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Abstract
Islands are highly vulnerable to natural disasters and extreme weather events due to their 
physical size, remoteness, and limited resources. This paper measured village-level drought 
risk in Marinduque, Philippines using Principal Component Analysis (PCA) and fuzzy 
logic. Standard Precipitation Index was used to measure drought hazards in the province 
utilizing publicly available rainfall. Principal component analysis was used to derive the 
drought hazard index from SPI-calculated drought magnitude and total drought event at 
different time scales. The fuzzy logic approach was used to delineate the physical vulner-
ability of the province to drought. The social vulnerability index was also derived from the 
socioeconomic and demographic data of Marinduque using PCA. Based on the results, vil-
lages with high drought risk were found in the northwest and eastern portion of the prov-
ince. The results showed that topography and climate influence the hazard and physical 
vulnerability to drought in the area. Villages in high mountainous regions, and areas with 
low rainfall have higher drought hazard and physical vulnerability scores. Meanwhile, vil-
lages with high social vulnerability are also those with a large population of women, the 
elderly, and households engage in agriculture.

Keywords  Drought vulnerability · SPI · PCA · Fuzzy logic

1  Introduction

Small islands are small land masses surrounded by sea or ocean that are frequently 
prone to geological or hydrological disasters and most likely vulnerable to climate 
vulnerability and change (Ebi et  al. 2006; Minamura et  al. 2007; Polido et  al. 2014; 
Salvacion and Magcale-Macandog 2015). According to Ebi et al. (2006) there are sev-
eral features that constrain small islands to adapt to climate variability and change that 
includes: (a) small physical size; (b) remoteness; (c) limited natural resources; (d) sen-
sitive economies to external shocks; (e) poorly developed infrastructure; (f) limited 
human and financial resources; (g) high population densities and growth rates; and 
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(h) vulnerability to disasters and extreme weather events. Such disasters and extreme 
weather events includes soil erosion, landslide, flooding, and drought.

Among natural hazards, drought is the most damaging and has long-lasting impact 
on both natural and human systems (Cook et al. 2007; Mishra and Singh 2010; OBrien 
et  al. 2014; Edwards et  al. 2015; Touma et  al. 2015; Gerber and Mirzabaev 2017; 
Schwalm et al. 2017; Meza et al. 2020; Wu et al. 2020). Reported drought events around 
the world have resulted in water shortages, agricultural losses, reduction of hydro 
power supply, fires, famine, poor mental health, decrease in labor or productivity, and 
migration (OBrien et al. 2014; Edwards et al. 2015; Touma et al. 2015; Schwalm et al. 
2017; Meza et  al. 2020; Wu et  al. 2020). Furthermore, drought events caused 20% of 
the global damage from disasters (Wilhite 2000; Gerber and Mirzabaev 2017). Drought 
occurs when there is a shortage in water availability due to inadequate rainfall or excep-
tionally high temperatures and low humidity, resulting in drying and loss of stored water 
resources (Haddow et  al. 2017; Bullock et  al. 2018). Drought can last from weeks to 
years varies in terms of spatial coverage, magnitude, and intensity (Hollins and Dodson 
2013; Mishra et al. 2015). Droughts are classified into four general categories based on 
disciplinary viewpoints, namely: (1) meteorological; (2) hydrological; (3) agricultural; 
and (4) socio-economic (Mishra and Singh 2010; Hollins and Dodson 2013; Senay et al. 
2015).

According to Sharafi et al. (2020), risk assessment is a type of risk knowledge creation 
that involved three (3) steps. The first step is the assessment of the danger or the iden-
tification of the nature, location, intensity, and probability of a threat. The second is the 
determination of the exposure and degree of vulnerability. The last step is the identifica-
tion of available resources or coping capacities to address or manage threat or hazard. The 
result from risk assessment can help the decision makers and community to understand 
their exposure to various threats or hazards, and their physical, environmental, and socio-
economic vulnerabilities (Zhang 2004; Sharafi et  al. 2020). In the case of drought, the 
risk assessment involved hazard, exposure, and vulnerability analysis (Hayes et al. 2004). 
Drought hazard analysis is the quantification of drought frequency, magnitude, severity, 
and temporal trends (Hayes et  al. 2004). Meanwhile, vulnerability assessment involves 
impact assessment (i.e. socio-economic, and environmental), causal assessment, and tem-
poral trends (Hayes et al. 2004).

Vulnerability index is a composite measure to quantify vulnerability from combining 
and aggregating sub-indices or multiple single indicators (Garschagen and Romero-Lankao 
2015; Reckien 2018). In the case of social vulnerability, it is done by combining sub-
national socio-economic and demographic data using either variable addition or reduction 
approach (Cutter et al. 2003; Yoon 2012; Mavhura et al. 2017; Reckien 2018). The social 
vulnerability index is commonly constructed using a variable reduction approach through 
principal component analysis (PCA) to reduce a large number of potentially influential 
variables (Yoon 2012; Reckien 2018). In the principal component analysis, highly corre-
lated variables are merged or grouped into similar units to form new variables (Mavhura 
et  al. 2017; Reckien 2018). Meanwhile, for physical vulnerability, the fuzzy approach is 
also widely used (Rezaei et al. 2013; Mullick et al. 2019; Baučić 2020; Saha et al. 2021; 
Rashetnia and Jahanbani 2021). In the fuzzy approach, each of the values of the variable 
that can affect the physical vulnerability of an area is assigned a fuzzy membership from 
0 to 1 (Rezaei et al. 2013; Lee et al. 2015; Mullick et al. 2019; Saha et al. 2021). Then, the 
fuzzy surface of the variable that measure physical vulnerability are combined or aggre-
gated into a single physical vulnerability map (Rezaei et al. 2013; Lee et al. 2015; Mullick 
et al. 2019; Heydari Alamdarloo et al. 2020; Saha et al. 2021).
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Similar to other small islands, Marinduque (Fig. 1) also manifests some of the con-
straints mentioned by Ebi et  al. (2006). For example, the island province is 200  km 
south of the Philippine capital city, Manila, and will take 3 h to travel via ferry from 
mainland Luzon (Salvacion 2020; Lutero et al. 2022). Next, agriculture and fishing are 
the main livelihoods of the province which are highly sensitive to external shocks such 
as drought (Islam et al. 2014; Salvacion and Magcale-Macandog 2015; Tibesigwa et al. 
2016). Previous studies have reported high population growth (Salvacion and Magcale-
Macandog 2015), high poverty (Reyes and Due 2009; Salvacion 2018), high malnutri-
tion (Salvacion 2017), and high erosion rates (Salvacion 2020). Recently, Prasetyo et al. 
(2020) studied the vulnerability of households in Marinduque to other natural hazards 
such as typhoons, landslides, and floods. The objective of this study is to assess the 
risk of drought at the village level in Marinduque Island, Philippines, by delineating the 
drought hazard, physical vulnerability, and social vulnerability of the province. In addi-
tion, it also aims to identify villages in Marinduque that are at high risk of drought to 
provide information for drought mitigation.

Fig. 1   Location map of Marinduque, Philippines
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2 � Methodology

2.1 � Data

2.1.1 � Climate data

In the absence of a weather station and a long record of rainfall data on the island of 
Marinduque, this study used a long series of rainfall data (1958–2019) from the TerraCli-
mate database (Abatzoglou et al. 2018). According to Abatzoglou et al. (2018), TerraCli-
mate is a high-spatial-resolution monthly climate data derived combining and interpolating 
high spatial resolution WorldClim database (Hijmans et al. 2005; Fick and Hijmans 2017) 
and a coarser resolution but time-varying monthly climatic data from Climate Research 
time series data version 4.0 (CRU Ts4.0) (Harris et al. 2014) and Japanese 55-year Rea-
nalysis (JRA-55) (Kobayashi et al. 2015). TerraClimate data include global monthly data-
set of precipitation, maximum temperature, minimum temperature, wind speed, vapor 
pressure, solar radiation, and climatic water balance from 1958 to 2019 (Abatzoglou et al. 
2018). Since the rainfall data from TerraClimate are approximately 4 km in spatial resolu-
tion, some villages are not covered. Therefore, TerraClimate data were further reduced to a 
spatial resolution of 1 km following the methodology of Salvacion et al. (2018) to generate 
rainfall data for all the villages in the province to generate rainfall data for all villages in 
the province (Table 1).

2.1.2 � Physical data

Elevation data of Marinduque were downloaded and extracted from the advanced space-
borne thermal emission and reflection radiometer (ASTER) global digital elevation model 
(GDEM) (Abrams et  al. 2015). The slope map of the province was generated from this 
elevation data (Salvacion 2016). The Marinduque land cover map was obtained from the 
Philippine Geoportal website (https://​www.​geopo​rtal.​gov.​ph/). The soil data of the prov-
ince was obtained from the Bureau of Soil and Water Management (BSWM) database. 
These variables affect the physical vulnerability of an area to drought (Jain et  al. 2015; 
Dayal et al. 2018; Hoque et al. 2020, 2021; Heydari Alamdarloo et al. 2020).

2.1.3 � Socioeconomic data

Socio-economic and demographic data (Table 2) used in this study were derived from the 
Community Based Monitoring System (CBMS) (Reyes et  al. 2017) of the province for 
2015. These socio-economic and demographic variables are assumed to influence drought 
vulnerability. For example, higher population density increases drought vulnerability (Sha-
hid and Behrawan 2008; Jain et al. 2015). Similarly, higher population of children, female, 
and eldery increases vulnerabiltity of an area to drought (Wang et al. 2020; Asmall et al. 
2021; Salvador et al. 2021; Drysdale et al. 2021; Algur et al. 2021). A higher incidence 
of poverty and an unemployment rate also increases vulnerability to drought (Gebre et al. 
2021; Drysdale et  al. 2021). Lastly, dependence on agriculture, informal settlement, and 
lack of access to safe water magnify the impact of drought in an area (Shahid and Beh-
rawan 2008; Calow et al. 2010; Twinomuhangi et al. 2021).

https://www.geoportal.gov.ph/
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2.2 � Standardized precipitation index

The Standardized Precipitation Index (SPI) (McKee et  al. 1993) is a common tool for 
assessing and quantifying drought in an area (Mishra and Singh 2010; Santos et al. 2011; 
Tirivarombo et al. 2018; Singh et al. 2019). The SPI uses long-term records (30 years or 
greater) of monthly rainfall data to identify drought event, quantify its magnitude, and 
eventually map its spatial extent multiple time scale (McKee et al. 1993; Mishra and Singh 
2010; Awchi and Kalyana 2017; Tirivarombo et al. 2018; Singh et al. 2019). By using SPI, 
a long series of monthly rainfall data was fitted using the gamma probability distribution 
function (Eq. 1) and converted to normal distribution to further calculate the number of 
standard deviation (Eq. 2) that the observed precipitation deviates from the long-term mean 
(McKee et al. 1993; Tirivarombo et al. 2018; Singh et al. 2019). The calculated SPI values 
are then classified into different categories (Table 2) to determine if a particular month is 
considered to be a moderate, severe, or extreme dry event (McKee et al. 1993; Mishra and 
Singh 2010; Tirivarombo et al. 2018; Singh et al. 2019). According to the World Meteoro-
logical Organization (2012), SPI can be used to assess different kinds of drought based on 
different SPI scale. For example, 1- or 2- month SPI can be used to assess meteorological 
drought, 1–6-month SPI for agricultural drought, and 6- up to 24-month or more for hydro-
logical drought.

where �>0 is the shape parameter, � > 0 is the scale parameter, x > 0 is the amount of pre-
cipitation, and Γ(�) is the gamma function

where xi is the precipitation during the month i , x and � is the mean and standard deviation 
of the long-term precipitation record.

2.3 � Drought hazard assessment

Drought magnitude and duration in the province for different SPI scale was derived from 
downscaled TerraClimate data from 1958 to 2019 for Marinduque. Drought magnitude was 
calculated using Eq.  (3) (Suryabhagavan 2017; Singh et  al. 2019). Drought duration is the 
total number of consecutive months (at least 2 months) where SPI ≤ −1 (Spinoni et al. 2014, 

(1)G(x) =
1

𝛽𝛼Γ(𝛼)
x𝛼−1e

−x

𝛽 for x > 0

(2)SPI =
xi − x

�

Table 2   Classification of SPI 
values

Index value Classification

2.0 and above Extremely wet
1.5 to 1.99 Very wet
1.0 to 1.49 Moderately wet
0.99 to − 0.99 Near normal
−1.0 to − 1.49 Moderately dry
−1.5 to − 1.99 Severely dry
−2.0 and below Extremely dry
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2019). In this study, the total number of drought events (SPI ≤ −1 of at least 2 months) was 
calculated instead. Village-level drought characteristics were extracted using the modal value 
for each village boundary or polygon. To generate a single drought hazard index, drought 
magnitude, and the total number of drought events for each SPI scale (Table 3) were combined 
using PCA (Salvacion 2022a).

where j is the first month when SPIi is less than or equal to the threshold (−1) and contin-
ues for x months until SPIi is greater than the threshold (−1). i represents the scale (i.e. 1-, 
3-, 6-, and 12- month) used for SPI calculation. SPI≤−1 is classified as drought events (see 
Table 2).

2.4 � Physical vulnerability assessment

Physical vulnerability assessment was done using a fuzzy logic approach using elevation, 
slope, soil, and land cover map of Marinduque as input data (Zadeh 1965; Dayal et al. 2018). 
Equation 4 was used to calculate fuzzy membership value for elevation and slope. Meanwhile, 
fuzzy membership value for land cover and soil texture was assigned based on their respective 
classes (Dayal et al. 2018; Hoque et al. 2020, 2021). The arithmetic mean was used to aggre-
gate the fuzzy membership maps of the different variables (i.e., elevation, slope, soil, and land 
cover) and derived the final physical vulnerability map of the province. Zonal statistics (i.e., 
mean) of the physical vulnerability map for each village was calculated to generate village-
level vulnerability measure.

where FMV is the fuzzy membership value, x is value of the input surface, a is minimum 
value threshold, b is the maximum value threshold.

(3)DM = −

(
x∑

j=1

SPIij

)

(4)FMV =

⎧⎪⎨⎪⎩

0 x < a
x−a

b−a
a ≤ x ≤ b

1 x > b

Table 3   Different drought 
characteristics for each SPI 
scale used to develop drought 
hazard index for Marinduque, 
Philippines

Variable Definition

SPI1S Drought severity based on 1-month SPI
SPI3S Drought severity based on 3-month SPI
SPI6S Drought severity based on 6-month SPI
SPI12S Drought severity based on 12-month SPI
SPI1D Total drought events based on 1-month SPI
SPI3D Total drought events based on 3-month SPI
SPI6D Total drought events based on 6-month SPI
SPI12D Total drought events based on 12-month SPI
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2.5 � Social vulnerability assessment

Principal component analysis was used to generate social vulnerability index to drought 
for each village in the province based on the socio-economic and demographic data from 
CBMS. Index scores for social vulnerability were calculated by summing the factor load-
ing of the principal components with eigenvalue >1 (Abson et al. 2012; Rabby et al. 2019; 
Ravago et al. 2020). Social vulnerability index was normalized using min–max rescaling 
transformation (Eq. 5).

where NV is the normalized value, Xi is the actual value of the index, Xmin is the minimum 
value of the index, Xmax is the maximum value of the index.

2.6 � Drought risk assessment

Again, zonal statistics were calculated for drought hazard and physical vulnerability maps 
to generate village-level data for these measures. This was done to match the aggregation 
level of the social vulnerability index. Then, drought risk index was derived by multiplying 
the hazard index with the physical and social vulnerability indices (Singh et al. 2019).

3 � Results

3.1 � Drought hazard

Figure 2 shows the spatial pattern of the magnitude of the accumulated drought using a 
different SPI scale from 1958 to 2019. For SPI1, the higher magnitude was observed in 
the mid-eastern to the eastern portion of the province or mostly villages in the munici-
palities of Sta. Cruz and Torrijos (Fig. 2a). For SPI3, higher magnitude was observed in 
the western portion of the province affecting some part of the municipalities of Boac and 
Gasan (Fig.  2b). The spatial pattern of magnitude for SPI6 is almost uniform across the 
province but with higher values observed in the northern part of the province (Fig.  2c). 
Lastly, higher drought magnitude for SPI12 was mostly concentrated on the northern part of 
the province affecting mostly villages in the municipality of Mogpog and some part of Sta. 
Cruz (Fig. 2d).

Figure 3 shows the spatial distribution of total dry events per village in Marinduque, the 
Philippines, from 1958 to 2019. According to SPI1, there are more drought events in the 
northeast part of the province (Fig. 3a). Based in SPI3, villages on the bottom half of the 
province, specifically the eastern part, experienced more drought events (Fig. 3b). Based on 
SPI6, with more events affecting the north to the eastern part of the island (Fig. 3c). Lastly, 
for SPI12, there more drought events in the northern part of the Marinduque (Fig.  3d). 
Based on the eigenvalue, three (3) principal components can be used to develop a drought 
hazard index for Marinduque. These three (3) principal components can explain 83% of the 
total variance of drought magnitude and the total number of drought events for each SPI 

(5)NV =
Xi − X

min

X
max

− X
min
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scale (Table 4). Figure 4 shows the map of the Marinduque village-level drought hazard 
index, Philippines. A higher drought risk was observed in the north, east, and southern por-
tions of the province.

3.2 � Physical characteristics and physical vulnerability

Figure 5 shows the different physical map of Marinduque (i.e., elevation, slope, soil tex-
ture, and land cover). The elevation (Fig. 5a) of the province shows that the inner portion 
of the province is composed of mountainous areas with mostly rolling terrain (Fig. 5b). 
Also, large part of the province has clay loam and small pockets of sandy soil in some 
coastal and riverine areas (Fig. 5c). In terms of land cover, agricultural land (perennial and 
annual crops) dominates the province (Fig. 5d). Meanwhile, physical vulnerability index 
map (Fig. 6) shows that villages in the inner portion of Marinduque have high physical vul-
nerability to drought compared to villages in the flat and low-lying region of the province.

Fig. 2   Accumulated drought magnitude map of Marinduque based on a SPI1, b SPI3, c SPI6, and d SPI12 
from 1958 to 2019



3002	 Natural Hazards (2023) 116:2993–3014

1 3

Fig. 3   Total number of drought event map of Marinduque based on a SPI1, b SPI3, c SPI6, and d SPI12 from 
1958 to 2019

Table 4   Principal components 
eigen values of hazard index

Principal 
components

Eigenvalue Variance 
explained (%)

Cumulative 
variance explained 
(%)

PC1 1.88 0.44 0.44
PC2 1.43 0.26 0.70
PC3 1.01 0.13 0.83
PC4 0.76 0.07 0.90
PC5 0.62 0.05 0.95
PC6 0.44 0.02 0.97
PC7 0.36 0.02 0.99
PC8 0.32 0.01 1.00
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3.3 � Socio‑demographic characteristics and social vulnerability

Data from the CBMS showed that there is a high proportion of unemployment (Fig. 7a), 
engagement of agriculture (Fig. 7b), and poverty in the province (Fig. 7c). There were also 
villages with a higher proportion of informal settlers (Fig. 7d) and do not have access to 
safe water (Fig. 7e). Meanwhile, there is also a high proportion of the female population 
in some villages (Fig. 7f). Conversely, the proportion of children (Fig. 7g), aged (senior 
citizen) (Fig.  7h) population and total population (Fig.  7i) also varies across villages in 
Marinduque. Table 5 shows the descriptive statistics of different socioeconomic and demo-
graphic data from Marinduque CBMS. Based on the eigenvalue four (4) principal compo-
nents can be used to develop a social vulnerability index to drought for Marinduque. These 
four (4) principal components can explain 69% of the total variance of socioeconomic and 
demographic indicators of drought vulnerability (Table 6). Figure 8 shows the village-level 
social vulnerability index of Marinduque, Philippines. It shows that social vulnerability 
to drought in Marinduque varies spatially with high-risk areas distributed throughout the 
province.

3.4 � Drought risk

Figure 9 shows the drought risk map for Marinduque, Philippines. Higher drought risk was 
calculated for the northwestern to the eastern portion of the province. The highest risk of 
drought is observed in mountainous regions of the province, except for some areas in the 

Fig. 4   Drought hazard map of Marinduque, Philippines
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coastal and town center of the province capital municipality of Boac. The ranking of vil-
lages in terms of risk score shows that 8 out of the top 10 villages with the highest risk 
score are located in the municipality of Sta. Cruz (Table 7).

4 � Discussion

The spatial pattern of drought magnitude and duration based on the SPI scale vary in the 
province. It means that the occurrence and duration of short- to long-term drought events 
differ across the province of Marinduque. However, combining variables on drought mag-
nitude and duration reveal that pockets of low drought hazard areas in the southwestern 
portion of the province. According to Xie et al. (2018) regionalization of drought occur-
rence is largely associated with topography and climate. In the case of Marinduque, vil-
lages in the western part of the province usually have low elevation and high rainfall (Sal-
vacion 2022b). The effect of topography is also evident in the physical vulnerability to 
drought of villages in the province. Higher physical vulnerability was observed in villages 

Fig. 5   Elevation a, slope b; soil texture c; and land cover d map of Marinduque, Philippines
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in the mountainous part of the province characterized by high elevation and sloping terrain. 
High elevation and steeper slope translate into low ground water infiltration and recharge 
rate (Thapa et al. 2017; Miraki et al. 2019). On the other hand, high social vulnerability 
scores were observed in villages with a high proportion of households engaged in agri-
culture, proportions of aged (senior citizen), and female populations. Agriculture is highly 
sensitive to drought because limited water availability significantly affects crop productiv-
ity (Leng and Hall 2019) and livestock production (Murray-Tortarolo and Jaramillo 2019). 
Meanwhile, women and the elderly are considered a vulnerable population to environmen-
tal hazards. According to Rukmana (2014), informal employment, lower wages, and family 
care responsibility hinder recovery time for women after a disaster, while elderly people 
depend on others for care due to poor physical health.

The provincial government of Marinduque should explore potential measures on how 
to address the high drought hazard and vulnerability situation of the identified villages. 
There are three (3) categories of drought mitigation measures, namely: (1) water-supply 
measures; (2) water demand measures; and (3) impact minimization measures (Rossi 
2000; Yang and Liu 2020). The first two measures address the issue of water scarcity, 
while the third measure aims to reduce the social, economic, and environmental impact 
of drought (Yang and Liu 2020). Improvement of the existing water system and con-
struction of new reservoirs to increase water storage capacity are some of the structural 
measures to address the potential water scarcity due to drought. They can also explore 
rainfall harvesting through the development of small water impoundments (Contreras 
et al. 2013). It is consist of rainfall harvesting and storage structures such as canal facili-
ties, spillways, outlet works, and earth embarkment (Contreras et al. 2013). These struc-
tures can store and collect water direct from rainfall and surface run-off for future use as 

Fig. 6   Physical vulnerability to drought map of Marinduque
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well as address unbalance rainfall distribution in the Philippines (Contreras et al. 2013). 
The provincial government can also examine the socio-economic and demographic 
factors contribute to the high vulnerability of villages to address the socio-economic 
impact of drought can and reflect on their ability (e.g. fiscal capability, and service 
implementation) to respond to drought hazard. According to Cutter et al. (2003) social 
vulnerability deals with the social factors and community characteristics and the abil-
ity of their government to natural hazards. Measures the lack of individual, group, or 
community ability to adapt and cope with any external stressor on their livelihood and 
well-being (Füssel 2012; Otto et al. 2017). For example, targeted interventions to those 
villages with high proportions of the household involved in the agricultural sector, high 
poverty incidence, and high unemployment rate can be implemented. Consequently, the 
provincial government should also develop plans to address not only drought but other 
meteorological hazards (i.e. flooding) to increase resilience in the province. According 
to MacDonald et al. (2020), exposure of island communities to consecutive atmospheric 

Fig. 7   Map of different socioeconomic and demographic variables used to for development of drought 
vulnerability index for Marinduque, Philippines: a total population; b children population; c female popu-
lation; d senior citizen population; e population engage in agriculture; f proportion of household without 
access to safe water; g informal settlers; h unemployment; and, i poverty incidence
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hazards such as drought and flood can lower resilience and reduce its scarce water 
resources.

Meanwhile, the methodology and data used in this study have their limitations. There 
is inherent uncertainty in gridded climatic data due to the interpolation and extrapolation 
methodology, climate homogeneities, and changes in the availability of data through time 
(Dunn et  al. 2014; Prein and Gobiet 2017; Abatzoglou et  al. 2018; Parkes et  al. 2019). 
Also, in the case of Marinduque, there are no long series of climatic records that can be 
used to evaluate the accuracy of TerraClimate. However, several researchers around the 

Table 6   Principal components 
eigen values of vulnerability 
index

Principal 
components

Eigenvalue Variance 
explained (%)

Cumulative 
variance explained 
(%)

PC1 1.54 0.26 0.26
PC2 1.32 0.19 0.46
PC3 1.04 0.12 0.58
PC4 1.02 0.12 0.69
PC5 0.89 0.09 0.78
PC6 0.86 0.08 0.86
PC7 0.78 0.07 0.93
PC8 0.58 0.04 0.97
PC9 0.53 0.03 1.00

Fig. 8   Social vulnerability to drought map of Marinduque, Philippines
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world have adopted TerraClimate in their studies (e.g. Baquero and Machado 2018; Xu 
et al. 2019; Zhao et al. 2019; Wang et al. 2020; Wu et al. 2020; Kath et al. 2020). On the 
other hand, the use of SPI has several disadvantages and advantages (Hayes et al. 1999). 
The output of SPI is highly dependent on the quality of input data (Hayes et  al. 1999). 
Furthermore, since SPI uses only rainfall data, it cannot be used to account for the effects 
of increasing temperature under future climate change conditions (Vicente-Serrano et al. 
2010). On the contrary, since SPI only requires rainfall as input, this makes the index 

Fig. 9   Drought risk map of Marinduque, Philippines

Table 7   Top 10 high drought risk villages in Marinduque

Rank Village Municipality Drought hazard Physical vul-
nerability

Social vul-
nerability

Drought 
risk score

1 Isok II Poblacion Boac 0.76 0.59 1.00 0.45
2 Puting Buhangin Mogpog 0.85 0.70 0.74 0.44
3 Labo Santa Cruz 0.84 0.76 0.67 0.43
4 San Antonio Santa Cruz 0.81 0.87 0.59 0.41
5 Botilao Santa Cruz 1.00 0.61 0.67 0.41
6 Devilla Santa Cruz 0.84 0.60 0.75 0.38
7 Makulapnit Santa Cruz 0.79 0.62 0.77 0.38
8 Kilo–Kilo Santa Cruz 0.76 0.86 0.57 0.38
9 Lamesa Santa Cruz 0.89 0.62 0.67 0.37
10 Baguidbirin Santa Cruz 0.74 0.63 0.77 0.36
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simple and flexible in identifying droughts at different time scales (Hayes et al. 1999). SPI 
also provides a consistent severe and extreme drought classification for any time scales and 
locations (Hayes et al. 1999). In the case of the Philippines, the SPI derived from Terra-
Climate data agrees with previously reported drought events in different locations in the 
country (Salvacion 2021).

5 � Conclusion

This study measured the risk of drought at the village level in the island province of 
Marinduque, Philippines. It combined the use of PCA and the fuzzy logic approach to cal-
culate the hazard of drought at the village level, the social vulnerability, and the physical 
vulnerability score in the province. The results showed that topography and climate influ-
ence the hazard and physical vulnerability to drought in the province. Villages located in 
high mountainous regions with low rainfall have higher drought hazard and physical vul-
nerability scores. Meanwhile, villages with high social vulnerability are also those with a 
large population of women, elderly, and household to engage in agriculture. Results from 
this study can be used to develop plans and policies to mitigate and reduce the potential 
impact of future drought events in the province. The approach used in this study can be 
replicated in other areas of the country. However, further studies and future validation 
of such an approach, especially in similar areas with limited data availability, are highly 
recommended.
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