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Abstract. Murniati K, Mutolib A. 2020. The impact of climate change on the household food security of upland rice farmers in 
Sidomulyo, Lampung Province, Indonesia. Biodiversitas 21: 3487-3493.  Climate change in the agricultural sector, particularly food 
crops, significantly decreases the production, causing the anomaly influences of El-Niño (drought) and La-Nina (flood). Climate change 
will have an impact on food availability and accessibility, thereby disrupting the food security and vulnerability of farmer households. 
This study aimed to: analyze the livelihood vulnerabilities, determine the food security level, and assess the livelihood vulnerability on 
the food security of upland rice farmer households against climate change. This study was conducted in Sidomulyo Sub-district, South 
Lampung District. The samples were randomly selected among farmers, resulting in 66 selected farmers. The analysis included: the 
livelihood vulnerability index– intergovernmental panel of climate change (LVI-IPCC), food security index based on the Indonesian 

Institute of Sciences, and the Ordinal Model Logit (Ologit). The results showed that the upland rice farmer’s household had a livelihood 
vulnerability of 0.071, belonged to the medium category.  Most farmer households (77.27%) were categorized as food secure.   The 
“secure” category in the food security index is obtained if the upland rice farmers fulfill three criteria includes food availability, food 
stability, and food sustainability.  The strategy of climate change adaptation, rice price, and phonska fertilizer price affects the food 
security of farmers’ households.  Climate change adaptation strategies are indispensable for sustainable food security.  

Keywords: Climate change, food security, upland rice, vulnerability 

Abbreviations: Ologit: Ordinal Model Logit, LVI: Livelihood vulnerability index, LVI-IPCC: The livelihood vulnerability index– 
intergovernmental panel of climate change, PTT: integrated crop management 

INTRODUCTION 

One of the world’s important issues is climate change 

and food security problems (Misra 2014; Islam and Wong, 

2017, Zwane, 2019). Global climate change affects all 

human life aspects, including the agricultural sector (Ali et 

al. 2017; Thornton et al. 2018; Raza et al. 2019). The 

seasonal food crop is the most vulnerable affected by 

climate change, especially El-Niño and La-Nina (Mutolib 

et al. 2017; Sintayehu 2018; Eitzinger 2018). Climate 

(environment) is part of the three legs of the triangle (host, 

pathogen, and environment). Climate change, which 
includes increases in temperature, moisture, and CO2, can 

impact all three legs of the plant disease triangle in various 

ways (Francl 2001). Weather elements have a role 

important in creating environmental conditions that are 

suitable for the development of the disease (Bande et al. 

2015).  Climate change causes the increasing the water 

consumption, accelerating the fruit/seed maturation, 

decreasing the harvest quality, and decreasing the food 

crop productivity (Korres et al. 2016; Fahad et al. 2017; 

Ferrante and Mariani, 2018). 

El-Niño and La-Nina can cause the harvest failure 
(Utami, Handayani, and Kuswantoro 2019) and 

significantly decline the crop production due to the 

prolonged drought and continuous rain that causes a flood 

(Gateau-Rey et al. 2018; Rodysill et al. 2019; Rahmat et al. 

2019; Rahmat et al. 2020).  Rice is a commodity that is 

affected by climate change, especially El Nino. The area of 

rice field in Indonesia in 2018 is 14.72 million hectares 

(Ministry of Agriculture of Indonesia 2018).  The 

conventional system's lowland rice in Indonesia requires at 

least 655 mm in one planting period (100 days) (Fuadi et 

al. 2016). The El Nino phenomenon has directly reduced 

rice production in Indonesia by 2.9% (Wahyu et al. 2011; 

Santoso 2016).  Murniati et al. (2017) concluded that 60% 
of organic rice farmers in the Pematangsawa sub-District, 

Lampung Province, experienced harvest failure, while 40% 

experienced a declined production in 2012. As for non-

organic rice farmers, 52.8% experiences harvest failure, 

while 47.2% experienced a decline production due to the 

drought problem in 2012. 

Farmers are very vulnerable to climate change as the 

farmer's livelihood depends on the nature condition 

(Srivastava and Rai 2012; Harvey 2014; Rahmat et al. 

2018; Mashizha 2019).  The impact of climate change not 

only affects the food production, but also influences the 
farmers' income, food accessibility, food supply, and food 

security (Asmare and, Meheret 2018; Firdaus et al. 2019; 

Anríquez and Toledo 2019). Murniati et al. (2019) 
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concluded that the farmers' households were mostly in less 

food secure categories based on food availability, food 

accessibility, food stability, and food quality due to the 

climate change impact.  Widada et al. (2014), concluded 

that based on the calculations of LVI and LVI-IPCC, 

farmer households in the urban region had greater 

livelihood vulnerability than the farmer households in rural 

areas due to the climate change. 

The rice farming business dominates the rice production 

in Indonesia in the common paddy field, however in the 
recent years, the paddy field area declines due to the land 

function alteration for activities outside of the paddy field 

farming business (Komariah et al. 2015; Prajanti and 

Susilowati 2016; Listiana et al. 2019). To fulfill the rice, 

rice farming in dryland is potentially developed. According 

to the Indonesian Ministry of Agricultural Affairs (2016), 

more than 110.00 ha on every year, the rice field land alters 

its function, therefore optimizing the dry land as alternative 

upland rice can be used to overcome the land altered 

function. 
 

Lampung Province is a rice production center in 
Indonesia, specifically Sidomulyo Sub-district, South 

Lampung District that becomes the center of upland rice 

production in the field. The upland rice productivity in 

Sidomulyo Sub-district is still low, namely 1.95 ton/ha 

(Murniati et al. 2019).  Toha (2007) mentioned that the 

upland rice (padi gogo) productivity in Lampung with the 

integrated crop management (PPT) pattern and superior 

variety rice type used could increase the rice productivity 

up to 5.8 tons/ha. The low productivity of upland rice in 

Sidomulyo is due to the rice seed variety used is not grown 

for in the dry land (field), but only for paddy fields 
(Ciherang varieties), besides the production facilities 

(fertilizers and seeds) are in the unsuitable 

recommendations and the low farmer knowledge about the 

upland rice cultivation. In addition, climate change also 

contributes to the low productivity of upland rice. This 

study analyzed the upland rice farmer household livelihood 

vulnerability against the climate change, food security 

index, and the relationship of climate change on the upland 

rice farmer household food security in Sidomulyo Sub-

District, South Lampung District, Lampung Province, 

Indonesia. 

MATERIALS AND METHODS 

Study area and time research 

This study was conducted in Bandar Dalam and 

Campang Tiga Villages, Sidomulyo Sub-district, South 

Lampung District, Lampung Province, Indonesia. 

Locations were chosen based on the purposive method with 

consideration as the central productions of the upland rice 

in Lampung Province. The study was conducted between 

April and June 2018 and between April and June 2019  

with the consideration that upland rice is planted only once 

a year between December and March. Therefore, research 

is carried out post-harvest in order to be able to identify 
access and food security of upland rice farmers. 

Materials and equipment 

Materials and equipment used in this study included: 

Questionnaires containing some questions related to the 

vulnerability of climate change, food security conditions 

utilized to collect the primary data from the farmers. Data 

and information collected include data on respondent data, 

frequency of food, food source, type of food, accessibility 

of food sources, continuity of food supply,  identity of 

upland rice farming, as well as other data that support 

research. 
 

Methods and data types 

The method used in this study was the survey method. 

Data collection was conducted through the profound 

observation and investigation to retrieve information on a 

set of a particular problem in a specific region. Data types 

retrieved were the primary data, i.e., the climate condition, 

upland rice business, food consumption and release, 

farmer's characteristics, and farmer's income. The 

secondary data were taken from related institutions and 

online sources. Data were collected by the direct interview 

with the respondents through the structured questionnaires 
and observation in the study locations to determine the 

specific condition of the farmer's business, society's social 

condition, and farmer respondents' household condition. 

The total respondents were 66 upland rice farmers, who 

were taken randomly. 

The general description of respondents is: the average 

age of the respondent is 41.12 years, the average level of 

education is 8 years, and the average number of family 

members is 4 peoples. Farmers on upland rice  very rarely 

have side jobs, and only 3.03% of all farmers have side 

jobs as laborers.  The average area of upland rice owned by 
farmers is 0.62 hectares with productivity per hectare of 

1.95 tons.  The varieties used by most farmers are IR-64 

(66.67%) and Ciherang (27.27%),  and 6.06% of farmers 

grow other varieties. 

Data analysis 

The vulnerability rate of farmer’s household livelihood 

against the climate change 

The vulnerability rate of farmer’s household livelihood 

against climate change was analyzed using the Livelihood 

vulnerability index (Hanh et al. 2009 and modified by 

Murniati et al. 2017). The main indicators of LVI were 

exposure, sensitivity, and adaptive capacity, and then the 
sub-indicators are presented in Table 1. 

The steps to calculate the livelihood vulnerability index 

(LVI) were: 

Make the standard index size 
 

Indexs =      (1) 

 

Where: 
S is the real value of the main subindicators, dan Smin 

and Smax, as the minimum and maximum value of the main 

of sub-indicator. 
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Calculate the main indicator index value 

M =      (2) 

 

Whereas: M = One of the seven main indicators 

average: Farming (F), Food (Fd), Water (W), Consumption 

(C), Education (Ed), Income (I), as well as Natural disaster 

and Climate variation (BAVI), Index is the sub-indicator 

index- i, and n is the total of sub-indicators. 

Calculate the livelihood vulnerability index (LVI) 
 

LVIupland rice farmer =    (3) 

 

Where: LVI upland rice farmer is the average of seven 

main indicators measured, WMi is the total of sub-indicator 

from each main indicator. LVI ranges from 0.0 – 0.5. LVI 

obtained the value of approaching 0.5 means that the 

household is susceptible/vulnerable while approaching 0.0 

means almost no vulnerability/vulnerability observed. 

1) Calculate the contribution of LVI-IPCC 
 

LVI – IPCC = ( e – a )*s    (4) 
 

Where: e is the exposure index, a is the adaptation 

capacity index, and s is the sensitivity index. LVI-LPCC 

value ranges -1 (low vulnerability) to +1 (high 

vulnerability). 

Food security index of upland rice farmer household  
The food security index of upland rice farmer 

household was calculated using the indicators based on 

Aswatini et al (2004), namely (i) adequate food supply, (ii) 

food supply stability, (iii) food accessibility, and (iv) food 

quality and security.   

Adequate food supply 

The adequate food supply in the household was 

measured from the adequate main food consumed in a 

certain amount and period categorized as: (i) When the 

household food supply is >/= 240 days (based on the field 

condition), the household food supply is adequate. (ii) 

When the household food supply is between 1 and 239 
days, the household food supply is less adequate. (iii) 

When the household has no food supply, the household 

food supply is inadequate. 

Food supply stability 

The household food stability was measured based on 

the adequate food supply and consumption frequency of 

household members in a day categorized on Table 2. 

Food accessibility  

The food accessibility in the household was measured 

from the ease access of the household to gain food 

categorized as presented in Table 3. 
The combination of food accessibility and food supply 

stability obtained the indicator of continuous food security 

as presented in Table 4.
 

Food quality and security 

The size of food quality can be seen from the 

recommended dietary allowances containing adequate 

energy and protein related to food consumption (side 

dishes), whether containing animal or plant protein. The 

combination of continuous food supply and quality is the 

indicator of household food security, as presented in Table 5. 

The correlation of livelihood vulnerability and security 

against climate change 
 

The analysis to identify the correlation of livelihood 
vulnerability and security against the climate change 

approach by including some aspects to assess the livelihood 

vulnerability into the factors influencing food security, 

namely: Climate change adaptation strategy, the head of 

the family educational background, and income. Thereby, 

these factors were formulated as:
 

 

Pr (yj =i) = αo + β1ln X1 + β2 ln X2 + β3 ln X3 + β4 ln X4 + β5 

ln X5 +β6 ln X6  +β7 lnX7 + β8 ln X8 + β9 ln X9 +  β10 ln X10 + 

β11 ln X11 +μ      (5) 

 
Where: 

Pr (yj =i) = The probability of upland rice farmer 

household food security degree, whereas i=1, 2, 3, 

3 = food Secure 

2 = Less food Secure 

1 = food Insecure 

α = intercept 

β = regression coefficient (approached parameter) (i= 1 to 11) 

X1 = climate change adaptation strategy in the upland 

rice farming business (total). 

X2 = the head of the family educational background 
(years old) 

X3 = the total of family member (people) 

X4 = land area 

X5 = urea fertilizer price (IDR/kg) 

X6 = phonska fertilizer price (IDR/kg) 

X7 = seed price (IDR/kg) 

X8 = cooking oil price (IDR/lt) 

X9 = white sugar price (IDR/kg) 

X10 = egg price (Rp/kg) 

X11 = total household income (Rp/year) 

μ = error term 
 
Table 1. The Group and Main Indicators of LVI 
 

Group Indicator  Main Indicator 

Exposure  Natural Disaster and Climate Variability 
Sensitivity  Farming, Foods, Water 

Adaptive capacity Consumption, Education, Income 

Source: Hahn et al. (2009) modified by Murniati et al. (2017) 

 

 
Table 2. The household food supply stability category 

 

Adequate food 

supply 

The consumption frequency of 

household member 

≥ 3 times 2 times 1 time 

≥ 240 days Stabile Less stable Unstable 
1-239 days Less stable
 Unstable Unstable 

There is no inventory Unstable Unstable Unstable 
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Table 3. Household food accessibility category 
 

Field ownership The way of household gain feed 

Exist Direct access Indirect access 
No exist Indirect access 

 
 
Table 4. The household food supply continuity 

 

Food 

accessibility 

Household food supply stability 

Stable Less stable
 Unstable 

Direct access Continuous Incontinuous Incontinuous 
Indirect access Less 

continuous 

Incontinuous Incontinuous 

 
 
Table 5. The household food security index 
 

Continuous 

food supply 

Food quality/security: Plant and/or animal protein 

consumption 

Plant and animal 

protein/only 

animal protein 

Only plant 

protein 

No animal and 

plant protein 

consumption 

Continuous Secure Less secure Insecure 
Less continuous Less Secure Insecure Insecure 
Incontinuous Insecure Insecure Insecure 

Source: Aswatini et al (2004) 
 
 
 

RESULTS AND DISCUSSION 

The upland rice farmer household livelihood 

vulnerability against the climate change  

The household livelihood vulnerability was measured 

using the indicators developed by Hahn et al. (2009), 
namely: Exposure, sensitivity, and adaptive capacity, 

whereas the primary indicators were based on the 

indicators modified by Murniati et al. (2017). The main 

indicators for the exposure included the natural disasters 

and climate variability; The main indicators for sensitivity 

contained food, farming, and water, while the main 

indicators of the adaptive capacity are consumption, 

education, and income. The result of the upland rice farmer 

livelihood vulnerability index is presented in Table 6. 

According to Table 6 and Figure 1, the LVI index is 

0.3867, and LVI-IPCC is 0.071, which belongs to the 

medium category. The indicators for the domestic farmer 
household level on natural disasters and climate change are 

relatively high at 0.713. This condition was different from 

Kiflii, Mulyo and Sugiyarto (2015), who stated that the 

index of farmer household exposure was 0.2508, belonged 

to the medium category, while Murniati et al. (2017) stated 

that the organic and non-organic rice farmers on the rain-

fed field in Pematang Sawa Tanggamus district was 0.44, 

which was relatively closed to the high category.  The 

sensitivity score of 0.221 in the medium category is shown 

to be the highest index among water and food. This was 

due to the small land area use for farming with an average 
of 0.35 ha, which is then classified as small farmers 

(gurem). In addition, some of the rice farmer households 

only work on two types of crops (rice and corn), and 60% 

of households rely on agriculture as a major income. A 

small area of upland rice cultivation land and dependence 

on rice farming as the main job, besides the climate change 

impact, cause the farmer's livelihood to be sensitive against 

climate change. 

The adaptation capacity score is 0.393, which belongs 

to the medium category as most farmers (91%) belong to 

the low educational background (8 years).  The low 

education of farmers causes less farming management 

capability and climate change impact that affects the 

farming activity (Hidayati and Suranto 2015; Li et al. 2017; 
Fagariba et al. 2018; Yanfika et al. 2019), resulting in the 

upland rice productivity only reaches 1.9 tons per ha. 

Meanwhile, the upland rice productivity by applying the 

integrated crop management (PTT) can reach 5.9 tons/ha 

(Toha 2007). Therefore, in the future, extension support is 

needed in good management of farm rice. In addition, the 

need to prepare adaptation strategies and farmers' 

livelihood strategies to the effects of climate change so that 

farmers are able to adapt to the adverse effects of climate 

change. 

The upland rice farmer household food security index 
The household food security is the description of the 

general food supply situation at the household level, which 

will describe the food supply situation in a particular 

region. In this research, the household food security level 

measured by four components of household food security, 

namely the adequacy of food availability, the stability of 

food supply, food accessibility, and food quality (Aswatini 

et al. 2004). The food security level can also be seen from 

the process and impact indicators. Food supply and 

accessibility is the process indicator of food security, 

describing the food situation of the farmer's household. In 
contrast, food consumption is a direct impact indicator of 

food security described by the quantity and quality of 

farmer household food consumption. The direct impact 

indicators are food consumption and frequency, while the 

indirect impact indicators are the storage and nutritional 

status (Jones et al. 2013; Kuchenbecker et al. 2017; Reber 

et al. 2019). The degree of rice farmer household food 

security is presented in Table 7. 

Based on Table 7, most upland rice farmers (77.27%) 

belonged secure food category, and others  (22.73%) 

categorized as less food secure categories.  The "secure" 

category in the food security index is obtained if the upland 
rice farmers fulfill three criteria includes food availability 

≥ 240 days, food stability is in the stabile category, and 

food sustainability is in the continuous category.  If the 
upland rice farmers only fulfill one from the three criteria, 

then the index of food security is included in the category 

of “less secure category.” If it only fulfills one or less of 

the three criteria, it falls into the category of “insecure” in 

the food security index. 

Many households become secure food category due to 

the continuous food availability and good quality of food 

consumption. This condition was reflected from the 

number of ricer field farmer households that have adequate 

food available for more than 240 days, and 100% farmer 

households have direct food access, therefore able to 

consume food with three times a day frequency. Besides, 
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the secure food category also determines the good food 

consumption containing animal and plant protein or animal 

protein only.  

Furthermore, Table 7 explains that there are still upland 

rice farmer households who are in the less food secure 

category due to less continuous food supply and poor 

quality of food consumption reflected from the food supply 

with the food consumption was less than 240 days and two 

times food consumption frequency, containing only plant 

proteins. Based on the result, it appears that there is a 
correlation between the farmer's household food security 

with food availability, accessibility, and consumption. This 

was in line with Saputri, Lestari, and Susilo (2016), who 

concluded that there was a meaningful correlation between 

the household food security in Kampar District, Riau 

Province with the food consumption pattern and external 

variables (the number of household members, food 

accessibility, family spending, energy consumption, and 

protein consumption). 

The correlation of livelihood vulnerability and food 

security in upland rice farmer household  
The correlation analysis result of upland rice farmer 

livelihood vulnerability against climate change and food 

security is presented in Table 8. 

Based on the regression analysis result in Table 8, some 

variables that have a statistically significant effect on the 

food security of rice farmer households in Sidomulyo Sub-

district are Stadaptation, Pphonska, and Price. The 

adaptation strategies of upland rice farmers against the 

climate change impact can be applied through (i) The 

unclockwise contour soil treatment, this strategy is useful 

for reducing surface run-off and removing layers of soil 
that are rich in nutrients (ii) The minimum soil tillage, this 

strategy is useful for increasing tenure, preventing soil 

saturation and damage to soil structure (iii) Increased 

weeds removal intensity, this strategy is useful so that 

plants obtain nutrients optimally, (iv) Early planting during 

the rainy season, this strategy aims to speed up the harvest 

period and obtain an adequate water supply (v) The 

application of multiple cropping (tumpang sari) or 

overlapping (tumpang giling) system, (vi) Planting time 

adjustment, (vii) The use of plant spacing 

recommendations, and (viii) Crop rotation in a more 

disciplined manner.  These strategies show tangible and 
positive influences on the farmer's household food security. 

The positive influence is the probability of the upland rice 

farmer's household odd ratio to be in the food-secure 

category.  
 
 

 
 

Figure 1. Triangle diagram of the upland rice farmer household 
livelihood vulnerability against the climate change impact 
 

 
Table 7. The upland rice farmer household food security 
 

No Description 
Total 

household 

Percentage 

(%) 

1 Food supply: 

Supply ≥ 240 days 

Supply 1-239 days 
No supply 

 
51 

15 
- 

 
77,27 

22,73 
- 

2 Food stability: 
Stabile 
Less stabile 
Unstable 

 
51 
15 
- 

 
77,27 
22,73 

- 
3 
 

Accessibility: 
Direct 

Indirect 

 
66 

- 

 
100,00 

- 
4 Continuity: 

Continuous 
Less continuous 
Incontinuous 

 
51 
15 
- 

 
77,27 
22,73 

- 
5 Food security index: 

Secure 
Less secure 

Insecure 

 
51 
15 

- 

 
77,27 
22,73 

- 

  

 
 
 
Table 6. The upland rice farmer household livelihood index against the climate change in Lampung Province 
 

Contribution 

factor 
Main component 

Main 

component 

value 

Total sub-

component 

Contribution 

factor value 
LVI 

LVI-IPCC 

of upland 

rice 

Adoption 
capacity 

Consumtion  0.270 3 
0.393 

0.38

67 

  
0.071 Education 0.910 1 

Income 0.320 2 
Sensitivity Food 0.036 5 

0.221 
 

  
Agriculture 0.354 4 

 
  

Water 0.299 5    

Exposure Natural disaster and climate variability  0.713 7 0.713    
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Table 8. The analysis result of logic ordinal of factors affecting the upland rice farmer household food security degree 
 

Variable Coefficient Std. Error Z-Statistic Probability OR 

Cutt off/Limit 1 -68.461     
Cutt off/Limit 2 -61.38696     
S Adaptation 1.207671 .4246113 2.84 0.004*** 3.345683 
P Climate -.008283 1.894435 -0.00 0.997 .9917512 
Pdk .183104 .2717517 0.67 0.500 1.200939 
Jak -.2928114 .8276775 -0.35 0.724 .7461628 
L Land 6.33542 4.132465 1.53 0.125 564.2065 
P Urea -.0028962 .0039201 -0.74 0.460 .997108 

P phonska -.0117956 .0045526 -2.59 0.010** .98822737 
P seed -.0007575 .000815 -0.93 0.353 .9992428 
Price -.0020187 .0009541 -2.12 0.034* .9979834 
Pcooking oil .0001999 .0007925 0.25 0.801 1.0002 
Psugar -.0002503 .0007318 -0.34 0.732 .9997498 
Pegg -.0004061 .000251 -1.62 0.106 .999594 

Note: *** significance on 99% degree of confidence (α = 0.01). **significance on 95% degree of confidence (α = 0.05). *significance on 
90% degree of confidence (α = 0.10) 

 
 

 
The input price factor that affects the food security 

status of upland rice farmer households is the phonska 

fertilizer price. Negative coefficient value marked that 

increased fertilizer price will significantly decrease the rice 

farmer's household probability to be food secure. Another 

factor affecting household food security is the rice price. 

The rice price statistically correlates negatively against the 

household probability for the food security status. This 

means that increased rice price will lower the probability of 

rice farmer households to be secure food status. It can also 

be explained in Table 8 that the head of the family 
educational background and income as the adaptation 

capacity proxy had no significant effect against the food 

security status of the upland rice farmer households. 

In conclusion, based on the contribution value of LVI-

IPCC, the livelihood vulnerability of upland rice farmer 

households in Sidomulyo Sub-district, South Lampung 

District, against the climate change impact belongs to the 

medium category.   The indicators for the domestic farmer 

household level on natural disasters and climate change 

(exposure factor)  are relatively high at 0.713. The 

sensitivity score of 0.221 in the medium category. The 

adaptation capacity score is 0.393, which belongs to the 
medium category.  In the food security index aspect, most 

upland rice farmers (77.27%) belonged to a secure food 

category, and around 22.73%  categorized as less secure 

categories. The adaptation strategy of climate change 

impact, phonska fertilizer price, and rice price statistically 

affect the food security of rice farmer households. 

Therefore, climate change adaptation strategies are 

necessary for sustained food security.
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