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Abstract: The issue of hunger is a pressing concern, particularly in impoverished pockets of Jordan 24 

and globally. Although significant, research efforts focused on pragmatic solutions to eradicate hun- 25 

ger, aligned with the Sustainable Development Goal (SDG) 2: Zero Hunger, are scant. The present 26 

study scrutinizes the preferences of refugees in Irbid Camp and Sakhra region, Jordan, for two po- 27 

tential hunger alleviation interventions - Cultivated Roofs (𝐶𝑅𝑠) and Refrigerators as Food Banks 28 

(𝑅𝑎𝐹𝐵). Key research objectives include examining refugee choices in hunger reduction, the impact 29 

of demographic attributes on these preferences, and potential benefits and hurdles in implementing 30 

each solution. Surveys were conducted with 402 households, and the gathered data was analyzed 31 

using statistical tools like Chi-square and descriptive statistics. The results indicated that most (90%) 32 

preferred the 𝑅𝑎𝐹𝐵 intervention over 𝐶𝑅𝑠 (10%). Demographic factors like age, gender, educa- 33 

tional attainment, and family size did not significantly impact the acceptance of 𝐶𝑅𝑠. However, 34 

education level significantly influenced the acceptance of the 𝑅𝑎𝐹𝐵  intervention. 𝑅𝑎𝐹𝐵  was 35 

largely favored due to its lower effort, cost, risk, cultural compatibility, and success in other regions 36 

than 𝐶𝑅𝑠. However, those with higher education levels were more likely to reject 𝑅𝑎𝐹𝐵, potentially 37 

due to varied cultural perspectives or access to alternative solutions. The study also shed light on 38 

the primary advantages and challenges of implementing 𝐶𝑅𝑠 and 𝑅𝑎𝐹𝐵 projects, offering valua- 39 

ble insights to policymakers in designing future interventions. 40 
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Food security is a pressing global challenge, particularly in refugee camps where 44 

access to adequate, safe, and nutritious food is often limited. The United Nations' Sustain- 45 

able Development Goal (SDG) 2 aims to end hunger, achieve food security, improve nu- 46 

trition, and promote sustainable agriculture by 2030. Achieving this goal in vulnerable 47 

populations, such as refugees residing in camps and host communities, requires innova- 48 

tive and context-specific solutions that address these groups' unique needs and con- 49 

straints. 50 

Hunger and poverty pockets, like those in Irbid Camp and Sakhra region, often lack 51 

infrastructure and resources, exacerbating their inhabitants' already precarious food se- 52 

curity situation. In addition to the immediate need for food assistance, there is a growing 53 

recognition that sustainable and long-term solutions must be sought to address food in- 54 

security and promote self-reliance among refugee populations. One such approach is ex- 55 

ploring alternative food production and storage methods appropriate for the camp envi- 56 

ronment. 57 

In Jordan, the economic shock resulting from the coronavirus pandemic in recent 58 

years has deepened previous trends of poverty rates, despite governmental efforts to sup- 59 

port the social safety net, which somewhat contributed to slowing the acceleration of pov- 60 

erty numbers. The poverty rate in Jordan is estimated at 24%, according to the latest study 61 

conducted by the General Statistics Department in 2021, an increase of 6% due to the re- 62 

percussions of the coronavirus, while this percentage increases to 33% or more in some 63 

poverty pockets and camps. 64 

Thirteen officially recognized Palestinian refugee camps in Jordan are serviced by 65 

UNRWA and are spread across six provinces. Sakhr region in Ajloun was selected because 66 

it is one of the poorest areas in Jordan, with poverty rates ranging between 28%-33% in 67 

some of its regions. The proportion of the population under 15 exceeds 40% in the gover- 68 

norate, and the unemployment rate is high. It is a rural area suitable for agriculture. On 69 

the other hand, the Irbid camp was chosen because poverty and unemployment rates ex- 70 

ceeded 60%, and the camp lacked any developmental projects. The camp is home to more 71 

than 29,800 citizens living in a small area of 244,000 m2 that cannot be expanded. 72 

All member states of the United Nations adopted the 17 Sustainable Development 73 

Goals (SDGs) in 2015, serving as a global call to action to eradicate poverty by 2030. The 74 

second SDG aims to eliminate hunger and malnutrition and achieve sustainable food pro- 75 

duction by 2030. This goal is premised on the idea that everyone should have access to 76 

sufficient nutritious food, which necessitates promoting sustainable agriculture on a 77 

broad scale, which includes supporting small-scale farmers and achieving equality in ac- 78 

cess to land, technology, and markets. It also requires international cooperation to ensure 79 

investment in infrastructure and technology to improve agricultural productivity, in- 80 

crease investment, and properly operate food markets. 81 

Global evidence indicates that the number of hungry people worldwide is increas- 82 

ing, reaching 828 million in 2021, an additional 46 million compared to the previous year 83 

and an additional 150 million compared to 2019. This is according to the World Food Se- 84 

curity and Nutrition Report for 2022 issued by the Food and Agriculture Organization of 85 

the United Nations. Hunger has risen over the past three years, returning to levels not 86 

seen in a full decade. This setback sends a clear warning that more needs to be done, and 87 

urgently, if we are to achieve the Sustainable Development Goal of eradicating hunger by 88 

2030. 89 

This research presents the findings of a study that investigated the preferences and 90 

demographic influences of refugees in Irbid Camp and Sakhra region for two proposed 91 
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interventions: Cultivated Roofs (CRs) and Refrigerators as Food Banks (RaFB). CRs inter- 92 

vention includes cultivating food crops on the roofs of houses inside the district, while 93 

RaFB intervention includes positioning community refrigerators to preserve and store 94 

food. In addition to assessing the overall preference for each intervention, the current re- 95 

search also surveyed the prospective advantages and challenges of employing these solu- 96 

tions in pockets of poverty across Jordan. Factors such as age, gender, education level, and 97 

family size were analyzed to determine their influence on the preferences of refugees for 98 

each project. By understanding the preferences and needs of refugees concerning food 99 

security interventions, this study aims to contribute to the development of contextually 100 

appropriate and sustainable solutions for achieving zero hunger in refugee camps and 101 

vulnerable areas. Furthermore, the insights gained from this research can inform policy- 102 

makers and aid organizations in their efforts to design and implement effective food se- 103 

curity strategies in these settings. 104 

The study's problem lies in the poverty pockets in Jordan, especially in Irbid Camp 105 

and Sakhra region, which suffer from severe poverty and hunger and several Palestinian 106 

refugee camps (number of camps) whose members suffer from poverty. Therefore, the 107 

importance of the research is to shed light on the issue of hunger in refugee camps and 108 

poverty pockets and try to find pioneering projects that contribute to raising the econo- 109 

mies of families and solving the problem of hunger and poverty. The current research 110 

aims to answer the following research questions: 111 

RQ1: What is the overall preference among refugees for Cultivated roofs, refrigerators as food 112 

banks, or their ideas for achieving zero hunger in the camps and vulnerable areas (i.e., Irbid Camp 113 

and Sakhra region)? 114 

RQ2: How does the demographic profile of refugees (e.g., age, gender, education level, and family 115 

size) influence their preferences for Cultivated roofs or refrigerators as food banks for achieving 116 

zero hunger? 117 

2. Literature Review 118 

The literature review section explores food security's broad and complex dynamics 119 

in refugee settings, focusing on implementing Sustainable Development Goal 2 (Zero 120 

Hunger) solutions in refugee communities. A deep exploration of various scholarly 121 

sources to understand the intersection of refugee experiences, food insecurity, and inno- 122 

vative interventions to combat hunger. Furthermore, the review illuminates the context of 123 

Irbid Camp and the Sakhra Region, shedding light on the unique challenges these regions 124 

face and the opportunities for sustainable interventions. In examining previous studies, 125 

we pay close attention to emerging themes, potential gaps, and the overall trajectory of 126 

research on food security among refugees. This literature review lays the groundwork for 127 

our research question: "How can we effectively implement and integrate cultivated roofs 128 

and refrigerator food banks within the refugee context, specifically in the Irbid Camp and 129 

Sakhra Region, and what are the preferences of refugees for these interventions?" Through 130 

the lens of the literature, we aim to frame this question within its broader thematic, re- 131 

gional, and theoretical context.  132 

Labor market integration is defined in the study as the unrestricted participation of 133 

refugees in the private and public sectors, including self-employment, without experienc- 134 

ing legal barriers, exclusion, discrimination, or exploitation due to their refugee status. 135 

The research, grounded in the context of Syrian refugees in Jordan, underscores that suc- 136 

cessful labor market integration is contingent on the congruence of four viewpoints: (1) 137 

the perspective of the host state, embodied in legal regulations concerning refugee em- 138 

ployment, (2) the refugees' perspective, relating to their labor market accessibility and the 139 
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obstacles they encounter, (3) the stance of the host community, reflected in their acknowl- 140 

edgement, endorsement, or responses to refugee employment, and (4) the donor perspec- 141 

tive, represented by the involvement of international entities through development assis- 142 

tance or broad support for refugees' employment rights (Matarazzo & Najjar, 2020). De- 143 

spite an upward trend in the average marriage age across several Middle Eastern nations, 144 

child marriage is reportedly increasing among specific communities in Jordan, particu- 145 

larly among refugees. The study delves into the viewpoints of Jordanian and Syrian ado- 146 

lescents regarding child marriage in the context of the Syrian crisis as constituents of both 147 

the refugee and host populations. The research utilized data from comprehensive inter- 148 

views with 64 Jordanian and Syrian adolescents aged 15 to 19. The interviews comprised 149 

an adaptive, narrative discourse where participants reflected on their life histories, facili- 150 

tated by constructing a visual timeline (El-Khani, Cartwright, Redmond, & Calam, 2021). 151 

Assaad et al. ( 2023) uncovered labor market vulnerabilities faced by the youth in 152 

Egypt, Jordan, and Tunisia. The findings suggest that youth in these countries are disad- 153 

vantaged concerning labor market outcomes. Notably, a significant portion of young men 154 

finds themselves in precarious employment situations, while women across all age groups 155 

are more likely to exit the labor market unless they are in formal employment. Moreover, 156 

youth initially entering the labor market into unstable jobs are less likely to transition into 157 

higher-quality employment over time. Factors such as family wealth, parental education, 158 

and the father's occupation emerged as key determinants of labor market outcomes and 159 

vulnerability, persisting even after an extended duration of work experience (Assaad, 160 

Ghazouani, & Krafft, 2023). Al-Khawaldeh. (2022) investigated the effectiveness of a pro- 161 

gram centered on psychosocial support in enhancing family empowerment among refu- 162 

gees in Jordan. It includes a sample of 32 refugees from the Irbid governorate, divided 163 

equally into an experimental group participating in the psychosocial support program 164 

and a control group not engaging in any intervention program. The researchers utilized 165 

the Family Empowerment Scale to gather pre-and post-test data in both groups and a fol- 166 

low-up test exclusively for the experimental group. The study highlights the potential role 167 

of psychosocial support programs in empowering refugee families in Jordan (Al-Khawal- 168 

deh, 2022). 169 

Another research paper explores Syrian refugees' views on blended learning (BL) at 170 

the Arab Open University in Jordan and the influence of age and gender on these percep- 171 

tions. Using a questionnaire, the authors gathered data from 93 Syrian refugees, revealing 172 

positive attitudes towards the BL approach and satisfaction with its transformative poten- 173 

tial in achieving academic objectives without interfering with work and family commit- 174 

ments. The study showed no significant differences in perceptions of BL due to gender. 175 

However, older participants held a more favorable view of BL. The study also delved into 176 

the challenges refugees face when engaging in BL, ultimately recommending expanding 177 

BL methods, particularly for susceptible populations like refugees, while considering their 178 

articulated challenges (Alshboul et al., 2020). Also, another research examines the influ- 179 

ence of the Syrian refugee influx on Land Use/Land Cover (LULC) changes in the Irbid 180 

district, Northwestern Jordan, between 1985 and 2021, a timeline inclusive of the Syrian 181 

civil war. The study relied on Landsat Thematic Mapper (TM) imagery for 1985 and 2004 182 

and Landsat-8 Operational Land Imager (OLI) for 2013 and 2021. All image processing, 183 

calculations, and classification analyses were conducted on the Google Earth Engine 184 

(GEE) platform using the Random Forest (RF) approach. The analysis of the classified im- 185 

agery allowed for comparing LULC before and during the Syrian crisis. The findings re- 186 

veal an increase in urban and agricultural land during the influx of Syrian refugees, 187 

largely due to the surge in demand for land and housing. The refugees' dependence on 188 

agriculture as a primary livelihood activity also expanded agricultural lands. The refugee 189 

movement to the Irbid district has accelerated the building and construction processes 190 

(Al-Bilbisi et al., 2023). 191 
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The social integration of elderly refugees presents a unique set of challenges. Elderly 192 

refugees, as a vulnerable group within refugee communities, often face amplified difficul- 193 

ties due to the convergence of the struggles associated with aging and migration. This 194 

study focuses on their social integration in light of the increasing population of older 195 

adults and refugees. Key issues faced by elderly refugees include health and language 196 

barriers, social isolation, and bureaucratic complexities. Furthermore, female refugees 197 

face additional educational, language proficiency, income, and employment disad- 198 

vantages. The study identifies language barriers, poverty, and foreign surroundings as 199 

major obstacles to social integration for elderly refugees. However, factors such as shared 200 

religion, characteristics of the host country, and established social networks could facili- 201 

tate their integration. As such, it is essential to establish specific services and social work 202 

practices that mitigate these challenges and capitalize on facilitating factors to promote 203 

effective social integration for elderly refugees (World Bank, 2023). 204 

Wardeh & Marques (2021) comprehensively analyzed the socioeconomic integration 205 

of the estimated 3.5 million Syrian refugees in Türkiye. This exploration provides invalu- 206 

able insights into the strategies and policies for managing forced displacement, a pressing 207 

global issue. The discussion is sectioned into five primary segments: the paper first delves 208 

into the background and political complexity of the Syrian civil conflict. It then provides 209 

a demographic breakdown of the Syrian population in Türkiye, considering their num- 210 

bers, movement patterns, regional composition, and characteristics. The third section dis- 211 

cusses Türkiye's integration policy framework, concentrating specifically on labor market, 212 

education, health, and social protection policies. 213 

The fourth segment offers a review of existing academic literature that examines the 214 

impact of the refugee influx on key outcomes for nationals and refugees. The paper out- 215 

lines the main challenges encountered and lessons from the refugee crisis. Klassen (2022) 216 

presented a comprehensive evaluation of interventions in refugee camps to improve ref- 217 

ugees' quality of life and ameliorate their conditions. Previous studies have discussed 218 

these interventions, yet there has been no formal systematic review and meta-analysis as- 219 

sessing the relative effectiveness of these strategies in alignment with sustainability and 220 

the 2030 Agenda. This study implemented an exhaustive search strategy to identify peer- 221 

reviewed articles that discussed interventions related to Sustainable Development Goals 222 

(SDGs) within a refugee camp context. Out of 1108 publications screened for relevance, 72 223 

studies containing pertinent evidence were analyzed in detail. Data from these studies 224 

were subsequently compiled through meta-analysis to provide summary estimates of the 225 

effectiveness of current methods. The study determined that the health and education sec- 226 

tors were the most frequently addressed SDGs. Findings and recommendations from the 227 

included studies were classified into seven sectors: planning, development, and shelters. 228 

Health and well-being, education, water and sanitation, energy, and work and economic 229 

growth. 230 

Meral (2022) examined global policy-making and implementation, especially con- 231 

cerning vulnerable refugee populations. It underscores the growing global consensus on 232 

the importance of meaningful refugee participation and a shift in discourse from vulner- 233 

ability to empowerment in policy-making and humanitarian assistance. Utilizing Cana- 234 

da's interaction with the global refugee regime, particularly with refugee women, the pa- 235 

per contends that the persistent portrayal of refugee women as vulnerable impedes pro- 236 

gress. It posits that for transformative policy to become a reality, refugee women must be 237 

recognized as competent participants and involved in all policy-making, implementation, 238 

and evaluation aspects. The paper suggests a feminist geopolitical framework to reorient 239 

focus away from states and institutions towards refugee women's individual experiences 240 

in global refugee policy-making. This shift could foster empowerment in policy and prac- 241 

tice. Easton-Calabria & Hackl (2023) investigated the barriers to a comprehensive response 242 
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to a prolonged, large-scale urban displacement crisis, using Jordan as a case study. This 243 

research investigates the dynamics of inclusion and exclusion in the displacement re- 244 

sponse, scrutinizing the factors that drive exclusion among those affected by displace- 245 

ment, including aspects of humanitarian interventions. It further evaluates the degree of 246 

inclusivity within the displacement response and identifies elements that have hindered 247 

or facilitated a more inclusive approach during this urban displacement crisis. Ab- 248 

uhussein (2022) explored the unique circumstances of refugee entrepreneurs as differen- 249 

tiated from other categories of immigrants, primarily due to the distinct situations they 250 

face compared to non-forced immigrants. Critical differences exist between forcibly dis- 251 

placed individuals and other migrants that can influence their economic choices, includ- 252 

ing those related to entrepreneurial ventures. Socioeconomic heterogeneity is demon- 253 

strated significantly through individual refugee characteristics such as age, gender, and 254 

education levels. It is noted that existing research has not dedicated sufficient attention to 255 

gender-based studies or the experiences of refugee women entrepreneurs, particularly in 256 

entrepreneurship. Consequently, this investigation aims to examine the adversities and 257 

obstacles encountered by refugee women entrepreneurs and identify the present 258 

strengths and opportunities that could bolster their integration into Jordan's host econ- 259 

omy. 260 

The literature review has underscored the intersection of food security, refugee ex- 261 

periences, and the potential for innovative interventions such as cultivated roofs and re- 262 

frigerators as food banks. This body of work highlights the significance of SDG 2 (Zero 263 

Hunger) and its importance to the well-being of refugee populations, particularly in areas 264 

such as the Irbid Camp and Sakhra Region. However, it also reveals gaps in the existing 265 

research, particularly concerning refugees' preferences and perspectives on these innova- 266 

tive food security interventions. As such, our study aims to bridge these gaps and contrib- 267 

ute to a more nuanced understanding of how such interventions can be implemented in 268 

refugee settings, with direct input from the refugees themselves. By considering the refu- 269 

gees' preferences and ideas, we can develop more sustainable, effective, and context-spe- 270 

cific strategies to combat hunger and ensure food security in these vulnerable communi- 271 

ties. 272 

3. Methodology 273 

In this research, the descriptive-analytical approach is followed, where the social, 274 

economic, educational, health, and housing characteristics of 402 low-income families in 275 

the study community in Irbid camp and Sakhr region will be described, as well as analyz- 276 

ing the data related to social, economic, educational, and dietary patterns of the low-in- 277 

come families residing in these areas, and also analyzing their dietary and consumption 278 

patterns in addition to analyzing their attitudes towards the proposed entrepreneurial 279 

projects to reduce hunger and raise the economic level of families. Qualitative and quan- 280 

titative methods will be used to analyze the data collected from the field, such as convert- 281 

ing qualitative answers to quantitative ones, especially regarding entrepreneurial projects, 282 

and finding percentages and standard deviations for the quantitative data. Field survey 283 

tools, questionnaires, the Statistical Package for Social Sciences (SPSS), and Geographic 284 

Information Systems (GIS) software will be used to conduct various spatial analyses. Fig- 285 

ure 1 illustrates the adopted study procedures within the current study. 286 
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Figure 1. Research Methodology 288 

4. Descriptive Statistics 289 

This section outlines the demographic features of the study participants, including 290 

age, gender, the highest level of education, family size, and origin, in addition to their 291 

preferences for cultivated roofs (CRs) or refrigerators as food banks (RaFB). Such statistics 292 

offer a basis for interpreting the constituents of the targeted population in the study, sug- 293 

gesting perceptions into how these demographic attributes can be connected with their 294 

preferences for various interventions to achieve SDG 2 (zero hunger). More integrated, 295 

practical, and tailored strategies and interferences can be reached by robustly analyzing 296 

these factors. Thus, paving the road towards contemplating the distinctive needs and in- 297 

clinations of the targeted groups, eventually improving the efficiency and accomplish- 298 

ment of the projected solutions. Figure 2 represents the demographic features of the sur- 299 

veyed sample, while Figure 3 represents the project preference. 300 
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Figure 2. The demographic characteristics. (a) Age histogram. (b) Age mean, median, and mode in 301 

years. (c) family size in persons. (d) The highest level of  Education. (e)  Gender. (f) Origin. 302 
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Figure 3. The zero hunger-related project statistics. (a) 𝐶𝑅𝑠 and (b) 𝑅𝑎𝐹𝐵. 303 

5. Results and Discussions 304 

The study aimed to determine the overall preference among refugees for cultivated 305 

roofs, refrigerators as food banks, or their ideas for achieving zero hunger in the camps 306 

and vulnerable areas, specifically in the Irbid Camp and Sakhra region. The results 307 

showed that 10% (26) of the refugees preferred cultivated roofs, while a significant major- 308 
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ity, 90% (233), preferred refrigerators as food banks, with some refugees suggesting alter- 309 

native ideas such as opening a grocery store, a sewing lab for teaching and operation, a 310 

supermarket project, breeding, and rental of wedding and holiday supplies. 311 

The lower preference for cultivated roofs (10%) can be attributed to various factors, 312 

including the unsuitability of camp buildings' roofs for cultivation, restrictions on roof 313 

usage in rented houses, lack of available land inside the camp, insufficient knowledge of 314 

roof cultivation among refugees, marketing challenges for agricultural products, the ex- 315 

pense of materials and equipment required for roof cultivation, and difficulties in storing 316 

agricultural products due to rapid deterioration. 317 

On the other hand, most refugees (90%) preferred refrigerators as food banks due to 318 

this solution's convenience, low risk, and cost-effectiveness, which does not require spe- 319 

cific skills and aligns with the community culture. Additionally, refrigerators have been 320 

successfully implemented in other locations worldwide. Key factors contributing to the 321 

preference for refrigerators as food banks include convenience and accessibility, food 322 

preservation capabilities, security, storage capacity, fostering a sense of independence 323 

among refugees, and the potential for sustainability through renewable energy sources 324 

such as solar power. 325 

To determine the project preference among refugees, an analysis was conducted to 326 

assess the receptiveness of refugees towards the two proposed interventions, with the re- 327 

sults presented in Table 1. Based on these findings, it can be concluded that refrigerators 328 

as food banks (RaFB) are the predominant preference among refugees for achieving zero 329 

hunger in the studied hunger and poverty regions. 330 

Table 1. Distribution of participants' acceptance of proposed interventions. 331 

Percent Frequency  

10% 26 Cultivated Roofs (𝐶𝑅𝑠) 

90% 233 Refrigerators as Food Banks (𝑅𝑎𝐹𝐵) 

100% 259 Total 

It is worth mentioning that there are some ideas from the refugees for achieving zero 332 

hunger rather than those proposed ones (e.g., opening a grocery store, a sewing lab for 333 

teaching and operation, supermarket project, breeding, and rental of wedding and holi- 334 

day supplies). Such ideas pave the road towards future research for achieving zero hunger 335 

in poverty pockets across Jordan.  336 

The influence of demographic factors, such as age, gender, education level, and fam- 337 

ily size, on refugee preferences for cultivated roofs, refrigerators as food banks, or their 338 

ideas for achieving zero hunger was investigated using various statistical tests. For the 339 

age attribute, no significant relationship was found between age and refugee acceptance 340 

of the cultivated roofs project nor the acceptance of refrigerators as food banks project. 341 

Such conclusions were extracted after testing the hypothesis shown in Table 2 for the CRs 342 

and the 𝑅𝑎𝐹𝐵. In both cases, the 𝑃 − 𝑣𝑎𝑙𝑢𝑒 was greater than the level of significance 𝛼 = 343 

0.05, indicating the hull hypothesis (𝐻0) failed to be rejected, and no significant relation- 344 

ship between age and refugee acceptance of the CRs and RaFB projects. Thus, the lack of 345 

preference for the CRs and RaFB solutions was unrelated to the age attribute, suggesting 346 

that other variables may influence the two preferences. 347 

Table 2. Hypothesis testing results assess the significance of the age attribute concerning the acceptance of the CRs and RaFB solu- 348 

tions. 349 

CRs 

No significant relationship exists between age and refugee acceptance of the cultivated roofs project. H0: 

There is a significant relationship between age and refugee acceptance of the cultivated roofs project. H1: 
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Maximum Minimum 
95% Confidence Interval 

for Mean 
Std. deviation 

Mean of 

age 
Number  

72 18 ( 43.4  -  52.9 ) 11.55 48 25 Accept 

90 19 ( 45.4 -  47.9 ) 12.04 47 357 Reject 

CRs 

P-value Significant F Mean Square Df. 
Sum of 

Squares 

0.277 0.554 0.350 50.5 1 50.5 

RaFB 

No significant relationship exists between age and refugee acceptance of refrigerators as food banks project. H0: 

There is a significant relationship between age and refugee acceptance of refrigerators as food banks project. H1: 

Maximum Minimum 
95% Confidence Interval 

for Mean 
Std. deviation 

Mean of 

age 
Number  

85 18 (46.1 – 49.2) 11.80 47.7 226 Accept 

90 19 (43.5 – 47.4) 12.21 45.5 156 Reject 

RaFB 

P-value Significant F Mean Square Df. 
Sum of 

Squares 

0.061 0.076 3.164 453.182 1 453.182 

For the gender and the family size attributes, no significant relationship was found 350 

between the gender and refugee acceptance of the cultivated roofs project nor the ac- 351 

ceptance of refrigerators as food banks project. Such conclusions were extracted after test- 352 

ing the CRs and the RaFB hypothesis, as shown in Tables 3 and 4. In both cases, the P- 353 

value was greater than the level of significance 𝛼 = 0.05, indicating the hull hypothesis 354 

(𝐻0) failed to be rejected, and no significant relationship between gender or family size 355 

and refugee acceptance of the CRs and RaFB projects. Thus, the lack of preference for the 356 

CRs and RaFB solutions was unrelated to the gender or family size attribute, suggesting 357 

that other variables may influence the two preferences. 358 

Table 3. Hypothesis testing results assess the significance of the gender attribute concerning the acceptance of the CRs and RaFB 359 

solutions. 360 

CRs 

No significant relationship exists between gender and refugee acceptance of the cultivated roofs project. H0: 

There is a significant relationship between gender and refugee acceptance of the cultivated roofs project. H1: 

Total 
Refugee Acceptance  

Reject Accept 

313 292 21 Male 
Gender 

89 84 5 Female 

402 376 26 Total 

Chi-Square 

value df Sig. p-value  

0.136 1 0.712 0.356 Pearson Chi-square 

402 Number of Valid Cases 
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RaFB 

No significant relationship exists between gender and refugee acceptance of refrigerators as food banks project. H0: 

There is a significant relationship between gender and refugee acceptance of refrigerators as food banks project. H1: 

Total 
Refugee Acceptance  

Reject Accept 

313 130 183 Male 
Gender 

89 39 50 Female 

402 169 233 Total 

Chi-Square 

value df Sig. p-value  

0.149 1 0.700 0.35 Pearson Chi-square 

402 Number of Valid Cases 

Table 4. Hypothesis testing results assess the significance of the family size attribute concerning the acceptance of the CRs and RaFB 361 

solutions. 362 

CRs 

No significant relationship exists between family size and refugee acceptance of the cultivated roofs project. H0: 

There is a significant relationship between family size and refugee acceptance of the cultivated roofs project. H1: 

Maximum Minimum 
95% Confidence Interval 

for Mean 
Std. deviation 

Mean of 

age 
Number  

8 1 (4.28 – 6.03) 2.167 5.15 26 Accept 

8 1 (4.37 – 4.76) 1.942 4.56 376 Reject 

CRs 

P-value Significant F Mean Square Df. 
Sum of 

Squares 

0.069 0.138 2.211 8.466 1 8.466 

RaFB 

No significant relationship exists between family size and refugee acceptance of refrigerators as food banks project. H0: 

There is a significant relationship between family size and refugee acceptance of refrigerators as food banks 

project. 
H1: 

Maximum Minimum 
95% Confidence Interval 

for Mean 
Std. deviation 

Mean of 

age 
Number  

8 1 (4.36 – 4.86) 1.945 4.61 233 Accept 

8 1 (4.29 – 4.89) 1.986 4.59 169 Reject 

RaFB 

P-value Significant F Mean Square Df. 
Sum of 

Squares 

0.4645 0.929 0.008 0.031 1 0.031 

For the level of education attribute, no significant relationship was found between 363 

the level of education and refugee acceptance of the cultivated roofs project. Such conclu- 364 

sions were extracted after testing the hypothesis for the CRs, where the P-value was 365 

greater than the level of significance 𝛼 = 0.05, indicating the hull hypothesis (𝐻0) failed 366 
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to be rejected, and no significant relationship between the level of education and refugee 367 

acceptance of the CRs project. However, a significant relationship was found between the 368 

level of education and refugee acceptance of refrigerators as food banks project. Such con- 369 

clusions were extracted after testing the hypothesis for the RaFB, where the 𝑃 − 𝑣𝑎𝑙𝑢𝑒 = 370 

0.0395 was lower than the level of significance 𝛼 = 0.05, indicating the hull hypothesis 371 

is to be rejected, and there is a significant relationship between the level of education and 372 

refugee acceptance of the RaFB project. It was observed that refugees with higher educa- 373 

tional levels were more likely to reject the solution to zero hunger by installing refrigera- 374 

tors as food banks. This might explain why the refugees with higher educational levels 375 

were more likely to reject the solution to achieving zero hunger by installing refrigerators 376 

as food banks. Refugees with higher educational levels may have different cultural beliefs, 377 

values, or expectations than those with lower educational levels. They may also have dif- 378 

ferent perceptions of the effectiveness or practicality of the proposed solution. Alterna- 379 

tively, it could be due to socioeconomic status, prior experiences with similar interven- 380 

tions, or access to alternative solutions. Further research would be necessary to under- 381 

stand better the factors influencing the acceptance or rejection of the proposed solution by 382 

refugees with varying educational levels. Table 5 represents the hypothesis testing results 383 

for the level of education attribute with the two proposed projects. 384 

Table 5. Hypothesis testing results assess the significance of the level of education attribute concerning the acceptance of the CRs 385 

and RaFB solutions. 386 

Refugee Acceptance for the RaFB 

Project 

Refugee Acceptance for the CRs 

Project 

 

Total Reject Accept Total Reject Accept 

33 17 16 33 33 0 Illiterate 

Level of 

Education  

30 14 16 30 29 1 Can read and write 

23 6 17 23 23 0 Elementary 

61 23 38 61 56 5 Preparatory 

119 50 69 119 115 4 Basic 

1 1 0 1 1 0 Vocational education 

104 48 56 104 91 13 Secondary 

18 3 15 18 16 2 Intermediate diploma 

10 4 6 10 9 1 B.A 

2 2 0 2 2 0 High diploma 

1 1 0 1 1 0 M.A 

402 169 233 402 376 26 Total 

CRs 

No significant relationship exists between the level of education and refugee acceptance of the cultivated roofs project. H0: 

There is a significant relationship between the level of education and refugee acceptance of the cultivated roofs project. H1: 

Chi-Square 

p-value Sig. df value  

0.088 0.176 10 13.94 Pearson Chi-square 

402 Number of Valid Cases 

RaFB 

No significant relationship exists between the level of education and refugee acceptance of refrigerators as food banks 

project. 
H0: 
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There is a significant relationship between the level of education and refugee acceptance of refrigerators as food banks 

project. 
H1: 

Chi-Square 

p-value Sig. df value  

0.0395 0.119 10 15.362 Pearson Chi-square 

402 Number of Valid Cases 

The previously illustrated results shed light on the potential benefits of implement- 387 

ing RaFB project, including (1) reduced food waste, where refrigerators can help to pre- 388 

serve perishable food items, minimizing waste and ensuring that available food resources 389 

are used effectively, (2) improved food security by providing a secure location for food 390 

storage, refrigerators can reduce the risk of theft or spoilage, enhancing overall food secu- 391 

rity in the poverty pocket regions, (3) enhanced nutrition, where access to refrigerated 392 

storage can encourage refugees to consume a more diverse range of fresh and nutritious 393 

food items, contributing to better overall health and well-being, (4) promoting self-reli- 394 

ance, where refrigerators can empower refugees to manage their own food resources, fos- 395 

tering a sense of autonomy and independence, (5) scalability, where efrigerators can be 396 

easily scaled up or down depending on the needs of the refugee population, making them 397 

a flexible solution to food storage challenges, and (6) achieiving environmental sustaina- 398 

bility via the utilization of renewable energy sources like solar power, refrigerators can 399 

provide a sustainable and environmentally friendly option for food storage in refugee 400 

camps. 401 

Also, the obtained results can be considered a solid foundation for determining the 402 

potential challenges of implementing the RaFB project, including (1) limited access to elec- 403 

tricity, as many refugee camps face challenges in accessing reliable electricity sources, 404 

which could hinder the effective use of refrigerators as food banks, (2) cost and mainte- 405 

nance, as the initial cost of purchasing refrigerators and ongoing maintenance expenses 406 

can be significant, potentially limiting the feasibility of implementing this solution in some 407 

contexts, (3) cultural acceptance, where the acceptability of using refrigerators as food 408 

banks may vary across different cultural contexts, potentially impacting the success of the 409 

intervention, (4) logistics and transportation, as the transportation and installation of re- 410 

frigerators in refugee camps may pose logistical challenges, particularly in remote or dif- 411 

ficult-to-reach locations, (5) coordination and management as the effective operation of 412 

refrigerators as food banks may require robust coordination and management systems to 413 

ensure equitable access to food resources and prevent misuse or abuse of the intervention, 414 

and (6) security concerns, as ensuring the security of refrigerators and their contents may 415 

require additional resources and planning, particularly in contexts where theft or vandal- 416 

ism is a concern. 417 

The implementation of refrigerators as food banks in refugee camps has the potential 418 

to contribute to achieving zero hunger through the preservation and secure storage of 419 

food resources. However, careful consideration of the context-specific challenges, includ- 420 

ing access to electricity, cost, cultural acceptance, and logistical factors, is crucial to ensur- 421 

ing the successful implementation of this intervention. Further research and investigation 422 

into the factors influencing refugee preferences and acceptance of different hunger allevi- 423 

ation strategies can provide valuable insights to inform the design and implementation of 424 

contextually appropriate and effective interventions. 425 

5.1. Most Accessible Food Bank Location Selection 426 
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The implementation of refrigerators as food banks in refugee camps has the potential 427 

to contribute to achieving zero hunger through the preservation and secure storage of 428 

food resources. However, careful consideration of the context-specific challenges, includ- 429 

ing access to electricity, cost, cultural acceptance, and logistical factors, is crucial to ensur- 430 

ing the successful implementation of this intervention. Further research and investigation 431 

into the factors influencing refugee preferences and acceptance of different hunger allevi- 432 

ation strategies can provide valuable insights to inform the design and implementation of 433 

contextually appropriate and effective interventions. 434 

5.1.1. Integrating Geographic Information Systems (GIS) in strategic decision-making 435 

processes can immensely augment the effectiveness and efficiency of resource allocation. 436 

To combat hunger and improve food accessibility, a deeper understanding of spatial dis- 437 

tribution and population densities can be crucial. The following section of our research 438 

employs GIS, specifically Kernel Density Estimation (KDE), as an innovative approach to 439 

identify optimal locations for placing refrigerators to serve as food banks in both areas 440 

under study. KDE is a non-parametric way to estimate the probability density function of 441 

a random variable, which, in our context, would translate to an accurate representation of 442 

population density and food demand. This method aims to establish an optimal distribu- 443 

tion of food banks to maximize reach and minimize food wastage. The subsequent analy- 444 

sis could potentially contribute to more strategic and evidence-based planning, and most 445 

importantly, it could bring us a step closer to ensuring food security for all. 446 

5.1.2. Irbid Camp and Sakhrah Region Overview 447 

The Irbid refugee camp and Sakhra sub-district are two locations in northern Jordan 448 

considered for our research. The former, Irbid refugee camp traces its roots back to 1951 449 

when it was established to accommodate Palestinian refugees uprooted by the 1948 War. 450 

Situated near Irbid, the camp originally covered an area of 0.24 square kilometres and 451 

sheltered about 4,000 refugees. According to the Department of Palestinian Affairs' 2021 452 

data, the camp now spans 244 dunums and provides shelter to 29,894 refugees (UNRWA, 453 

2013).  454 

On the other hand, the Sakhra region is part of the Al-Junaid municipality within the 455 

Ajloun Governorate. The sub-district encompasses several villages, including Sakhrah, Ib- 456 

bin, Ibilin, Samta, Munif, Deir al-Barak, and Khirbet Fara. Covering a geographical ex- 457 

panse of 57.9 square kilometers, Sakhra is home to an estimated 39,480 residents (Depart- 458 

ment of Statistics & Ministry of Interior 2020). 459 

5.1.3. Applying Kernel Density 460 

With the GPS coordinates of the families mapped on ArcGIS, we utilized kernel den- 461 

sity analysis to determine feature density near these coordinates. Kernel density analysis, 462 

applicable to point and line features, allowed us to identify regions with high family con- 463 

centration and select optimal locations for establishing food banks, considering factors 464 

such as distance and accessibility. After applying the kernel density analysis, we seg- 465 

mented the results into three density-based categories: high, medium, and low. It was 466 

observed that mosques make for optimal food bank locations considering their accessibil- 467 

ity and proximity to families. Since mosques remain open throughout the day and the 468 

distance between families and these mosques is less than 200 meters in the Irbid camp and 469 

less than 1 kilometer in the Sakhrah region, they serve as ideal locations for the food banks. 470 

Figure 4 demonstrates the application of Geographic Information Systems (GIS) in deter- 471 

mining the optimal locations for the establishment of food banks, using a method known 472 

as Kernel Density Estimation, which helps visualize the concentration of families in the 473 

Irbid camp and Sakhrah region and aids in strategic planning for food bank placement. 474 
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 475 
Figure 4. Utilizing Geographic Information Systems (GIS) for Optimal Location Identification of 476 

Food Banks via Kernel Density Estimation. 477 

The most accessible location for the food bank within these areas is determined by 478 

applying the Central Feature selection method. This method involves calculating and ag- 479 

gregating the distances from the centroid of each feature to the centroid of all other fea- 480 

tures within the dataset. After considering weights, if specified, the feature with the short- 481 

est cumulative distance to all other features gets highlighted and transferred into a newly 482 

constructed output feature class. As shown in Figure 5, given their several logistical ben- 483 

efits, the suggestion has also been advanced to establish food banks at local mosques. The 484 

presence of electricity, a caretaker, and the regular opening five times a day, contribute to 485 

the mosques' suitability as accessible and operationally viable locations for the food banks. 486 

 487 

Figure 5. Utilizing Geographic Information Systems (GIS) for Optimal Location Identification of 488 

Food Banks via Kernel Density Estimation. 489 
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Cultivated Roofs and Refrigerators as Food Banks interventions. For instance, the 490 

main advantages and barriers facing the deployment of the projected interventions were 491 

highlighted. The CRs project benefits involve enhanced food production, reinforced nu- 492 

trition systems, and augmented refugee self-reliance. Nevertheless, challenges with such 493 

intervention include the relatively high initial investment essential for substructure pro- 494 

gress, enduring preservation expenses, roof stability, lack of freedom to use rented house 495 

roofs, insufficient knowledge in roof cultivation, and the high cost of materials and equip- 496 

ment, and the necessity of guidance and capacity building amongst refugees to guarantee 497 

efficacious execution. In comparison, the RaFB intervention offers the vantage of granting 498 

an immediate solution for food storage and preservation, decreasing food surplus, and 499 

staging food sharing amongst community members. Yet, possible encounters embrace ac- 500 

quiring a consistent energy source, confirming identifiable repairs and hygiene, and ad- 501 

dressing prospective concerns associated with food safety and equitable access. 502 

The current study's findings suggest that both CRs and RaFB have the potential to 503 

contextually appropriate and sustainable food security interventions in refugee camps. 504 

However, the demographic influences on project preferences highlight the importance of 505 

considering target populations' unique needs and characteristics when designing practi- 506 

cal solutions for zero hunger within the pockets of poverty and implementing contextu- 507 

ally appropriate and effective interventions and revealed that the RaFB is the most appli- 508 

cable and efficient solution vital for achieving zero hunger in the targeted communities. 509 

6. Theoretical and Practical Implications 510 

The current research has various theoretical and practical implications that can posi- 511 

tively influence the robustness of the strategic planning for achieving zero hunger in the 512 

poverty pockets across Jordan. The theoretical implications include recognizing prefer- 513 

ences, as the current study findings contribute to the current body of knowledge by judg- 514 

ing the preferences of refugees in reaching zero hunger in camps and vulnerable areas. 515 

Thus, the conclusions can be employed to stem steered involvements that accommodate 516 

the refugee population's particular needs and preferences. Also, the research results are 517 

vital for highlighting the association between demographic factors such as age, gender, 518 

education level, and family size and the preferences of refugees for different approaches 519 

to achieving zero hunger. Such information can help policymakers and practitioners bet- 520 

ter understand the factors influencing refugees' preferences and develop tailored inter- 521 

ventions. Moreover, the research results highlight the significance of involving refugees 522 

in decision-making and considering their preferences when designing interventions. Such 523 

an approach can empower refugees and foster a sense of ownership and responsibility in 524 

achieving zero hunger in their communities. 525 

Furthermore, the current research has various implications that can be utilized to 526 

practically deploy the necessary intervention within vulnerable regions, including guid- 527 

ing policymakers, aid organizations, and other stakeholders in allocating resources more 528 

effectively. By prioritizing interventions that most refugees prefer (i.e., RaFB), they can 529 

ensure that the interventions are more likely to be successful and well-received by the 530 

target population. Also, the study highlights the importance of tailoring interventions to 531 

the specific needs and preferences of refugees, considering their demographic profile. 532 

Customized interventions are more likely to be successful and sustainable as they cater to 533 

the unique needs of the target population. Additionally, by identifying the challenges as- 534 

sociated with implementing specific interventions (such as cultivated roofs), this study 535 

can help stakeholders better anticipate and address potential obstacles. This can lead to 536 

more effective and efficient implementation of interventions, maximizing their impact in 537 

achieving zero hunger. 538 

Moreover, the study's findings can be used to inform capacity-building efforts among 539 

refugees. For example, by identifying the lack of knowledge in roof cultivation as one of 540 

the reasons for low preference for cultivated roofs, organizations can develop targeted 541 



Sustainability 2023, 15, x FOR PEER REVIEW 17 of 18 
 

training programs to address this knowledge gap and build the skills necessary to imple- 542 

ment this intervention. Furthermore, the study encourages innovation in addressing the 543 

issue of zero hunger in refugee camps and vulnerable areas. By exploring the preferences 544 

of refugees and their ideas for achieving zero hunger, the study can inspire the develop- 545 

ment of novel approaches and interventions that consider the unique needs and prefer- 546 

ences of the refugee population. 547 

7. Conclusions 548 

The current study is designed to investigate the preferences of refugees in deploying 549 

viable interventions to achieve zero hunger in poverty pockets and vulnerable areas 550 

across Jordan. The research adopted an assorted-approaches method, blending quantita- 551 

tive surveys and GIS technologies, to generate in-depth statistics regarding the prefer- 552 

ences of refugees and the demographic factors that affect these preferences. The study's 553 

outcomes stressed that refugees intensely preferred RaFB against the CRs intervention. 554 

The current research also sheds light on the function of demographic factors (e.g., age, 555 

gender, education level, and family size) in forming these preferences. The results also 556 

highlighted the potential advantages and challenges of applying each proposed interven- 557 

tion. 558 

The current study's theoretical implications subsidize an enhanced comprehension 559 

of refugees' preferences in achieving zero hunger within their communities. Also, the role 560 

of demographic factors in shaping these preferences was illustrated in addition to the sig- 561 

nificance of involving refugees in the decision-making procedure. The current research's 562 

practical implications are critical to managing food allocation, informing the design of 563 

adapted involvements, highlighting the potential advantages and implementation chal- 564 

lenges, supporting capacity-building strategies, and inspiring novelty in achieving zero 565 

hunger in the pockets of poverty and vulnerable areas in Jordan. 566 

The current research underlines the necessity of prioritizing the voices and prefer- 567 

ences of the targeted groups when planning, originating, and executing sustainable inter- 568 

ventions to achieve zero hunger. By promoting a sagacity of proprietorship and account- 569 

ability amongst refugees and tackling this populace's unique challenges, legislators, sup- 570 

port groups, and other stakeholders can work together to advance more operative, prac- 571 

tical, and sustainable interventions to alleviate hunger and guarantee food security for 572 

refugees and their communities. 573 
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