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Abstract. The hydrological conditions in Timor Island, Indonesia, are characterized by limited
surface water potential. The presence of erratic seasonal changes, which is an indicator of
climate variability, exacerbates this situation. Efforts to sustain water resources are often
constrained by limited data on climate variability’s impact on water resources. The objective of
this study is to appraise the vulnerability of water resources to climate variability in Noelmina
watershed. Temperature and precipitation data from the last three decades were used to
describe climate variability. This study used the vulnerability concept developed by
Intergovernmental Panel on Climate Change. It is defined as a combination of exposure and
sensitivity minus adaptive capacity. In this concept, groups of criteria-indicators that
represent exposure, sensitivity, and adaptive capacity, such as watershed conditions; water
demand and community dependence on land; human quality, socio-economic conditions, and
water catchment areas, were presented spatially, given weights and values, then overlaid to
get indexes and vulnerability maps. Results revealed that annual temperature shows an
increasing trend, whereas annual precipitation has been falling during the last three decades.
Vulnerability maps showed that the middle region of the watershed has the highest
vulnerability level, followed by the upper and downstream watershed regions.

1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) states that an increase in GHG
concentrations in the atmosphere causes global warming. Over the last century (1906-2005), the global
temperature on the earth increased by around 0.74°C [1]. According to the World Wide Fund (WWF),
the annual temperature in Indonesia has risen by 0.30°C since 1990. In a local scope, an analysis of
temperature data in Nusa Tenggara Timur (NTT) Province predicts that the annual temperature will
increase by 0.20°C [2]. A rise in temperature causes an increase in evapotranspiration, which directly
affects the balance of the hydrological cycle [3-5]. Floods, landslides, high winds, and droughts are
examples of climatic disasters caused by disruption of the hydrological cycle due to increased
temperatures and changes in precipitation patterns [6].

Because of the semi-arid climate, the hydrological conditions in NTT Province, Indonesia, are
generally characterized by limited surface water potential [7]. This situation is exacerbated by erratic
seasonal changes and an increase in hydrometeorological disasters, which are indicators of climate
variability. On the other hand, NTT's population growth rate of 1,25% from 2010 to 2020 [8] indicates
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that the water demand will continue to increase. Based on these facts, the National Development
Planning Agency (Bappenas) states in its report that the water resources balance in the NTT province
is classified at a critical level [6].

One effort to determine the impact of climate variability on water resources is to measure the
vulnerability level [9,10]. The level of ease or difficulty to obtain sufficient water in quantity and
quality is used to measure the vulnerability of water resources. Unfortunately, there is limited research
and information on the level of vulnerability of water resources due to climate change, particularly its
variability. Several studies have been conducted to measure the level of vulnerability to climate
change. Swandayani investigated community vulnerability to climate change in the Ciliwung
watershed using the criteria for exposure to the water use index [4], while Rositasari conducted
research on vulnerability to climate change at the coastal zone of Cirebon using remote sensing
technology [11]. Effendi used Geographical Information Systems (GIS) to conduct watershed-based
research on the vulnerability level of the community to climate change in the Garang watershed,
Central Java [12].

Research on climate change vulnerability has been conducted in NTT province on the islands of
Sumba and Flores, but not on Timor Island [13,14]. Hence, this study aims to assess the vulnerability
level of water resources to climate variability in Timor Island. This study will focus on (1) a
description of the phenomenon of climate change/variability based on climatological data (temperature
and precipitation); (2) a description of the level of vulnerability of water resources due to climate
variability

2. Methods

2.1. Conceptual framework

The theoretical framework underlying this study was the IPCC study, which predicts that climate
change/variability indicated by an increase in temperature will have a direct effect on the hydrological
cycle and water availability. This change would create another higher-level impact (Figure 1).

Firststage 1 Second stage ! Third stage + Fourth stage
! | |
1 1 1
Increased air i | Decrease in water availability; 1| Food price instability; 1| Migration;
temperature; i increased incidence of floods 1| increase in disease; i unemploymen;
changes in ' | and droughts; impacts on 1| increase in electricity 1| economic
1 1 1

evapotranspiratio agriculture, marine and forest tariffs; trade imbalances; development;
n; precipitation;  w» composition; land use change; ¥ housing problems =P+ national
surface runoff; impact on the ability of water security

sea level rise as a power source
(hydropower)

Figure 1. Different stages of climate variability effect on water resources [3].

The vulnerability assessment in this study used the IPCC vulnerability concept because the focus of
the study is more on vulnerabilities caused by climate change, specifically climate variability. The
IPCC concept is the most widely used concept in vulnerability assessments worldwide, both for
scientific publications and reports on institutional activities [3,4,6,11,12,15]. In this concept,
vulnerability is defined as a sum of exposure and sensitivity without adaptive capacity (equation 1)

[1].

Vulnerability = f (Exposure + Sensitivity - Adaptive Capacity) )
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2.2. Study area

Timor Island, which covers an area of 30 thousand km?, is located in NTT Province, eastern Indonesia.
The coordinates range from 124°5'25" to 124°21'44" E and 9°26'57" to 9°4128" S (Fig. 2). Timor has
a tropical climate, with a dry season (April to October) and a rainy season (November to March).
During the rainy season, the average precipitation is recorded at around 1600 millimetres per year
[16]. The average temperature is 27°C, usually found in coastal or lowland areas, while for highland
and mountain areas, the temperature is relatively cold, reaching around 23°C [16]. The slope class is
dominated by moderate slope, with variations of gentle slope and nearly level in coastal areas and
steep slopes in hilly/mountainous areas [17]. The highest point is the peak of Mount Mutis, which also
serves as a major catchment area and upstream of several watersheds on Timor Island [17]. Timor’s
land cover is dominated by secondary forest (36%), dry land agriculture (23%), shrubs (15%), savanna
(15%) and other remaining land cover includes residential, rice fields, and water bodies [18]. Based on
the consideration that the research focuses on the condition of water resources, the Noelmina
watershed (Figure 2 — dashed line polygon), one of the first priority watersheds in Timor Island, is
used as the unit of analysis.

Administratively, the Noelmina watershed is located in two districts, namely Kupang regency and
South Central Timor. The Noelmina watershed encompasses approximately 197 thousand ha and is
divided into six sub-watersheds, i.e., Besiam, Boentuka, Bokong, Leke, Maiskolen, and Nefonaik. The
flow pattern of the watershed is dendritic, with the main river (Noelmina River) measuring 37.40 km
[19].
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Figure 2. Study area — Timor Island, NTT province, Indonesia, depicted on Digital Elevation Model
(DEM) Imagery, dashed line polygon indicated the location of the Noelmina watershed.

2.3. Research design

This study uses the watershed as the unit of analysis. The following are the reasons for using the
watershed as the unit of analysis: (a) The watershed approach is more holistic and can be applied to
evaluate the connection between biophysical and socio-economic factors faster and easier, (b) the
watershed has clear natural boundaries in the field, (c) the watershed has very strong bio-geophysics
linkages between upstream and downstream so it can describe the behaviour of water due to changes
in landscape characteristics, (d) the existence of an outlet where water will accumulate, allowing water
flow to be traced [13]. The area of the watershed analysis unit is divided into three regions, namely
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upstream, middle, and downstream, which are distinguished by slope level, area function, and drainage
density [20]. A sample of village-based research was selected in each region to collect data on the
socio-economic aspects of the community and climate variability.

2.4. Research procedures

2.4.1. Observation of temperature and precipitation trends. Changes in temperature and precipitation
patterns and trends were used as indicators to assess the occurrence of climate variability in the study
area. The data collected was time-series numerical data of temperature and precipitation data for
approximately the last 30 years. The data were collected from various sources; air temperature data
were obtained from Meteorological, Climatological and Geophysical Agency (BMKG) NTT, and
precipitation data were obtained from the office of District Agriculture Service and several weather or
precipitation observation stations closest to the study location. Trends in air temperature changes and
average precipitation were analysed by regression analysis with reference to time series data.

2.4.2. Measurement of the level of water resources vulnerability to climate vulnerability. The level of
vulnerability was measured using a spatial-based approach, in which the criteria and indicators of
climate variability were arranged spatially with the help of a GIS to obtain a vulnerability map. The
stages of preparing a vulnerability map are as follows:

e Determination of criteria and indicators.

e The exposure criteria and indicators were obtained from several references [6,12,13]. Table 1
shows the criteria and indicators used in the spatial approach. The final result at this stage was
a set of criteria and indicators that were all converted into maps. In this study, maps were
converted into raster data.

e  Weighting and scoring. Weighting and scoring on the criteria and indicators were performed
based on literature studies/previous studies [6,12,13]. Weights and scores were assigned
according to the level of significance of these criteria and indicators to the water resources
vulnerability

e Mapping vulnerability. The vulnerability index was calculated by reducing the exposure and
sensitivity index with the adaptability index [6,12,13].

Table 1. Criteria and indicators in assessing the vulnerability of water resources to climate variability

Variable Criteria Indicator Category Score
Exposure The Changes Precipitation <1,500 mm Low (1)
on watershed 1,500-2,500 mm Moderate (3)
condition >2,500 mm High (5)
Land cover Forest Low (1)
Crops Slightly Low (2)
Agriculture Moderate (3)
Savanna Slightly High (4)
Settlement High (5)
Degraded land Non-degraded Low (1)
Potentially degraded Slightly Low (2)
Light degraded Moderate (3)
Degraded Slightly High (4)
Very degraded High (5)
Sensitivity Water demand  Population <Watershed pop.density Low (1)
density =Watershed pop.density Moderate (3)
>Watershed pop.density High (5)
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Variable Criteria Indicator Category Score
Water 0-20% Low (1)
accessibility 21-40% Slightly Low (2)
41-60% Moderate (3)
61-80% Slightly High (4)
81-100% High (5)
Land Agricultural 0-12,5% Low (1)
dependency dependency 12,6-25% Slightly Low (2)
25,1-37,5% Moderate (3)
37,6-50% Slightly High (4)
>50% High (5)
Adaptive Quality of Education <50% Low (1)
capacity human 50-75% Moderate (3)
resources >T75% High (5)
Conservation 0-20% Low (1)
preferences 21-40% Slightly Low (2)
41-60% Moderate (3)
61-80% Slightly High (4)
81-100% High (5)
Socio- Community 0-60% Low (1)
economic welfare level 61-70% Slightly Low (2)
71-80% Moderate (3)
81-90% Slightly High (4)
91-100% High (5)
Conlflicts 0-20% Low (1)
21-40% Slightly Low (2)
41-60% Moderate (3)
61-80% Slightly High (4)
81-100% High (5)
Health facility  Health facility None Low (1)
Exist Moderate (3)
Complete High (5)
Water Water 0-20% Low (1)
catchment area catchment area 21-30% Slightly Low (2)
31-40% Moderate (3)
41-50% Slightly High (4)
>50% High (5)

3. Results and discussion

3.1. Trend of temperature and precipitation
Observation of the temperature trend in the Noelmina watershed was hampered by the absence of a
meteorological station that measures the temperature inside of Noelmina watershed. In addition,
isotherms data or maps were also difficult to obtain. As anticipation, observations of temperature at
the Kupang meteorological station were used as a proxy for the temperature in the Noelmina
watershed. The reason underlying this anticipation is the similarity of the landscape’s condition. The
results show that the average annual temperature is fluctuating, but a trend analysis shows an
increasing trend, with an increase of approximately 0.6°C between 1980 and 2020 (Figure 3). Results
of this study are in line with previous studies, which showed that there was climate variability in the
form of an annual increase in temperature in the Aesesa watershed, Flores, and Kambaniru watershed,

Sumba [13,14].
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Figure 3. The trend of annual temperature in Noelmina watershed

Analysis of the average annual precipitation in Lelogama weather station, the upstream area of
Noelmina watershed, from 1973 to 2010 shows a decreasing trend, whereas in Soe weather station,
representation of the middle area of Noelmina watershed, and Panite weather station, representation of
the downstream area of Noelmina watershed, show an increasing trend (Figure 4). This result is
consistent with the results of previous studies, which found a trend of decreasing annual precipitation
in the Kambaniru watershed, Sumba Island [14]. On the other hand, this result contradicts a similar
study conducted in the Aesesa Watershed, Flores Island, which found an increase in annual
precipitation, which was primarily observed in the upstream area of the watershed [13]. This
difference may be due to the characteristics of the islands of Timor and Sumba, which are identical in
terms of dry areas and land cover dominated by savanna with a limited proportion of forest area, while
Flores Island is relatively wet with a relatively larger proportion of forest cover compared to Timor
and Sumba Island [18].
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Figure 4. The trend of annual precipitation/precipitation in Noelmina watershed
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3.2. The level of water resources vulnerability to climate variability map

The map of water resources exposure to climate variability is caused by overlapping rainfall and land
cover maps, as well as maps of degraded land levels in the Noelmina watershed area. The results show
that the middle region is more vulnerable to climate variability than the upstream and downstream
regions (Figure 5a). Because of the savanna-dominated land cover in the middle region, and a large
number of degraded lands, this region has the highest exposure index.

The sensitivity of water resources to climate variability is influenced by the level of water demand,
which is spatially represented by the level of population density and access to clean water and
community dependence on the land, or the proportion of people who rely on agriculture. In terms of
population density, the upstream region, Soe - the district capital area, has a higher population density
than the middle and downstream regions; however, in terms of the population dependent on
agriculture, the number of people dependent on agriculture in the middle and downstream regions is
relatively larger than those in the upstream region. The accumulation of these variables shows that the
sensitivity index in all regions is relatively the same, which is classified as sensitive level (Figure 5b)

The following criteria and indicators are used to assess adaptive capacity in the water resources
sector: quality of human resources (education index, conservation behavior), social status (level of
community welfare, conflict, and government support), health facilities, and water catchment areas.
The middle region has the highest adaptive capacity index, followed by downstream and upstream
regions (Figure 5c). People in the upstream region, which is located around the capital district, have a
higher level of education and community welfare than those in the middle and downstream regions,
resulting in the upstream region having the highest adaptive capacity index, followed by the middle
and downstream regions. The adaptation patterns are dominated by reactive adaptation types (e.g.
protection of water ground sources, increased water supply and rainwater harvesting), while
anticipatory adaptation types (e.g. water catchment conservation, use of drought-resistant seeds and
disaster early warning systems) are still rare.

A vulnerability map of water resources to climate variability is produced by combining three
variables: water resource exposure, water resource sensitivity, and water resource adaptive capacity
(Figure 5d). The index of water resources vulnerability to climate variability in the middle watershed
is relatively higher than in the upstream and downstream regions (Figure 5d; Table 2). The results of
this study reveal that the level of water resources vulnerability to climate variability in the Noelmina
watershed is dominated by a slightly high vulnerable level. This level is found in each watershed
region, accounting for nearly half of the total area of each watershed region (Table 2). In detail, the
proportions of the level of the low, moderate, slightly high, and high vulnerability of water resources
to climate variability are 1%, 33%, 47%, and 19% of the total watershed area, respectively (Table 2).

Table 2. The level of water resources vulnerability to climate variability by region in Noelmina
watershed

. Region Total vulnerable area
Vulnerability level ;
Downstream  Middle  Upstream (hectares)

Slightly low vulnerable 309 17 - 326
Moderate vulnerable 13.844 32.381 18.392 64.617
Slightly high vulnerable 10.429 52.889 28.109 91.427

High vulnerable 1.459 23.785 12.526 37.770

Total region (hectares) 26.041 109.073 59.027 194.140
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Figure 5. Maps of water resources exposure (a), water resources sensitivity (b), water resources
adaptive capacity (c), and water resources vulnerability to climate variability (d)

3.3. The advantages and weaknesses of water resources vulnerability to climate variability map

The assessment of water resources vulnerability to climate variability can be used as a basis data to
develop a vulnerability management strategy in the Noelmina watershed. The proposed alternative
strategies include (1) reforestation in the upstream watershed region, particularly around the Mutis-
Timau protective forest, which is threatened by illegal logging, community encroachment, and wild
grazing; (2) land use management in the middle region, which has a relatively high population density
and is threatened by agricultural land expansion and land conversions into the settlement; (3) disaster
protection in all watershed regions, especially in areas with a high level of vulnerability. These
strategies can be used as an alternative to proposed activities/programs by stakeholders/institutions
related to water resources management and anticipating the impacts of climate variability. Moreover,
water resources vulnerability assessment can also be used as (1) a tool for understanding the causes of
water resources vulnerability; (2) baseline data set for prioritizing adaptation activities; (3) risk
measurement tools; and (4) tools for empowering and mobilizing vulnerable community groups
[17,21].
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One of the weaknesses of this water resources vulnerability map is its data sources, where the
majority of spatial data is obtained from secondary data. A review of several scientific publications on
vulnerability maps revealed that only about 9% of these publications used primary data [22]. It was
also stated that the advantage of water resources vulnerability to climate variability map is its ability to
display spatial information related to water resources vulnerability to climate variability. Despite all
these advantages and disadvantages, a vulnerability map remains a cost-effective tool for relevant
agencies for spatial planning or the preparation of adaptation plans to climate variability [23]. For
future studies on the water resources vulnerability to climate variability, it is necessary to incorporate
other approaches, such as the concept from United Nations Environment Programme (UNEP), with its
main elements, for example, water stress, water development pressure, ecological health, and
management capacity [24] and the DPSIR framework, which consists of the relationship of Driver,
Pressure, State, Impact, and Response of water resources system [25].

4. Conclusion

A combination of climatological data analysis, IPCC vulnerability concept, and spatial approach were
used in this study to assess the vulnerability of water resources to climate variability. Our findings
highlighted that, based on climatological data from the last several decades, there had been a
phenomenon of climate variability in the Noelmina watershed, with an increasing trend in temperature
and a tendency to decrease precipitation. Regarding water resources vulnerability, we determined that
most of the Noelmina watershed areas are vulnerable to climate variability, which is dominated by a
slightly high vulnerability level. These results are important for the Noelmina watershed authority in
prioritizing actions for sustainable water resources management and anticipating the effects of climate
variability.
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