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Abstract: This research investigates the multiplier effect of ferry transportation develop-
ment on the medium-term economy of Samosir Island from 2016 to 2022. The study will
provide insights into the implications of ferry transportation for the economies of rural
or remote regions like Samosir Island. The analysis was conducted by comparing the
multiplier effects before and after the development, utilizing the input–output approach,
which encompassed the output multiplier, the multiplier on gross value added (GVA), and
the household income multiplier. The findings from the input–output analysis indicate that
the average output multiplier for 37 industries on Samosir Island has declined by 0.84%
annually, with the average output multiplier recorded at 1.80 in 2016, decreasing to 1.71 by
2022. This suggests that, overall, the advancement of ferry transportation in the medium
term is comparatively ineffective in promoting economic growth in rural or remote regions
such as Samosir Island. Conversely, the average GVA multiplier rose by 1.04% annually.
Similarly, the household income multiplier index experienced an increase of 1.91% each
year. This indicates that ferry transportation seems to exert a notable influence on both
GVA and the household income multiplier, albeit the effect is comparatively modest.

Keywords: ferry transportation; multiplier; economy; input–output

1. Introduction
The commuting lives of individuals and the growth of the economy are greatly influ-

enced by transportation (Cowie, 2010). Transportation serves as the means of transferring
people or goods from one location to another (Morlok & Hainim, 1985) or from the origin
point to the final destination (Adisamita, 2011). It adds value to the movement of goods and
services, providing place utility by relocating products from production sites to marketing
locations, and time utility by ensuring that commodities are delivered precisely when
required (Kamaluddin, 2003).

Land, water, and air transportation represent the three main categories of spatial
or surface transportation (Rodrigue et al., 2013). Additionally, from a physiographic
viewpoint, there are three fundamental components of transportation: rivers, lakes, and
oceans. Each transportation mode offers distinct advantages and characteristics; its use
can be adapted to align with a region’s global trade, transportation requirements, and
geographical circumstances. Moreover, transportation is dynamic and can be modified to
address community needs arising from scientific and technological advancements.
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Transportation infrastructure promotes spatial interaction (Nakoinz, 2023) to enhance
accessibility (OECD, 2020) and connectivity among regions (Rodrigue et al., 2013), which
includes rural (Gharehbaghi et al., 2020) and archipelagic regions (Akustia et al., 2024),
as well as facilitating connections between economic activity hubs or regional growth
centers. Furthermore, transportation services simplify the movement of individuals and
the distribution of goods to inland areas along rivers and remote locations separated by
lakes (Solomon et al., 2021). The availability of transportation can boost productivity (Lit-
man, 2018), enhance regional appeal (Pokharel et al., 2023), broaden business access to raw
materials and markets (Polyzos & Tsiotas, 2020), extend marketing territories (Jinca, 2011),
generate employment opportunities, and alleviate poverty (Leung & Choy, 2024); (Su-
santono, 2013). Nevertheless, the transportation sector plays a crucial role in the produc-
tivity of the manufacturing and industrial sectors, which are significantly interrelated
(Mance et al., 2021). Therefore, the growth of the industrial sector, particularly the manufac-
turing segment, is positively influenced by the expansion of the industrial sector, especially
the manufacturing sector.

The transportation infrastructure present in a region can alter land use (Xiao et al., 2024),
elevate housing prices in urban areas (Soltani et al., 2024), and serve as a factor in foreign
direct investment (Soto & Martinez-Cobas, 2024); additionally, the expansion of tourism is
closely linked to the presence of transportation infrastructure (Button et al., 2010).

A new wave of technological innovation and industrial transformation has created
fresh growth opportunities for nations across the globe (F. Liu et al., 2025), particu-
larly within the transportation sector. Investment in and reengineering of transporta-
tion infrastructure will enhance accessibility and reduce congestion (Black, 2003), pro-
mote the development of economic agglomeration and labor mobility (Wan et al., 2024;
Rosik & Wójcik, 2022), and boost the overall productivity of various business sectors (L.
Liu et al., 2025), thereby making a substantial contribution to economic growth (Ma &
Tang, 2024) and gross regional domestic income (Mudronja et al., 2020). The expansion of
the transportation industry can serve as an indicator of a region’s economic development
(Ralahalu et al., 2013). Nevertheless, not all transportation infrastructure services positively
influence economic growth; rather, their impact varies based on the mode of transport,
geographical location, infrastructure conditions, and timing. For instance, road transport
infrastructure has a significant and beneficial effect on economic growth in Central and
Eastern European Member States, whereas rail infrastructure tends to have a negative
impact due to its inefficiency and obsolescence (Lenz et al., 2018).

There are various techniques available for evaluating the economic effects of trans-
portation on the regional economy (Wang & Charles, 2010), such as cost–benefit analysis,
macroeconomic assessments, input–output models, and the computable general equilib-
rium method. Input–output analysis is frequently employed to examine the interconnec-
tions among different sectors and their influence on the regional economy in the event of
alterations in industrial input or output (Mayvani, 2022).

Lake Toba, situated in North Sumatra Province, is the largest lake in Indonesia, encom-
passing a water surface area of 1130 km2 and reaching a depth of 1667 feet. As illustrated
in Figure 1, Lake Toba is divided among eight regencies and is currently recognized as
part of Indonesia’s Super-priority National Tourism initiative. Samosir Island, one of the
regencies within North Sumatra Province, is located over 212 km from the provincial capi-
tal. Although Samosir Island is part of Sumatra Island, it is separated from the mainland,
as it lies in the center of Lake Toba. With an area of 2069.05 km2 and a population of
148,123 residents, Samosir Island has emerged as a significant tourist attraction. The only
connection between Samosir Island and the Sumatra mainland is a single bridge; therefore,
ferry transportation plays a vital role in the movement of people, goods, and vehicles.
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Figure 1. Map of Indonesia and Samosir Island. Source: Directorate of River, Lake and Ferry
Transportation-Ministry of Transportation Republic Indonesia.

Between 2018 and 2022, the government of the Republic of Indonesia enhanced the
ferry transportation infrastructure in the Lake Toba region. The total investment amounted
to IDR 858.4 billion for the construction of 13 new ferry ports capable of accommodating
roll-on/roll-off (RoRo) motorboats, the rehabilitation of 34 traditional motorboat docks,
and the addition of five new RoRo motorboats.

At present, there are 349 motor boats functioning in the Lake Toba region, which in-
cludes 9 RoRo motorboats and 65 traditional motorboats that provide public transportation
across 22 established and regular routes. Ninety-six percent of the ferry routes in the Lake
Toba area facilitate travel to and from Samosir Island. The government has established
commercial rates for the service fees of RoRo motor vessels and traditional motor vessels
on this route, with the exception of one RoRo ship that receives operational subsidies.
Nevertheless, the significance of ferry transport is increasingly evolving as a vital link or
connecting bridge to the mainland of Samosir Island.

The enhancement of the ferry transportation infrastructure in the Lake Toba region is
anticipated to bolster shipping safety and stimulate the economy across eight regencies,
particularly Samosir Island. Nevertheless, the economic framework of Samosir Island
remains predominantly reliant on primary sectors, specifically agriculture, forestry, and
plantations. The average growth rate of gross regional domestic income stands at 3.6%
annually, marking it as the second lowest among the eight regencies in the Lake Toba region
and the fifth lowest among thirty-three regencies in North Sumatra Province (BPS-Statistics
Indonesia Samosir Regency, 2023). This suggests that the advancement of ferry transport
infrastructures in the Lake Toba area has not had a substantial effect on the economic
growth of Samosir Island.

This research investigates the multiplier effect that the enhancement of ferry services
has on the medium-term economy of Samosir Island. The analysis involved a comparison
of the multiplier effects of ferry development before and after implementation, utilizing the
input–output approach. This approach encompassed the output multiplier, the multiplier
on gross value added (GVA), and the household income multiplier. Consequently, this
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study aims to offer insights into the implications of transportation development for the
economies of rural or remote regions, such as Samosir Island, in the medium term.

2. Literature Review
The input–output application has been extensively utilized by both academics and

practitioners due to its straightforwardness and the concept of multiplier effects (Yu, 2017).
This application examines the relationship between transportation and the economy across
urban, regional, and national contexts. Martins et al. (2024) assessed the macroeconomic
potential of green hydrogen, emphasizing its impact on GDP growth and job creation
in Brazil. Lee et al. (2024) employs input–output methodologies to evaluate the signif-
icance and economic repercussions of the coal extraction sector in South Korea. Input–
output tables from the years 2000, 2005, 2010, 2015, and 2019 are utilized in this analysis.
Thongkaw et al. (2024) performed an in-depth study on a regional input–output table anal-
ysis concerning Thailand’s tourism system, with a particular focus on gastronomic activities
and the tourism industry.

Several researchers have undertaken studies regarding the economic effects of the
transportation industries utilizing an input–output methodology. Zhao et al. (2022) em-
ployed this approach to assess the contributions of five transportation modes to China’s
national economy, focusing on linkage, production, supply, and employment effects. The
findings of the author’s research indicated that, among other results, road transportation
exhibited the most substantial forward linkage effect on China’s national economy, with a
tendency for growth. Conversely, air transportation demonstrated the highest backward
linkage, although its trend was inclined to decline, while pipeline transportation revealed
the most significant supply shortage effect. The COVID-19 pandemic had a profound
impact on the transportation sector in 2020, only rail and water transportation managed to
sustain their growth, whereas the contributions of road, air, and pipeline transportation to
the economy showed a tendency to diminish.

Kecek et al. (2022) performed a comparative study examining the effects of different
transportation modes on the Croatian economy, which included type I and type II output,
gross value added, and employment multipliers derived from the Croatian input–output
tables for the years 2010 and 2015. The findings of the research revealed that in 2015, the
type I and type II output, gross value added, and employment multipliers associated with
land transportation, pipeline transportation, and water transportation were lower than
those recorded in 2010. Conversely, the trend for air transportation services showed a
significant increase, particularly in the employment multipliers for types I and II.

Varnavskii (2021) employed the World Input–Output Database to summarize and eval-
uate alterations in the structure and stability of the output within the Russian transportation
sector. The author discovered that the transportation sector constituted approximately 6.6%
of Russia’s gross output. From 2010 to 2014, the growth of output in the transportation
sector of the Russian Federation averaged 731%, with land transportation and pipeline
transportation at 724%, water transportation at 287%, air transportation at 714%, and
warehousing and support activities for transportation at 834%.

Vukic et al. (2021) assessed the multiplier output and gross value added of the
transportation sector to the Croatian economy using the input–output tables from 2004,
2010, 2013, and 2015. The findings indicated that the multiplier effect of the Croatian
transportation sector was notably substantial during the analyzed period, particularly in
air transportation.

Lee and Yoo (2016) investigated the contributions of rail, road, water, and air trans-
portation modes to the Korean national economy. Among these four transportation modes,
it was revealed that rail and road transportation play a more significant role in the Korean
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national economy compared to water and air transportation. Ali et al. (2021) utilized an
input–output model to analyze the effects of strikes in the transportation sector on the
Pakistani economy. The findings indicated that transportation strikes had a considerable
impact on financial institutions, as well as the food and beverage, and oil, chemicals, and
non-metallic mining sectors.

Transportation researchers also engage in partial studies regarding the influence of
each transportation mode on the economy. The findings from Dwiatmoko et al.’s (2020)
study indicate that rail transportation exhibits both forward and backward linkages
with various sectors of the Indonesian economy, whereas the conclusions drawn from
Meersman et al.’s (2022) research suggest that freight rail transportation generates a mul-
tiplier effect on the Belgian national economy. Chang et al. (2014) employed the forward
and backward linkage parameters to assess the impact of hub port development on the
South African economy. Similarly, Jun et al. (2018) examined the effects of the development
and implementation of innovative port technology within the port industry on the Korean
national economy.

Bagoulla and Guillotreau (2020) investigated the impact of maritime transportation on
the output and employment within the French domestic economy. The findings indicated
that the French maritime transportation sector possessed the second-highest backward link-
age index and the lowest forward linkage index among the sixty-four industries assessed.
The employment multiplier index for the maritime industry was 7, whereas passenger
water transportation achieved a multiplier of two, equating to 14.

Njoya and Ragab (2022) examined the connection between the growth of air transporta-
tion infrastructure and the Egyptian economy. The findings indicate that public investment
in air transportation exhibits a backward linkage that is above the average of other sectors,
yet it shows a weak forward linkage. The mining sector stands out as the industry with
the highest demand for intermediary inputs related to air transport. Additionally, the
transportation sector generates direct, indirect, and supplementary multiplier effects on
Indonesia’s economic sector (Muryani & Swastika, 2018). Nevertheless, this contribution is
not the most significant for the regional economy of West Timor (Messakh et al., 2021).

As described above, several previous authors have no articles that examine the impact
of ferry transportation on the economy in rural or remote areas using input–output. There-
fore, the results of this study will provide a scientific contribution regarding the impact
of ferry transportation infrastructure development on the regional economy, especially in
rural or remote areas such as Samosir Island.

3. Research Method
This research employs the input–output methodology, which encompasses the output,

gross value added (GVA), and the household income multiplier.

3.1. Input–Output Approach

The input–output (I-O) model has been extensively utilized to explore issues and
develop a range of policies associated with development. Wassily Leontief introduced
this model in the 1930s to quantitatively describe an economy’s elements. Initially, the
input–output (I-O) model was employed to examine economic issues at the national level;
however, as time progressed, I-O applications began to be utilized at regional and even
international levels, notwithstanding their limitations (Miller & Blair, 2022). The I-O
model has also undergone evolution (Thomassin, 2018) as experts have created various
applications of high-speed, digital, computer-based input–output models, serving not only
as a means to analyze the intricacies of economic activities but also in relation to social
dimensions, including environmental I-O (Nakamura & Kondo, 2008).
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The input–output (I-O) model serves as an analytical instrument for tables that en-
compass production data along with the movement of goods and services (BPS, 1999). The
transactions related to the flow of goods and services depicted in the I-O table demonstrate
the interdependence among various industries within a specific region during a defined
time frame (Sahara, 2017). The I-O table is categorized into four quadrants. The initial
quadrant includes transactions involving goods and services that serve as inputs or raw
materials for subsequent production. The second quadrant encompasses the ultimate de-
mand for goods and services, including household consumption, government expenditure,
investment, and exports. The third quadrant provides details regarding the utilization of
primary inputs, represented by compensation for production factors, wages and salaries,
business profits, depreciation, and indirect net taxes. Conversely, the fourth quadrant is
referred to as the exogenous sector. Producers located in quadrant one are identified as
the endogenous sector, whereas producers groups situated in the second, third, and fourth
quadrants are classified as the exogenous sector. All depictions of the flow of goods and
services transactions, as previously outlined, can be found in Table 1 below.

Table 1. Input–output table framework n × n.

Input Structure

Output Allocation Intermediate Demand
Final Demand

Supply

Industries Imports Total Output
Intermediate input Quadrant I Quandrant II

Industry 1 X11, X12, X13, X1n F1 M1 X1

Industry 2 X21, X22, X23, X2n F2 M2 X2

Industry 3 X31, X32, X33, X3n F3 M2 X3

Industry n Xn1, Xn2, Xn3, Xnn Fn Mn Xn

Quadrant III
Primary Input V1,V2, V3, Vn

Total Input X1, X2, X3, Xn

Source: BPS (1999); Firmansyah (2006).

Two approaches, the survey method and the non-survey method, can be employed
to prepare the I-O table. The survey method necessitates a workforce, incurs costs, and
demands a significant amount of time. Consequently, Richard Stone devised the non-survey
approach, known as the RAS (Ratio-Adjusted Scaling) technique.

The RAS method is employed to calculate the coefficient of the technology matrix
within the input–output table for a specific year (Miller & Blair, 2022) when the available
data is scarce or when existing input–output tables are outdated. The figures in the input
rows and output columns of the original input–output table are modified based on the
most recent data accessible to estimate the input–output table for a designated year. RAS is
defined as a formula where R and S represent n × n diagonal matrices, while A denotes
an n × n matrix that illustrates input–output coefficients, with n indicating the number of
industries. To determine the elements of matrix A for year t, it is denoted as At, whereas
the existing matrix for year t = 0 is referred to as A0. This method is iterative, necessitating
repeated adjustments of the matrix coefficients in accordance with the available data, such
as the total input and output across sectors. The matrix A can be estimated using the
following formula (Daryanto & Hafizrianda, 2010).

At = R A0 S (1)

where At denotes the estimated input–output matrix, A0 signifies the base period coefficient
matrix, and R and S are matrices that illustrate the rate of change in technology coefficients
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across two distinct periods. The diagonal elements of matrix R reflect the impacts of
technological substitution, quantified by the increase in demand for the output of each
industrial sector. Conversely, the diagonal elements of matrix S indicate the effects of
variations in the quantity of input utilized in each industrial sector (Miller & Blair, 2022).
To compute the elements of the R and S matrices, certain information is required, including
the elements of the A matrix at period t = 0, the output of each industry during period t, the
level of intermediate demand for the output of each industry at period t, and the quantity
of intermediate input for each industry at period t. The information is then articulated
as follows:

A0 =


a11 a12 · · · a1n

a21 a22 · · · a2n

· · · · · · · · · · · ·
an1 an2 · · · ann

; Xt =


Xt

1
Xt

2
· · ·
Xt

n

; Ut =


Ut

1
Ut

2
· · ·
Ut

n

; Jt =


Jt
1

Jt
2

· · ·
Jt
n


where A0 denotes the input-output coefficient at time t = 0, Xt signifies the output of
n industrial sectors during period t, Ut indicates the total of intermediate inputs for n
industrial sectors at time t, and Jt represents the level of intermediate demand for the
output of n industrial sectors in period t. Utilizing this information, multiple iterations
are performed to derive the diagonal elements of the R and S matrices. Subsequently,
the input-output coefficient for period t can be estimated through a series of steps and
various equations.

One of the key analyses within the input–output model involves assessing the ef-
fects of alterations in exogenous sector elements on output, income, or job creation across
each economic sector (Miller & Blair, 2022). Consequently, an analysis of the multiplier
effect can be executed on the output multiplier, household income multiplier, and employ-
ment multiplier. Nevertheless, this study focused solely on the output and household
income multipliers.

The analysis of output multipliers seeks to assess the impact of variations in final
demand from a specific sector on the overall output across all economic sectors. In other
terms, the output multiplier for sector j is characterized as the aggregate value of output
generated by economic activities due to a modification in one unit of final demand within
sector j. The analysis of output multipliers can be categorized into simple output multipliers
and total output multipliers (Miller & Blair, 2022). A simple output multiplier represents
the total value generated by a region’s economy over a defined period as a result of shifts
in final demand from a sector. Conversely, the total output multiplier encompasses direct,
indirect, and induced effects, illustrating how changes in final demand influence the output
of various economic sectors. The output multiplier computed in this research is exclusively
a simple output multiplier, as expressed in Equation (2) below (Muljarijadi, 2011).

Oj = ∑n
i=1 αij.Fd (2)

where Oj is simple output multiplier, αij reperesents the Leontief Inverse Matrix element,
(I − A)−1, and Fd is the final demand of an industry.

The gross value-added multiplier indicates the extent of the change in a region’s
national income or economic output resulting from the added value of an industry. Con-
currently, gross value added represents the difference between production value and the
intermediate costs incurred during the production process. Within the input–output table,
it is presumed that there exists a linear relationship between gross value added and output.
This implies that any increase or decrease in output will be proportionately matched by a
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corresponding increase or decrease in gross value added. The calculation of the gross value
added multiplier can be performed using Equation (3) (BPS, 1999):

Vj = ∑n
i=1 bij.vI (3)

vi =
gross value added (GVA) o f sector − i

output o f sector − i

where Vj denotes the GVA multiplier, bij signifies the output multiplier, and vi represents
the coefficient of the GVA.

The analysis of household income multipliers aims to estimate the variations in house-
hold income resulting from the addition of one unit of final demand money within a
sector (Firmansyah et al., 2023). Household income is defined as wages or salaries and
encompasses monetary units such as dividends or interest accrued from bank deposits.
The analysis of household income multipliers can be categorized into two methodologies:
the simple income multiplier and the total income multiplier. The simple income multiplier
assesses the changes in household income value as both direct and indirect effects of intro-
ducing one unit of money into the final demand of a sector. Conversely, the total income
multiplier evaluates the changes in household income value as a result of direct, indirect,
and induced effects stemming from the addition of one unit of final demand money from a
sector. In this study, the household income analysis employs the simple income multiplier,
frequently referred to as the type I income multiplier (Miller & Blair, 2022). It is important
to note that the analysis of household income multipliers in this research focuses solely on
the simple income house multiplier. The calculation process is conducted in two phases
(Muljarijadi, 2011).

The first step is calculating the income coefficient of industry j through Equation (4):

Hj =
Sj

Xj
(4)

where Hj denotes the income coefficient for sector j, Sj signifies the wage and salary labor
of industry j, and Xj represents the output of the sector.

The subsequent step involves calculating the simple income multiplier value resulting
from a change in the final demand of one monetary unit, utilizing Equation (5):

Yj =
∑n

i=1 an + 1, i.αij

an + 1, j
(5)

where Yj denotes the household income multiplier for sector j, αij signifies the element of
the Leontief inverse matrix, and an+1,j represents the income coefficient matrix for sector j.

3.2. Data Source

This research utilizes secondary data sourced from BPS-Statistic Indonesia. The input–
output table for Samosir Island for the year 2016 was acquired from BPS (Statistics Indone-
sia) and serves as the base year. Additionally, employing the Richard Stone method, the
input–output table for Samosir Island in 2016 was revised to reflect the input–output table
for Samosir Island in 2022. The categorization of industries within the input–output table
of Samosir Island was expanded from 14 to 52 industry classifications.
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4. Results
4.1. Output Multiplier of Ferry Transportation Development

The analysis of 52 disaggregated industries found that fifteen industries had no activity
on Samosir Island before development (2016) and after development (2022). This means
that only thirty-seven industries will produce an output multiplier if one unit of money
increases in each industry’s final demand.

Table 2 illustrates that the average output multiplier index across different industries
on Samosir Island from 2016 to 2022 experienced a decline of 0.84% annually, with the
average output multiplier value decreasing from 1.80 in 2016 to 1.71 in 2022.

Table 2. Output multiplier index of industries on Samosir Island.

Code Industries
Output Multiplier Index

Before
(2016)

After
(2022) CAGR

1 Food Crops 1.03 1.02 −0.13%

2 Horticultural Crops Agriculture 1.12 1.30 2.45%

3 Plantation Crops 1.25 1.27 0.27%

4 Livestock 1.03 1.02 −0.21%

5 Agriculture and Hunting Services 1.18 1.20 0.19%

6 Forestry and Logging 1.14 1.21 1.05%

7 Fishery 1.01 1.36 5.06%

8 Other Mining and Quarrying 2.06 1.89 −1.37%

9 Manufacture of Food Products
and Beverages 2.10 2.13 0.29%

10 Manufacture of Textiles and
Wearing Apparel 3.52 2.33 −6.62%

11
Manufacture of Wood and Products of
Woods and Cork, and Articles of Straw

and Painting Materials
1.44 1.34 −1.17%

12 Manufacture of Paper, Painting, and
Reproduction of Recorded Media 2.15 2.16 0.08%

13 Manufacture of Other Non-metallic
Mineral Products 2.41 2.57 1.10%

14
Manufacture of Fabricated Metal

Products, Computers, and Optical and
Electrical Products

2.67 2.45 −1,44%

15 Manufacture of Furniture 2.32 2.25 −0.45%

16 Other Manufacturing, Repair, and
Installation of Machinery and Equipment 2.21 2.28 0.48%

17 Electricity 1.69 1.62 −0.75%

18 Gas and Ice Production 2.38 2.28 −0.70%

19 Water Supply, Sewerage, Waste
Management and Remediation Activities 1.66 1.44 −2.39%

20 Construction 1.15 1.08 −1.03%
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Table 2. Cont.

Code Industries
Output Multiplier Index

Before
(2016)

After
(2022) CAGR

21 Wholesale and Retail Trade and Repair of
Motor Vehicles and Motorcycles 2.72 2.06 −4.49%

22 Wholesale Trade and Retail Trade, Except
for Motor Vehicles and Motorcycles 1.02 1.46 6.18%

23 Land Transportation 1.45 1.40 −0.54%

24 Ferry Transportation 1.16 1.55 5.01%

25 Warehousing and Support Services for
Postal and Courier Transportation 2.73 2.54 −1.23%

26 Accommodation 1.04 1.37 4.65%

27 Food and Beverage Service Activities 1.35 1.47 1.47%

28 Private Information and Communication
Services 1.67 1.70 0.33%

29 Financial Intermediary Services 1.96 1.55 −3.86%

30 Insurance and Pension Funds 2.25 1.85 −3.23%

31 Other Financial Services 2.91 2.39 −3.28%

32 Real Estate Activities 1.25 1.23 −0.27%

33 Business Activities 2.15 1.79 −3.00%

34 Public Administration and Defense,
Compulsory Social Security 1.09 1.04 −0.76%

35 Private Education Services 2.22 1.85 −2.97%

36 Private Human Health and Social
Activities 2.07 1.75 −2.79%

37 Other Services Activities 2.16 2.23 0.57%

Average 1.80 1.71 −0.84%
Source: Author’s calculation.

Eighteen industries exhibited an output multiplier value exceeding the average for
industries on Samosir Island, with seventeen of these surpassing a value of 2 in 2016.
Consequently, this indicates that there are nineteen industries with output multiplier
values that are either below or equal to the mean industry index. The textile and apparel
manufacturing boasts the highest multiplier index, recorded at 3.52. This indicates that
a change of one unit in final demand will yield a multiplier effect of 2.52 times for the
textile and apparel manufacturing industry. In practical terms, should there be an increase
in final demand or a shock to the textile and apparel manufacturing sector amounting to
IDR 1 billion, it would result in an economic output increase of IDR 2.52 billion. Other
sectors exhibiting significant output multiplier effects include other financial services
at 2.91, warehousing and support services for postal and courier transportation at 2.73,
wholesale and retail trade, including the repair of motor vehicles and motorcycles at 2.72,
manufacturing of fabricated metal products, computers, and optical and electrical products
at 2.67, production of other non-metallic mineral products at 2.41, gas and ice production
at 2.38, furniture manufacturing at 2.32, insurance and pension funds at 2.25, and private
education services at 2.22.
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Following the establishment and functioning of ferry transportation in 2022, numer-
ous business sectors altered their structure and output multiplier value. However, only
seventeen industries exhibited output multiplier values that surpassed the average value of
industries within the economy of Samosir Island. Among them, twelve industries exhibited
output multiplier index values exceeding two. This indicates that the count of industries
with an output multiplier value above two has decreased by 29.41% in comparison to
2016. The industry exhibits the highest output multiplier index, and at the same time as
the key sector in Samosir Island’s economy was the manufacturing of other non-metallic
mineral products, which stands at 2.57. Following this, warehousing and support services
for transportation, postal, and courier services have an index of 2.54; the manufacture
of fabricated metal products, computers, and optical and electrical products is at 2.45;
other financial services are recorded at 2.39; the textile and apparel manufacturing sector
has an index of 2.33; gas and ice production is at 2.28; other manufacturing, along with
the repair and installation of machinery and equipment, also stands at 2.28; the furniture
manufacturing sector has an index of 2.25; other service activities are recorded at 2.23; and
the manufacture of paper, along with the painting and reproduction of recorded media,
has an index of 2.16.

The data presented above suggest that, overall, ferry transportation in Lake Toba
has a limited effect on stimulating economic output growth on Samosir Island during the
initial five-year period following the establishment of the ferry transportation infrastruc-
ture. This situation aligns with various research findings that indicate the influence of
transportation infrastructure does not consistently exhibit a significant correlation with
regional economic growth, as it is contingent upon factors such as time, location, type, and
the condition of the transportation infrastructure. According to Zhang and Cheng’s (2023)
research, transportation infrastructure has a significant long-term relationship with the
economy of the United Kingdom, although this relationship is negative in the short term.
Grgic (2021) demonstrates that road transportation has a beneficial effect on inland re-
gions but shows a negative correlation in island areas and along coastlines. Similarly,
Fageda and Olivieri (2019) research indicates that road transportation plays a positive role
in regional convergence in Spain. Nevertheless, substantial investments in high-speed rail
transportation infrastructure, ports, and airports have a less favorable impact on diminish-
ing economic disparities across various regions. This contrasts with Centuriao et al.’s (2024)
research, which asserts that investment in road transportation in Mato Grosso do Sul-Brazil
(MS) significantly boosts MS’s GDP in the short term.

4.2. Gross Value Added (GVA) Multiplier

Table 3 illustrates that the GVA multiplier for industries on Samosir Island has risen
to 1.04% annually from 2016 to 2022. The average GVA multiplier was IDR 766.1 million
in 2016, increasing to IDR 816.1 billion by 2022. This reflects a growth in the utilization of
primary inputs, such as labor wages and other value added elements, to generate output
across various industries on Samosir Island.

There are twenty-three sectors that possess a GVA multiplier value exceeding the
average industrial GVA within the Samosir Islands economy for both 2016 and 2022. This
indicates that there are fourteen sectors with a GVA multiplier value that is either below or
equal to the average industrial index. The fisheries, forestry, and logging sectors exhibited
the highest GVA multiplier during both timeframes.
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Table 3. The highest GVA multiplier of industries on Samosir Island.

Code
2016 2022

Industries GVA Multiplier
(Million IDR) Industries GVA Multiplier

(Million IDR)

1 Fishery 958.6 Fishery 948.1

2 Forestry and Logging 900.3 Forestry and Logging 935.4

3
Manufacture of Paper,

Painting, and Reproduction
of Recorded Media

897.9 Horticultural Crops
Agriculture 926.5

4 Horticultural Crops
Agriculture 886.7 Livestock Farming 905.9

5 Manufacture of Furniture 867.6
Manufacture of Paper,

Painting, and Reproduction
of Recorded Media

905.7

6 Manufacture of Food
Products and Beverages 853.7 Food Crops 900.1

7 Real Estate Activities 849.3 Agriculture and Hunting
Services 893.7

8 Plantation Crops 842.8 Manufacture of Food
Products and Beverages 891.9

9
Other Manufacturing,

Repair, and Installation of
Machinery and Equipment

841.1 Plantation Crops 891.7

10 Food Crops 833.7
Other Manufacturing,

Repair, and Installation of
Machinery and Equipment

886.6

11 Total of 37 industries 28,345.0 Total of 37 industries 30,157.3

Average 766.1 Average 815.1

Average increase in GVA of 37 industries was 1.04% per year
Source: Author’s calculation.

The GVA multiplier for the transportation and storage sector is lower than the average
GVA multiplier of industries within the economy of Samosir Island, both prior to and
following development. Nevertheless, the GVA multiplier for the transportation industry
saw an increase from 2016 to 2022: ferry transportation rose by 7.56% annually, while land
transport grew by 3.02% each year. Conversely, the GVA multiplier for warehousing and
support services related to postal and courier transportation experienced a decline of 1.58%
per year.

4.3. Household Income Multipliers Index of Various Industries

Table 4 illustrates that the average household income multiplier index across different
industries on Samosir Island increased by 1.91% annually, where the average household
income index increasing from 0.30 in 2016 to 0.33 in 2022.

In the meantime, the household income multiplier index for 37 industries on Samosir
Island ranged from 0.09 to 0.54 in 2016 and from 0.09 to 0.59 in 2022. This increase was
influenced by the increased GVA of various industries in 2022, thus changing the income
coefficients of several industries on Samosir Island. The average income coefficient of
37 industries increased by 1.63% per year, from an average of 0.14 in 2016 to 0.16 in 2022.
The household income coefficient ranged from 0.00 to 0.41 in 2016, and 0.00 to 0.58 in 2022.



Economies 2025, 13, 169 13 of 18

Table 4. Index of household income multipliers for different industries on Samosir Island.

Code Industries Before
(2016)

After
(2022) CAGR

1 Food Crops 0.25 0.26 1.22%

2 Horticultural Crops Agriculture 0.26 0.30 2.08%

3 Plantation Crops 0.40 0.42 0.94%

4 Livestock 0.43 0.46 1.28%

5 Agriculture and Hunting Services 0.48 0.52 1.34%

6 Forestry and Logging 0.26 0.27 0.73%

7 Fishery 0.31 0.32 0.74%

8 Other Mining and Quarrying 0.28 0.31 1.56%

9 Manufacture of Food Products
and Beverages 0.32 0.34 0.87%

10 Manufacture of Textiles and
Wearing Apparel 0.26 0.32 3.70%

11
Manufacture of Wood and Products of
Woods and Cork, and Articles of Straw

and Painting Materials
0.21 0.22 1.12%

12 Manufacture of Paper, Painting, and
Reproduction of Recorded Media 0.26 0.28 1.04%

13 Manufacture of Other Non-metallic
Mineral Products 0.29 0.33 2.19%

14
Manufacture of Fabricated Metal

Products, Computers, and Optical and
Electrical Products

0.28 0.35 3.88%

15 Manufacture of Furniture 0.26 0.28 1.49%

16
Other Manufacturing, Repair,
and Installation of Machinery

and Equipment
0.38 0.40 1.15%

17 Electricity 0.17 0.20 2.54%

18 Gas and Ice Production 0.25 0.30 2.88%

19
Water Supply, Sewerage,
Waste Management and
Remediation Activities

0.24 0.21 −2.62%

20 Konstruksi 0.29 0.34 2.34%

21 Wholesale and Retail Trade and Repair
of Motor Vehicles and Motorcycles 0.28 0.36 4.27%

22
Wholesale Trade and Retail Trade,

Except for Motor Vehicles
and Motorcycles

0.39 0.38 −0.54%

23 Land Transportation 0.16 0.21 4.24%

24 Ferry Transportation 0.23 0.34 6.40%

25 Warehousing and Support Services for
Postal and Courier Transportation 0.25 0.33 4.38%
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Table 4. Cont.

Code Industries Before
(2016)

After
(2022) CAGR

26 Accommodation 0.20 0.26 4.21%

27 Food and Beverage Service Activities 0.35 0.39 1.54%

28 Private Information and
Communication Services 0.23 0.27 2.78%

29 Financial Intermediary Services 0.35 0.38 1.45%

30 Insurance and Pension Funds 0.27 0.33 3.78%

31 Other Financial Services 0.30 0.36 2.89%

32 Real Estate Activities 0.09 0.09 −0.19%

33 Business Activities 0.35 0.39 1.79%

34 Public Administration and Defense,
Compulsory Social Security 0.54 0.59 1.48%

35 Private Education Services 0.40 0.46 2.39%

36 Private Human Health and
Social Activities 0.36 0.38 0.96%

37 Other Services Activities 0.36 0.37 0.56%

Average 0.30 0.33 1.91%
Source: Author’s calculation.

In 2016, fourteen industries exhibited a household income multiplier index that sur-
passed the average industrial index. Meanwhile, by 2022, this figure rose to eighteen
industries. Consequently, in both 2016 and 2022, there were industries with a household
income multiplier index that was either below or equal to the average industry index,
specifically twenty-three and nineteen industries, respectively. In 2016, the sector recorded
the highest household multiplier income index was the public administration and defense,
along with compulsory social security, at 0.54. Other sectors that exhibited significant
household income multiplier indices include agriculture and hunting services at 0.52, live-
stock at 0.43, private education services at 0.40, plantation crops at 0.40, and wholesale
and retail trade, excluding motor vehicles and motorcycles at 0.39. Additionally, wholesale
trade and retail trade, excluding motor vehicles and motorcycles, also stood at 0.39, while
other manufacturing, repair, and installation of machinery and equipment had an index
of 0.38. Private human health and social activities recorded an index of 0.36, as did other
service activities, which also had an index of 0.36.

In 2022, the sector with the highest household multiplier income index is public
administration and defense, along with compulsory social security, which stands at 0.54
and 0.59, respectively. Other sectors that exhibit a significant household income multiplier
index include agriculture and hunting services at 0.52, livestock at 0.46, private education
services also at 0.46, plantation crops at 0.42, as well as other manufacturing, repair, and
installation of machinery and equipment at 0.40. Additionally, business activities and food
and beverage service activities both have a multiplier index of 0.39.

The household income multiplier index for ferry transport, as well as warehousing
and support services related to postal and courier transport industries, in 2022 exceeds the
average household income multiplier of the industrial index. However, the land transport
sector falls short of the average index.
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5. Conclusions and Discussion
This research investigates the multiplier effects resulting from the advancement of

ferry transportation in the Lake Toba region on the economy of Samosir Island, Indonesia, in
the medium term. The analysis employs an input–output methodology, which encompasses
output, gross value added, and household income multipliers across 37 industries. This
study elucidates the implications of transportation development for the economies of rural
or remote regions like Samosir Island.

The mean output multiplier for 37 industries on Samosir Island from 2016 to 2022
experienced a decline of 0.84% annually, with the average multiplier value recorded at 1.80
in 2016, which subsequently decreased to 1.71 by 2022.

Furthermore, in 2016, Samosir Island had eighteen industries that demonstrated
output multiplier values surpassing the regional economic average; however, this figure
decreased to seventeen by 2022. It is also crucial to note that before the establishment of
the ferry transportation infrastructure, specifically in 2016, there were seventeen industries
with an output multiplier value exceeding two. After the development of this infrastructure,
this number dropped to twelve industries in 2022. As a result, the number of industries
with an output multiplier value above two saw a decline of 29.41% compared to 2016. This
pattern indicates that, overall, the ferry transportation infrastructure was relatively weak in
stimulating economic growth in rural or remote areas, such as Samosir Island, during the
first five years after its development. The textile and apparel manufacturing sector recorded
the highest output multiplier value at 3.52, while in 2022, the industry with the highest
output multiplier value was the manufacturing of other non-metallic mineral products,
which was recorded at 2.57.

In 2022, the transportation and storage sector is not categorized as one of the industries
with the most significant output multiplier effect on the economy of Samosir. However, the
output multiplier effect of ferry transport has increased by 5.01% each year. In contrast, land
transport and warehousing, as well as support services for postal and courier transportation,
have seen decreases of 0.54% and 1.23%, respectively.

The average gross value added (GVA) of Samosir Island’s economy rose from IDR
766.1 million in 2016 to IDR 815.1 million in 2022, reflecting an annual increase of 1.04%.
This trend signifies a rise in the utilization of primary inputs across different sectors,
including labor wages and other components contributing to value addition. There are
twenty-three sectors that had a GVA multiplier value surpassing the average industrial
GVA in the Samosir Islands economy for both 2016 and 2022. The fisheries, forestry, and
logging industries had the highest GVA multiplier during both years, with the respective
figures being IDR 958.6 million in 2016 and IDR 9948.1 million in 2022. The GVA multiplier
for ferry and land transport increased by 7.56% annually and 3.02% annually, respectively,
while warehousing and support services for postal and courier transportation experienced
a decline of 1.58% per year.

The household income multiplier index averaged 0.30 in 2016 and increased to 0.33
in 2022, reflecting an annual increase of 1.91%. This change was driven by the growth
in GVA and income coefficients across various industries. Additionally, the household
income multiplier index for 37 industries on Samosir Island ranged from 0.09 to 0.54 in
2016, and from 0.09 to 0.59 in 2022. In 2016, fourteen sectors within the Samosir Islands
economy demonstrated a household income multiplier index that exceeded the average
for the industry. By 2022, this figure had increased to eighteen sectors. The sectors that
exhibited the highest household income multiplier index during both timeframes were
public administration and defense, along with compulsory social security, which reported
indexes of 0.54 and 0.59, respectively.
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The information provided above indicates that in the first five years of establishing
the ferry transportation infrastructure in the Lake Toba area, there has been a significant
influence on the Gross Value Added (GVA) and the household income multiplier on Samosir
Island, although the effect is still relatively modest.

The COVID-19 pandemic may continue to influence the data of this study. Conse-
quently, additional research is required after a period of 5 years has elapsed since the onset
of the COVID-19 pandemic or once the Indonesian economy has stabilized. Moreover, the
government of the Republic of Indonesia, along with local authorities, must address various
shortcomings in the management of ferry transportation, particularly those concerning
departure schedules, routes, tariff structures, and RoRo ship subsidies, taking into account
the feedback from passengers and the general public.
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