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Abstract 

Background In low-income countries, households’ food insecurity and the undernutrition of children are the main 
health problems. Ethiopia is vulnerable to food insecurity and undernutrition among children because its agricultural 
production system is traditional. Hence, the productive safety net program (PSNP) is implemented as a social protec-
tion system to combat food insecurity and enhance agricultural productivity by providing cash or food assistance to 
eligible households. So, this study aimed to explore spatial patterns of households’ insufficient cash or food receiving 
from PSNP, and identify its associated factors in Ethiopia.

Methods The 2019 Ethiopian Mini Demographic and Health Survey dataset was used. A total of 8595 households 
were included in this study. Data management and descriptive analysis were done using STATA version 15 software 
and Microsoft Office Excel. ArcMap version 10.7 software was used for spatial exploration and visualization. SaTScan 
version 9.5 software was used for spatial scan statistics reports. In the multilevel mixed effect logistic regression analy-
sis, explanatory variables with a p-value of less than 0.05 were considered significant factors.

Results Overall, 13.5% (95% CI: 12.81–14.27%) of the households’ level beneficiaries received cash or food from PSNP. 
The spatial distribution of households’ benficiaries received cash or food from PSNP was not random, and good access 
to cash or food from PSNP was detected in Addis Ababa, SNNPR, Amhara, and Oromia regions. Households’ heads 
aged 25–34 (AOR:1.43, 95% CI: 1.02, 2.00), 35–44 (AOR: 2.41, 95% CI: 1.72, 3.37), and > 34 (AOR: 2.54, 95% CI: 1.83, 3.51) 
years, being female (AOR: 1.51, 95% CI: 1.27,1.79), poor households (AOR: 1.91, 95% CI:1.52, 2.39), Amhara (AOR:.14, 
95% CI: .06, .39) and Oromia (AOR:.36, 95% CI:.12, 0.91) regions, being rural residents (AOR:2.18, 95% CI: 1.21,3.94), and 
enrollment in CBHS (AOR: 3.34, 95% CI:2.69,4.16) are statistically significant factors.

Conclusions Households have limited access to cash or food from the PSNP. Households in Addis Ababa, SNNPR, 
Amhara, and Oromia regions are more likely to receive benefits from PSNP. Encouraging poor and rural households to 
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receive benefits from the PSNP and raise awareness among beneficiaries to use the benefits they received for produc-
tivity purposes. Stakeholders would ensure the eligibility criteria and pay close attention to the hotspot areas.

Keywords Cash, Food, Safety net program, Households, And spatial patterns

Background
Household food insecurity occurs when households 
lack adequate physical, social, and economic access to 
adequate and nutritious food to meet their members’ 
nutrition requirements for an active and healthy lifestyle 
[1, 2]. Households’ food insecurity is one of the under-
lying causes of all types of malnutrition, including insuf-
ficient  quantity,  poor  quality,  and  diet  inconsistency [3, 
4]. So, it is a significant problem to achieve international 
nutritional goals for children. For instance, according to 
the United Nations International Children’s Emergency 
Fund (UNICEF) report, the proportion of children eating 
a diverse diet is around 33.33%, and the world’s poorest 
children would eat 20% by the year 2018 [5].  According 
to the Global Nutrition Report, 51% of children around 
the world get the recommended minimum number of 
daily meals, and only 16% of children eat a minimum 
acceptable diet [6].

Household food insecurity and the undernutrition of 
children are the main health problems in the world. In 
Africa, 52.5% of the population suffered from moder-
ate or severe food insecurity, and the level of food inse-
curity in Sub-Saharan and Eastern Africa is 57.7% and 
62.7%, respectively [7]. Children in low-income coun-
tries have been faced with nutritional-related problems. 
For instance, 20% and 7.5% of under-five children were 
stunted and suffered from wasting, respectively [8]. In 
Ethiopia, 77.1% of households suffered from food inse-
curity [4], and 37% and 7% of under-five children were 
stunted and wasted, respectively [9].

To overcome food insecurity and nutritional health-
related problems, a rapid social protection agenda has 
been implemented as a solution or emergency support 
with the delivery of predictable cash transfers, food sup-
port, or both to large numbers of food-insecure peo-
ple and households [10, 11]. The PSNP in Ethiopia was 
launched in 2015 with the support of development part-
ners as a mechanism to respond  to food insecurity by 
targeting five million chronically food insecure people to 
smooth food consumption, strengthen households’ asset 
building, and build resilience to shocks [12].

In areas where households are dependent on agricul-
ture for their livelihood, and have low access to technol-
ogy for farming, food insecurity, and child malnutrition 
remain an issue. So, PSNP has a positive nutritional 
impact on children and food-insecure households [13]. 
The program also works to overcome poverty by creating 

assets for poor households, allowing them to use their 
assets for production [14], improving access to services 
and natural resources, and  by rehabilitating and enhanc-
ing natural environments [13].

Although Ethiopia is struggling to achieve food self-
sufficiency, food production in the country is heav-
ily constrained by human-made and natural disasters, 
and outdated agricultural production technologies [15]. 
Accordingly, the country needs social support from part-
ners to achieve food security and agricultural produc-
tivity [16]. Therefore, the PSNP offers cash or food to 
promote food access, household asset creation, human 
capital development, enhanced agricultural productivity, 
and technology adoption [17].

The program first identifies households that are chroni-
cally food insecure and then provides a minimum of five 
days of payment per month for six months when there 
is a low agricultural production season for at least the 
next five years [18]. The program transfers food (15 kg of 
grain), cash (2.8 US dollars), or both to targeted house-
holds per month to smooth their food consumption and 
close the gap created by the annual food shortage [19]. It 
also makes adjustments to the wage rates over the period 
of the program when there is high inflation [20]. In 2008, 
nearly 250 thousand beneficiary households benefited 
from PSNP in the Bale Zone of Ethiopia, and almost 500 
thousand poor households benefited from PSNP between 
2008 and 2012 in Ethiopia [21]. In southern Ethiopia, 
one-half (49.37%) of households are beneficiaries of the 
program [22].

This shows that the program is bringing considerable 
numbers of poor households out of poverty.

However, while the PSNP has a great impact on food 
security and asset building [18, 20], the program also 
develops a sense of dependency syndrome [23]. The 
PSNP was not effective in reducing the rate of pov-
erty in Ethiopia because the poverty rate in Ethiopia in 
2015 was 90.20% which is only a 5.6% decline from 2004 
[7]. In Ethiopia, many households are unable to afford 
health care costs, which is impairing their health status. 
Poor households are still borrowing and selling their 
assets to meet their healthcare expenses, and this leads 
them to poverty, which further makes them unable to 
break the economic hardship [24]. The program was not 
widely expanded or implemented across the regions of 
Ethiopia; however, the population of the country, espe-
cially the rural population, is equally vulnerable to poor 
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agricultural production and technology utilization. Since 
1998, Ethiopia’s annual food aid recipients have ranged 
from 5 to 14 million [25]. The status of food insecurity 
among beneficiary households and the nutritional status 
of children are still severe health problems in Ethiopia. 
The program’s implementation is significantly affected 
by age, the educational status of the household head, the 
occurrence of shock, a lack of monitoring and unsus-
tainable management, a lack of logistical support, lim-
ited payment, and the beneficiary’s awareness level [21]. 
So, an assessment of the implementation of PSNP is 
necessary.

There have been no spatial studies on how many house-
holds receive PSNP benefits. Additionally, spatial studies 
have not been carried out to determine in which areas of 
the country the program was practically implemented. 
Spatial studies are important for determining and mak-
ing decisions about which areas of Ethiopian households 
received and did not receive PSNP benefits without dis-
closing their confidential information. Because they can 
specifically show the issues through a map, spatial stud-
ies have implications for the programmer’s ability to 
make decisions effectively and efficiently without delay 
or resource waste. Research on the program’s implemen-
tation is required to address this knowledge gap, which 
further supports programmers’ efforts to evaluate, ensure 
the households’ selection criteria, and redesign. There-
fore, this study aimed to explore spatial patterns and 
point out factors associated with cash or food received 
from the PSNP among eligible households in Ethiopia.

Methods
Study design and setting
The cross-sectional study design was conducted across 
the region of Ethiopia. Ethiopia is located in the Horn of 
Africa and bordered by Eritrea to the north, Djibouti, and 
Somalia to the east, Sudan and South Sudan to the west, 
and Kenya to the south. Ethiopia has nine regional states 
with two administrative cities. These are subdivided into 
different administrative units (68 zones, 817 woredas, 
and 16,253 kebeles). Ethiopia has a population of 105 
million [26], and its economy is depend on agriculture, 
which accounts for 40% of the growth development plan. 
and improving livelihoods and nutrition can become a 
long-lasting solution to Ethiopia’s chronic poverty and 
food insecurity [27].

Data source
For this study, the 2019 Ethiopian Mini Demographic 
and Health Survey (EMDHS) dataset was used from the 
Demographic and Health Survey (DHS) program website 

(https:// dhspr ogram. com/ Data/ terms- of- use. cfm). The 
2019 EMDHS data represents Ethiopia’s second DHS. The 
Ethiopian Federal Ministry of Health (EFMH) requested 
the Ethiopian Public Health Institute (EPHI) to implement 
the survey. The survey was conducted with the financial 
and technical support of the World Bank, UNICEF, and 
the United States Agency for International Development 
(USAID). The survey was conducted by EPHI in collabo-
ration with the Central Statistical Agency (CSA) from 
March 21 to June 28, 2019. The 2019 EMDHS generates 
data for measuring the progress of the health sector goals 
set under the Growth and Transformation Plan (GTP), 
which is closely aligned with the Sustainable Development 
Goals (SDG) [9]. The Ethiopian geographical shapefiles 
were downloaded from the Open Africa website (https:// 
afric aopen data. org/ datas et/ ethio pia- shape files).

Sampling techniques and study population
The sampling frame used for the 2019 EMDHS is a 
frame of all census enumeration areas (EAs) created 
for the 2019 Ethiopia Population and Housing Cen-
sus (EPHC) and conducted by the Central Statistical 
Agency (CSA). The census frame is a complete list of 
the 149,093 EAs, covering an average of 131 house-
holds, created for the 2019 EPHC. The sample for the 
2019 EMDHS was designed to provide an estimation of 
key indicators for the country as a whole, for urban and 
rural areas separately, and for each of the nine regions 
and the two administrative cities.

Two-stage stratified cluster sampling was used. Each 
region was stratified into urban and rural areas. In 
the selected EAs, a household listing operation was 
done, and the results were used as a sampling frame 
for household selection in the second stage. Finally, a 
fixed number of households per cluster were selected. 
Samples of EAs were selected independently in each 
stratum through implicit stratification and equal pro-
portional allocation. Standard questionnaires were 
adapted to reflect the population and health issues 
relevant to Ethiopia and donors. The household ques-
tionnaire was one of the questionnaires used to list all 
of the usual members of and visitors to the selected 
households. Basic information was collected from each 
listed person. The data on age and sex were used to 
identify eligible women for individual interviews. So, 
these women were the source population. Whereas, 
all eligible women (aged 15–49) who were either per-
manent residents of the selected households or visitors 
who slept in the household the night before the survey 
were the study population. Details about the methods 
of the survey are available from EMDHS [9].

https://dhsprogram.com/Data/terms-of-use.cfm
https://africaopendata.org/dataset/ethiopia-shapefiles
https://africaopendata.org/dataset/ethiopia-shapefiles
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Study variables
Independent variables
Socio-demographic characteristics of households such 
as wealth status, age, sex, and media access (Television, 
Radio) were considered as individual-level independent 
variables, whereas the place of residency and Region were 
extracted as community-level independent variables.

Dependent variable
The dependent variable of the study was the receiving 
cash or food from the productive safety net program.

Operational definition

Media exposure
If the households had either radio or television or both, 
then the households were exposed to media; otherwise, 
they were not exposed to media [28].

Receiving cash or food from a productive safety net 
program.

A social protection system is being implemented in 
Ethiopia. The program targets chronically food-insecure 
households by providing cash or food to the beneficiaries 
regularly, either for work, free, or both [4, 25]. So, if the 
households received sufficient cash or food directly from 
the PSNP in the regular period (five years), it is consid-
ered yes; Otherwise no.

Data management and statically analysis
Data cleaning was performed to prepare the data for 
analysis according to the objectives of the study. Vari-
ables were recoded to meet the desired classification. 
To ensure the representativeness of survey results at the 
national level [29], sampling weights were applied during 
the analysis. The STATA version 15 software and Micro-
soft Office Excel were used for data management and sta-
tistical analysis.

Spatial data analysis
ArcMap version 10.7 software was used for spatial auto-
correlation and detection, as well as for the interpolations 
of households receiving cash, or food from the PSNP in 
Ethiopia.

Global spatial autocorrelation
The global spatial autocorrelation (Global Moran’s I) 
statistic measure was used to assess whether receiving 
cash or food from the PSNP was dispersed, clustered, or 
randomly distributed in Ethiopia [30]. Moran’s I value 
is close to -1, close to + 1, and zero (0), indicating a dis-
persed, clustered pattern, and random distribution of 
households receiving sufficient cash or food from the 
PSNP, respectively [31, 32]. The z scores and p-values 

were used to determine whether receiving cash or food 
from the PSNP in Ethiopia is a hot spot or cold spot in 
the spatial SaTScan analysis.

Spatial interpolation
Unsampled areas were predicted by the spatial interpola-
tion of receiving cash or food from the PSNP based on 
sampled EAs. For the prediction of unsampled EAs, the 
Kriging Gaussian interpolation technique were used.

Spatial scan statistics
Sat Scan version 9.5 software was used for the local clus-
ter detection analysis [33]. We employed purely spatial 
Bernoulli-based model scan statistics to determine the 
geographical locations of statistically significant clus-
ters with high rates of cash, or food received  from the 
PSNP among households [34]. Those households that 
did not receive cash or food from the PSNP were taken 
as cases, and those that receive cash or food from the 
PSNP were taken as controls to fit the purely spatial Ber-
noulli model for the scanning window that moves across 
the study area. The scanning window that moved outside 
the study area was clipped. The default maximum spatial 
cluster size of less than 50% of the population was used 
as an upper limit, allowing both small and large clusters 
to be detected, and ignoring clusters that contained more 
than the maximum limit because of the circular shape of 
the window. For each potential cluster, a log-likelihood 
ratio test statistic was used to determine if the number of 
observed cases within the cluster was significantly higher 
than expected or not. The circle with the maximum like-
lihood ratio test statistic was defined as the most likely 
cluster, then compared with the overall distribution of 
maximum values. All significant clusters were identified, 
assigned p values, and ranked based on their likelihood 
ratio test based on the 9999 Monte Carlo replications 
[35].

Multilevel logistic regression analysis
Since the data source had a hierarchical nature, the 
assumption of independence and equal allocation would 
be violated. The authors assumed that a multilevel mixed-
effect logistic regression model was best to overcome the 
dependency between clusters and correlations between 
respondents. So, a multilevel mixed-effect logistic regres-
sion analysis was employed. To alleviate dependency 
and correlations between the records, we assumed four 
models, such as model A (a null model that assesses the 
households receiving cash or food from PSNP), model B 
(countian individual-level variables), model C (countian 
community-level variables), and model D (the aggregate 
model of models 2 and 3). The overall multilevel model 
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of the households’ probability of receiving cash or food 
from PSNP was described as follows [36, 37]:

where i and j are individual and community-level units, 
respectively; X and Z refer to individual and commu-
nity-level variables, respectively; πij is the households’ 
probability of receiving cash or food from PSNP for the 
ith households’ respondent in the jth community; β0 
is the intercept-the effect on the probability of house-
holds’ receiving cash or food from PSNP in the absence 
of influence of independent variables; and β’s is the fixed 
coefficient.

The variance and intraclass correlation coefficient (ICC) 
for each model were calculated to determine whether the 
data had a dependency and correlation nature. ICC was 
calculated based on the following equation [37]:

where ƒ is an estimated variance.
The data are dependent and correlated if the ICC value 

is greater than 0.25 [31]. Consequently, 62% of the ICC 
value confirmed that there were significant correlations 
between households receiving cash or food from PSNP 
(Table 3). Similarly, the variance indicated that there was a 
66% significant variation in receiving cash or food from the 
PSNP that violates the equal probability sample allocation 
assumption. So, these all indicated that there was a data 
dependency and correlation. The log-likelihood ratio (LLR) 
was used for model comparison. To solve the dependency 
and correlation within records, the model with the high-
est LLR value was chosen as the best-fit model [32]. As a 
result, model D was chosen as the best-fit model due to its 
LLR score’s highest value (-2598.4) as compared to other 
models (Table 3). In multilevel mixed effect logistic regres-
sion analysis, a p-value less than 5% with a 95% CI was 
used to identify factors associated with receiving cash or 
food from PSNP among households in Ethiopia.

Ethics approval and consent to participant
This study was based on a secondary data source that is 
publicly available from the Measure DHS Program website 
(https:// dhspr ogram. com). Therefore, ethical approval and 
consents from study participants were not necessary for this 
study.

A request was sent to the Measure DHS program to get 
permission to access and use the 2019 EMDHS data from 
(https:// dhspr ogram. com/ Date/ terms- of- use. cfm). Then 
we got permission for data access and use.

Log
πij

1− πij
= β0+ β1Xij+ β2Zij+ µj+ eij

ICC = f 2/(f 2 + π2)

Results
Sociodemographic characteristics of the study
A total of 8595 weighted samples were used in this study. 
Around one-fourth (24.1%) of households were in the 
Amhara region, whereas 37.0% of households were from 
the Oromia region. The majority (69.2%) of households 
were rural residents. 44.5% of household heads were 
older than 44 years, and 77.9% of households were male. 
44.6% of the households were wealthy. Households that 
had no television or radio were 83.1% and 72.2%, respec-
tively (Table 1).

The spatial distribution of households cash or food 
received from the PSNP
Overall, nearly one-seventh (13.5% (95% CI: 12.81–
14.27%)) of the household-level beneficiaries received 
cash or food from the PSNP in Ethiopia. Receiving cash, 
or food from the PSNP was good in Addis Ababa, the 

Table 1 Sociodemographic characteristics of the study participants 
using the 2019 EMDHS dataset

Variable Category Frequency (n) Percent (%)

Place of resi-
dency

Urban 2647 30.8

Rural 5948 69.2

Region Tigray 582 6.8

Afar 87 1.0

Amhara 2081 24.2

Oromia 3184 37.0

Somali 417 4.9

Benishangul-
Gumuz

93 1.1

SNNPR 1661 19.3

Gambela 35 .4

Harari 25 .3

Addis Ababa 375 4.4

Dire Dawa 55 .6

Age of house-
hold head

15–24 years 650 7.6

25–34 years 2038 23.7

35–44 years 2084 24.2

 > 44 years 3824 44.5

Sex of house-
hold head

Male 6697 77.9

Female 1899 22.1

Households’ 
wealth status

Poor 3104 36.1

Middle 1663 19.3

Rich 3829 44.6

Households 
have television

No 7147 83.1

Yes 1448 16.9

Households 
have radio

No 6203 72.2

Yes 2393 27.8

https://dhsprogram.com
https://dhsprogram.com/Date/terms-of-use.cfm
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Fig. 1 Cash or food received from PSNP among households in Ethiopia using the 2019 EMDHS dataset

Fig. 2 Spatial autocorrelation report of cash or food received from the PSNP among households using the 2019 EMDHS dataset
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SNNPR, Amhara, and Oromia regional states of Ethiopia. 
However, Benishangul Gumuz, Dire Dawa, Harari, Afar, 
and Gambela regions had less access to cash or food from 
the PSNP (Fig. 1).

The spatial distribution of households’ cash or food 
received from the PSNP was significantly clustered across 
the regions of Ethiopia (Global Moran’s I = 0.414446, 
P-value = 0.00000) within 155,149.8 m of threshold dis-
tance (Figs. 2, and 3).

Spatial SaTScan analysis
A total of 234 significant clusters for PSNP among 
households were identified. Of the 234 clusters, 97, 
48, and 31 were primary, secondary, and tertiary 
clusters, respectively. The primary clusters were 
located at 9.921716 N, 34.697854 E within a 421.15 
km radius in the Gambela, Benishangul Gumuz, 
western Amhara, and Oromia regions of Ethiopia. 
The secondary clusters were located at 10.219055 N, 
34.209810 E within a 421.88 km radius in the Benis-
hangul Gumuz, the western part of Amhara, and the 
northern part of Gambela regions of Ethiopia. Sig-
nificant clusters were identified in the west, south, 
and northwest of Ethiopia. Households in the pri-
mary, secondary, and tertiary clusters were 23%, 19%, 
and 15% more likely to receive cash or food from the 
PSNP than households outside the window respec-
tively (Table 2, Fig. 4).

Interpolation of cash or food received from 
the PSNP among households in Ethiopia
The Gaussian Kriging interpolation method was employed. 
The interpolation result indicated that households in the 
SNNPR, Oromia, and Amhara regions were more likely 
to receive cash or food from the PSNP. However, low 
access to cash or food from the PSNP among households 
occurred in the remaining regions of Ethiopia (Fig. 5).

Factors associated with cash or food received from 
the PSNP among households in Ethiopia
In multivariate multilevel mixed effect logistic regres-
sion analysis, age and sex of the household head, wealth, 
enrollment in the CBHI, region, and place of residency 
were statistically significant factors associated with cash 
or food received from the PSNP among households.

Poor wealth status households were 1.9 (AOR: 1.91, 
95% CI: 1.52, 2.39) times more odds to receive cash or 
food from the PSNP than rich wealth status households. 
Female-headed households were 1.5 (AOR: 1.51, 95% CI: 
1.27,1.79) times more likely to receive cash or food from 
the PSNP than male-headed households.

Household heads who were under 25–34, 35–44, and 
greater than 34  years of age were 1.4 (AOR:1.43, 95% 
CI: 1.02, 2.00), 2.4 (AOR: 2.41, 95% CI: 1.72, 3.37), and 
2.5 (AOR: 2.54, 95% CI: 1.83, 3.51) times more likely to 
receive cash or food from the PSNP than 15–24  years 
of age. Rural households were 2.2 (AOR: 2.18, 95% CI: 

Fig. 3 Hotspot analysis of cash or food received from the PSNP among households using the 2019 EMDHS dataset
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1.21,3.94) times more likely to receive cash or food 
from the PSNP than urban households. Households in 
the Amhara and Oromia regions were 14% (AOR: 0.14, 
95% CI: 0.06, 0.39) and 36% (AOR: 0.36, 95% CI:0.12, 
0.91) more likely to receive cash or food from the PSNP, 
respectively. Households enrolled in the CBHI were 3.3 
(AOR: 3.34, 95% CI:2.69,4.16) times more likely to receive 
cash or food from the PSNP than households unenrolled 
in the CBHI (Table 3).

Discussion
In this study, the 2019 Ethiopian Mini Demographic and 
Health Survey dataset was used as a data source, and a 
total of 8595 weighted sample households were included 
for analysis. A multilevel mixed-effect logistic regression 
model was applied to carry out the statistical analysis and 
to overcome the dependency between records. According 
to spatial analysis reports, cash or food received from the 
PSNP was significantly clustered in Ethiopia, and it was 
high in the SNNPR, Amhara, and Oromia regions. Purely 
spatial Bernoulli-based model scan statistics were used to 
locate statistically significant clusters. As a result, a total 
of 234 significant clusters were identified. Households in 
the primary, secondary, and tertiary clusters were 23%, 
19%, and 15% more likely to receive cash or food from the 
PSNP than households outside the window. Unsampled 
areas were predicted based on the sampled area by using 
Gaussian Kriging interpolation techniques. Therefore, 
households except in the SNNPR, Oromia, and Amhara 

regions were less likely to receive cash or food from the 
PSNP.

Generally, only 13.5% of the households received cash 
or food from the PSNP in Ethiopia. This finding was 
lower than a study done in Ethiopia which stated that 
29.1% of the households benefited from the program 
[13]. Plus, the finding was low in comparison to the 
program’s goals and objectives of supporting 7.6 million 
people [13, 38] and targeting 5 and 8.3 million chroni-
cally food-insecure households in Ethiopia in the first 
and second phases, respectively [17, 19]. However, the 
existing evidence was supported by a study that states 
77.1% of households are suffering from food insecurity 
[4]. This might be due to the program implementa-
tion process in the selected regions [39], and the pro-
gram may deliver short-term nutritional benefits [40]. 
The criteria used to include and exclude households 
might be wrongly designed. So, the PSNP might have 
neglected eligible beneficiaries in the program [41], 
and households’ graduation from the PSNP might not 
be satisfactory [23]. Additionally, the PSNP might be 
more likely to work on natural resource (water and soil) 
reservations, the construction of roads, pumping water, 
schools, and clinics that can serve the whole commu-
nity. Furthermore, the PSNP could work on agricultural 
production, technology adoption, and improved disas-
ter and climate risk management [21].

In the multilevel mixed effect logistic regression 
analysis, independent variables such as age, sex, wealth 

Table 2 Significant clusters for the spatial Sat Scan analysis of cash or food received from the PSNP among households in Ethiopia 
using the 2019 ENDHS dataset

Types Detected cluster Coordinate/ Radius Population Case RR LLR P-value

Primary 154, 153, 155, 152, 147, 86, 151, 157, 156, 150, 149, 170, 
146, 160, 118, 169, 158, 161, 168, 167, 159, 166, 92, 164, 
164, 218, 2017, 211, 120, 208, 209, 163, 230, 229, 217, 
94, 220, 93, 162, 212, 165, 213, 80, 77, 79, 214, 206, 219, 
119, 98, 194, 225, 226, 97, 221, 227, 228, 222, 223, 210, 
224, 87, 75, 53, 52, 72, 96, 201, 74, 195, 76, 201, 74, 195, 
76, 91, 200, 54, 81, 70, 95, 215, 59, 99, 71, 73, 85, 174, 
112, 55, 57, 216, 84, 171, 176, 82, 179

9.921716N, 34.697854E/ 421.15 km 3104 1700 1.23 388.8  < 0.001

Secondary 164,166, 148, 163, 167, 161, 168, 77, 158, 169, 80, 162, 
79, 160, 119, 165, 150, 93, 156, 149, 86, 89, 52, 159, 92, 
72,155, 120, 53, 154, 75, 153,76, 118, 157,151, 152, 147, 
70,87, 74, 81,54,170,146,71,73, 59

10.219055N, 36.209810E/ 217.88 km 1702 1685 1.19 209.3  < 0.001

Tertiary 274, 277, 279, 275, 276, 270, 278, 260, 280, 261, 264, 
273, 263, 259, 267, 265, 258, 271, 257, 262, 266, 256, 
272, 268, 269, 101, 90, 175, 112, 99, 171

8.915417N, 38.733276E/ 107.76 km 953 931 1.15 80.45  < 0.001

Fourth 101, 90, 280, 278, 279, 272, 271, 277 8.651588N, 39.118340E/ 51.09 km 337 336 1.16 48.86  < 0.001

Fifth 113, 183, 186, 182, 181, 117, 115 6.362562N, 38.759281E/ 54.77 km 383 370 1.12 23.65  < 0.001

Sixth 196,173,192,204,198,191,195,199, 197,190,96, 201, 91, 
189, 200, 194,97,223,202, 215, 210, 180, 222, 224,227, 
179, 178, 221, 216

6.540286N, 36.627468E/ 175.77 km 1083 994 1.07 91.8  < 0.001

Seventh 23, 9, 8, 21, 56, 1, 7, 6, 13, 4, 12, 84, 82, 2 7.648661N, 37.601189E/ 149.03 km 421 399 1.10 94.80  < 0.001
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status, enrollment in the CBHI, region, and place of 
residency were factors associated with cash or food 
received from the PSNP among households.

Poor households were 1.9 times more likely to receive 
cash or food from the PSNP than rich households. This 

finding was supported by evidence about conditional 
cash transfer programs [14]. This might be because 
households in low-income countries are more likely 
to face food insecurity than those with high house-
hold incomes [4]. Furthermore, because the PSNP’s 

Fig. 4 SaTScan analysis of cash or food received from the PSNP among households in Ethiopia using the 2019 EMDHS dataset

Fig. 5 Interpolation of cash or food received from the PSNP among households in Ethiopia using the 2019 EMDHS dataset
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primary goal is to provide social protection and poverty 
reduction, asset building for poor households [42], and 
ensuring opportunities for poor households to use their 
assets than wealthy households. Food and cash trans-
fers may typically target chronically poor households to 
reduce their vulnerability and risk of falling back into 
poverty [14].

Female-headed households were 1.5 times more likely 
to receive cash or food from the PSNP than male-headed 
households. This finding was supported by studies done 
in Ethiopia [23, 43]. Additionally, the evidence was sup-
ported by a report that states that social protection pro-
grams and public works mainly target women, with a 
strong focus on addressing the poverty of female-headed 
households and encouraging women ‘s participation 

in public works activities [44]. This is probably due to 
women’s access to and control over income being key 
factors in ensuring household food security [45]. This 
means that women’s access to food is closely connected 
to households’ food access [11]. However, men might 
be responsible for income-generating activities and big 
nonfood purchases [46, 47]. The program may aim to 
empower and support nutritionally vulnerable women 
[48]. Moreover, the social and economic risks might be 
significantly higher for women as compared with men. 
Women, for example, may have less education and 
credit, a smaller social network, and are more likely to 
be violated for sexual intercourse. Due to all these rea-
sons, the PSNP might be more concerned about female-
headed households [44].

Table 3 Multilevel mixed-effect logistic regression analysis of factors associated with cash, or food received from the PSNP among 
households in Ethiopia

b Significant at model B and C, a Significant at model D, 1 Reference

Variables Category Receiving cash/ 
food

Model A Model B Model C Model D
AOR (95% CI) AOR (95% CI) AOR (95% CI)

No Yes

Media exposure Yes 2889 282 0.51(0.34, 0.70)b - 0.47(0.34, 0.67)

No 4543 881 1 1

Wealth Poor 2457 646 2.02 (1.61, 2.52)b - 1.91(1.52, 2.39)a

Middle 1448 215 2.70 (1.55, 3.90) - 2.68 (1.54, 3.90)

Rich 3527 302 1 1

Household head sex Female 1546 352 1.55 (1.30, 1.84)b - 1.51(1.27,1.79)a

Male 5886 811 1 - 1

Age 25–34 years 1834 198 - 1.45 (1.00, 1.95)b - 1.43 (1.02, 2.00)

35–44 years 1767 317 - 2.43 (1.33, 3.26)b - 2.41 (1.72, 3.37)a

 > 44 years 3217 607 - 2.63 (1.76, 3.36)b - 2.54 (1.83, 3.51)a

15–24 609 41 - 1 1

Region Afar 41 46 - 14.96 (5.6, 40.4)b 13 (5.07,36)

Amhara 1871 210 - 0.15 (0.06, 0.40)b 0.14 (0.06, 0.39)a

Oromia 2793 390 - 0.37 (0.14, .96)b .36 (0.12, 0.91)a

Somali 319 98 - 2.28 (0.84, 6.20)

Benishangul 91 2 - 0.07 (0.02, 0.22)b 0.06 (0.02, 0.20)

SNNPR 1393 268 - 0.52 (2.1, 1.33)

Gambela 33 2 - 0.42 (0.15, 1.17)

Harari 21 4 - 0.93 (0.33, 2.67)

Addis Ababa 354 22 - 0.74 (0.23, 2.36)

Dire Dawa 45 10 - 2.35 (0.84, 6.62)

Tigray 472 110 1 1

Residency Rural 5025 923 - - 3.8 (2.15, 6.94)b 2.18 (1.21,3.94)a

Urban 2407 240 1 1

Enrollment in CBHI Yes 1922 495 - - 3.24 (2.62,4.01b 3.34 (2.69,4.16)a

No 5510 669 - - 1 1

LLR -2790 -2658.97 -2732.05 -2598.4

AIC 5584 5337.95 5490.1 5238.8

Variance 0.66 0.60 0.38 0.34

ICC 0.62 0.59 0.47 0.44
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Household heads who were under 25–34, 35–44, and 
greater than 34 years of age were 1.4, 2.4, and 2.5 times 
more likely to receive cash or food from the PSNP 
than those who were 15–24  years of age. This finding 
was supported by a study done in southeast Ethio-
pia [21], which reported that as the age of the benefi-
ciary increases, the beneficiaries who graduated with a 
higher level of PSNP are more likely to receive benefits 
from PSNP. As the beneficiary’s age increases, their 
understanding of the program’s objectives and targets 
might also increase. The current evidence was also in 
line with a study that states that the minimum age of 
beneficiaries is 18 and above [13].

Households in the Amhara and Oromia regions were 
14% and 36% more likely to receive cash or food from 
the PSNP in Ethiopia, respectively. This finding was 
supported by a study [49], and a report that states the 
PSNP is ineffective in terms of food security or child 
dietary diversity [17]. This might be due to the pro-
gram’s implementation in selected regions [39], and 
the relatively low cash payment for the beneficiaries 
in the Amhara and Oromia regions [11]. Plus, benefi-
ciaries might not receive the benefits on time [49], less 
attention and unsustainable management support for 
the program members, and they might use the received 
cash for productivity [50], which would benefit them 
further upon graduation, and households in Amhara 
and Oromia regions are more likely to leave the pro-
gram [20]. Moreover, in these regions, local program 
task forces at the woreda, kebele, and community lev-
els might not be established and functional, and the 
beneficiaries of the program might be higher than the 
resources of the safety net can cover [49].

Rural households were 2.2 times more likely to 
receive cash or food from the PSNP than urban house-
holds. This might be due to programs that aim to focus 
on rural households for increasing infrastructure, 
health service access, educational provision, agricul-
ture and livestock production [51, 52]. Food insecurity 
in households can be solved through sustainable agri-
cultural productivity and development. Therefore, the 
programs may invest more in the rural side of the com-
munity to increase agricultural productivity [16].

Households enrolled in CBHI were 3.3 times more 
likely to receive cash or food from the PSNP than 
households unenrolled in CBHI. This finding was simi-
lar to studies done about food insecurity in different 
regions of Ethiopia [4, 53, 54]. This could be households 
with access to debit and credit; participation in the 
insurance system can provide them with opportunities 
in various income-generating activities, which could 
improve their financial capacity to deal with the food 
shortage situation by stabilizing their food purchasing 

power [43, 55]. Furthermore, the Ethiopian government 
implements CBHIS in food-insecure rural districts to 
reduce the financial costs of illness. Being a member 
of CBHIS may be a sign of being a member of social 
protection programs that potentially target chronically 
food-insecure households to reduce their poverty level. 
So, interlinkages between the programs might exist. 
Such an approach is potentially promising in terms of 
helping the most vulnerable households deal with mul-
tiple shocks while at the same time increasing demand 
for insurance and protection [24, 56].

Conclusions and recommendations
This study reports that eligible  households have low 
access to cash or food from the PSNP in Ethiopia. Low 
access to cash or food from the PSNP among eligible 
households  was detected in all regions of the country 
except in  the SNNPR, Amhara, and Oromia regions. 
Independent variables such as household heads’ age and 
sex, wealth status of the household, region, place of resi-
dency, and enrollment in CBHS were statistically signifi-
cant factors for receiving cash or food from the PSNP in 
Ethiopia. So, programmers would encourage poor and 
rural households to receive cash or food from the PSNP, 
and encourage them to be more productive with the 
benefits they receive from the PSNP. Programmers and 
stakeholders encouraged to give priority attention to the 
hotspot areas for the households that had not received 
cash or food from PSNP, especially poor households. The 
programmers recommended to redesign better strate-
gies that would shape cultural patterns and social norms 
in the community, which may typically affect the food 
intake of households from PSNP. Moreover, high atten-
tion from programmers and stakeholders would required 
to create awareness among eligible households to use the 
benefits for production instead of consumption and avoid 
intra-household disparity in food distribution.

Strengths and limitations of the study
This study was based on nationally representative data 
and locates households that receive cash or food from 
the PSNP spatially. This study used a multilevel mixed-
effect logistic regression model to smooth the level of 
dependency and correlations that exist between records. 
So, the findings of the study had representativeness and 
would serve as input for decision-makers. As a limitation, 
since the data were collected retrospectively, and so recall 
bias might exist. Due to the coordinate files were not col-
lected in the four-corner directions of Ethiopia, study 
participants in these areas may be excluded. In the SaTS-
can analysis, the result is presented in circular shapes, 
and results in irregularly shaped clusters may be clipped/ 
excluded.
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