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	ABSTRACT

	Chili pepper production in West Nusa Tenggara is the second largest producer in Indonesia. However, the distribution of production still shows a significant imbalance between regions. This imbalance can affect the stability of supply and prices both locally and nationally. This study aims to examine the factors that influence chili pepper production in NTB using the spatial regression method. The data used are secondary data from agricultural statistics in 2024, which cover ten districts/cities. The SEM model was chosen because it can identify the effects that occur between geographically close regions, which are often not visible in traditional regression models. The results of the analysis show that the area of ​​harvested land and the level of chili pepper productivity have a significant effect on the total production at a real level of 10%, with coefficients of 96.6132 and 44,385.5, respectively. The lambda value reaching 1.6667 provides support for evidence of positive spatial autocorrelation between regions. The SEM model also showed a lower AIC value (316.58) compared to the classical regression model, indicating that this model is more efficient and accurate.
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1. Introduction

The agricultural sector is a vital part of the Indonesian economy, with many people working as farmers due to the natural conditions that support national economic development. This sector is renowned for producing high-quality agricultural products, making Indonesia known as an agrarian nation with significant capacity in this area (Manggala & Boedi, 2018). Agricultural products significantly impact the Indonesian economy by creating jobs, offering a variety of food choices, helping to alleviate poverty, and generating revenue for the state (Siswanto et al., 2020). Horticultural crops are a crucial component of the agricultural sector. Horticultural crops contribute significantly to ensuring food security and supporting Indonesia's future economic growth (Deviani et al., 2019).
Chili plants, particularly cayenne peppers, are a crucial and highly sought-after agricultural commodity in Indonesia. There are around 20 types of chili, but generally Indonesian people only know four types, namely cayenne pepper, large chili, curly chili, and paprika (Nisa & Ambarwati, 2022) West Nusa Tenggara is the second largest province in producing cayenne pepper after East Java (Septiadi & Joka, 2019) In 2021, NTB province succeeded in producing 62,539 tons of cayenne pepper (Yusuf & Septiadi, 2024). This high production reflects NTB's important contribution in ensuring the availability of chili at the national level and supporting the welfare of farmers.
According to information from the West Nusa Tenggara Provincial Goverment (Dupayana & Anang, 2024) the amount of cayenne pepper produced in various districts and cities varies from 2013 to 2024. In 2013, cayenne pepper production in NTB averaged 35,326 quintals. This production then increased and reached its highest point in 2018, with an average of 210,530 quintals per region. However, in 2022, production dropped significantly to around 50,078 quintals, before rising again to around 102,846 quintals in 2024. In addition, there are quite large differences between regions, where some regions can produce more than 160,000 quintals, while other regions only produce around 5,000 quintals. This increase can be attributed to chili production to meet domestic consumption needs as well as as an export commodity (Mantja et al., 2020)  This indicates that several factors influence cayenne pepper yields in NTB.
The most significant factor influencing cayenne pepper production is labor. However, the use of drugs in production has a negative regression coefficient, meaning that the more drugs used, the lower the cayenne pepper yield. (Febrilia et al., 2023) In West Nusa Tenggara, the amount of cayenne pepper produced is influenced by the size of the land used for planting. Generally, the larger the planted area, the greater the yield. For example, East Lombok Regency has the largest cayenne pepper harvest area in NTB, namely 6,531.07 hectares, with a total yield of 648,588.02 quintals. Meanwhile, North Lombok Regency only has a harvested area of ​​539.53 hectares, but its production is recorded at 162,422.16 quintal (Setyo et al., 2003) although the harvested area in North Lombok is much smaller, the harvest results there show that success is not only determined by the size of the land, but also by other factors such as management and farming methods. This shows that increasing crop yields does not only depend on the size of the land, but also on how good and efficient the farming methods used are (Fadli et al., 2024).
However, if efforts are not made to increase the use of technology and efficiency in growing cayenne pepper, the differences in yields between farmers and regions in NTB will increase. This could lead to economic inequality and unstable chili prices in local and national markets. As a result, both farmers and consumers will face losses. (Preciosa et al., 2019) If this situation continues, regions with extensive land but not yet using technology will remain behind, while regions with advanced cultivation methods will be unable to fully develop. (Preciosa et al., 2019) Overall, cayenne pepper production in NTB will not reach its maximum potential, and if a crop failure occurs in one area, it could significantly impact supply and prices. This will also hinder improvements in farmer welfare and overall food security (Rizki et al., 2024).
Several scientific methods were used to support this research. Agricultural methods were used to understand the influence of harvested area and cayenne pepper productivity, which are a crucial part of the vegetable cultivation system. Furthermore, statistical methods were used to examine the relationship between these factors using regression techniques, thus determining the extent of each factor's influence on cayenne pepper production. However, because the districts in NTB are close to each other and have similar geographic characteristics, there is a possibility of mutual influence between regions. Therefore, a geospatial approach is also important to identify patterns of inter-regional relationships. The combination of these three approaches: agriculture, statistics, and geospatial is necessary to gain a more complete understanding of cayenne pepper production patterns in NTB. This study uses a spatial regression method. Spatial regression is a statistical approach that can be applied to describe socio-economic situations by considering the impact of location or spatial  (Postiglione et al., 2020). In this way, the analysis conducted not only looks at the relationship between variables, but also considers how the influence between regions occurs, so that the results obtained are more accurate and in accordance with existing geographic conditions. This development is based on the impact of location or spatial influence of the data being analyzed (Murakami & Kato, 2020).
This study focuses on the impact of land size and productivity on cayenne pepper production in West Nusa Tenggara. This analysis only covers districts/cities within the NTB region, using secondary data from official sources such as the Central Statistics Agency (Nur Wahyu Riska Febriana & Hailuddin, 2024).The variables studied are limited to harvested area and productivity on cayenne pepper production, without including other variables such as rainfall, soil conditions, market prices, or the use of tools and other agricultural materials. To determine the spatial impact between geographically adjacent areas, this study applies a spatial regression analysis method with the Spatial Error Model (SEM). The Spatial Error Model (SEM) is a type of regression model that takes into account spatial dependence  (Safitri et al., 2022). One of the main advantages of the SEM model is its ability to model observational data that has spatial relationships better (Mar’ah et al., 2025). SEM appears when there is a relationship between value errors in nearby places, or it can be said that these locations have a spatial correlation (Nurjanah et al., 2023).


2. Method

The data used in this study are agricultural statistics from the regional agricultural office, with a sample size of 10 observations. The data includes information on cayenne pepper production across all regencies and cities in West Nusa Tenggara Province in 2024. To support the analysis process, ArcView software (for spatial mapping) and GeoDa (for spatial statistical analysis) were used. The method used in this study is spatial regression, a statistical method that considers spatial relationships between locations in modeling the relationships between variables.
Table 1. Research Variables
	No 
	Variabels
	Variabel Name

	1
	Y
	Chili Pepper Production

	2
	X1
	Harvested Area

	3
	X2
	Chili Pepper Productivity


[image: ]This study employed the Spatial Regression method, a statistical technique that considers spatial autocorrelation, or the influence that occurs between geographical regions. In this situation, the spatial regression method was chosen because cayenne pepper production in a district or city in West Nusa Tenggara (NTB) is likely influenced by production in surrounding areas. The model used was the Spatial Error Model (SEM), specifically designed to address spatial autocorrelation in regression model errors.

Figure 1. Research Flow Diagram
The analytical methods applied in this study can be explained through the following steps:
1. Data collection was carried out using secondary data from the West Nusa Tenggara Provincial Agriculture Office in 2024, covering ten regencies or cities.
1. The data was explored and analyzed in depth to determine the distribution of production across various regions, which was then visualized in graphs and thematic maps (choropleths) using ArcView.
1. Spatial autocorrelation testing was performed using the Global Moran's Index to examine overall spatial patterns, and the Local Moran's Index (LISA) to identify areas exhibiting significant spatial patterns.
1. The LM Error Test was conducted to identify whether there was spatial dependence in the OLS model errors, which will form the basis for selecting a spatial regression model.
1. SEM model parameters were calculated to assess the impact of harvested area and productivity on cayenne pepper production, while taking into account autocorrelation in spatial errors through the lambda coefficient (λ).
1. After the SEM model is formed, classical assumptions are tested, including residual normality, residual variance homogeneity, and freedom from multicollinearity among independent variables.
1. Evaluation is conducted by comparing the SEM model with the classical linear regression (OLS) model based on the main criterion, namely the Akaike Information Criterion (AIC).


3. Result and Discussion

The 2024 cayenne pepper production chart in West Nusa Tenggara Province shows significant imbalances between regions. East Lombok leads the pack with production reaching over 650,000 quintals, far exceeding that of other regencies or cities. Meanwhile, regions such as North Lombok, Bima, and Sumbawa recorded medium-level production, while other regions, such as Mataram City, Bima City, and West Sumbawa, showed very low levels. This unevenness reflects variations in land conditions, productivity levels, and economic focus across regions and can be taken into consideration in formulating regional agricultural development policies.

Figure 2. Production of Cayenne Pepper in 2024
Chili pepper production in West Nusa Tenggara Province in 2024 showed an influence from surrounding areas. This is evidenced by the global and local Moran's index values. Although the global Moran's index of -0.111 with a p-value of 0.052000 (below α=10%) statistically indicates positive spatial autocorrelation, local analysis yields a different conclusion.
Globally, cayenne pepper productivity in NTB exhibits spatial autocorrelation. However, when viewed locally, the results differ. Based on local Moran's index values, ten regions showed significance at an error level of α=10%. These regions are West Lombok Regency, Central Lombok, East Lombok, Sumbawa, Dompu, Bima, West Sumbawa, North Lombok, Mataram City, and Bima City. These ten regions were then grouped into four distinct quadrants using a Moran scatterplot, the results of which are shown in Figure 4.
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Figure 3. Thematic Map of Chili Pepper Productivity in Each City/Regency
Chili pepper productivity in West Nusa Tenggara Province in 2024 showed an influence from neighboring regions. This is evident through Moran's index analysis, both at the global and local scales. The global Moran's index of -0.111 with a p-value of 0.052000 (less than α=10%) indicates a fairly strong positive spatial autocorrelation. This means that regions with high chili pepper productivity tend to contribute to high productivity in their surroundings, and vice versa for regions with low productivity.
However, when examined more closely at the local level, the Moran's analysis yields a different conclusion. The local Moran's index identified one significant region and nine potential regions out of ten observed regions, with an error margin of α=10%. These ten regions were then categorized into four distinct quadrants, as shown in the Moran's Scatter Plot in Figure 4.
[image: ]
Figure 4. Moran Planning Plot of Chili Pepper Productivity

Visualization of the ten significant regions, divided into four Moran quadrants: High-High, Low-Low, Low-High, and High-low. The High-High, Low-Low, Low-High, and High-low quadrants are each filled by one significant district/city, namely Sumbawa Regency, which indicates high productivity in the area. This condition has the potential to affect the stability of the quality or production of cayenne pepper in the surrounding area if not handled properly. Conversely, Sumbawa Regency, which is shown in (blue), is actually in the Low-High quadrant, which means that cayenne pepper productivity in the region is low. For now, insignificant regions (at α = 10%) are marked in gray.
[image: ][image: ] 
Figure 4. Thematic Map Based on Local Moran's Test

Based on the Spatial Error Model (SEM) regression output you provided, the resulting formula is as follows: y^ = -3.92556e+06+ 1.66667Wy + 96.6132X1 + 44385.5X2
The results of the SEM model estimation and testing can be seen in Table 2. From these results, two explanatory variables were obtained with probability values ​​less than α=10%.
This indicates that both explanatory variables have a significant effect on the productivity of cayenne pepper in West Nusa Tenggara at a significance level of 10%. The two significant explanatory variables found are: Harvested Area of ​​Cayenne Pepper (X1) and Productivity of Cayenne Pepper (X2). In addition to these two significant explanatory variables, there is also a new significant coefficient, namely . The resulting SEM model is considered appropriate because it meets all the assumptions of classical linear regression, namely, normally distributed residuals, homogeneous residual variances, and independent residuals.
Table 2. Testing and Estimation of SEM Model Parameters
	Predictor
	Coefficient
	Z
	p

	Constant
	-3.92556e+06
	-3.49926
	0.00047

	Harvested Area X1
	96.6132
	40.1092
	0.00000

	Productivity X2
	44385.5
	6.71218
	0.00000

	Lambda
	1.66667
	3.14447
	0.00166



The positive coefficient of X1 (Harvested Area) of 96.6132 indicates that increasing the area of ​​land used to grow cayenne peppers in an area will also increase cayenne pepper production. Similarly, the positive coefficient of X2 (Productivity) of 44385.5 indicates that each unit increase in cayenne pepper productivity leads to a significant increase in total production. This indicates that both factors play a significant role in determining the amount of cayenne pepper production in a given area.
The criteria used to select the best model is to compare the AIC values. A comparison between SEM and classical linear regression can be seen in Table 3.
Table 3. Comparison of the goodness-of-fit measures of the SEM and OLS models
	Model
	AIC

	Classical linear regression (OLS)
	318.202

	Spatial regression (SEM) 
	316.58



Based on the Model is considered better if it has a smaller Akaike Information Criterion (AIC) value. Based on the Model Comparison Table, the Classical Linear Regression Model has a larger AIC value (318.202) when compared to the SEM Model which has a smaller AIC value (316.58). based on the comparison results the SEM Model has a lower AIC value in Classical Linear Regression indicating that this SEM model is better than the OLS model. Therefore, based on this criterion, the Spatial Error Regression model is better for modeling cayenne pepper productivity in West Nusa Tenggara Province.


4. Conclusion

Based on the analysis conducted using the spatial regression method through the Spatial Error Model (SEM) approach, a model was obtained that meets basic statistical assumptions, where the residual values ​​are normally distributed, the residual variance is consistent, and there is no multicollinearity. The SEM model indicates that the harvested area and cayenne pepper productivity have a significant impact on total production at a 10% significance level, with an AIC value of 316.58, indicating that this model can explain production differences very well and effectively compared to the classical linear regression model. The analysis findings also revealed positive spatial autocorrelation between regions, indicating that production in one district or city is influenced by the conditions of the surrounding area. Therefore, the formulation of agricultural sector development policies must consider a region-based approach. In future research, it is recommended to add other variables such as rainfall, soil quality, and technology use, as well as consider the application of more complex spatial models or machine learning methods to improve the accuracy and clarity of the analysis results.	
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