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ABSTRACT

The boom in the cacao market is significantly altering the way land is utilized in our Amazon. Far from being the subject of
rigorous analysis, current literature has overlooked this in many quantitative studies. Therefore, this study sought to analyze
the influence of commercial variables associated with the cacao market on deforestation, focusing on the San Martin region,
and to identify the existence of spillover effects. This was achieved by estimating a Spatial Durbin Model (SDM) using a Queen
contiguity matrix, calculating the Global Moran's I, and contrasting its estimators with the traditional Ordinary Least Squares
(OLS) method. It was concluded that there is a positive and significant spatial autocorrelation for forest loss, driven by
externalities that expanded the agricultural frontier. Furthermore, it was determined that the most highly capitalized districts
were the primary drivers of this expansion, and that it has now become a geographically interconnected phenomenon driven
by economic incentives, demonstrating that local conservation policies proved ineffective by omitting spatial contagion.
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RESUMEN

El auge del mercado de cacao esta modificando significativamente el modo en cémo aprovechamos los suelos de nuestra
Amazonia. Lejos de ser objeto de andlisis riguroso, la literatura actual lo ha pasado por alto en muchas investigaciones de
indole cuantitativa. Por eso, este trabajo buscd analizar la influencia de variables comerciales asociadas al mercado del cacao
sobre la deforestacion, centrandose en la regiéon San Martin, e identificar la existencia de efectos de desbordamiento o
spillovers, lo que se logré estimando un modelo espacial de Durbin (SDM) con una matriz de contigiiidad Reina, encontrando
el indice de Moran global y contrastando sus estimadores con el método clasico de Minimos Cuadrados Ordinarios (MCO). Se
concluyéd que existe una autocorrelacién espacial positiva y significativa para la pérdida forestal, impulsada por
externalidades que ampliaron la frontera agricola. También se determin6 que fueron los distritos mas capitalizados quienes
la impulsaron en mayor medida, y que ahora esta se ha convertido en un fenémeno geograficamente interconectado por
incentivos econémicos, lo que demostré que las politicas de conservacion locales resultaron ineficaces al omitir el contagio
espacial.
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1. INTRODUCTION

Cocoa (Theobroma cacao L.) is one of the most important and indispensable raw materials for the global
food industry (Borda et al., 2021; Huanca-Ccompe et al., 2026), mainly because of the high value of its fat-
rich beans, which are used to produce cocoa butter and powder and are processed as part of the large-scale
confectionery production chain (Kongor, 2024; Shilpa et al., 2026). However, this high demand is also
posing a severe threat to the forest resources of the areas where cocoa is cultivated.

The Peruvian Amazon is undergoing a serious transformation in land-use patterns, showing that tree
clearing is no longer an isolated phenomenon but rather part of an interconnected geographical dynamic
(Urgilez-Clavijo et al., 2025). The San Martin region is among the areas most affected by this nationwide
agricultural expansion, driven by growing domestic and international demand for cocoa. Although this
demand has generated higher incomes for local family farming, it is also placing unprecedented pressure
on major ecosystemss (Gonzalez-Gonzalez et al., 2021). La Rosa (2022) and Sims et al. (2025) agree that
the agricultural sector is the main driver of deforestation at the national level.

From a traditional economic perspective, Ordinary Least Squares (OLS) is commonly used to determine
which variables have the greatest influence on a given indicator. However, in the study of socio-
environmental phenomena, this approach is insufficient because it assumes independence among all
observed territorial units and ignores the spatial autocorrelation component of land-use change. This can
lead to biased estimators and prevents an adequate understanding of how disturbances in one district can
reshape the equilibrium of neighboring territories (Octaviani et al., 2023). For this reason, Hangli et al.
(2023) argue that studies are needed to examine the relationships between subregional units and indirect
effects on land use.

These patterns operate through market externalities. For example, if a district experiences a favorable price
shock, the resulting economic incentive may cross its boundaries, generating a spillover effect or spatial
spillover that expands the agricultural frontier at the provincial and regional levels (Baumann et al., 2022;
Lietal, 2021).

This study aimed to test for the presence of spatial spillover effects and autocorrelation among the 77
districts of the San Martin region, demonstrate that deforestation is also driven by external market and
production factors, and identify the actions that competent authorities should undertake to reduce forest
cover loss in the Peruvian Amazon.

2. 2. MATERIALS AND METHODS
Study area

The study was conducted in the San Martin region and covered its entire territory, as this area records the
highest cocoa production volumes in the country (Higuchi et al., 2022).

Research approach and design

The study adopted a quantitative approach, with an explanatory scope and a non-experimental
longitudinal-spatial design, covering the period from 2016 to 2024.

Population and sample

The population consisted of the 77 districts that make up the San Martin region. A census-based sampling
approach was used, including all district-level units in the analysis to avoid artificial selection bias and
facilitate the accurate calculation of continuous geographic boundaries.
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Operationalization of variables

The response variable was annual forest cover loss, measured in hectares. The independent variables
included farm-gate cocoa prices and cocoa (Theobroma cacao L.) production volume. The Unmet Basic
Needs Index (NBI) at the district level was also incorporated as a control variable and as a proxy for the
socioeconomic conditions of the territories. All variables are detailed in Table 1.

Table 1. Performance of regenerative tourism indicators

. Operational Unit of Expected
Variable Type . measurem  Source .
description ent sign
Deforestation Dependent Annual forest cover Hectares Minam N/A
0SS a
DEF 1 h
C . A | farm- Soles per
ocoa price Independent verage annual farm kilogram Midagri +)
(PRC) gate price (S/./ka)
Cocoa . .
Annual physical Metric tons ; :

- Independent phy Midagri (+)

production production volume ()]

(PROD)
Proportion of the

Unmet Basic Control population with at Percentage INEI @)

Needs (NBI) least one basic (%)

structural deprivation
Inhabitants
. . er square
Population Control Level of demographic Fl)dlorgeter INEI (+)
density (DEN) concentration (inhabitants
/km?)

Data collection techniques and instruments

The data were obtained through documentary sources from statistical databases. Forest loss indicators
were obtained from the Geobosques portal of the Ministry of the Environment (MINAM); economic
information was obtained from the SIEA platform of the Ministry of Agrarian Development and Irrigation
(MIDAGRI); and socioeconomic and geographic information was obtained from the National Institute of
Statistics and Informatics (INEI). All of these are publicly accessible government sources; therefore, no
primary data collection instruments were used.

Data analysis techniques

Econometric techniques designed to isolate and measure geographic spillover effects were employed. In
the first stage, the presence of spatial autocorrelation was evaluated using the Global Moran’s I. Territorial
interactions were modeled through a row-standardized Queen contiguity spatial weights matrix (W),
which identified as neighbors those districts sharing at least one vertex or edge along their administrative
boundaries (Isnan et al., 2025). To isolate externalities, estimation was performed using the Spatial Durbin
Model (SDM). To justify this decision, Moran’s [ was calculated and a scatterplot was generated for district-
level deforestation, as shown in Figure 1.
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Figure 1. Moran scatterplot for district-level deforestation in San Martin

The scatterplot reveals a positive Global Moran'’s I of 0.19, a fitted line with a positive slope, and a high
concentration of observations in quadrants I and III, confirming the presence of positive spatial
autocorrelation. This demonstrates the need to employ a different method that incorporates these
interactions and provides a more realistic representation of the phenomenon. To corroborate this
mathematically, spatial dependence diagnostic tests were performed on the residuals of the conventional
OLS model. The results are presented in Tables 2 and 3.

Table 2. Spatial diagnostic tests using Lagrange multipliers

Sarerr Test df Value Prob
Lagrange multiplier (lag) 1 0.152 0.6965
Robust LM (lag) 3.974 0.0462

1
Lagrange multiplier (error) 1 0.054 0.8159
Robust LM (error) 1 3.877 0.0490
Lagrange multiplier (SARMA) 2 4.029 0.1334

Table 3. Tests for inclusion of WX spatial lags

Spacial Durbin Test df Value Prob
LM test for WX 4 12.492 0.0140
Robust LM WX test 4 12.394 0.0147
Lagrange multiplier (lag) 1 0.152 0.6965
Robust LM lag - SDM 1 0.054 0.8159
Join test for SDM 5 12.546 0.0280

The robust versions of the Lagrange Multiplier tests confirmed the presence of spatial autocorrelation at a
5% significance level. Likewise, the tests focused on the SDM showed that the included spatial lags were
highly significant in both the standard test (p = 0.0140) and its robust version (p = 0.0147). These results
reject the null hypothesis of spatial independence and demonstrate that spillover effects on forest loss in
San Martin arise from dynamic markets and the socioeconomic characteristics of neighboring areas.

All data processing, mapping, and estimations were carried out entirely in the Python-based Anaconda 3
environment using specialized libraries such as GeoPandas and PySAL.
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3. RESULTS AND DISCUSSION

The following section presents the results obtained from the study, incorporating both descriptive and
inferential statistical analyses, which are subsequently contrasted with previous findings.

3.1 Exploratory spatial data analysis

After compiling the statistical and geospatial data, the degree of impact of tree loss was compared across
districts from 2016 to 2024. The evolution of this indicator was represented through an infrared heat map,
as shown in Figure 2.

frear;2016 freary2017 frear;2018

Lveart2019 Lveart2020) fvear2021

frear;2022] frean;2023] \Yearj2024]

T T
500, 1000, 1500, 2000, 2500
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Figure 2. Heat-map evolution of district-level deforestation in San Martin (2016-2024). Prepared by the author
based on data from the MINAM Geobosques platform

As observed, forest loss experienced a decline in intensity around 2018 and was concentrated in the
southeastern cluster. In subsequent years, the impact of the spillover effect proposed by the Durbin model
became evident, expanding forest loss toward neighboring jurisdictions.

These results are consistent with Tafur et al. (2022), who reported a notable decline in the deforestation
rate in San Martin between 2018 and 2019, in contrast to other regions such as Pasco and Junin, which
experienced increases ranging from 3.62% to 9.41%. Mostiga et al. (2025) identify agriculture, the
transportation network, the rural population, and fire as the main drivers, with variations across regions.

It is also necessary to examine the most recent cross-sectional scenario in order to assess the current
severity of the situation. Figure 3 presents the intensity levels of forestloss in 2024 and illustrates the static
spatial distribution of the phenomenon.
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Figure 3. Impact of the cocoa boom on Amazonian deforestation at the district level in San Martin (2024). Prepared
by the author based on data from the MINAM Geobosques platform

As shown in Figure 3, forest loss has not occurred randomly across the region. Rather, the most heavily
affected districts have largely been surrounded by jurisdictions exhibiting similar behavior, confirming
strong evidence of positive spatial autocorrelation and invalidating the independence assumption
underlying the conventional OLS estimator.

These interconnections were identified through the spatial weights matrix. Table 4 describes the topology
of San Martin based on the information provided by this matrix.

Table 4. Descriptive statistics of the spatial weights matrix (W)

Item Value
Total number of districts (n) 77
Percentage of nonzero 6.95%
Average number of neighbors 5.35
Minimum number of neighbors 2
Maximum number of neighbors 9

[t is important to note that the minimum degree of connectivity is two neighbors and the maximum is nine,
ruling out the existence of districts operating as isolated spatial “islands.” In addition, the network density
is 6.95%, making the matrix sufficiently robust to capture spillover effects and confirming that
disturbances in the cocoa market in one district can feasibly be transmitted sequentially to surrounding
areas.

The robustness of these results is consistent with Griffith and Paelinck (2018), who state that Queen
contiguity makes it possible to represent observations connected through spatial neighborhood
relationships, which is particularly appropriate when analyzing collective units composed of dynamic
rational agents.
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Figure 4 graphically presents the matrix, with the centroids of each district connected through edges
representing channels of economic pressure and agricultural spillover.

Figure 4. Spatial connectivity network (W matrix) of San Martin

The network configuration demonstrates that neighboring districts do not operate in isolation. This

network therefore provides the matrix basis for estimating the Spatial Durbin Model developed in the
following section.

The usefulness of this matrix is also supported by Suryowati et al. (2018), who argue that it allows the
statistical neighborhood structure to be represented and reflects the spatial influence exerted among
observations. Akolo (2022) further notes that this matrix-based method captures connections more
effectively by considering observations that share either an edge or a vertex as neighbors, unlike rook
contiguity, which relies only on shared edges.

3.2 Estimation of the Spatial Durbin Model

The statistical tests yielded metrics that further support the existence of strong correlations among the
variables after introducing the W matrix into the district-level forest loss model.

Table 5. Preliminary results of the Spatial Durbin Model

Independent variable Coefficient Standard error Z.Statistic
Local cocoa price (PRC) -64.492%** 28.848 -2.235
Local production (PROD) -0.007 0.034 -0.211
Local population density 0.198 0.266 0.746
Local Unmet Basic Needs 5 Cgoxk 2.854 -1.956
(NBI)

Neighboring cocoa price 108.769%** 37.991 2.863
(W-PRC)
7
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Neighboring production

0.089* 0.045 1.952
(W-PROD)
Neighboring population 1.096 0.856 1.280
density (W-DEN)
Neighboring Unmet Basic 13.298%* 6.408 -2.075
Needs (W-NBI)
p (deforestation spatial 0.035 0.173 0.203
lag)
Constant -119.963 572.174 -0.209
Observations 77
Pseudo R? 0.317

Note. The response variable is the local deforestation rate in hectares. Significance levels: * p < 0.10, ** p < 0.05, *** p
<0.01.

The cocoa price in neighboring districts (W-PRC) showed the largest impact, with an estimated coefficient
of 108.769 and a high level of statistical significance. In contrast, the economic pressure associated with
local farm-gate prices (PRC) exerted an inverse effect and was less significant. Although this result may
appear paradoxical, it suggests that an increase in cocoa prices within the district under analysis does not
necessarily generate sufficient incentives for farmers to further expand the agricultural frontier through
additional tree clearing within that same territory.

The poverty level in neighboring districts (W-NBI) and local Unmet Basic Needs (NBI) also exerted inverse
effects, although to a lesser extent. This can be explained by assuming the rational behavior of economic
agents participating in this market. If socioeconomic conditions in neighboring districts are less precarious,
there are stronger incentives within the surrounding area to remain competitive and rely more heavily on
export-oriented agriculture, leading to additional tree clearing to expand productive capacity (Shao et al,,
2024).

These results are consistent with Cruz et al. (2023) and Chen et al. (2025), who conclude that factors such
as GDP, urbanization, agriculture, the timber industry, mining, infrastructure, climate change, poverty, and
migration constitute some of the strongest drivers and tend to operate in a coordinated manner. Ravikumar
and Lock (2025) further argue that Peruvian policies have not contributed as effectively as expected to
reducing national deforestation rates because they do not directly address these underlying drivers.
Likewise, Aguirre et al. (2021) note that forest protection policies become less effective when undermined
by road infrastructure and that expanding protected areas, rather than improving existing measures, may
worsen the situation.

3.3 Decomposition of spatial effects

Interpreting the preceding estimators in isolation is insufficient because endogenous feedback effects exist
among districts. Therefore, following the methodology of LeSage and Pace, the effects must be decomposed
into indirect and total effects. The final results are presented in Table 6.

Table 6. Decomposition of spatial impacts

Variable Direct In.direct Total
(Spillover)
Local cocoa price (PRC) -63.7753 109.6775 45.9022
Local production (PROD) -0.0068 0.0921 0.0854
Local population density (DEN) 0.2062 1.1370 1.3431
Local Unmet Basic Needs (NBI) -5.6760 -13.9009 -19.5768
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After introducing the LeSage and Pace multipliers, the results show a direct effect of -63.77 for cocoa
market dynamics (PRC), suggesting that higher local prices in a given district are associated with lower
agricultural expansion within its own boundaries, possibly because of land saturation or labor shortages.
In contrast, the indirect effect dominates, with a coefficient of 109.67, demonstrating that positive market
shocks, rather than remaining locally contained, export substantial environmental pressure and expand
the agricultural frontier into neighboring territories, a consequence previously reported by Paredes and
Pastor (2023).

This is consistent with the indirect effect of -13.90 for Unmet Basic Needs (NBI), which indicates that when
poverty declines or greater capital accumulation occurs in neighboring districts, forest loss in the local
district tends to increase. This suggests that wealthier jurisdictions that are more integrated into
international markets are those driving tree clearing in more vulnerable neighboring territories.

The findings are consistent with Ledesma (2025), who concludes that forest loss is negatively associated
with monetary poverty because poorer and more remote households have less capital available to expand
agricultural production. Boillat et al. (2022) also support the existence of an inverse relationship between
poverty and deforestation indicators in their study conducted in Bolivia. Ngouhouo-Poufoun et al. (2024)
further report that many households in the Congo adopted the resource-extraction practices of
neighboring communities while also being influenced by the dynamism of the cocoa market and open-
access systems.

CONCLUSIONS

The study concluded that the rate of forest loss in the Peruvian Amazon does not operate in isolation, but
rather as an interconnected geographic system. Validation of the Global Moran’s | and the Lagrange
Multiplier tests demonstrated the existence of strong positive spatial autocorrelation, which is ignored by
the conventional OLS approach and therefore leads to biased estimators. The Spatial Durbin Model showed
that the main driver of deforestation in the San Martin region is the spillover effect of the cocoa market,
whereby districts experiencing favorable price shocks do not necessarily clear all available land within
their own boundaries, but instead exert pressure on neighboring districts to do so. In addition, districts
with low levels of Unmet Basic Needs (NBI) were found to act as drivers of agricultural expansion, directing
it toward more vulnerable surrounding areas. These externalities reflect the ineffectiveness of pro-
environmental policies implemented by successive governments, as such policies are focused on individual
sectors and lead agricultural capital to be reallocated toward bordering territories. This makes it
imperative to urgently redirect these measures toward a macroregional approach capable of internalizing
the spatial contagion generated by the export-oriented economy.

ACKNOWLEDGMENTS

The author acknowledges the institutional support of Dr. Ramon Alberto Diez Matallana, who served as
advisor to the research project for administrative purposes at Universidad Nacional Agraria La Molina.

FUNDING

The author received no financial support to conduct this study.

CONFLICT OF INTEREST

The author declares that there are no conflicts of interest related to the subject matter of this study.

AUTHOR CONTRIBUTIONS

1. Conceptualization: Renzo Aarén Rojas Chipana.

9 Rev. Amaz. Cienc. Econ. 5(2): e1700; (Jul-Dec, 2026). e-ISSN: 2810-8825




Rojas-Chipana RAC E

2. Data curation: Renzo Aarén Rojas Chipana.

3. Formal analysis: Renzo Aarén Rojas Chipana.

4. Funding acquisition: Renzo Aarén Rojas Chipana.

5. Investigation: Renzo Aardn Rojas Chipana.

6. Methodology: Renzo Aarén Rojas Chipana.

7. Project administration: Renzo Aarén Rojas Chipana.

8. Resources: Renzo Aarén Rojas Chipana.

9. Software: Renzo Aarén Rojas Chipana.

10. Supervision: Renzo Aarén Rojas Chipana.

11. Validation: Renzo Aardn Rojas Chipana.

12. Visualization: Renzo Aarén Rojas Chipana.

13. Writing - original draft: Renzo Aarén Rojas Chipana.

14. Writing - review and editing: Renzo Aardn Rojas Chipana.
DATA AVAILABILITY

The study was conducted using data from publicly accessible government repositories. Information on
forest loss is available through the Geobosques portal of the Ministry of the Environment (MINAM);
agricultural statistics can be downloaded from the SIEA platform of the Ministry of Agrarian Development
and Irrigation (MIDAGRI); and socioeconomic information is available in the census database catalog of the
National Institute of Statistics and Informatics (INEI). The processed and consolidated data are available
from the corresponding author upon reasonable request.

REFERENCES

Aguirre, ], Guerrero, E., & Campana, Y. (2021). How effective are protected natural areas when roads are
present? An analysis of the Peruvian case. Environmental Economics and Policy Studies, 23, 831-
859. https://doi.org/10.1007/s10018-021-00304-y

Akolo, I. R. (2022). Perbandingan Matriks Pembobot Rook Dan Queencontiguity Dalam Analisis Spatial
Autoregressive Model (SAR) Dan Spatial Error Model (SEM). Jambura Journal of Probability and
Statistics, 3(1), 11-18. https://doi.org/10.34312 /jjps.v3i1.13582

Baumann, M., Gasparri, 1., Buchadas, A., Oeser, ]., Meyfroidt, P., Levers, C., Romero-Muiioz, A., De Waroux,
Y. L. P, Miiller, D., & Kuemmerle, T. (2022). Frontier metrics for a process-based understanding of
deforestation dynamics. Environmental Research Letters, 17(9), 095010.
https://doi.org/10.1088/1748-9326/ac8b9%a

Boillat, S., Ceddia, M. G., & Bottazzi, P. (2022). The role of protected areas and land tenure regimes on
forest loss in Bolivia: Accounting for spatial spillovers. Global Environmental Change, 76, 102571.
https://doi.org/10.1016/j.gloenvcha.2022.102571

Borda, A., Morales, O., Teegen, H., Rees, G. H., & Gonzalez-Perez, M. A. (2021). Addressing Sustainable
Rural Development with Shared Value: A Peruvian Model from the Cacao Industry. Sustainability,
13(14), 8028. https://doi.org/10.3390/su13148028

Chen, X., Wang, H., Zhu, X,, & Zhang, X. (2025). Spatial-temporal characteristics of agricultural economic
resilience and spatial spillover effects of driving factors: evidence from provincial panel data in
China. Frontiers in Environmental Science, 13, 1437018.
https://doi.org/10.3389 /fenvs.2025.1437018

Cruz, M., Pradel, W,, Juarez, H., Hualla, V., & Suarez, V. (2023). Deforestation Dynamics in Peru. A
Comprehensive Review of Land Use, Food Systems, and Socio-Economic Drivers. Centro
Internacional de la Papa. https://doi.org/10.4160/cip.2023.12.007

Gonzalez-Gonzalez, A., Villegas, ]., Clerici, N., & Salazar, ]. (2021). Spatial-temporal dynamics of

10 Rev. Amaz. Cienc. Econ. 5(2): e1700; (Jul-Dec, 2026). e-ISSN: 2810-8825




Rojas-Chipana RAC E

deforestation and its drivers indicate need for locally-adapted environmental governance in
Colombia. Ecological Indicators, 126, 107695. https://doi.org/10.1016/j.ecolind.2021.107695

Griffith, D. A., & Paelinck, J. H. P. (2018). The Spatial Weights Matrix and ESF. In: Morphisms for
Quantitative Spatial Analysis. Advanced Studies in Theoretical and Applied Econometrics, 51, 49-60.
https://doi.org/10.1007 /978-3-319-72553-6_5

Hanggli, A., Levy, S., Pascual, D. A, Bovolo, 1., Brandao, ]., Rueda, X, & Garrett, R. (2023). A systematic
comparison of deforestation drivers and policy effectiveness across the Amazon biome.
Environmental Research Letters, 18(7), 073001. https://doi.org/10.1088/1748-9326/acd408

Higuchi, A., Coq-Huelva, D., Vasco, C., Alfalla-Luque, R., & Maehara, R. (2022). An evidence-based
relationship between technical assistance and productivity in cocoa from Tocache, Peru. Revista de
Economia e Sociologia Rural, 61(1). https://doi.org/10.1590/1806-9479.2021.253614

Huanca-Ccompe, F. R,, Carrion-Sanchez, H. M., Chambilla, L. Q., Alcazar-Alay, S., & Pumacahua-Ramos, A.
(2026). Theobroma spp. Mucilage as a Valuable Natural Ingredient: Composition, Potential for Food
Innovation, and Future Perspectives. Foods, 15(2), 185. https://doi.org/10.3390/foods15020185

Isnan, S., Abdullah, A. F. B, Shariff, A. R. M., Ishak, I, Ismail, S. N. S., & Appanan, M. R. (2025). Moran's I and
Geary's C: investigation of the effects of spatial weight matrices for assessing the distribution of
infectious diseases. Geospatial health, 20(1). https://doi.org/10.4081/gh.2025.1277

Kongor, J. E., Owusu, M., & Oduro-Yeboah, C. (2024). Cocoa production in the 2020s: challenges and
solutions. CABI Agriculture and Bioscience, 5, 102. https://doi.org/10.1186/s43170-024-00310-6

La Rosa Salazar, M. A. (2022). Agricultura y Deforestacidon en la Amazonia Peruana: Una Revision
Bibliométrica. Natura@economia, 7(2), 117-130. http://dx.doi.org/10.21704/ne.v7i2.2140

Ledesma Goyzueta, L. (2025). Analisis de la asociacion entre la pobreza y la pérdida de bosques a nivel
distrital en el Peru: Aplicacion del Modelo Autorregresivo Espacial con Perturbaciones
Autorregresivas Espaciales (SARAR). Ecologia Aplicada, 24(1), 89-101.
https://doi.org/10.21704 /rea.v24i1.2280

Li, F., Feng, S., Lu, H,, Qu, F., & D’haese, M. (2021). How do non-farm employment and agricultural
mechanization impact on large-scale farming? A spatial panel data analysis from Jiangsu Province,
China. Land Use Policy, 107, 105517. https://doi.org/10.1016/j.landusepol.2021.105517

Moéstiga, M., Armenteras, D., Vayreda, J., & Retana, ]. (2025) Decoding the drivers and effects of
deforestation in Peru: a national and regional analysis. Environment, Development and
Sustainability, 27, 17395-17415. https://doi.org/10.1007 /s10668-024-04638-x

Ngouhouo-Poufoun, ]., Chaupain-Guillot, S., Ndiaye, Y., Sonwa, D. ], Yana Njabo, K., Delacote, P. (2024)
Cocoa, livelihoods, and deforestation within the Tridom landscape in the Congo Basin: A spatial
analysis. PLoS ONE, 19(6), e0302598. https://doi.org/10.1371/journal.pone.0302598

Octaviani Hasibuan, D., Pau Teku, H., Drostela Putri, M. F., Setyawan, Y., & Dwi Bekti, R. (2023).
Application of Geographically Weighted Regression Method on the Human Development Index of
Central Java Province. Enthusiastic: International Journal of Applied Statistics and Data Science, 3(2),
189-201. https://doi.org/10.20885/enthusiastic.vol3.iss2.art6

Paredes, M., & Pastor, A. (2023). Illicit crops in the frontier margins: Amazonian indigenous livelihoods
and the expansion of coca in Peru. The Journal of Peasant Studies, 51(4), 960 - 981.
https://doi.org/10.1080/03066150.2023.2225413

Ravikumar, A., & Lock, W. (2025). Between conservation and commodities: Does Peruvian tropical forest
conservation challenge or reinforce extractivism? Environment and Planning E: Nature and Space,
8(5), 1626-1649. https://doi.org/10.1177/25148486251356196

Shao, J., Zhang, L., & Cai, C. (2024). Dynamic evolution and spatial spillover effect of agricultural green
development on eight economic regions in China. Heliyon, 10(12), e33188.
https://doi.org/10.1016/j.heliyon.2024.e33188

11 Rev. Amaz. Cienc. Econ. 5(2): e1700; (Jul-Dec, 2026). e-ISSN: 2810-8825




Rojas-Chipana RAC E

Shilpa, K. S., Minimo], J. S., Mohanan, S., Nair, R. S., Pulickal, R. T., Joseph, ]., Ahlawat, Y., & Muhie, S. H.
(2026). Fermentation and chemical composition as determinants of genetic and biochemical
variation in cocoa (Theobroma cacao L.) bean colour. Scientific Reports, 16, 14492.
https://doi.org/10.1038/s41598-026-45348-w

Sims, M. ],, Stanimirova, R., Raichuk, A., Neumann, M., Richter, ., Follett, F., MacCarthy, |, Lister, K., Randle,
C., Sloat, L. L., Esipova, E., Jupiter, ., Stanton, C., Morris, D., Slay, C. M., Purves, D., & Harris, N. (2025).
Global drivers of forest loss at 1 km resolution. Environmental Research Letters, 20(7), 074027.
https://doi.org/10.1088/1748-9326/add606

Suryowati, K., Bekti, R. D., & Faradila, A. (2018). A Comparison of Weights Matrices on Computation of
Dengue Spatial Autocorrelation. [OP Conference Series: Materials Science and Engineering, 335.
https://doi.org/10.1088/1757-899x/335/1/012052

Tafur Anzualdo, V. I, Esenarro, D., Guillen, R., & Reyna, S. (2022). Deforestation in Peru and strategic plan
for its reduce Amazonian forests. 3C Tecnologia. Glosas de innovacién aplicadas a la pyme, Edicién
Especial, (febrero 2022),97-111. https://doi.org/10.17993 /3ctecno.2022.specialissue9.97-111

Urgilez-Clavijo, A., Rivas-Tabares, D., Gobin, A., Alfonso, A. M. T., & De La Riva Fernandez, ]. R. (2025).
Understanding local connectivity and complexity in the skeleton of deforestation. Scientific Reports,
15, 18192. https://doi.org/10.1038/s41598-025-02932-w

Appendices

Appendix 1. Cluster map (LISA) of district-level deforestation in San Martin

Clusteres LISA (p < 0.05)
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Appendix 2. Spatial distribution of the residuals from the Spatial Durbin Model
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