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Abstract: The welfare of fishermen, as indicated by the value of NTN, is the government's focus in supporting 

economic growth and national development. The NTN, or Nilai Tukar Nelayan (Fihermen Exchange Rate), is 

estimated based on the prices of goods and services in terms of production, costs, and household consumption. 

However, the government needs to recognize how macroeconomic assumptions affect the welfare of fishermen in 

Indonesia as a basis for budget planning and national development programs. Therefore, this study aims to 

comprehensively analyze the welfare of fishermen in Indonesia using a spatial Durbin panel model approach. 

Provincial (spatial) secondary data from 2020 to 2022 involved variables of fishermen’s Exchange Rates, Human 

Development, Population Density, inflation, agricultural sector labor, and average daily wages.  It is new and 

interesting to include regional influences in determining the right policies to alleviate poverty in fishermen in 

Indonesia, considering the geographical conditions of Indonesia, which consists of islands. This study found that the 

Durbin spatial panel model is the best model for the data used and that the human development index (HDI) and 

inflation variables had a significant and positive effect on the welfare of fishing households in Indonesia.  
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Therefore, it is important for the Indonesian government to reduce the poverty rate of fishermen by improving 

the skills and innovation of fishermen, development gaps, and controlling inflation.  

Keywords: Fishermen Welfare, HDI, Inflation, human capital, Spasial Durbin Model 

评估印度尼西亚渔业家庭福利：面板空间杜宾模型方法 

摘要：渔民福利以 NTN 值表示，是政府支持经济增长和国家发展的重点。NTN 或 Nilai 

Tukar Nelayan（渔民汇率）是根据商品和服务的生产、成本和家庭消费价格估算的。另一方

面，政府需要认识到宏观经济假设如何影响印度尼西亚渔民的福利，以此作为预算规划和国

家发展计划的基础。因此，本研究旨在使用空间 Durbin 面板模型方法全面分析印度尼西亚

渔民的福利。本研究使用了 2020 年至 2022 年省级（空间）二级数据，涉及渔民汇率、人

类发展、人口密度、通货膨胀、农业部门劳动力和平均日工资等变量。考虑到印度尼西亚由

岛屿组成的地理条件，将区域影响纳入确定减轻印度尼西亚渔民贫困的正确政策是新颖而有

趣的。从最佳模型选择结果来看，本研究得出杜宾空间面板模型为最佳模型。研究结果发现， 

人类发展指数（HDI）和通货膨胀变量对印度尼西亚渔业家庭的福利有显著的正向影响。该研

究结果很有意思，需要印度尼西亚政府进一步考虑，通过提高渔民的技能和创新、发展差距

和控制通货膨胀来降低渔民的贫困率 

关键词：渔民福利、人类发展指数、通货膨胀、人力资本、空间杜宾模型 

1. Introduction
Indonesia is one of the largest maritime countries in

the world, and almost two-thirds of Indonesia's territory 

is sea. Indonesia, with a sea area of 5.8 million km2 and 

a coast length of 95,181 km, has fishery potential and a 

vast abundance of marine resources. This condition has 

immense potential for use in fisheries and marine 

resources. As mandated by law, this enormous potential 

must be pursued for the prosperity of people. Optimum 

utilization of fisheries and marine resources will 

improve the welfare of fishermen as the main actors in 

economic activities directly related to these resources. 

Fig 1. Fishermen Exchange Rates and Economic Growth by 

Indonesian Provinces in 2022 

Source: Central Bureau of Statistics (processed) 

The welfare of farmers in the fisheries and 

fishermen sectors is now receiving increasing attention 

from the government. This is proven in 2023, in article 

53 point e of Law no. 28 of 2022 concerning the 

government in implementing the State Budget for Fiscal 

Year 2023 seeks quality development targets to increase 

Farmer Exchange Rates and Fishermen Exchange Rates 

(NTN). Increasing NTN is a goal of national 

development and economic growth. This shows the 

amount of government attention paid to the fishermen in 

Indonesia. The fishermen's exchange rate determines the 

values of macroeconomic assumptions, which will 

influence the design of the government's budget in 

improving people's welfare, especially in coastal areas.  

Viewed from the development of NTN and 

economic growth in various provinces in Indonesia, 

based on Figure 1 below, shows that regions with a 

fisherman exchange rate index below 100 are in line 

with the low regional economic growth compared to 

other provinces with NTN above 100. For example, the 

East Nusa Tenggara and West Papua Provinces with the 

lowest NTN, namely 91.55 and 97.44, respectively, had 

low economic growth for the two provinces. This also 

shows that economic progress in a region improves the 

welfare of its people. Regions with high economic 

growth can be stimulated through well-implemented and 

sustainable economic development processes and output 
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growth, which the entire community can enjoy. Among 

the high-income minority group or from the low-income 

majority group, the delivery of economic development 

obligations, if delegated to high-income population 

groups, will be able to spur economic growth properly. 

However, suppose that the majority of the low-income 

population is selected. In this case, the development 

results must be shared equally, making it less likely to 

achieve a higher Gross National Product(Todaro dan 

Smith, 2009).  

Since ancient times, fishermen have been the most 

traditional and significant source of income for people 

living along the coast(Rahaman et al., 2022). The 

Fishermen's Exchange Rate (NTN) is a component of 

the farmers ' exchange rate (NTP), which is obtained by 

comparing the price index received by fishermen (IT) 

and the price index paid by fishermen (IB) multiplied by 

100. If NTN in an area exceeds 100, fishermen in that

region experience a surplus. In other words, the increase

in production prices is faster than the increase in

consumer prices, or fishermen's income increases faster

than their expenditure. The higher the value of the NTN

index in a region, the more prosperous the life of

fishermen in that region and vice versa. The Fishermen's

Exchange Rate is calculated periodically every month

based on the prices of goods and services in terms of

production, costs, and household consumption to

examine the actual welfare of fishermen. According to

Law No. 23 of 2022, based on the government’s target,

the fishermen's exchange rate must be at a vulnerable

value of 107 – 108. However, Figure 1 shows that more

than half of the provinces in Indonesia have NTN below

the government's target of 18 (eighteen) provinces.

Various government programs and strategies have been

implemented year to year to improve this NTN, and

some of the things that have always been obstacles to the

government are the equitable distribution of regional

development in Indonesia, which consists of an

archipelago.

The spatial dependency factor is an important factor 

that must be considered when assessing the economy 

and welfare of a region. This is based on the view that a 

region cannot be treated as a stand-alone unit; of course, 

regions, especially provinces within a country, must 

have socio-economic interactions, including trade, 

capital flows, migration, technological diffusion, and 

information exchange. Socioeconomic interactions 

between these regions will certainly emerge with spatial 

dependence on the economy in each region. V Tselios 

(2009)  added that the spatial dependence between these 

regions would have a stronger influence on the economy 

and welfare of neighboring areas. Th is is due to the 

relatively unhindered socioeconomic interactions 

between neighboring regions. Grouping within a region 

can occur because of economic concentration in certain 

areas. The new geographic economic theory focuses on 

circular causality mechanisms that explain the economic 

concentration within a region(Fujita et al., 2001). 

The welfare of fishers using the fisherman exchange 

rate approach includes an index of quantity elements in 

the form of a monthly production index and 

consumption index, which is still constrained by issues 

of collective agreement, data availability, and analysis 

and has not yet included spatial dependency factors. This 

prompted researchers to link and build the NTN model 

with various influencing factors, especially the 

indicators that make up macroeconomic assumptions 

that lead to policy simulations for development 

planning. 

Yunianto (2015) stated that in his research, what is 

expected to improve the welfare of fishermen is 

strengthening the value of the rupiah against the USD, 

maintaining the stability of prices for consumer goods, 

and falling world oil prices.Yapanto (2022), in his 

research results, stated that fishermen who get easy 

access to education and support from government 

assistance through free schools and scholarships have an 

impact on increasing their level of welfare. Beneficiary 

fishermen or those with low levels of welfare state their 

readiness to increase their business if assistance with 

fishing gear facilities, infrastructure, and increased 

income increases the welfare of farmers(Kembar et al. 

2022). Other studies related to NTN have not been 

carried out, especially concerning the geographical 

conditions of the region or spatial neighbors. Research 

conducted by Long W (2022) suggests that increasing 

the welfare of farmers will be more effective through the 

sustainable development of natural and human 

resources. 

Bathe (2022) also revealed that the adaptation of 

fishermen to increase their income or welfare is 

influenced by several variables, including asset 

ownership, level of education, experience savings, and 

distance from the fishing ground. The conditions of tides 
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and seasons also significantly affect the profits and 

losses of fishermen in Indonesia(Radjab et al., 2022). 

The results of a study Alpiani (2022)considering the 

income and expenses of fishing labor households found 

that many fishermen still need help to meet their basic 

needs. Therefore, in addition to the limited research 

related to fishermen's welfare, a comprehensive study of 

fishermen’s welfare involving macroeconomic variables 

is important and wise to conduct.  These macroeconomic 

variables include inflation, human capital, level of labor 

in the agricultural sector, and population density. 

According to Elhorst (2014), there are several spatial 

models of panel data, including spatial autoregressive 

(SAR), spatial error (SEM), and Spatial Durbin Models 

(SDM). However, as a result of the literature survey, the 

application of the Spatial Durbin Models model to 

analyze fishermen's welfare involving macroeconomic 

variables is very difficult to find.  The spatial model of 

Durbin is widely applied in the banking sector, including 

in the tourism aspect(De Siano & Canale, 2024), 

unemployment in Iran (Rafiee et al., 2024), and the 

growth factor of the productivity of the fisheries sector 

in China (Shen Weiteng et al., 2023), among others.  

Therefore, the application of this model is one of the 

research gaps that should be closed to enrich scientific 

research. 

The problem of poverty levels in Indonesia in the 

agricultural sector, including the welfare of fishermen, 

needs to be resolved. Various poverty alleviation 

programs implemented by the Indonesian government 

have not been sufficient to reduce poverty or improve 

the welfare of fishermen. The geographical factor of the 

archipelago region is also an obstacle to equalizing 

development to improve welfare. Therefore, it is 

interesting for researchers to study the welfare of 

fishermen in Indonesia using an analytical model 

approach that considers regional factors. Research on 

farmer welfare with the NTN approach will use the 

development of a spatial panel model, namely the 

Spatial Durbin Model (SDM), which is expected to 

provide the best model for the welfare of fishermen in 

Indonesia. 

Furthermore, the purpose of this study is to conduct 

research/analysis of the welfare of fishermen through 

the factors that affect the exchange rate of fishermen in 

Indonesia by considering the influence of spatial 

neighborliness using the Spatial Durbin Model (SDM) 

approach. The results of this study are expected to be 

used by the government as a reference to improve the 

welfare of Indonesian farmers. This study hypothesizes 

that there is a spatial effect on fisherman exchange rates 

in Indonesia, and that the independent variables used 

significantly affect the dependent variable. 

Fig 2. Work Flow of the research method 

2.Methodology
2.1.  Data Collection Method

This study used secondary data from the Central 

Bureau of Statistics (BPS) secondary data. The time 

period used in this study was from 2020 to 2022, with 

34 research objects covering all provinces in Indonesia. 

So that the observations in this research were 102 

observations. The variables used include NTN (index), 

Agricultural Sector Labor (percent), HDI (index), 

Population Density (people/km2), and inflation 

(percent).  

2.2.  Analysis Method 

The analysis method used in this research was 

spatial panel regression. The neighborhood scale is used 

to determine which districts are neighbors, weighing 

queen order 1. Thus, the area that becomes a neighbor is 

directly adjacent to other sites. The steps of the analysis 

in this study are as follows:  

1. Set the spatial weighting matrix (W)

2. Determine the selected model based on the

model's goodness.

3. Estimate the model parameters with spatially

fixed and random effects according to the

selected model.

4. Testing the residual normality assumption,

identical, independent, and no multicollinearity

existed in the model. Countermeasures are

performed if the assumptions are not met.
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5. Interpret the results obtained and create a policy

simulation.

2.3 Panel Data Regression 

The panel data regression model can be performed 

with the common effect, fixed effect, and random effect 

models. The Common Effect Model is the simplest 

because it ignores the influence of the cross-section and 

time series. The CEM model is as follows: 

𝑦𝑖𝑡 = 𝑋𝑖𝑡𝛽 + 𝑢𝑖 + 𝑢𝑖𝑡

The fixed effects model is the simplest because, in this 

model, the influence of the cross-section and time series 

is ignored. The CEM model is as follows: 

𝑦𝑖𝑡 = 𝑋𝑖𝑡𝛽 + 𝑢𝑖 + 𝑢𝑖𝑡

The Random Effects Model (REM), also known as the 

Error Component Model (ECM), is expressed as 

follows:     

𝑦𝑖𝑡 = 𝑋𝑖𝑡𝛽 + 𝑢𝑖 + 𝑢𝑖𝑡  

In this model, 𝑢𝑖 was considered a random variable with

an average of 𝑢0. Therefore, the intercept can be written

as 𝑢𝑖 = 𝑢0 + 𝜺𝟎 where 𝜺𝟎 is the error with a zero mean

and variance 𝝈𝜺
𝟐. This equation can then be written as

follows: 

𝒚𝒊𝒕 = 𝒖𝟎 + 𝑿𝒊𝒕𝜷 + 𝒖𝒊𝒕 + 𝜺𝒊

𝒚𝒊𝒕 = 𝒖𝟎 + 𝑿𝒊𝒕𝜷 + 𝒖𝒊 + 𝒘𝒊𝒕

With 𝒘𝑖𝑡 = 𝑢𝑖𝒕 + 𝜺𝑖

2.4. Spatial Weights Matrix 

It is necessary to add weights to the model to explain 

the presence of spatial effects(Anselin, 1988). LeSage 

(1999) also explained that several methods could be 

used to determine the spatial weighting matrix, one of 

which is the Queen Contiguity method, which was used 

in this study. The Queen Contiguity method defines 

𝑤𝑖𝑗 = 1  if the location is tangential to the sides or

corners with other sites and 𝑤𝑖𝑗 = 0   if it is not

tangential. The spatial weighting matrix is essential for 

measuring the spatial effects in different areas(Zhong et 

al., 2023).  

In addition, spatial autocorrelation analysis was 

carried out to test the spatiality of the model. The spatial 

autocorrelation test aims to verify whether similar 

variables exist in neighboring areas or form regional 

spatial agglomerations. If the indicators are identical, 

this is called a positive spatial correlation; otherwise, it 

is called a negative spatial correlation. If the test results 

are randomly distributed, the spatiality between them is 

absent or weak(Nan & Luo, 2023). In recent years, 

Moran's I, Geary's C, and Getis-ord G indices have been 

proposed to measure the degree of spatial 

autocorrelation status. Based on the summary and 

analysis of existing research results, Moran’sI index 

approach was chosen to test and verify spatial 

autocorrelation. The Moran's I calculation method is 

shown in the following equation: 

𝑀𝑜𝑟𝑎𝑛′𝑠 𝐼 =
∑ ∑ 𝑤𝑖𝑗(𝑥𝑖 − 𝑥̅)(𝑥𝑗 − 𝑥̅)𝑛

𝑗=1
𝑛
𝑖=1

𝑠0
2 ∑ ∑ 𝑤𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1

𝑠0
2 =

∑ (𝑥𝑖−𝑥̅)𝑛
𝑖=1

𝑛
, 𝑥̅ =

∑ 𝑥𝑖
𝑛
𝑖=1

𝑛

In the above equation, 𝑤𝑖𝑗 represents the spatial weight

between elements i and j, 𝑥𝑖 is the observed value of the

i-th element, and n is the total number of factors.

According to the equation, Moran's I values are

generally -1 and 1; If the Moran's I value is greater than

0, there is a positive correlation, and the higher the

Moran’s I value, the higher the spatial correlation value.

If Moran's I value is less than 0, there is a negative

correlation; the smaller the Moran's I value, the higher

the spatial correlation. Moran's value equals zero,

meaning that the variable has no spatial correlation.

2.5. Spatial Panel Model 

When determining the interactions between spatial 

units, the model may have a spatial lag in the dependent 

variable or spatial autoregressive error processes, 

commonly called spatial lag and spatial error 

models(Elhorst, 2014). Generally, the spatial panel 

model is expressed as follows: 

𝑦𝑖𝑡 = 𝛼 + 𝜏𝑦𝑖𝑡−1 + 𝜌 ∑ 𝑤𝑖𝒋𝑦𝑗𝑡

𝑛

𝑗=1
+ ∑ 𝑋𝑖𝒕𝒌𝛽𝑘

𝐾

𝑘=1

+ ∑ ∑ 𝑊𝑖𝒕𝜃𝑘

𝑛

𝑗=1

𝐾

𝑘=1
+ 𝑢𝑖 + 𝜸𝑡

+ 𝑣𝑖𝑡

𝑣𝑖𝑡 = 𝜆 ∑ 𝑚𝑖𝒋𝑣𝑖𝑡
𝑛
𝑗=1 + 𝜖𝑖𝑡 ,     𝑖 = 1, … . 𝑛 ,  𝑡 = 1, … . 𝑇

where 𝜌 is the autoregressive spatial coefficient and 

Wij is a spatial weighting matrix W component. For the 

static model, 𝜏 = 0; and for the dynamic model, 𝜏 ≠ 0 

(Yu et al., 2008). Based on the above modelling formula, 
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where the researchers used a static model, the spatial 

panel model equations used in this study were formed as 

follows: 

𝑁𝑇𝑁𝑖𝑡 = 𝜌 ∑ 𝑤𝑖𝒋𝑁𝑇𝑁𝑗𝑡

𝑛

𝑗=1
+ 𝛽1𝐼𝑃𝑀𝑖𝑡 + 𝛽2𝑇𝑘𝑃𝑖𝑡

+ 𝛽3𝑈𝑝𝑎ℎ𝑖𝑡 + 𝛽4𝑃𝑜𝑝𝑖𝑡 + 𝛽5𝐼𝑁𝐹𝑖𝑡

+ 𝑢𝑖 + 𝜆 ∑ 𝑤𝑖𝒋𝑣𝑖𝑡

𝑛

𝑗=1
+ 𝜖𝑖𝑡

with 𝑁𝑇𝑁𝑖𝑡 is the i-th province Farmer's Exchange Rate

in the t-period; 𝐼𝑃𝑀𝑖𝑡 is the Human Development Index

of the i-th province in the t-period; 𝑇𝑘𝑃𝑖𝑡 is the

Percentage of Labor in the Agriculture Sector of the i-th 

province in the t-period; 𝑈𝑝𝑎ℎ𝑖𝑡  is the average hourly

wage of the agricultural sector in the i-th province in the 

t-period; 𝑃𝑜𝑝𝑖𝑡 is the population density of province i in

period t; 𝐼𝑁𝐹𝑖𝑡  is the inflation of the ith province in the

tth period; λ is the spatial error coefficient; 𝛽𝑘  is the

spatial coefficient of the k-th variable regression; 𝑢𝑖 is

the i-th region spatial specific effect; 𝜖𝑖𝑡 is the error of

the i-th region in the t-period.

3. DISCUSSION
3.4. Overview of Fishermen Exchange Rates

The Fishermen's Exchange Rate (NTN) is one of the 

benchmarks for the welfare of farmers in Indonesia; the 

development of fishermen's exchange rates by the 

province in Indonesia is illustrated in Figure 3.  

Fig 3. Fishermen Exchange Rate by Province 

Indonesia in 2022 

Source: Badan Pusat Statistik (processed) 

The  NTN in 2022 shows that there are still four 

provinces under 100, namely the provinces of East Nusa 

Tenggara, Central Kalimantan, West Papua, and 

Gorontalo. The welfare of fishermen in these four 

provinces is still low. It is important for the central 

government to pay special attention to these four areas. 

Figure 3 also shows ten provinces in the second cluster, 

namely NTN, at rank intervals of 100 – 105. At this rank, 

in theory, NTN provinces are above 100 but still below 

the government's target according to Law No. 23 of 2023 

in Article 53 point e, stating that the target for NTN is 

107-108. Therefore, those in Clusters 1 and 2 are the

government's main targets for implementing policy

programs to increase NTN in Indonesia.

3.5. Fishermen Welfare Modeling Analysis 

Before further analysis with Spatial Panel 

modelling, a test is required to determine the presence of 

spatial dependence on panel data. To test the spatial 

support, the researcher tested it using Pesaran's test. 

Pesaran's test examines cross-sectional independence, 

where the test results using Stata 14 obtained a value of 

5.451 with a probability of 0.000. Based on these results, 

because the likelihood is smaller than 0.05, H0 is 

rejected, which means there is a spatial dependency on 

the panel data studied and can be continued in panel data 

modelling. 

Fig 4. Moran Scatter Plot of Fishermen's Exchange Rates 2022 

Next, to conduct a spatial analysis, Moran's I test 

was performed to determine whether there was a 

correlation between regions globally. From the test 

results, with a significance level of five per cent, it can 

be concluded that there was spatial autocorrelation or an 

element of neighborliness in the NTN-dependent 

variable. Based on this test, the value of the 

autocorrelation Moran has a positive value of 0.613. A 
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positive Moran’s value indicates spatial autocorrelation 

with grouping patterns in an area(Harmes et al., 2017). 

In the next stage, a model-selection test was 

conducted. In this case, the Hausman test determined the 

best model between the fixed- and random-effect 

models. The results of this test show a value of 0.00 <p-

value (0.05), so with a significance level of 5 per cent, 

the fixed effects model is better to use than the random 

effects model. Then, by comparing the AIC and BIC 

values, the best model was selected, namely the Spatial 

Durbin Model (SDM) model with AIC values of 

405.2145 and BIC 416.7141, which had the smallest 

value(Trisila, 2011; Yu Edward et al., 2019). 

Table 1. Spatial Autocorrelation Test Variable Farmer 

Exchange Rates 

Notes: *) Significant at α = 5% 

After the model is formed, it is necessary to test the 

classical assumptions to determine whether the 

constructed model can be used and included in a reliable 

model to explain the dependent variable. Based on the 

Kolmogorov-Smirnov test, the statistical value of the 

normality test was obtained with a p-value of 0.0843. 

Thus, the residual model followed a normal distribution. 

A multicollinearity test was carried out by examining the 

variance inflation factor (VIF) value. If the VIF value 

was less than 10, there was no multicollinearity.  

      Based on the test results, the VIF value of each 

independent variable was less than ten, so 

multicollinearity did not occur. The heteroscedastic 

Glejser test was used.  

      From the test, it was found that the independent 

variables were not significant, with values greater than 

5 per cent. Thus, the assumptions were met and the 

model formed could be used.  

Based on the results of calculations and testing of 

the spatial interaction of panel data and model testing 

that has been carried out, the Spatial Durbin Model is 

obtained with the tabulation summary results as follows: 

Table 2. Estimation Results of Fishermen's Welfare Spatial 

Panel Durbin Modeling 

Variabel Coefficient Standar Error Z 
P-

Value 

IPM 9.489646 4.838838 1.96 0.049* 

TkP 0.1422883 0.1960701 0.73 0.468 

lnUpah 0.0589115 6.893126 0.01 0.476 

Pop -0.6118395 1.292111 -0.47 0.636 

Inf -0.2919552 0.3024707 -4.97 0.000* 

Constanta 3.866281 0.5789208 6.68 0.000* 

Spasial 

(Rho) 
0.2735384 0.0675476 4.05 0.000* 

R-Square 0.8918 

Notes: *) Significant at α = 5% 

In the form of a spatial panel model equation, using 

the Spatial Durbin Model (SDM) approach, it can be 

written as follows: 

𝑁𝑇𝑁𝑖𝑡
̂ = 3,866281 +  9,489646𝐼𝑃𝑀𝑖𝑡 + 0,1422883𝑇𝑘𝑃𝑖𝑡

+ 0,0589115𝑈𝑝𝑎ℎ𝑖𝑡 − 0,6118395𝑃𝑜𝑝𝑖𝑡

− 0,2919552𝐼𝑁𝐹𝑖𝑡 + 𝜖𝑖𝑡

Based on the results of the output table above, it can 

be seen that the fishermen's welfare model in Indonesia, 

which considers aspects of spatial dependence, produces 

better estimates than the conventional fishermen's 

welfare models (non-spatial models). This is shown 

from the Spatial Rho results, which show the rejection 

of H0 with H0: Non-Spatial Model for spatial models that 

use a spatial weight matrix based on contiguity, and for 

spatial models that use a spatial weight matrix based on 

distance. This shows that spatial dependence is essential 

in explaining the level of fishermen's welfare using the 

provincial fisherman exchange rate approach in 

Indonesia. This means that reliance on social 

neighborliness among provinces in Indonesia 

significantly influences the value of NTN in neighboring 

provinces in Indonesia. Increasing bilateral relations and 

inter-regional trade, as well as inter-provincial economic 

relations, are major priorities for improving the welfare 

of fishermen in Indonesia. The government should 

improve the equitable distribution of development 

between regions and maximize each province according 

to its potential and geographical conditions to enhance 

the welfare of the community, especially fishermen, 

Spatial Weight 

Matrix 

Moran’s I 

I p-value*

2020 0.598 0.0023 

2021 0.674 0.0011 

2022 0.613 0.0018 
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because there are still differences in NTN development 

between regions. This increase can be supported by 

infrastructure, especially in coastal areas that connect 

parts, accompanied by creating jobs in regions with low 

wage levels to increase purchasing power. 

Based on the R-Square or termination coefficient of 

89.18 per cent, this means that the diversity of 

fishermen’s Exchange Rates (NTN) in provinces in 

Indonesia can be explained by the variables of human 

capital (IPM), agricultural workforce, average daily 

wages, population density, and inflation. The table 

above also shows the partial relationship between the 

research variables, where the five variables examined 

for the Human Development Index (IPM) and inflation 

(INF) have a significant relationship. When examined as 

an important variable, HDI has a positive and 

meaningful connection to the fishermen’s Exchange 

Rate, which was recorded at 9.489646. This means that 

an increase in HDI by one point will encourage growth 

in NTN by 9.489646 points in Indonesia. Increasing the 

HDI in a region will undoubtedly increase productivity, 

impact regional output, and promote prosperity. In line 

with what was conveyed byTrianggara (2016), the 

importance of human development as a measure of 

overall development performance, where the 

dimensions of development are formed through a three-

dimensional approach, namely, age, health, knowledge, 

and a decent livelihood. Similar to the results of 

Rahaman (2022) this research, the quality of fishermen's 

education needs to be addressed to target and improve 

the work lifestyle of fishermen, which will undoubtedly 

encourage the welfare of fishermen in Indonesia. 

Therefore, an increase in policy programs to push the 

HDI indicator is considered significant in increasing the 

value of NTN for better fisherman welfare. This also 

aligns with Baihaqi (2017) dan Savitri (2017) research 

where increasing human capital or HDI can reduce 

poverty levels in an area. 

The human capital dimension, or the human 

development index, is the basic foundation for 

improving welfare. Improvements in the three 

dimensions that make up the HDI, such as longevity and 

healthy living, increased knowledge, and living 

standards, deserve the government's mandatory 

attention to improve people's welfare(Zulgani et al., 

2022). Enhancing fishermen's welfare through HDI is a 

strategic breakthrough for provincial and central 

governments. An increase in the HDI in each province 

will affect the HDI in the neighboring provinces. This is 

in line with the results of Sartibi (2023) this study, where 

an increase in human capital or HDI has a spatial 

correlation, which means that an increase in the HDI of 

a province will have direct or indirect impacts on its 

neighboring provinces. As an example, increasing 

knowledge of the use of information technology by 

fishermen in an area will encourage neighboring regions 

to adopt similar technology if it significantly impacts 

their welfare. 

There needs to be a central and regional government 

policy in the form of job training programs and quality 

improvement of human capital to improve the quality of 

human resources from fishermen in each region. Various 

programs to foster and strengthen fishermen’s 

infrastructure support, both in terms of information 

technology and innovation in increasing fishermen’s 

output, will significantly impact the welfare of 

fishermen in Indonesia. Investment in capital and 

knowledge related to information technology use 

certainly significantly impacts HDI(Suprapto et al., 

2022). Raising human capital is a fundamental 

investment in improving people's welfare, starting from 

investment programs from both the regions and the 

central government towards HDI to priority programs 

that need to be implemented(Jaroslav Gonos et al., 2023; 

Schamberger et al., 2023; SM Hassan, 2022). 

The results of the Durbin spatial panel modelling 

also show that price-level growth or inflation (INF) has 

a negative impact on NTN. This means that an increase 

in prices or inflation of 1 per cent will reduce the welfare 

level of farmers through NTN of 0.2919552 points. The 

welfare of fishermen undoubtedly decreases if there is 

an increase in the price of consumer goods (inflation). It 

has been proven that the rise in the inflation rate in 

various countries, both related to various socio-

economic issues and price instability, has been proven 

to increase the poverty level in multiple countries. A 

price increase or inflation is a difficult blow for 

vulnerable residents around the poverty line(M Buheji, 

2022). Meanwhile, an increase in welfare will always be 

achieved if prices decrease by more than or equal to two 

per cent. The more significant the decline in the price of 

consumer goods and the stronger the value of the rupiah, 

the further the welfare of fishermen will 

improve(Yunianto et al., 2015). Inflation control is a 
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critical policy of provincial governments in Indonesia to 

enhance the welfare of its population, especially in 

fishing communities. Reasonable price levels for the 

consumption or production of goods will undoubtedly 

increase the community's purchasing power, especially 

among Indonesian fishermen (Kasem et al., 2022). To 

meet basic needs, clothing and food will be more 

affordable for fishermen and for obtaining production 

factors. Therefore, the policies of the central and 

regional governments to support inflation control in 

their regions are a fixed price to increase the welfare of 

the community, especially fishermen. 

The inflation control program must be continuously 

encouraged by central and regional governments to 

maintain the purchasing power of people, especially 

fishermen. A decrease in consumer prices in an area will 

improve the quality of life of the people in that region. 

Therefore, a holistic framework is needed to mitigate the 

impact of the dangers of inflation on people 

experiencing poverty (M Buheji, 2022). Controlling 

inflation is important because it also affects regional 

income inequality (Zandi et al., 2022). Controlling 

inflation through monetary policies, such as controlling 

interest rates and the amount of money circulating in the 

community, is also the government's choice to maintain 

the purchasing power of people, especially fishermen 

(Flaccadoro & Landi, 2022). 

Interesting findings from this study include the fact 

that regional factors cannot be ignored in policymaking 

by the Indonesian government to improve the welfare of 

fishermen in Indonesia. It has been proven that a model 

of fishermen's welfare in Indonesia that considers the 

aspect of spatial dependence produces better estimates 

than the conventional fishermen's welfare model. 

Another interesting finding is that quality of human life 

and price level control are important factors that must be 

considered by the Indonesian government to improve 

the welfare of fishermen in Indonesia. The quality of 

human life represented by the human development index 

(HDI) variable can be derived through various policies 

in the fields of education, health, and increasing 

community income in the region. Furthermore, 

controlling price levels is also important where the role 

of the government is to maintain price stability so that 

the purchasing power of the fishing community can be 

maintained and the supply of various types of raw 

materials and consumption goods is available in every 

region in Indonesia. 

4. Conclusions

Based on the results of the research and discussion

of the above analysis, the following conclusions can be 

drawn: 

1. Because the fishermen’s Exchange Rate (NTN) is

clustered and there is spatial dependence between

regions, the most appropriate modeling to use is

panel spatial modeling. Based on the results of the

model test, the best model was found, namely the

panel spatial model with the Spatial Durbin Model

(SDM) approach, which is proven by the smallest

AIC and BIC values.

2. From the model analysis, it was found that the

variables that have a significant effect on the

welfare of fishermen through the fishermen’s

Exchange Rate (NTN) level variable in provinces in

Indonesia include the Human Development Index

(HDI) and Price Increase (HDI).

3. Then, for the level of employment opportunities in

the agricultural sector (TkP), Population Density

(Pop) and Average Wage Level (lnWage) do not

have a significant effect on the welfare of fishermen

or NTN.

Based on these conclusions, it is interesting to find

that to improve the welfare of farmers in Indonesia, a 

policy or program is needed to improve the quality of 

human resources, especially fishermen in Indonesia. 

This can be achieved by improving various government 

programs, such as improving the quality of life, access 

to education, and increasing income, as a basis for 

encouraging improvements in the quality of human 

capital. In addition, price control programs or inflation 

control in these regions are considered significant in 

maintaining the purchasing power of the community, 

especially fishermen in Indonesia. Therefore, the 

neighborhood relationship of the exchange rate of 

fishermen between regions is quite strong, which is a 

challenge for local and central governments to 

implement regional development evenly and sustainably 

in coastal areas to improve the welfare of fishermen in 

Indonesia. 
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