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Abstract. Changes in the earth’s landscape is causing significant transformations impacting ecosystem services 
globally. One notable consequences of these changes is trade-off in ecosystem services, which is caused by 
human land use activities due to social and cultural perspectives of society. Therefore, this research aimed 
to understand the influence of socio-cultural factors that impact ecosystem services in Mamar management. 
The experiment was conducted using as qualitative and quantitative survey to identify changes in Mamar 
management through participatory research and land use analysis on Landsat 2013 and 2023. Socio-cultural 
factors were also identified through an ethnographic method using Smart PLS 3.2.7. The results showed 
that there was a change in the priority of ecosystem services, as supported by changes in land use and the 
importance index of Piper aduncum L. and Areca catechu. Several factors showing significant influence were 
Socio-Demographic-Economic Conditions (SDE4, SDE5, SDE6), Socio-Economic Vulnerabilities (KR6, KR7, 
KR8, KR9), and Cultural Resilience (RSB1, RSB2, RSB3) in Mamar management (SP1, SP2), which affected 
the production of ecosystem services. Based on the results, understanding patterns of social influence enabled 
appropriate mitigation strategies for imbalances in ecosystem services. 

This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution(CC BY NC) licensehttps://creativecommons.org/licenses/by-nc/4.0/.
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1. 	 Introduction 
Mamar is a traditional agroforestry typical of West 

Timor (Natonis, 2008). Apart from its ecological function 
as agroforestry, Mamar has a social function (Viswanath 
& Lubina, 2018) and is very closely related to the culture of 
West Timor people (Manafe, 1990; Openg, 2013). However, 
agroforestry experienced changes in use as shown by Ngaji et 
al. (AUK Ngaji et al., 2021, 2023). These changes were caused 
by humans due to population growth and activities (Hidayah 
& Suharyo, 2018), which had a significant impact on ecosystem 
services.

Socio-ecological trade-off is one of the phenomena that 
occurs in Mamar management (AUK Ngaji et al., 2023). 
Ngaji et al. stated that economic reasons were one of the 
driving factors that accelerated the changes. In addition, 
global influences affect the order of social life (Suneki, 2012), 
contributing to changes in people’s behavior and impacting the 
use of Mamar. An overlooked transformation in the culture 
of West Timorese society is the impact of current economic 
demands and developments (AUK Ngaji et al., 2022).

One entry point in Mamar management is through 
understanding ecosystem services (Boesing et al., 2020; 
Locatelli et al., 2014). Generally, changes in ecosystem services 
are a phenomenon in nature that cannot be avoided over 
time. This is increased by continuous exploitation (Peng et al., 
2023) to promote an increase in one ecosystem service, but 
leads to a decrease in the capacity of others causing trade-off 
(Feng et al., 2017). Among several influencing factors, social 
culture is one of the main domains that affects ecosystem 

services (Scholte et al., 2015). Human activities in a social 
and cultural context influence the availability of ecosystem 
services through management (Febriarta et al., 2020). There 
are complex interactions in nature between various ecosystem 
services (Başkent, 2021; Costanza et al., 2014). These changes 
include exchange between services (Acharya et al., 2019; Feng 
et al., 2017; Liang et al., 2021) and synergy, namely variation in 
the same direction (Haase et al., 2012). 

Changes in land use types frequently occur due to 
anthropogenic causes (Cornelio, 2021) which have an impact 
on the production of ecosystem services including climate 
change (Rovkin et al., 2013). Fulfilling economic needs is 
another important factor (Febriarta et al., 2020; Sumadyanti 
& Zuharnen, 2016). The existence of political policies in the 
framework of ecological politics or for social development 
affects the structure and function of ecosystem, which 
eliminates the balance between services (Müller & Burkhard, 
2012; Crossman et al., 2012; Leh et al., 2013; Müller & 
Burkhard, 2012). Therefore, the strong influence of human 
becomes the basis for assessing attitudes and perceptions 
regarding ecosystem services in cultural landscapes (Oteros-
Rozas et al., 2018). Similar patterns of transformation and 
socio-ecological interaction are happening to Mamar.

Apart from the push for exchange of ecosystem services 
in Mamar, there is actually still a pull factor in the opposite 
direction, namely understanding the values and norms 
existing in society, particularly in relatively old society (> 50 
years) (AUK Ngaji et al., 2024). This sense of ownership and 
perception of Mamar as a heritage that require protection have 

©2025 by the authors. Licensee Indonesian Journal of Geography, Indonesia.
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played a significant role in inhibiting radical changes, thereby 
showing the need for sustainability (Puspita Sari et al., 2016). 
Consequently, understanding the strength and driving factors 
is essential to obtain patterns of influence and a description of 
socio-economic and ecological conditions that trigger trade-
off in the use of Mamar in Kupang Regency. In this way, efforts 
can be made to prevent Mamar degradation and maintain the 
balance of ecosystem services produced through determining 
appropriate Mamar management policies. Therefore, this 
research aimed to understand and estimate the existing socio-
ecological structural trade-off model in West Timor. The data 
obtained are useful for determining sustainable and balanced 
Mamar management policies.

2. 	 Methods
This research was conducted from June to October 2023 

in Silu Village, Fatuleu District and Buraen Village, South 
Amarasi District, Kupang Regency, as shown in Figure 1.

The materials and tools used in this research were: a) 
social characteristics questionnaire consisting of vulnerability, 
socio demography economy, cultural resilience and Mamar 
management strategy for 60 respondents from 2 villages 
(the indicators shown in Table 1.), b) interview guide for 10 
people from each village, c) participatory ecosystem services 
questionnaire, and d) Focus Group Discussion with 5 people 
from each village (consisting of 1 traditional figure and 4 
people who own land in Mamar). Other tools included e). 
2013 and 2023 Landsat images, f) camera, g) haga meter, h) 
measuring tape, and i) GPS. 

This research used a survey method with a qualitative and 
quantitative approach. The data collected were on two main 
focuses, the first, was identifying changes in Mamar consisting 
of (a) participatory assessment of ecosystem services with 
the assumption that the community, including traditional 
leaders, were the parties who directly experienced changes, 
(b) identification of changes in land use. The second focus was 
to identify social factors that influenced Mamar management 
strategies.

Participatory assessment of ecosystem services
Participatory assessment of ecosystem services is one way 

of indirect assessment by including community participation 
(Vihervaara et al., 2017). In this research, participatory 
ecosystem services measurements were carried out at two 
different times (2013 dan 2023) including community 
members around Mamar and traditional leaders, comprising 6 
and 5 people in Silu and Buraen, respectively. The classification 
of ecosystem services used refers to Millennium Ecosystem 
Assessment, namely provision, regulation, culture, support 
(La Notte et al., 2017; Millenium Ecosystem Assessment, 
2005; Muta’ali, 2019). This is with the consideration that 
people around Mamar directly feels the changes, particularly 
regarding ecosystem services. Data collection was carried out 
by consensus using focus group discussion (FGD) method. 
The results data were analyzed using Analytical Hierarchy 
Process (AHP) to determine priority rankings (R. W. Saaty, 
2016; T. L. Saaty, 2002).

Figure 1. Map of Buraen and Silu as research area
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Changes in land use
Land use changes data obtained from the results of 

satellite image analysis is one way of direct measurement 
for the purposes of biophysical quantification of ecosystem 
services (Vihervaara et al., 2017). Interpretation was conducted 
using ArcGIS 10.8 with the supervised classification method 
compared to Google Earth imagery as a reference. Accuracy 
testing was performed with a ground check according to the 
coordinates obtained during interpretation and resulted in 
an accuracy of 90%. The area of each land use was measured 
during interpretation, which included forest, secondary forest, 
shrub, agricultural land, water body using tools in the ArcGIS 
program. The calculation results are shown in the form of a 
graph representing changes as indicated by the differences in 
the height of the bars on the graph. In this research, Landsat 
images from 2013 and 2023 were used as follows:

LC08_L1TP_111067_20130828_20200913_02_T1
LC08_L1TP_111067_20230824_20230826_02_T1

Land use comparisons are made by calculating the area of 
each existing land use, then showing it in graphical form.

Influencing social factors and patterns of influence on 
Mamar management

To determine the relationship between social conditions 
and biophysical data, an interpretive analysis was carried out. 

This was supported by Weber’s opinion in Effendi (2004), 
where interpretive method was used to explain the causality of 
social actions regarding various events and their consequences. 
Furthermore, Effendi stated that there was a circumstantial 
method to interpretation, namely paying attention to forces 
that were not visible but had an influence on social behavior.

Analysis of social factors affecting Mamar management 
was conducted using Smart PLS 3.2.7. This analysis was 
conducted in stages, namely the measurement model 
evaluation followed by the structural model evaluation.

3. 	 Result and Discussion 
Land Use 

Figures 2 and 3 show the land use in Buraen and Silu 
Villages, respectively. Based on the results in Figure 2, 
significant changes were observed as showing by an increase in 
forest land area. Apart from that, the area of secondary forest, 
shrub, and agricultural land decreased, while built-up land 
and water bodies increased in 2023. 

The people admitted that the significant increase in 
forests was due to the impact of the tropical cyclone SEROJA, 
leaving a feeling of trauma, with the tendency to allow existing 
land become forest. On the other hand, the increase in built-
up land area occurred due to conversion of secondary forest, 
shrub, and agricultural land. The rise in water bodies is driven 
by an increase in the amount of rain over the last 3 years.

In comparison, land use in Silu Village (Figure 3) showed 
a decrease in land area for forest, secondary forest, and shrub. 

Table 1. Variable and indicator in research

Variable Notation Indocator 

Vulnerability (KR) KR1 ownership of residence 

 KR2 residential ownership status 

 KR3 physical condition of the house 

 KR4 consumption expenditure 

 KR5 non-consumption expenditure 

 KR6 land ownership within the Mamar 

 KR7 mamar land ownership status 

 KR8 area of agricultural land ownership 

 KR9 The results of food crop production in the Mamar area from 5 years ago 

 KR10 Production of betel and areca nut plants compared to 5 years ago 

Socio Demography Economy (SDE) SDE1 Head family age 

 SDE2 age of spouse 

 SDE3 head of family education 

 SDE4 couple education 

 SDE5 employment 

 SDE6 total income 

 SDE7 number of family dependents 

cultural resilience (RSB) RSB1 Spiritual and cultural resilience 

 RSB2 Mamar for traditional rituals 

 RSB3 Mamar is still relied upon for cultural keystone 

Mamar Manag Strategy (SP) SP1 Mamar needs to be maintained 

 SP2 do not replace plants in the Mamar 

 SP3 Want to change mamar completely 
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Meanwhile, agricultural land, used land, and water bodies 
showed an increase in area in 2023 compared to 2013.

Changes of Mamar land use in Buraen and Silu are 
shown in Figures 4 and 5. In detail, the changes in land use are 
described through graphs.

The increase in forest area in Buraen correlates with 
changes at the sub-district scale, showing that the treatment 

of Mamar is not special. Furthermore, from the results of 
previous research, the general public’s understanding of 
Mamar has experienced a shift. This is shown by the results of 
interviews using incidental sampling methods with the people, 
where 7 out of 8 respondents does not understand Mamar’s 
philosophy. In this context, majority considers Mamar a mixed 
garden with an irregular layout.

Figure 2. Map and graphic of land use changes in Buraen in 2013 and 2023

Figure 3. Map of land use changes in Silu in 2013 and 2023
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Figure 4. Mamar’s land use in Buraen

Figure 4. Mamar’s land use in Silu
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The increase in forest area (dense vegetation) in both 

areas was caused by several factors. These included neglect 
for cultural reasons (as a heritage that should not be changed) 
and the hope that Mamar could be a balancing factor for 
the environment in order to reduce disasters due to storms. 
Additionally, in several places, there was visible planting of 
plants with high economic value.

Land use that changes initial conditions such as forest area 
due to conversion causes ecosystem services including food 
and clean water produced in the forest to be lost or reduced. 
Similarly, regulatory services will be reduced or even lost 
such as landslide protection services, air quality regulation. 
Additionally, cultural identity and social relations will not have 
the appropriate space. Despite the significant contribution to 
support services, biodiversity and habitat will be disrupted.

Ecosystem services resulting from participatory assessment
The results of weighting using AHP on data from 

consensus and traditional leaders comprising 5 people each in 
Buraen and in Silu are shown in Table 2. Ecosystem services 
grouping refers to Millennium Ecosystem Assessment (MEA) 
which is adjusted to the area conditions. The provisions of 
ecosystem services include the role of Mamar in providing 
food, clean water, fiber, fuel, genetic sources, and medicinal 
materials. Meanwhile, regulatory services include climate, 
water management, disaster protection, water and waste 
treatment, and air quality maintenance. Cultural services 
include Cultural identity and heritage values, Spiritual and 
religious, Science and education, social relations, supporting 
services include Soil formation and fertility, Nutrient cycles, 
Biodiversity, Habitat.

Table 2. Weighting results of ecosystem service production in the two observation areas in 2013 (Buraen 1 and Silu 1) and 2023 
(Buraen 2 and Silu 2) using AHP

Buraen 1 Rank Buraen 2 Rank Silu 1 Rank Silu 2 Rank
Provision 0.230813644 3 0.2003003 3 0.307559069 2 0.280630631 2
Regulating 0.307559069 2 0.39984985 1 0.076745425 4 0.410960961 1
Culture 0.076745425 4 0.099774775 4 0.230813644 3 0.102552553 4
Supporting 0.384881862 1 0.300075075 2 0.384881862 1 0.205855856 3

Source: primary data processing

SOCIO-
DEMOGRAPHY-

ECONOMY

CULTURAL RESILIENCE

VULNERABILITY

consumption 
expenditure (KR4)

non-consumption 
expenditure (KR5)

land ownership in 
mamar (KR6)

land ownership status in 
mamar (KR7)

area of agricultural land 
ownership (KR8)

head family' education 
(SDE3)

spouse' education 
(SDE4)

walk of life (SDE5)

mamar for traditional 
rituals (RSB1)

cultural keystone plant 
habitat (RSB2)

Mamar as a legacy 
(RSB3)

MAMAR 
MANAGEMENT 

STRATEGY

Mamar is maintained 
(SP1)

Changing plants in 
Mamar

Figure 6. Pattern of social-cultural influence on Mamar management in Buraen and Silu
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From Table 2, there is a change in the priority order of 

ecosystem services that occurred in 2023 compared to 2013 as 
observed in Buraen village. If in 2013, supporting ecosystem 
services were in first place and regulating was in second 
place, then in 2023, the opposite will happen. In Silu Village, 
changes include three ecosystem services, namely regulating, 
culture, and supporting. Based on the results, significant 
changes are observed in regulating and supporting, while 
provisioning services have not changed. This condition shows 
that there are similar orientations in the two areas, prioritizing 
regulatory services in current conditions (based on Table 1, 
where the rank of regulating ecosystem services is 1 in both 
areas in 2023 compared to 2013). This is also confirmed by 
the results of interviews and FGD, which acknowledge the 
impact of tropical storm SEROJA on the reasons why people 
change their priorities for ecosystem services. Additionally, 
cultural ecosystem services occupy the last position in the 
priority order for people in both areas. The result suggests a 
degradation of the orientation of cultural functions in the use 
of Mamar.

1.3. Identify influential social factors and patterns of 
influence on Mamar management

Analysis of social factors that influence Mamar 
management was carried out using Smart PLS 3.2.7 (Cheah 
et al., 2021; Memon et al., 2021). This analysis was performed 
stages, namely evaluation of the measurement model 
followed by structural model (Fan et al., 2021). Therefore, the 
relationship model of factors that are thought to be influential 
is shown in the form of a structural model, as presented in 
Figure 6. 

In Figure 6, the vulnerability variable is explained by 
indicators of consumption expenditure, non-consumption 
expenditure, land ownership in Mamar, status, and area of 
agricultural land ownership. Socio-demographic economic 
variables are explained by indicators of head of family 
education, spouse education, and walk of life. For the cultural 
resilience variable, it is explained by indicators of Mamar 
for traditional rituals, cultural plant habitat, and Mamar as 
a heritage. Meanwhile, the management strategy variable is 
described by indicators of Mamar, including maintenance 
and changes in plants. Socio-demographic economic 
variables also affect cultural vulnerability and resilience, and 
management strategy which has an impact on changes in 
ecosystem services. This suggests a strong influence of socio-
demographic and economic conditions on the occurrence of 
cultural vulnerability and resilience, which affects the Mamar 
management strategy by people. From the results, people that 
owns Mamar has two different opinions, namely maintenance 
and changing the types of plants.

Discussion
The role of human in changing ecosystem services is very 

important (Su et al., 2023), as supported by human life and 
lifestyle (Christiawan & Lai Nguyen, 2024). However, these 
changes can cause environmental degradation which impacts 
small farmers (Buyinza et al., 2022). Buyinza also stated that 
limited access to other resources was the cause of small farmers’ 
vulnerability, showing the need to increase biodiversity on 
farmers’ land (Iiyama et al., 2017).

From the research results, changes in ecosystem services 
in Mamar in 2023 compared to 2013 can be observed, as 
shown in Table 1. Apart from human factors as the main 

cause, natural disasters are also a driver of human activities. In 
2021, the Seroja tropical cyclone disaster changed the people’s 
perspective and focus on managing Mamar. Therefore, 
regulatory ecosystem services are higher in 2023 compared 
to 2013. In Silu, regulatory ecosystem services are higher in 
2023 compared to 2013, indicating the occurrence of trade-off 
(Zhang et al., 2023). Cultural services vary from position 3 to 
4, while supporting services ranges between position 1 and 3.

The differences between Buraen and Silu are mainly due to 
variation in land use levels. In Silu, land use is more intensive, 
while in Buraen, it is slower to enable the environmental 
recovery process. The decline in forest area, secondary forest, 
and shrubs is driven by efforts to use land by people to meet 
their living needs. Moreover, increase in the agricultural area 
and land use shows compensation (Emmerson et al., 2016) for 
the decline in the three previous forms of land use. 

The tendency of Mamar to change is more desired by 
economically disadvantaged people. The demands of the 
times and the desire to have more pushed Mamar to change. 
Replacing vegetation types is the dominant option with the 
aim of maintaining the ecological function of Mamar but 
producing higher profits from changing vegetation types. 

People who suffer losses tend to defend Mamar, as 
education level and length of services are factors that 
influence management strategy. With relatively low levels of 
education, resistance is promoted which is also strengthened 
by a conservative mindset in the context of cultural values 
and norms. On the other hand, people who have jobs other 
than farming tend to keep Mamar due to several factors such 
as maintaining hereditary norms. Other contributing factors 
include relying on non-Mamar agricultural products for 
livelihood and time used for businesses. In this context, there 
are strong social considerations (Rodríguez-Piñeros et al., 
2022). Mamar with irregular plant spacing can theoretically 
only be changed by thinning and succession of vegetation, 
which requires several effort and time. Therefore, the presence 
of Mamar can only be exploited, with tendency to decrease 
because of competition for nutrients and sunlight. These 
ecosystem services would also be dominated by regulatory 
and supporting services. Cultural ecosystem services would 
decrease along with the development of existing civilization, 
which tends to eliminate cultural rituals in Mamar.

Several indicators in the vulnerability variable show an 
influence on Mamar management strategy in Buraen and Silu. 
Expenditures for consumption and non-consumption are a 
logical reason to create ideas for increasing income to offset 
expenses or maintain the amount of income. However, this 
level of expenditure tends to only go to the extent of replacing 
plants in Mamar and not converting Mamar as a whole.

Apart from that, land ownership, status, and non-Mamar 
agricultural land ownership are indicators that influence 
management. Due to ownership status, people can show 
tendency to change the way Mamar is maintained through 
joint decision from various parties. Meanwhile, ownership of 
non-Mamar agricultural land will influence intentions and 
actions. 

The understanding of some people that Mamar is only a 
mixed garden and not a cultural heritage, has led to unintentional 
changes. This is related to missed transformation between 
generations, causing degradation of the understanding. 
With respondents, some of people were >50 years old, with 
the assumption that they were still undergoing a process 
of cultural transformation, this resulted in the discovery of 
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cultural resilience (Bolton et al., 2016) in this research. The 
existence of Mamar is considered to still function as a place 
for carrying out traditional rituals, particularly in Silu (the 
definition of traditional rituals is divided into two, namely (a) 
prayer and (b) giving signs accompanied by sacred words such 
as “bunuk”, which is actually more personal). Apart from that, 
Mamar is still considered a place for planting betel and areca 
nut (according to philosophy), and an ancestral heritage that 
must be maintained. These factors are responsible for Mamar 
management, as well as being a balancing factor. However, 
changes can still occur due to natural processes.

From both research areas, respondents generally agreed 
that they did not want to change Mamar land completely, but 
selected management strategy. This can be observed from the 
structural model based on PLS (Partial Least Square) analysis 
which showed the selection of SP1 (management strategy to 
maintain Mamar) with an indicator value of 0.943 and SP2 
(limited change) at 0.902. SP3 option (management strategy to 
completely change Mamar land) had an indicator value <0.7 
(invalid).

4. 	 Conclusion 
In conclusion, this research showed the efforts to promote 

an increase in the capacity of one ecosystem service, causing a 
corresponding decrease in the potential of others. The results 
showed that socio-demographic economic variables, socio-
economic vulnerability, and cultural resilience influenced the 
management strategy of Mamar in Buraen and Silu which had 
an impact on the production of ecosystem services. Therefore, 
environmentally aware development planning in areas where 
Mamar was located needs to pay special attention to these 
variables.

Acknowledgement 
The authors are grateful to the director of the Politeknik 

Pertanian Negeri Kupang for sponsoring this research activity, 
as well as to Deny Opat, Jemima, Ape, and Yanto who helped 
collect biophysical data.

References 
Acharya, R. P., Maraseni, T., & Cockfield, G. (2019). Global trend of 

forest ecosystem services valuation – An analysis of publications. 
Ecosystem Services, 39(July), 100979. https://doi.org/10.1016/j.
ecoser.2019.100979

Augstburger, H., Jacobi, J., Schwilch, G., & Rist, S. (2018). 
Agroecosystem service capacity index - A methodological 
approach. Landscape Online, 64, 1–48. https://doi.org/10.3097/
LO.201864

Başkent, E. Z. (2021). Assessment and valuation of key ecosystem 
services provided by two forest ecosystems in Turkey. In 
Journal of Environmental Management (Vol. 285). https://doi.
org/10.1016/j.jenvman.2021.112135

Boesing, A. L., Prist, P. R., Barreto, J., Hohlenwerger, C., Maron, 
M., Rhodes, J. R., Romanini, E., Tambosi, L. R., Vidal, M., & 
Metzger, J. P. (2020). Ecosystem services at risk: integrating 
spatiotemporal dynamics of supply and demand to promote 
long-term provision. One Earth, 3(6), 704–713. https://doi.
org/10.1016/j.oneear.2020.11.003

Bolton, K. W., Praetorius, R. T., & Smith-Osborne, A. (2016). 
Resilience protective factors in an older adult population: A 
qualitative interpretive meta-synthesis. Social Work Research, 
40(3), 171–182. https://doi.org/10.1093/swr/svw008

Buyinza, J., Nuberg, I. K., Muthuri, C. W., & Denton, M. D. (2022). 
Farmers’ Knowledge and Perceptions of Management and the 

Impact of Trees on-Farm in the Mt. Elgon Region of Uganda. 
Small-Scale Forestry, 21(1), 71–92. https://doi.org/10.1007/
s11842-021-09488-3

Cheah, J. H., Roldán, J. L., Ciavolino, E., Ting, H., & Ramayah, T. 
(2021). Sampling weight adjustments in partial least squares 
structural equation modeling: guidelines and illustrations. Total 
Quality Management and Business Excellence, 32(13–14), 1594–
1613. https://doi.org/10.1080/14783363.2020.1754125

Christiawan, P. I., & Lai Nguyen, T. P. (2024). Re-Framing the 
Interlinked between Demographic Transition and Land-Use 
Change in Developing Countries Peri-urbanization. Indonesian 
Journal of Geography, 56(3), 344–356. https://doi.org/10.22146/
ijg.89118

Cornelio, D. L. (2021). Socioeconomic drivers of land use 
intensification in FIJI Islands: A geographical approach. In P. N., 
M. C., L. F., Y. M.Y., J. J., S. A., Z. H., L. X., O. B., S. U., H. E., S. M., 
Z. J., P. A., W. L., L. R., Y. M., D. K., A. O., … F. F.S. (Eds.), 2021 
24th ISPRS Congress Commission III: Imaging Today, Foreseeing 
Tomorrow (Vol. 43, Issues B3-2021, pp. 837–842). International 
Society for Photogrammetry and Remote Sensing. https://doi.
org/10.5194/isprs-archives-XLIII-B3-2021-837-2021

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S. J., 
Kubiszewski, I., Farber, S., & Turner, R. K. (2014). Changes in the 
global value of ecosystem services. Global Environmental Change, 
26(1), 152–158. https://doi.org/10.1016/j.gloenvcha.2014.04.002

Crossman, N. D., Burkhard, B., & Nedkov, S. (2012). Quantifying 
and mapping ecosystem services. International Journal of 
Biodiversity Science, Ecosystem Services and Management, 8(1–
2), 1–4. https://doi.org/10.1080/21513732.2012.695229

Effendi, D. (2004). Interpretasi Yusuf Qardhawi Tentang Kemiskinan 
di kalangan Masyarakat Islam dan Upaya Penanggulangannya. 
IAIN SGD Bandung.

Emmerson, M., Morales, M. B., Oñate, J. J., Batáry, P., Berendse, F., 
Liira, J., Aavik, T., Guerrero, I., Bommarco, R., Eggers, S., Pärt, 
T., Tscharntke, T., Weisser, W., Clement, L., & Bengtsson, J. 
(2016). How Agricultural Intensification Affects Biodiversity 
and Ecosystem Services. In Advances in Ecological Research (Vol. 
55, pp. 43–97). Academic Press Inc. https://doi.org/10.1016/
bs.aecr.2016.08.005

Fan, M., Qalati, S. A., Khan, M. A. S., Shah, S. M. M., Ramzan, M., 
& Khan, R. S. (2021). Effects of entrepreneurial orientation on 
social media adoption and SME performance: The moderating 
role of innovation capabilities. PLoS ONE, 16(4 April 2021), 
1–24. https://doi.org/10.1371/journal.pone.0247320

Febriarta, E., Oktama, R., Purnama, S., Sumber, F. T., Alam, D., & 
Yogyakarta, T. (2020). Geomedia Majalah Ilmiah dan Informasi 
Kegeografian Analisis Daya Dukung Lingkungan Berbasis Jasa 
Ekosistem Penyediaan Pangan dan Air Bersih di Kabupaten 
Semarang. Geomedia, 18(1), 12–24. https://journal.uny.ac.id/
index.php/geomedia/index

Feng, Q., Zhao, W., Fu, B., Ding, J., & Wang, S. (2017). Ecosystem 
service trade-offs and their influencing factors: A case study in 
the Loess Plateau of China. Science of the Total Environment, 607–
608, 1250–1263. https://doi.org/10.1016/j.scitotenv.2017.07.079

Haase, D., Schwarz, N., Strohbach, M., Kroll, F., & Seppelt, R. 
(2012). Synergies, trade-offs, and losses of ecosystem services 
in urban regions: An integrated multiscale framework applied 
to the leipzig-halle region, Germany. Ecology and Society, 17(3). 
https://doi.org/10.5751/ES-04853-170322

Hidayah, Z., & Suharyo, O. S. (2018). Analisa Perubahan Penggunaan 
Lahan Wilayah Pesisir Selat Madura. Rekayasa, 11(1), 19. 
https://doi.org/10.21107/rekayasa.v11i1.4120

Iiyama, M., Derero, A., Kelemu, K., Muthuri, C., Kinuthia, R., 
Ayenkulu, E., Kiptot, E., Hadgu, K., Mowo, J., & Sinclair, F. L. 
(2017). Understanding patterns of tree adoption on farms in 
semi-arid and sub-humid Ethiopia. Agroforestry Systems, 91(2), 
271–293. https://doi.org/10.1007/s10457-016-9926-y



208

SOCIO-CULTURAL FACTORS IN MAMAR MANAGEMENT Alfred Umbu Kuala Ngaji, et al.
La Notte, A., D’Amato, D., Mäkinen, H., Paracchini, M. L., Liquete, 

C., Egoh, B., Geneletti, D., & Crossman, N. D. (2017). Ecosystem 
services classification: A systems ecology perspective of the 
cascade framework. Ecological Indicators, 74, 392–402. https://
doi.org/10.1016/j.ecolind.2016.11.030

Leh, M. D. K., Matlock, M. D., Cummings, E. C., & Nalley, L. L. (2013). 
Quantifying and mapping multiple ecosystem services change 
in West Africa. Agriculture, Ecosystems and Environment, 165, 
6–18. https://doi.org/10.1016/j.agee.2012.12.001

Liang, J., Li, S., Li, X., Li, X., Liu, Q., Meng, Q., Lin, A., & Li, J. 
(2021). Trade-off analyses and optimization of water-related 
ecosystem services (WRESs) based on land use change in a 
typical agricultural watershed, southern China. Journal of 
Cleaner Production, 279, 123851. https://doi.org/10.1016/j.
jclepro.2020.123851

Locatelli, B., Imbach, P., & Wunder, S. (2014). Synergies and trade-
offs between ecosystem services in Costa Rica. Environmental 
Conservation, 41(1), 27–36. https://doi.org/10.1017/
S0376892913000234

Manafe, A. (1990). Ekosistem Mamar, Sebagai Suatu Bentuk Wanatani 
Tradisional di Kabupaten Kupang, Nusa Tenggara Timur. Gajah 
Mada University.

Memon, M. A., T., R., Cheah, J.-H., Ting, H., Chuah, F., & Cham, 
T. H. (2021). Pls-Sem Statistical Programs: a Review. Journal of 
Applied Structural Equation Modeling, 5(1), i–xiv. https://doi.
org/10.47263/jasem.5(1)06

Millenium Ecosystem Assessment. (2005). Ecosystem and Human 
Well-being. In W. V. Reid (Ed.), WHO (Vol. 256, Issue 6). https://
doi.org/10.1152/ajpcell.1989.256.6.c1120

Müller, F., & Burkhard, B. (2012). The indicator side of ecosystem 
services. Ecosystem Services, 1(1), 26–30. https://doi.
org/10.1016/j.ecoser.2012.06.001

Muta’ali, L. (2019). Daya Dukung dan Daya Tampung Lingkungan 
Hidup Berbasis Jasa Ekosistem untuk Perencanaan Lingkungan 
Hidup (V. Eris (ed.); 1st ed.). Badan Penerbit Fakultas Geografi 
UGM. www.geo.ugm.ac.id

Natonis, M. (2008). Ekosistem Mamar.
Ngaji, AUK;, Baiquni, M. ., Haryono, E., & Suryatmojo, H. (2022). Pola 

Pemanfaatan Mamar dan Dampaknya terhadap Jasa Ekosistem 
di Kabupaten TTS dan Kabupaten Kupang Nusa Tenggara Timur 
[Universitas Gajah Mada]. https://etd.repository.ugm.ac.id/
penelitian/detail/215361

Ngaji, AUK, Baiquni, M., Haryono, E., & Suryatmojo, H. (2023). 
Perubahan Pola Pemanfaatan Mamar_ Full.pdf (A. Khanafi 
(ed.)). Deepublish.

Ngaji, AUK, Baiquni, M., Suryatmojo, H., & Haryono, E. (2021). 
Assessing the sustainability of traditional agroforestry practices: 
A case of Mamar agroforestry in kupang-indonesia. Forest and 
Society, 5(2), 438–457. https://doi.org/10.24259/fs.v5i2.14380

Ngaji, AUK, Benu, Y., & Wardhana, L. D. W. (2024). Menakar Peluang 
Mempertahankan Mamar dalam Perspektif Kerentanan dan 
Resiliensi Masyarakat.

Openg, V. (2013). Mamar sebagai Kearifan Ekologi Masyarakat Adat 
Atoin Meto Dalam Kaitan Pelestarian Sumber Daya Air di Desa 
Femnasi, Timor Tengah Utara. Journal of Chemical Information 
and Modeling. https://doi.org/10.1017/CBO9781107415324.004

Oteros-Rozas, E., Martín-López, B., Fagerholm, N., Bieling, C., & 
Plieninger, T. (2018). Using social media photos to explore the 
relation between cultural ecosystem services and landscape 
features across five European sites. Ecological Indicators, 94, 74–
86. https://doi.org/10.1016/j.ecolind.2017.02.009

Peng, Y., Chen, W., Pan, S., Gu, T., & Zheng, J. (2023). Identifying the 
driving forces of global ecosystem services balance, 2000–2020. 
Journal of Cleaner Production, 426. https://doi.org/https://doi.
org/10.1016/j.jclepro.2023.139019

Puspita Sari, D., Fatmasari Syafruddin, R., & Kadir, M. (2016). 
Penerapan Prinsip-Prinsip Good Agricultural Practice (GAP) 
untuk Pertanian Berkelanjutan di Kecamatan Tinggi Moncong 
Kabupaten Gowa. Jurnal Galung Tropika, 5(3), 151–163. 
http://jurnalpertanianumpar.com/index.php/jgt/article/
download/161/pdf

Rodríguez-Piñeros, S., Sabogal-Aguilar, D. M., & Villarraga-Flórez, L. 
F. (2022). Assessing Economic and Shared Social Values of Forest 
Conservation to Improve Water Availability: A Case Study of the 
Protected Forest Reserve of El Quinini, Colombia. Small-Scale 
Forestry. https://doi.org/10.1007/s11842-022-09505-z

Rovkin, V. B., Oysen, L. B., Rora, V. K. A., Oisier, J. P. B., Adule, P. 
C., Hini, L. C., & Laussen, M. C. (2013). Effect of Anthropogenic 
Land-Use and Land-Cover Changes on Climate and Land Carbon 
Storage in CMIP5 Projections for the Twenty-First Century. 
https://doi.org/10.1175/JCLI-D-12-00623.1

Saaty, R. W. (2016). Decision making in complex environments, 
The Analytic Network Process (ANP) for dependence and 
feedback including a tutorial for the SuperDecisions software 
and portions of the encyclicon of applications. In Including 
a Tutorial for the SuperDecisions Software and Portions of the 
Encyclicon of Applications (Vol. 1). https://www.superdecisions.
com/sd_resources/v28_man02.pdf

Saaty, T. L. (2002). Decision making with the Analytic Hierarchy 
Process. Scientia Iranica, 9(3), 215–229. https://doi.org/10.1504/
ijssci.2008.017590

Scholte, S. S. K., van Teeffelen, A. J. A., & Verburg, P. H. (2015). 
Integrating socio-cultural perspectives into ecosystem 
service valuation: A review of concepts and methods. 
Ecological Economics, 114, 67–78. https://doi.org/10.1016/j.
ecolecon.2015.03.007

Su, Y., Feng, Q., Liu, W., Zhu, M., Xia, H., Ma, X., Cheng, W., Zhang, 
J., Zhang, C., Yang, L., & Yin, X. (2023). Improved Understanding 
of Trade-Offs and Synergies in Ecosystem Services via Fine Land-
Use Classification and Multi-Scale Analysis in the Arid Region of 
Northwest China.

Sumadyanti, U., & Zuharnen. (2016). MONITORING DAYA 
DUKUNG LINGKUNGAN BERBASIS JASA EKOSISTEM 
(REKREASI & ECOTOURISM) TAHUN 2000 dan 2015 
MENGGUNAKAN CITRA LANDSAT(Lokasi Kabupaten 
Badung Bagian Barat, Provinsi Bali). Jurnal Bumi Indonesia, Vol 
5, No 4: 2016, 1–10.

Suneki, S. (2012). Dampak Globalisasi Terhadap Eksistensi Budaya 
Daerah. II(1), 307–321.

Vihervaara, P., Mononen, L., Santos, F., Adamescu, M., Cazacu, C., 
Luque, S., & Geneletti, D. (2017). Biophysical quantification. 
Mapping Ecosystem Services, March, 95–103.

Viswanath, S., & Lubina, P. A. (2018). Traditional agroforestry 
systems. Agroforestry: Anecdotal to Modern Science, II(1), 91–
119. https://doi.org/10.1007/978-981-10-7650-3_3

Zhang, J., Wang, Y., Sun, J., Zhang, Y., Wang, D., Chen, J., & Liang, E. 
(2023). Trade-offs and synergies of ecosystem services and their 
threshold effects in the largest tableland of the Loess Plateau. 
Global Ecology and Conservation, 48(July), e02706. https://doi.
org/10.1016/j.gecco.2023.e02706


