E3S Web of Conferences 73, 02023 (2018)
ICENIS 2018

https://doi.org/10.1051/e3sconf/20187302023

Study of Social Vulnerability of Climate Change at the

Mountain Ecosystem

Muhammad Rifqi Maulana ' and Denny Nugroho Sugianto !2

"Magister Program of Environmental Science, School of Postgraduate Studies, Diponegoro University, Semarang - Indonesia

2 Departemen of Oceanography, Faculty of Marine Science and Fisheries, Diponegoro University, Semarang — Indonesia

Abstract. Climate change is a global phenomenon, where the impact will be experienced by all parts of the
world. One of the areas studied was Indonesia. Climate change in Indonesia has the direct and indirect

effect on aspects of human life. Climate change can cause ecosystem disturbances. One of which is a

mountainous ecosystem on Mount Rinjani, Lombok Island. The mountain ecosystem is very similar to the
climate in Indonesia, this will have a special impact on the agricultural sectors. Therefore it is necessary to
know the level in their environment. This paper will discuss social measurement parameters and their
impact on climate in mountain ecosystems. The main factors are ecosystems (control environment,
settlement patterns), ecology (forest cover, cliff conditions) and economy (livelihood & income / natural

resources).
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1. Introduction

Climate change occurs in various parts of the world,
causing changes in rainfall patterns, air temperature,
causing some extreme climate events in the form of
floods and droughts. Those are some of the serious
impacts of climate change faced by the world
community, including Indonesia [1]. As a result of
climate change within the period 1991 — 2000 which
increased three-fold compared to 1981 — 1990
Indonesian farmers experienced crop failure and loss of
rice production [2]. The negative impact of global
climate change on the economy is considered to cause
the loss of 5% of the world's Gross Domestic Product
(GDP) every year [3].

Climate change results in seasonal shifts and changes
in rainfall patterns that are very influential in various
sectors, some of them are the disruption of the planting
season and harvest season which can pose a threat to
food security [4]. The agricultural economy sector is also
disrupted. The production of fertilizers was hampered
and decreasing number on farmers' food stock. On the
other hand, high rainfall with increasing intensity can
increase the risk of landslides, especially if the
vegetation cover is very low. The threat of landslides,
the stability of food production and forest ecosystems are
commonly in the highlands. Global climate change will
be felt differently across regions depending on local
impacts and the strengths in their communities [5].
Province of West Nusa Tenggara (NTB) is one of the

regions of Eastern Indonesia that is very vulnerable to
climate change [6]. Every time rainy season starts, NTB
people must be alert to face disasters due to
meteorological factors. The phenomenon of heavy rain
and strong winds can trigger floods and landslides, and it
can damage houses. In this case, property losses are
unavoidable. Rain with heavy intensity, long duration,
and uneven distribution of rainfall has the potential to
cause floods and landslides in some regions.

One party that feels the effects of climate change and
extreme weather that occur, directly and indirectly, is the
local people themselves [7]. Improving community
capacity is crucial in ensuring the success of adaptation
to climate change [8], especially changes regarding the
reactive adaptation approach become proactive [9].
Thus, the vulnerability of the local people to climate
change that occurs is an important part to provide
information in a variety of different areas, as well as
reference material for planning adaptation actions that
enhance the adaptive capacity of the system [10].

One of the efforts in reducing the risk of threats is by
preparing the local community to understand the standby
action. However, in the mountainous area, it is still
unknown which community groups are vulnerable to
climate change and how vulnerable they are. What are
the main factors causing this vulnerability? And are there
recommendations that can be submitted regarding the
level of vulnerability due to climate change? And how
appropriate are mitigation efforts to the conditions of the
community and its ecosystem? These problems are
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fundamental and important issues to be studied in order
to formulate adaptation strategies so that efforts can be
made to reduce risk and strengthen the community
capacity for the impacts of climate change.

Based on the study above, this research aims to
determine the level of vulnerability of the community in
mountainous ecosystems toward climate change. The
Vulnerability is defined as a natural condition that is
influenced by several aspects; physical processes, social,
economic and environmental processes that can pose a
risk to the impact of hazards [11]. Climate change is
defined as the global climate situation that is
experiencing changes due to natural changes and
anthropogenic (human) factors. Symptoms of climate
change according to climatic indicators are identified on
a global scale and can not be identified on a local scale
[12].

2. Methodology

This research is descriptive based on the literature study
that has been conducted by several researchers, with the
object of research is Lombok Island. The stage of this
research was conducted to determine the level of
vulnerability of the community in the mountain
ecosystem toward climate change. Vulnerability is
defined as a condition that is affected by physical, social,
economic and environmental processes that can increase
the risk to the impact of hazards [13]. And the results'
analysis of its implementation is shown in the form of
"maps of disaster-prone areas".

2.1 Data Collection

Primary data was taken by direct observation in the field
and interviews. This primary data relates to the physical,
social, economic and regional distribution conditions of
landslides and community disaster mitigation in facing
landslides. In each region, 40 respondents were chosen
to represent various community groups. Among these
respondents, there were key informants, such as
community leaders as local knowledge experts according
to Davis and Wagner criteria [14]. Secondary data was
taken from related institutions; Lombok Forestry
Service, Lombok Island Public Works Agency, BMKG,
Gunung Rinjani National Park.

2.2 Data Analysis

Assessment Vulnerability analysis was conducted using
the formulation of the Intergovernmental Panel on
Climate Change [15] that vulnerability is a function of
exposure, sensitivity, and adaptive capacity. Exposure is
a degree (how far) a system (social and ecosystem)
naturally susceptible to climate change. Sensitivity is a
system that is affected by all elements of climate change,
including the characteristics of the average climate,
climate variability, frequency, and extreme quantities.
Adaptive capacity is the ability of a system to cope with
the consequences of change or adapt to climate change,
reducing the potential for natural damage.

2.1.1. Outcrop

Exposure Factor was measured using an analysis of
causality between climate variables (temperature and
rainfall) with climatic hazard related to human life
according to the relevant Economy and Environment
Program for Southeast Asia & International
Development Research Center [16] in mountain
ecosystems; landslide. Assessment of landslides-
potential exposure was conducted according to Suranto's
approach.

2.1.2. Sensitivity

Sensitivity was analyzed by scoring method. The
sensitivity aspects analyzed was including social,
economic, infrastructure and ecological aspects [17]
developing criteria and indicators. The total values for
each location and attributes/indicators were classified
using the interval scale (SI). interpreted into three classes
of vulnerability (sensitivity); high, medium and low

2.1.3. Adaptive Capacity

Adaptive capacity was analyzed using the scoring
method. The aspects of adaptive capacity analyzed were
the same aspects as sensitivity variables; social,
economic, infrastructure and ecology [18] If the
indicator shows weakening signal, it is classified as
sensitive, and if it strengthens, it is classified as adaptive
capacity.

3. Result and Discussion

3.1 Climate Change in the Mountain Ecosystem

One of the consequences of climate change can be seen
from the rain pattern. The nature of rainfall is a
comparison between the amount of rainfall that occurs
during a month with the average or normal rainfall of the
month in an area [19], which can be grouped into normal
rain (N), above normal (AN) and below normal (BN).
The nature of rain at the research site tends to be below
normal in the middle of the year and above normal at the
end of the year. These dynamics indicate atmospheric
disturbances, some disturbances on local and regional
scales that affect rainfall in the Mountainous region.

The local communities in the research location
have felt changes in temperature and rainfall patterns.
All respondents stated that the community felt the
increasing temperature. Most respondents stated that the
change in rainfall patterns became irregular, higher
intensity, but shorter duration. Most people in the
mountains  have  agricultural livelihoods  with
horticultural commodities such as shallots, scallions,
cabbage, tomatoes, corn, and other crops. Changes in
temperature and rainfall patterns have influence in
declining the productivity of horticultural crops. The
reduction in productivity is technically caused by a
mismatch between the needs and the availability of water
which causes crop failure or a reduction in the quality
and quantity of fruits. In addition, the emergence of plant
disease (pests) was triggered by changes in temperature
and rainfall patterns. It was also considered as one of the
causes of the decline in the quality and quantity of crops.
Decreasing productivity in agriculture at the research site
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was higher than the results of a study by Muhammad et
al. [20], which in the wetter climate, it causes an
increasing agricultural failure from 0.24-0.73% to be
8.7-13.8%.

3.2 Community Vulnerability Level on Climate
Change

3.2.1. Landslides as the focus of outcrops

Based on the theoretical functional relationship,
landslides can occur due to several controlling factors;
slope conditions, soil / rock constituent conditions,
geological conditions, hydrological conditions on slopes,
and land use on slopes. Climate and rainfall trigger
landslides, especially when high rainfall intensity occurs
continuously for several hours, days or weeks.
Assessment of landslide potential / vulnerability is
formed by three indicators; slope, rock / soil compiler,
and rainfall.

Based on slope indicators, the three villages have a high
potential for landslides because the land's slope is > 45.
Despite the hilly-mountainous topography with high
slopes, people continue to use the land as a settlement
and agricultural site. Community efforts to reduce
landslide risk is only using the terracing technique. The
potential for high ground movements is proved by the
frequency of landslide events at the research site. In
addition to large landslides there are also small
landslides, such as the movement of soil in small masses
and does not cause mass damage. The frequency of small
landslides at the research site is very high due to hilly
conditions, with many plain areas. Many of the residents'
gardens have been destroyed by landslides and the
locations are spread sporadically. This confirms the
record of disaster events in Indonesia, that 53% of the
total disasters are hydrometeorological disasters, the
most frequent disasters were floods (34.1%) and
landslides (16%) [21]. approach.

3.2.2. Sensitivity and adaptive capacity

Sensitivity and adaptive capacity are influenced by four
aspects; social, ecological, infrastructure and economy.
According to spatial distribution, the level of community
sensitivity to climate change in the mountainous
ecosystem in the observation site is in the medium and
high category.

4. Conclusion and Suggestion

A. Conclusion

The main factors of vulnerability in mountainous
ecosystems are infrastructure, ecological factors, and
economic factors. Infrastructure factors are: the absent of
landslide control buildings, and settlement patterns are
mostly located in cliff areas. Ecological factors are:
forest cover <30%, and many unstable cliff conditions.
The economic factors are the people's occupation that
has a high dependency on the land and natural resources.
Disaster mitigation efforts are divided into 3 parts; pre-
disaster, during disaster and post-disaster. The efforts at
pre-disaster are prevention before the occurrence of
landslides by participating in disaster response training.
During the disaster, it is an effort to save themselves and
send disaster alert to other communities. And after the

disaster, it is an effort to reconstruct infrastructure that
was damaged by a disaster.

B. Suggestion

The efforts to reduce the Ilevel of community
vulnerability are important for several things, including
the physical development of cliff control, settlement
arrangements to avoid landslides, enrichment of woody
plants in the land with slope > 45, and expansion of
protected forests.

For the community, they must take part in training to
find out and understand disaster-related knowledge. And
for the government, it is better to show which areas are
prone to landslides and to socialize and provide
counseling to the community, especially to disaster-
prone areas.
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