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A B S T R A C T

Water scarcity, climate change, price volatility, agricultural 
output variability, and geo-political instability have 
determined new stressors and situations of risks that exert 
pressure on agro-ecological systems, farmers, people’s 
food security, and generally affect the well-being of the 
population. In recent times, resilience is seen as providing 
a new approach on how to analyse the effects of shocks and 
stressors that threaten people’s well-being. The question 
is whether there is a relationship between the inadequate 
access to basic services, as stressor of people’s physical 
access to food and food availability on the market, and food 
security, as an outcome of people’s well-being. Statistical 
data have been analysed with simple regression model. 
The case study of Romania is discussed, using twenty-
two observations. The main findings show that access 
to essential services, such as water and sanitation, are 
important in explaining household’s resilience capacity. 
Other stressors, such as rail lines density and road density, 
which determine the physical access to markets, have a 
less significant influence on food security. The relevance 
of the results lies in their capacity to emphasize the role 
of people’s access to basic needs in strengthening the 
resilience of individuals, families and regions, and to 
ensure, as a consequence, food security.
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Introduction

Viewed as a strategic way to deal with stressors and a wide range of unpredictable risks 
that undermine well-being, resilience has emerged as a key concept for policy, program 
and strategy development. Resilience is a promising concept for understanding how 
individuals, households, and regions cope with shocks and stressors, therefore, a 
steady flow of scientific papers and reports has been released. Many of them focused 
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on resilience concept, stressors and shocks, but fewer on resilience measurement. 
There is an abundant literature on resilience pursued in a variety of fields, such as 
ecology (Gunderson et al., 2010), including the agro-ecological systems, engineering 
(Hollnagel et al., 2006), psychology (Cicchetti, 2010), and geography (Adger, 2000; 
Pike et al., 2010).

Referring to agro-ecological system, Milestad (et al. 2009) argued that farmers face 
dynamics and disturbances at the farm, induced by local, regional, national or global 
trends, seasonality or shocks. Under these circumstances, farmers need the ability to cope 
with, adapt to and shape change without losing options for future adaptability (Folke et 
al., 2003). It is about what is called resilience in the literature, meaning that farmers need 
to build farm resilience. Resilience thinking offers a framework for understanding the 
dynamics of complex systems (Bennet et al., 2005). Derived from system theory as being 
the ability of a system to bounce back or return to equilibrium following disturbance 
(Holling, 1973), when referring to as ‘engineering resilience’, the concept then evolved to 
a more complex approach. Resilience of systems is not simply about resistance to change 
and conservation of existing structures (Folke, 2006), while Berkes (et al.2003) recognize 
that the ability to adapt and transform are at the origin of resilience.

As regards food security, resilience has been considered in terms of international 
development (Bene et al. 2016; Pelletier et al. 2016, Suweis et al. 2015; Constantin, 
1999), and of maintaining agricultural production under climate change (Altieri et 
al. 2015). Bullock (et al. 2017) provided an original view of how food production 
might become more resilient and implemented a definition of resilience in terms of 
food security as: maintaining production of sufficient and nutritious food in the face 
of chronic and acute environmental perturbations. The food system resilience has been 
studied by Tendall (et al. 2015), who argued that it has a high potential to help cope 
with the shocks, complexity and uncertainty facing food systems, by using the concepts 
of continuous learning, flexibility and “back-up” capacity.

Many attempts at assessing resilience have been proposed over the years. The Food 
and Agriculture Organization (FAO) of the United Nations recorded long experience 
in this, being the first organization which adopted the concept of resilience in a food 
security context (Pingali et al., 2005). In 2008, it issued a system of indicators for 
resilience assessment, the RIMA, proposed by Alinovi (et al., 2008), who argued that 
the ability of a household to adapt to new situations depends on the options available 
to that household to make a living: access to assets, income-generating activities, 
public services, formal and informal social safety nets, institutional environment and 
resistance capacity.

Nowadays, other authors proposed alternative systems to measure resilience. Vaitla (et 
al., 2012) considered natural resources, physical assets, financial assets and human and 
social capital as the fundamental elements of resilience, which enable households to 
react to stressors and to a shock, after interaction. Frankenberger (et al., 2012) focused 
on the causes that determine the vulnerability and seeks to understand how long-term 
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factors (e.g. climate change, economic, socio-political and environment factors) affect 
livelihood security and exposure to risk. Ignat (2019) measured resilience from the 
entrepreneurship point of view.

RIMA-II, as system of indicators for assessing resilience, has its roots in FAO’s 
analytical framework (FAO, 2012). Its fundamental pillars of resilience are: access to 
basic services, assets, social safety nets, sensitivity, and adaptive capacity. This paper 
analysis the pillar access to basic needs. It measures the ability of a household to meet 
basic needs, by accessing and effectively using basic services, such as sending children 
to school, accessing water, electricity and sanitation.

The RM-TWG (2014) has defined resilience as a capacity that prevents individuals, 
households, communities, and regions from falling below a normatively defined level 
for a given development outcome (e.g., food security, poverty level, wellbeing). The 
cited report outlined the necessity of establishing an outcome of interest as the result of 
a series of interactions among the conditions, attributes and processes, and disturbances 
that affect well-being, in the development of resilience measurement.

Therefore, the pillar of resilience, namely access to basic needs, is analysed in 
connection to food security, as an outcome of interest, the objective of this paper 
consisting in identifying the direction and the intensity of the relationship between 
access to basic needs and food security. While resilience is perceived as a stand-alone 
outcome, the end-goal of building and measuring resilience is viewed in terms of a 
particular outcome, such as food security.

In the attempt to establish whether there is a relationship between the access to basic 
services, as pillar of resilience, and food security, as a development outcome, this piece 
of research answers the question what are the direction and intensity of this relationship? 
In pursuing this, the indicators corresponding to the variable access to basic needs 
(access to improved water source, access to improve sanitation, road density and rail 
lines density) and the indicators of food security (food supply per person) are analysed 
using simple regression models.

The research starts from the assumption that there is a direct relationship between 
access to basic services and food security, the hypothesis tested within this paper is 
H1: The availability or non-availability of basic services play a role in determining the 
risk level of households’ exposure to shocks and stressors and determine the level of 
households’ food supply.

This paper analysis the resilience as a response to stressors, such as people difficult access 
to services, in relation to food security. Following this first introductory section, the paper 
is organized into two main sections, followed by a section on conclusions. The data and 
methodology of assessing resilience are presented in section 2, outlining a set of general 
technical issues that are broadly applicable to the measurement. Section 3 presents and 
discusses the results of the regression models, whereas, the final section summarizes the 
main points of this first paper, draws the conclusions, and validates the hypotheses.
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Materials and methods

Resilience comprises two parts, one direct (or descriptive) and one indirect (or inferential). 
The direct approach measures the Resilience Capacity Index and the Resilience Structure 
Matrix. The indirect approach looks at the determinants of food security loss and recovery 
(FAO, 2016).  Within this paper, the indirect approach is used to assess resilience.

Some authors proposed the Resilience in a Dynamic Context as a predictor of household 
food security (Ciani, 2011). The latter is measured both by the change in food expenditure 
between two time periods and a dummy variable describing food poverty status at time 
t+1. The resilience capacity at time t is expected to positively contribute to household’s 
food security at time t+1. But this assumption is not easily replicable if resilience is 
estimated through RIMA-II, because it employs food security variables as indicators 
of the measurement model. Therefore, FAO (2016) proposed two possible options. The 
first is to estimate the Resilience in a Dynamic Context through RIMA-II using survey 
variables. The second is to use an indirect measurement of resilience which implies 
the use of the food security indicators (food expenditures or food consumption scores) 
for performing a dynamic analysis. If the purpose of resilience analysis is to establish 
the main drivers of a recovery from a shock, regression analysis is needed rather than 
survey. Therefore, the indirect approach, analysing food security indicators in relation 
to its determinants, is used in this paper.

The RM-TWG (2014) expressed the relationship among resilience, vulnerability, 
and shocks in connection with food security such as: Food security = f (vulnerability, 
resilience capacity, shocks). Stressors can be added to this approach, bearing in mind 
that they are long-term pressures that undermine the stability of a system and increase 
vulnerability within it (Bujones et al., 2013), as compared to shocks, which are short-
term pressures (Zseleczky and Yosef, 2014). Therefore, the relation becomes: Food 
security = f (vulnerability, resilience capacity, shocks, stressors).

This equation reveals the dependent variable, food security, and the independent 
variable, resilience capacity, with its shocks and stressors. Within this piece of research, 
the independent variable is access to basic services, as pillar of resilience, and the 
dependent variable is food security, viewed as an outcome of people’s well-being. 

The indicators corresponding to access to basic services are access to improved water 
sources, access to improved sanitation, access to proper road and rail lines (FAO food 
security indicators, FAO, 2016). The indicators access to water and sanitation have 
been used in previous research (Catacora Vargas, 2017, Jacobi et al., 2018, Mutea, 
2018), for assessing the resilience dimension of buffer capacity. The latter refers to the 
capacity of a system and its properties to cushion against stresses and shocks.

The indicators corresponding to food security is food supply expressed in calories per 
person per day. They have been used in previous research in FAO reports (RM-TWG, 
2014). Food quantity, in terms of absolute amount of production or food calories, is the 
usual metric of food security and thus resilience, as reported by Bullock (et al. 2017).
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Access to an improved water source consists in the percentage of people with reasonable 
access to an adequate amount of water from an improved source: a household connection, 
public standpipe, borehole, protected well or spring, and rainwater collection (food 
security indicators databases explained, FAO, 2019). Reasonable access refers to the 
availability of at least 20 litters for a person per day from a source within one kilometre 
of the dwelling. As seen in Table 1, 98% of the Romanian population have access to 
improved drinking water sources in recent times, as compared to 73.9% in 1990.

Access to improved sanitation facilities represents the percentage of people with at 
least adequate access to excreta disposal facilities that can effectively prevent human, 
animal, and insect contact with excreta (food security indicators databases explained, 
FAO, 2019). As data in Table 1 show, 77.9% of the Romanian population have access 
to sanitation facilities in recent times, higher than 70.4% in 1990.

Road density refers to the number of kilometres of road per 100 square kilometres of 
land and rail lines density refers to the number of kilometres per 100 square km of land 
area. Both of them correspond to the physical access of people to food. There are 46.8 
km of road per 100 square km of land area in Romania in 2011, decreasing from 64.2 
in 1990 (Table 1). As regards the rail line density, there are 4.5 km per 100 square km 
of land area in Romania in 2001, down from 4.8 in 1990.

The indicators corresponding to the resilience capacity measure can be indexed to 
food security, poverty or any other well-being concept that represents a development 
outcome of interest (RM-TWG, 2014). Usually, food expenditure, Food Consumption 
Score, and caloric intake are adopted as indicators of food security. In this paper, the 
caloric intake (food supply expressed in kcal per person per day) is considered for 
analysing the relationship between access to basic needs and food security. 

The food supply in Romania is, on average, 3339 kcal per person per day, higher 
than its level of 3127 in 1990. This value is higher compared to FAO and WHO 
recommendations, meaning that, on average, food security is ensured in Romania. This 
assumption is sustained by the value of the indicator Average dietary energy supply 
adequacy, which is 135% (FAO databases, 2019), higher than 100%, meaning that 
the supply exceeds the requirements by 35%. Although food security is ensured, on 
average, in Romania, previous research (Ion, 2018; Anica Popa et al. 2008) found that 
not all people have proper access to food, since 15.3% live on less than $2.9 a day, 
while the average food consumption fits into a budget of $3.28 a day. Thus, people 
earning less than $2.9 a day have limited dietary choices.
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Table 1. People access to basic services and food supply in Romania, 1990-2011

Year

Percentage of 
population with access 
to improved drinking 
water sources (%)

Percentage of 
population with 
access to sanitation 
facilities (%)

Road density 
(km of road per 
100 square km 
of land area)

Rail lines 
density (km per 
100 square km 
of land area)

Food 
supply 
(kcal/cap/
day)

1990 73.9 70.4 64.2 4.8 3127

1991 75.4 71.0 64.2 4.8 2922

1992 76.6 71.4 64.2 4.8 2835

1993 77.7 71.7 64.2 4.8 3000

1994 78.8 72.0 64.2 4.8 2931

1995 79.8 72.3 64.3 4.8 3027

1996 80.9 72.6 81.0 4.8 3056

1997 82.0 72.9 81.0 4.8 3046

1998 83.1 73.2 81.1 4.8 3068

1999 84.2 73.5 81.1 4.8 3081

2000 85.3 73.8 42.4 4.8 3141

2001 86.5 74.1 42.5 4.8 3239

2002 87.6 74.4 42.7 4.8 3319

2003 88.8 74.8 43.0 4.6 3365

2004 90.0 75.2 43.8 4.5 3354

2005 91.1 75.6 44.3 4.5 3396

2006 92.3 75.9 44.5 4.5 3430

2007 93.5 76.3 44.9 4.5 3375

2008 94.6 76.7 45.3 4.5 3402

2009 95.8 77.1 45.4 4.5 3379

2010 96.9 77.5 45.9 5.7 3325

2011 98.0 77.9 46.8 4.5 3339

Source: FAO, 2019

Results and discussions

Before rendering the models, the variables are tested using E-Views program. Firstly, the 
variables have been tested for normality (Figure 1a). The variable food supply reported the value 
0.326 for the probability, higher than 0.05, meaning that the distribution is normal. Kurtosis value 
is 1.763 indicating a normal distribution and the Skewness value is negative, showing a tendency 
towards left, and its value is closed to -0.5, signalizing, anew, that the distribution is normal. 

The variable access to improved drinking water (Figure 1b) reported the value 0.444 for the 
probability, higher than 0.05, meaning that the distribution is normal. Kurtosis value is 1.754 
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indicating a normal distribution and the Skewness value is negative, showing a tendency 
towards left, and its value is not between -0.5 and +0.5, signalizing a limit of the research.

The variable access to improved sanitation (Figure 1c) reported the value 0.486 for the probability, 
higher than 0.05, meaning that the distribution is normal. Kurtosis value is 1.846 indicating a 
normal distribution and the Skewness value is positive, showing a tendency towards right, and 
its value is between -0.5 and +0.5, signalizing, anew, that the distribution is normal.

Figure 1. Normality test for food supply (a), access to improved drinking water (b), and 
access to improved sanitation (c)
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The graphical rendering is tested, in order to have a better perspective over the 
variables. The graph for the variables food supply and access to improved water 
sources is presented in Figure 2. It can be noticed that the two variables have registered 
a likely trajectory. The current dataset has a positive trend, indicating a direct influence 
of access to improved water sources over the food supply.

The graphs for the variables food supply and access to improved sanitation is presented 
in Figure 3. It can be noticed that the two variables have registered a likely trajectory. 
The current dataset has a positive trend, indicating a direct influence of access to 
improved sanitation over the food supply.

Figure 2. Correlations between food supply and access to improved drinking water
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Figure 3. Correlations between food supply and access to improved sanitation
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Then, the stationarity of variables using Dickey-Fuller test and the causality between 
variables using the Granger Test have been tested. The results show that the data are 
stationary and there is not any pre-existent causality between variables.

The following step is to set up the linear model of simple regression. The model 
explaining the relationship between food security and access to improved water sources 
is: food_supply=0.882 x access_to_improved_water_sources, showing that 1 unit 
change in the level of access to improved water sources will lead to 0.882 changes in the 
level of food supply. The model explaining the relationship between food security and 
access to improved sanitation is: food_supply=0.866 x access_to_improved_sanitation, 
showing that 1 unit change in the level of access to improved sanitation will lead to 
0.866 changes in the level of food supply. 

The models are valid since the values of Sig are below 0.05 (Table 2). The values of R 
Square are 0.779 and 0.750, showing that the relationship between food supply and its 
determinants, access to improved water sources and access to improved sanitation, are 
strong and direct, the variables being positively correlated.
Table 2. The influence of access to improved water sources and access to improved sanitation 

upon food security

Variable R Square Coefficients of 
regression function Sig.

Access to improved water sources 0.779 0.882 0.000
Access to improved sanitation 0.750 0.866 0.000

Source: Results of the regression models 

The same results have been reported by other authors arguing that the best way to help 
farmers and improve their resilience is by maintaining good access to human capital, 
natural resources, infrastructure and financial resources (Atkociniene et al. 2015; Kwasek 
and Cvijanovic, 2013), and by safeguarding their access to markets and credit (Ashkenazy 
et al. 2018). Hecht (et al. 2018) observed that infrastructure and location, and service 
providers are among of the 10 factors that may contribute to organization-level resilience. 
The results are similar to those found by Alinovi (et al., 2008), arguing that resilience, 
viewed as the ability of a household to adapt to new situations, depends on the options 
available to that household to make a living, including access to assets, capital etc.

The variables road density and rail lines density reported invalid results. Otherwise, 
only observing the primary data presented in Table 1, the contradictory trends of these 
indicators and food supply can be noticed. While food supply values increased over 
the period under analysis, the values of road density and rail lines density decreased, 
signalizing lower physical access of people to transportation and markets, both for 
producers to sell their products and for consumers to buy agro-food stuff. Considering 
this trends, the relationship between food supply, as an outcome of well-being, and 
inadequate access to roads and rail lines, as stressors and features of resilience capacity, 
has not been analysed. 
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Conclusions

This paper investigated the relationship between food security, as an outcome of people’s 
well-being, and access to basic needs, as a pillar of resilience. The main findings show 
that access to essential services, such as water and sanitation, are important in explaining 
household’s resilience capacity. Moreover, the availability or non-availability of such 
services play a role in determining the risk level of households’ exposure to shocks and 
stressors, validating, as such, the hypothesis established.

The results are similar to those found by FAO (2018), arguing that access to essential 
services, such as water and sanitation, is an important determinant of households’ 
resilience capacity.

The results are important to understand how farmers face dynamics and disturbances 
at the farm, induced shocks and stressors and how they cope with, adapt to and shape 
changes. The findings show that stressors such as people’s access to basic needs, water 
and sanitation, are important in understanding the farmers’ resilience capacity, because 
their availability determines the risk level of households’ exposure to shocks and stressors.

The research has its limitations. The indicators access to roads and rail line revealed 
less significant influence on food security, although they correspond to basic services. 
This can be justified by the fact that there are two general approaches, one based on 
a theoretical understanding of relationships and one based on statistical relationships 
(Adger et al., 2004). Therefore, the indicators could theoretically be valid, but be 
statistically irrelevant or not usable. Likewise, the indicators showing people access to 
roads and rail lines, theoretically, they are valid and influence food supply availability 
and access, but they are statistically irrelevant.
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