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ABSTRACT

This research aims to spatially analyze the impacts of climate change, specifically flood and drought 
on the level of food security in the Bengawan Solo watershed. Agriculture is one of the sectors that is 
significantly affected by the phenomenon. Flood and drought disrupt agricultural productivity, resulting 
in farmers having difficulty accessing their livelihoods. This has the potential to threaten food security. 
This research was conducted in the Bengawan Solo watershed which flows through three provinces 
on the island of Java. Widespread watersheds and inadequate infrastructure make it difficult to monitor 
so that the areas through which rivers flow are vulnerable to flood and drought. The impact of these 
climate-related problems on food availability makes this research important. This research was started 
with the calculation of the food security index in each regency/city in the Bengawan Solo watershed 
regions and mapped it with a Geographic Information System (GIS). The step then proceeded to the 
impact assessment of flood and drought on food security using the quantitative method of panel data 
regression in the 2014-2018 period. To sum up, flood and drought contributed in a negative way to the 
level of food security. Information about food security is useful in planning the allocation of resources 
by the government. Therefore, efforts to strengthen food security can be more directed according to 
the needs.   

INTRODUCTION

Climate change is happening more rapidly and is bringing 
an impact in various regions of Indonesia. From weather 
changes that endanger food production, to rising sea levels 
(United Nation 2019). Food security affected by climate 
change through increasing temperatures and extreme events 
(IPCC 2019). Climate variation will increase the risk of flood 
and drought. The connection between climate change and 
agricultural production is vigorous (Suryanto et al. 2020). 
Agricultural productivity is highly affected if there is any 
climate variation and it leads to food insecurity. Agricultural 
failure caused by nature and climatic conditions is quite 
high (Budhathoki et al. 2019). This has an impact on the 
quality of agricultural production and results in losses for 
farmers (Yang et al. 2010). So, it requires the development 
of calculations for farmers to address climate risks. Indone-
sia is an agricultural country whose population livelihood 
structure is dominated by the agricultural sector by 27.33% 
(Statistical Bureau of Indonesia 2019). Indonesia’s Gross 
Domestic Product of 13.45% is occupied by the agricultural 
sector which is ranked the second largest after the industrial 
sector (Statistical Bureau of Indonesia 2019). This means that 
the survival of society depends on the agricultural sector. If 
agricultural productivity is disrupted, it will cause losses and 
increase poverty which also affects food security.

The agricultural product is prone to climate change 
(Deryugina & Konar 2017). Climate change threatens food 
production systems that affect livelihoods and food security 
(Bhagawati et al. 2017). Referring to the data of the Cen-
tre for Research on the Epidemiology of Disaster (2018),  
Indonesia ranks 4th in the world as the country experiencing 
the most natural disasters in 2018. The frequent occurrence 
of drought, water scarcity, and unsustainable intensive 
farming practices affect food security (Hameed et al. 2020). 
In a previous study in the Waduk Minyun watershed, it was 
found that watershed management had to be adjusted accord-
ing to future climate change (Qiu et al. 2020). Community 
perceptions about floods and their impacts are extremely 
indispensable for Flood Risk Management exercises because 
they can increase the level of preparedness, response and 
recovery (Masud et al. 2018). Hunger and climate risk have 
a high correlation, particularly for areas most affected by 
food insecurity (Krishnamurthy et al. 2014). Food security 
is when everyone has sufficient, safe and nutritious food 
(Food Agricultural Organization 2006).

Flood and drought have proven agricultural failure, 
as happened in South Kulon Progo, Yogyakarta Province 
(Suryanto et al. 2020). The result of mapping areas prone to 
flood and drought using a Geographic Information System 
(GIS) was used to identify flood and drought effect on ag-
ricultural land (Saptutyningsih 2011). Sianturi et al. (2018) 
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determined the crop pattern system in West Java Province 
which was applied in the form of mapping of the areas prone 
to flood vulnerability. Highly vulnerable areas have low 
productivity and high financing.

 The purpose of this research is to investigate the impact 
of climate change, especially floods and drought in the 
Bengawan Solo watershed on the level of food security. 
The maps areas that are prone to flood, drought, and food 
insecurity showed by using geographic information systems 
that facilitate the identification of disaster-prone areas. Infor-
mation about vulnerability to flood and drought in an area is 
highly significant in determining the treatment that will be 
provided by the government to prevent and overcome the 
risk of food vulnerability.

MATERIALS AND METHODS

The selected area for this research was the Bengawan Solo 
watershed. Watersheds are land areas that channel rain-
fall and snowmelt to tributaries, rivers, and streams, and 
eventually to exit points such as reservoirs, bays, and seas 
(National Oceanic and Atmospheric Administration 2020). 
Bengawan Solo is the largest river on Java island and drains 
water from a watershed of ± 16,100 km2 (Kementerian PUPR 
Ditjen Sumber Daya Air BBWS Bengawan Solo 2017). The 
research process was divided into 3 stages. First, mapping 
and ranking the scores of the food security index (FSI). 
Second, processing the data using panel data regression to 
determine the impact of flood and drought on food security 
in the Bengawan Solo watershed, and the last, processing the 
data of flood, drought, and food security using Geographic 
Information System (GIS). 

Flood and drought are among the main challenges in 
watershed management systems. The frequency rising of 

rainfall can reduce the efficiency of management practices. 
River sedimentation also increases during climate change 
due to high rainfall (Qiu et al. 2020), this increases the 
potential for future floods and droughts. Flood risk prediction 
is useful for adaptation (Xu et al. 2019), as well as the 
risk of drought. Drought monitoring and assessment are 
important for mitigation and prediction (Okal et al. 2020). 
Spatial data analysis is needed to obtain information about 
potential floods, drought, and food security in the form of 
maps. Afterwards, the analysis of the effect of flood and 
drought on the level of food security can be performed. This 
research employed three analytical methods namely Food 
Security Index (FSI), geographic information systems, and  
panel data regression. Geographic Information System (GIS) 
in this study is to simulate food security levels based on  
food security index scores. Research on developing flood  
risk zone maps is very important and several research  
studies have been carried out on this issue worldwide (An 
et al. 2020)

Strategies to improve food security in each region are still 
constrained by the identification of the level of food security. 
Food Security Index (FSI) aims to show how to develop 
and validate potential indicators by comparing them with 
other indicators (Ibok et al. 2019). Spatial identification and 
scores of the food security index can help to both imaging 
and predicting, thus reducing losses. Meanwhile, panel data 
regression with Stata is a stated approach to find out the 
impact of flood and drought on the level of food security in 
the 5 years of 2014-2018.

There are several determining factors of food security, 
namely food accessibility, food availability, and food 
adequacy (Food Security Agency, 2018). The parameters 
used referred to the standard indicators by The Economist 
Intelligence Unit (2019) on the Global Food Security Index. 

Table 1: Scores of expert judgement indicator.

No The Indicator Scores of  Each Regency/City based on Expert Judgment Score

Regency City

Food Availability   

1 The ratio of normative consumption to the net availability per capita per day 0.30 -

Food Accessibility   

2 The percentage of population below the poverty line 0.15 0.20

3 The percentage of households with a proportion of expenditure on food is  higher than 65% of total expenditure 0.08 0.125

4 Percentage of households without access to electricity 0.08 0.125

Food Utilization   

5 The average years of schooling of women above 15 years 0.05 0.08

6 Percentage of households without access to clean water 0.15 0.18

7 The ratio of total population per health worker to population density 0.05 0.08

8 Prevalence of stunting 0.05 0.08

9 Life expectancy 0.10 0.13

Source: (Food Security Agency, 2018)
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The Food Security Index (FSI) is to evaluate achievements 
and classify food security. The three main steps of FSI 
calculation are as follows:

Step 1: Determination and ranking of the scores of the 
factors based on expert judgment: To calculate the index, 
each group of variables was scored based on the result of 
expert judgement from the Food Security Agency. The three 
aspects of food security, namely availability, accessibility, 
and utilization of food were investigated. Based on these 
three aspects, the results are provided in Table 1.

Step 2: Calculation of the food security index: Given that 
aspects of the food security index indicator have different 
units, it is necessary to do a normalization process in the 
calculation of the food security index. The normalization 
process in this research used the approach of Z max-min 
value and distance to scale (0-100). This was intended to 
make each data that had different units comparable. So that 
it could be used to generate conclusions. Following the max-
min, normalization was performed using the formula below:
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Step 3: Geographic Information System of a food security 
index: The Geographic Information System (GIS) applica-
tion was used to analyze floods, droughts, and food security 
levels, then the results were displayed on maps.

Losses caused by climate change can reduce agricultural 
productivity. Farmers crop failure can be caused by flood 
and drought as happened in Kulon Progo (Saptutyningsih 
2011) and the Yangtze River watershed (Liu et al. 2019). 
The variables used in this research were as follows:
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Where, 

FSI = Food security index = Food security scores

X1 = Flood index = Frequency of flood 
manifested in 
dummy variables (0 
means no flood, and 
1 means it experienc-
es flood)

X2 = Drought index = Frequency of drought 
manifested in dum-
my variable (0 means 
no drought, and 1 
means it experiences 
drought)

X3 = Human develop-
ment index

= The level of human 
development

X4 = Inflation = Rate of change in 
price

X5 = Farm size = Farm size

X6 = Total population = Total population

X7 = Gross Regional 
Domestic Product 
(GRDP) per capita

= Economics output 
per capita

RESULTS AND DISCUSSION

The Bengawan Solo watershed stretches through three 
provinces namely Central Java, East Java and Yogyakarta 
Special Region. Areas in the present research consisted of 
three cities namely Surakarta, Madiun, Surabaya and 20 
regencies which are Klaten, Boyolali, Wonogiri, Sukoharjo, 
Sragen, Karanganyar, Blora, Pacitan, Ponorogo, Rembang, 
Ngawi, Madiun, Magetan, Bojonegoro, Lamongan, Tuban, 
Gresik, Mojokerto, Trenggalek and Gunung Kidul. In this 
research, we used secondary data from the Central Statistics 
Agency (BPS), the National Disaster Management Agency 
(BNPB), and the Bengawan Solo River Region Centre. The 
Bengawan Solo watershed tends to have flood and drought 
vulnerability as shown in the maps provided in Fig. 1 and 
Fig. 2.

The Bengawan Solo watershed is an area that is 
vulnerable to flood and drought (Kementerian PUPR Ditjen 
Sumber Daya Air BBWS Bengawan Solo 2017). Therefore, 
it needs the role of various parties to prevent and minimize 
losses incurred. In Fig. 1, the GIS results show that almost 
the whole regencies/cities in the Bengawan Solo watershed 
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The Bengawan Solo watershed tends to have flood and drought vulnerability as shown in the maps provided 

in Fig. 1 and Fig. 2. 
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Fig. 2: Map of drought Risk in the Bengawan Solo Watershed.

have the potential to experience flood risk, but Surabaya 
has the highest risk of all. Some areas situated in Surakarta, 
Boyolali, Klaten, Sukoharjo, Sragen, Ngawi, Magetan, 
Ponorogo, Bojonegoro, Tuban, Lamongan, Gresik, and 
Mojokerto are also prone to flood at a moderate risk. Other 
areas have a low flood risk.

The drought risk areas are presented in Fig. 2. All the 
regencies/cities in the Bengawan Solo watershed have the 
potential to experience drought, but Gunung Kidul, Pacitan, 
Trenggalek, and Blora are considered as the regions with 
the highest risk. Some areas with moderate risks located in 
Boyolali, Rembang, and Bojonegoro. Drought occurs due 
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Table 2: Food Security Index Score in Bengawan Solo Watershed.

No. Regency/City FSI Score 2014-2018

1 Surakarta 67.43

2 Madiun 70.32

3 Surabaya 69.74

4 Boyolali 63.8

5 Klaten 63.4

6 Sukoharjo 68.15

7 Wonogiri 42.25

8 Karanganyar 60.5

9 Sragen 47.3

10 Blora 40.9

11 Rembang 58.75

12 Pacitan 32.4

13 Ponorogo 37.5

14 Madiun 39.55

15 Magetan 46.15

16 Ngawi 23.8

17 Bojonegoro 35.95

18 Tuban 36.4

19 Lamongan 41.05

20 Mojokerto 61.3

21 Trenggalek 39.45

22 Gresik 72.95

23 Gunung Kidul 30.75

Source: Processed data, 2020

to minimal rainfall caused by climate change. While other 
areas have a low risk of drought.

It is necessary to measure regional food security scores 
to find out which regions have low food security (Table 2) 
so that the government can provide more intervention. The 
attempts to overcome food vulnerability can be well planned 
when it is visualized on a map. The region that has the highest 
FSI score is categorized as an area with good food security, 
on the contrary, the smallest FSI score indicates the regency/
city is vulnerable to food security.

Areas with a food security index map are presented in  
Fig. 3. All regencies/cities in the Bengawan Solo Watershed 
have the potential to experience food vulnerability risks. 
Based on the index score, the locations with the highest 
food security are Surabaya, Gresik, and Sukoharjo. This is 
due to the high level of GRDP per capita compared to other 
regions in the Bengawan Solo watershed. On the other hand, 
areas that have low food security/food insecurity are Gunung 
Kidul, Pacitan, and Ngawi. This is because these regencies/
cities have areas that tend to be vulnerable to floods and 
drought. Inadequate production of the agricultural sector 
has resulted in high levels of poverty in these regions. Other 
regencies/cities are categorized as regions with moderate lev-
els of food security. The level of food security is influenced 
by several factors as described in the results of panel data 
regression (Stata) in the period of 2014-2018.

Table 3 presents panel data regression result of the 
variables that have the potential to affect the level of food 
security. Regression results show that flood and drought 
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(Table 2) so that the government can provide more intervention. The attempts to overcome food vulnerability 

can be well planned when it is visualized on a map. The region that has the highest FSI score is categorized 
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have a significant negative effect of 5% on the food security 
index, which means it reduces food security. In addition to 
flood and drought, other variables that influence the level of 
food security in the Bengawan Solo watershed are the human 
development index, farm size, and GRDP per capita which 
have a significant positive effect of 5%, which means these 
variables increase food security.

Climate change, which causes flood and drought, is of 
concern to researchers because it will disrupt the supply of 
food availability. Areas that are identified as having low 
levels of food security must anticipate reducing the risk of 
potential losses. Food security in Indonesia is closely related 
to the price of rice (Timmer 2011) since it is the staple food 
of Indonesian. Indonesia is the 4th largest population in the 
world with a total of 264 million population based on (World 
Bank 2019). This causes the consumption of food to be rela-
tively high. This research is expected to give support to the 
government in tackling the risk of food insecurity caused by 
climate change. By using GIS, areas that are prone to flood, 
drought, and food insecurity have been incorporated into the 
map so that it will ease the government in providing special 
treatment and intervention. 

CONCLUSION

The contribution of climate change, especially floods and 
drought, to the level of food security in the Bengawan Solo 
watershed is crucial. Scores are grouped into three sectors 
of vulnerability in the Bengawan Solo watershed from the 
highest to lowest food security levels. From the results of 

the research, it can be concluded that flood and drought 
reduce the level of food security. That is, climate change 
causes additional burdens for the government to achieve 
development goals namely food security. Surabaya, Gresik 
and Sukoharjo are areas with high levels of food security. 
Whereas Gunung Kidul, Pacitan, and Ngawi are areas that 
have low food security or food vulnerability. Adaptation 
options for climate change and food distribution between 
regions can be alternatives. This research is expected to 
support the community and also the government so that it is 
easier to identify areas that need more attention to prevent 
food vulnerability in the rainy and dry seasons.
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