opportunities for women during the harvesting of black pepper, cocoa and 

various fruits. 

The environmental indicator (environmental dimension) that captured the joint effect of 12 

variables was highly significant. This variable, in addition to revealing the multifunctionality 

of the ASTAs in the perception of society, expresses the holistic character and intrinsic value 

of the natural assets.  

It is worth noting that this indicator tends to highlight the degree of perception of interviewees 

about the socioeconomic and environmental benefits generated by the ASTAs in Tomé-Açu for 

the welfare and quality of life of local, regional and global society; integrating perceptions and 

behaviors related to the sustainability of natural assets with respect to its conservation for future 

generations (Quintero-Angel; González-Acevedo ,2018; Santana et al., 2018). 

In this research, the increase of one unit in the average value of the environmental dimension 

indicator tends to increase WTPASTA and WTAASTA ceteris paribus by R$ 4.098,30 ha-1 

and R$ 2.270,97 ha-1, respectively. 

The environmental indicator reflects the participation of the environmental component in the 

total economic value of the ASTAs’ natural assets. This knowledge integrates the factors of 

the environmental economy that admits the use of natural assets with the manufactured ones 

in non-fixed proportions, considering different degrees of substitution in the generation of 

other products and services, with factors used in the Ecological Economy analyses that 

admits the use of natural assets in relatively fixed proportions with the manufactured assets, 

admitting the substitutability among the assets only at the limit (Costanza et al. 1997; Santana 

et al., 2016; Santana et al., 2018).  

Finally, the estimated average value of willingness to pay for the preservation of ASTAs in 

the Tomé-Açu (WTPASTA) was R$ 5.011,19 ha-1; adding to this value the standard deviation 

gives a maximum value of R$ 7.092,86 ha-1.  
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For the willingness to accept (WTAASTA) to give up ASTAs areas for any other form of land 

use, an estimated average value of R$ 7.367,24 ha-1 was obtained, reaching a maximum value 

of R$ 10.398,30 ha-1 when adding the standard deviation. These values express only the value 

of ecosystem services provided by the ASTAs in the perception of society, and exceed in 

magnitude the market value of the Amazon rainforest and production systems, which revolve 

around R$ 4.457,64 ha-1 for livestock, R$ 2.950,00 ha-1 for family agriculture and 

R$ 1.500,00 ha-1 for the Amazon rainforest. 

In the composition of the value of the ecosystem services of ASTAs’ natural assets, the 

participation of the environmental dimensions was greater than the economic dimension 

(Figure 1).  

Figure 1. Composition of the total economic value of the ecosystem services of the natural 

asset of ASTAs 

This aspect reflects how much society values the agroforestry systems in the region and 

strives for their conservation, perceiving them not only as an income-generating agricultural 

activity, but also as an important tool for ecological balance, maintenance of their levels of 

welfare and a fundamental part in the perpetuation of their history and culture, marked by the 

Japanese colonization (Daryanto et al., 2019). 

4. Conclusion 

The total economic value, estimated at an average of R$ 5.011,19 ha-1 for WTPASTA and 

R$ 7.367,24 ha-1 for WTAASTA was higher than the market value of the Amazon rainforest 

and production systems, which revolve around R$ 4.457,64 ha-1 for livestock, R$ 2.950,00 

ha-1 for family agriculture and R$ 1.500,00 ha-1 for the forest. This highlighted the 

importance given by the population to the ecosystem services and benefits in welfare 

generated by ASTAs. 
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From this perspective, a compensation policy for producers who have ASTAs in their rural 

properties becomes fundamental, given the range of ecosystem services generated and 

translated into the welfare of the population, not only local, but also regional and global. Thus, 

the value of the natural assets of the ASTAs instrumentalizes the implementation of public 

policies focused on the conservation of these assets and internalization of the value of 

ecosystem services generated by the ASTAs to rural properties.  

This initiative in strengthening of agroforestry practices, together with the integration of 

payment to compensate rural producers that maintain these systems in the Amazon, tends to 

generate a trajectory of sustainable development in the region. 
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