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Beyond the green revolution: reviving time-tested resilient practices for
enhanced food security in Ghana'’s upper west region through
traditional Authorities
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ABSTRACT

This paper investigates the effects of locally enacted bylaws governing Autonomous Resilient
Practices (ARP) on the food security of a sample of 700 smallholder farmers in Ghana's Upper
West Region. The research is grounded in the context of the Green Revolution’s inability to
address food insecurity for large populations in Africa. The sequential mixed methods design
employed in the study first identified eight prevalent coping strategies for food insecurity
among farmers. A pairwise matrix ranking method was used for this task. Subsequently,
Poisson regression models were employed to assess how often farmers resorted to these
coping strategies when bylaws aimed at protecting the local ecology were enforced. The
results reveal highly significant and inverse relationships between increased frequency of
implementing local bylaws on ARP and farmers’ frequency of resorting to the eight identified
coping strategies for food security. The results underscore the significance of grassroots-level
solutions to the shortcomings of the current food system, which produces surplus food but
fails to adequately nourish a substantial proportion of the global population
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Introduction

The Green Revolution largely staved off the dooms-
day predictions put forth in Thomas Malthus’ seminal
work, which warned of dire consequences resulting
from population growth outpacing food supply
(Hamdan et al., 2022). However, due to new chal-
lenges arising from an increasingly limited natural
resource base, climate change, and a growing human
population, humanity finds itself once again teeter-
ing on the brink of another potential cataclysmic
event. It has been argued that in areas where the
wave of Green Revolution touched, attention was
more on increasing food quantity, largely to the
neglect of its nutritional value. As a result, produc-
tion was within a limited bandwidth of crops that
basically supplied carbohydrates, including rice,
wheat and maize (Eliazer Nelson et al., 2019). These
cereals are implicated in the problem of hidden
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hunger across the world (Burchi et al,, 2011); inade-
quate dietary diversity in the food system, resulting
in micronutrient deficiency in the human body. These
deficiencies are the precursors to many diseases.
The Green Revolution has also given rise to the
problem of seed sovereignty, particularly for small-
holder farmers in developing countries (Shiva, 2004;
Shiva et al., 2000). The central question regarding the
issue of seed sovereignty revolves around who has
control over seeds. The food system is currently being
controlled by giant agribusinesses at the expense of
farmers. A few corporate entities have dominated the
market with their monocrops to the extent that they
have severely limited dietary diversity across the globe.
Although Asia and Latin America have benefitted
from the advantages of the Green Revolution, sub-
stantial portions of the African continent have not
experienced a similar trajectory, despite considerable
funding and concerted efforts to foster agricultural
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development (Food and Agriculture Organization,
2022, 2023; Toenniessen et al., 2008). Even the con-
tinued production of crops using Green Revolution
technology is now in jeopardy due to an unpredict-
able climate, which affects the resilience of the cur-
rent food system. This system’s over-reliance on
synthetic fertilisers, pesticides, insecticides, herbicides
and fungicides to boost production quantities is
starting to raise environmental and health concerns
among the consuming public (Brainerd & Menon,
2014; Guan et al, 2023; John & Babu, 2021;
Kpienbaareh et al., 2023; Liu et al, 2020). As the
Economist Group (2022) suggests, food security can
only be enhanced when the food produced is afford-
able, available, and resilient to shocks. It should also
be safe to consume and of high quality. The current
food system must, therefore, move beyond quantity
and incorporate quality and sustainability. These
challenges have raised questions about the Green
Revolution’s capacity to ensure a resilient food sys-
tem, especially for food-insecure smallholder farmers.

Ghana, like many other African countries, is con-
siderably affected by the current broken food sys-
tem. The most recent State of Food Insecurity Report
by the Food and Agriculture Organization et al.
(2023, p. 151) estimates that the prevalence of mod-
erate or severe food insecurity in Ghana rose from
38.30% in the period between 2014 and 2016 to
39.40% in the period between 2020 and 2022. A
large percentage of those suffering from food inse-
curity are in the Upper West Region (Fuseini et al.,
2019). Ironically, smallholder farmers, who contribute
over 70% of the food calories to the people living in
Asia and sub-Saharan Africa (Fanzo, 2017) often can-
not access and use the very food they produce at
certain times of the year (Luginaah et al., 2009). This
is mainly because of the broken food system.
Producing more food is important, but so is ensuring
that it is healthy and gets to those who need it
the most.

These challenges underscore the need to overhaul
the current global food system. While it has served
humanity well in the past, it is increasingly becoming
outdated in the face of the current array of chal-
lenges. Given that smallholder farmers have acted as
stewards of the land for generations, it would be a
mistake for humanity to completely abandon their
time-tested resilient local practices. One such resil-
ient farming approach is agroecology, credited with
enhancing both production and dietary diversity,
particularly among subsistence farmers (Kansanga
et al,, 2021; Kerr et al.,, 2018). To enhance the journey
of food from farm to fork, therefore, locally grown

solutions to food security are necessary. This is
because a forward-looking solution to the current
broken food system requires a corresponding explo-
ration of history to draw knowledge from the past.
The literature is replete with the benefits (e.g.
Hamdan et al, 2022; Liu et al, 2020) and fallouts
(e.g. Brainerd & Menon, 2014; Eliazer Nelson et al,,
2019; John & Babu, 2021) of the Green Revolution.
Substantial work has also been done on the impera-
tive of safeguarding ecosystems for sustained food
security (e.g. Ankrah et al., 2023; Asare-Nuamah &
Mandaza, 2020; McMichael et al, 2007; Smith &
Gregory, 2013). Drawing insights from autonomous
resilient practices (ARP) in rural Upper West Region
of Ghana, this paper takes these discussions further
by unravelling how locally promulgated bylaws can
affect farmers’ food insecurity. In so doing, it unravels
the ripple effects of enforced ecologically friendly
bylaws and practices on farmers' ability to reduce
their frequency of coping with food insecurity. This
inquiry holds notable importance because though
smallholder farmers in rural areas often reside in
marginal lands and are disproportionately affected
by climate change and the dysfunctional food sys-
tem, they possess relevant environmentally friendly
strategies that can be tapped for improved food
security. It is also essential to develop localised solu-
tions to address the unique impacts of climate
change seen in various regions of the world.

Theoretical foundation

The ecological resilience theory (Angeler, 2021; Holling,
1973; Walker & Salt, 2012) and the food insecurity
coping strategy framework (Maxwell, 1996; Maxwell
et al.,, 2008) undergird this study. While the ecological
resilience theory helps explain farmers’ ability to pro-
tect the fragile ecology on which their food security
depends, the coping strategy framework serves as a
foundation for understanding how farmers have often
adjusted to food insecurity in the study area. These
two theoretical foundations are discussed in detail next.

The ecological resilience theory

In his landmark paper, Holling (1973), who first pro-
pounded the ecological resilience theory, defined
resilience as ‘the measure of the persistence of sys-
tems and of their ability to absorb change and dis-
turbance and still maintain the same relationships
between populations or state variables’ (Holling,
1973, p.14). Ecological resilience thus refers to an



ecosystem’s capacity to absorb and respond to per-
turbations (Angeler, 2021). Climate change resilience
on the other hand is a broad term encompassing a
system’s capacity to absorb and recover from stresses
associated with the changing climate (Hashemi et al.,
2017). In the context of this study, resilience is con-
ceptualised as the ability of smallholder farmers to
adapt to their food insecurity situation in the face of
increasingly challenging climatic conditions by mak-
ing the most of local sustainable agronomic prac-
tices. Farmers who can successfully adapt under such
circumstances are described as having the ability to
employ their Autonomous Resilient Practices (ARP) to
ensure their food security.

The food insecurity coping strategies framework

The traditional approach to food insecurity measure-
ment is hinged on indirect indicators, including calo-
ries consumed, household income, productive assets
and food storage. These are however proximate mea-
surements given that they only address the causes
and effects of food insecurity (Maxwell et al., 2008).
The context-specific coping strategies approach uses
the actions of the food-poor to determine how they
subsist in times of food insecurity (Maxwell, 1996;
Maxwell et al, 2008). The coping strategy approach
therefore focuses on contextual behaviour patterns
that people within a specific area would fall on when
faced with food insecurity. This is important as
tailor-made solutions can be fashioned out to address
specific food insecurity situations. In addition, the cop-
ing strategy approach lends itself to quick data collec-
tion for researchers with limited budget. It is therefore
useful in humanitarian situations where quick deci-
sions about food insecurity need to be made for
immediate intervention (Maxwell et al., 1999).

Materials and methods
Study area

The Upper West Region is located in the Guinea
Savannah ecological zone of Ghana. It is home to
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about 901,502 people and has a land area of
18,476 km? (Ghana Statistical Service, 2021). The
region relies heavily on smallholder farming as its
primary source of income. Due to their significant
dependence on rain-fed agriculture and their limited
ability to adapt, smallholder farmers in the region
are among the least resilient to the effects of climate
change (Kerr et al., 2018; Kusakari et al, 2014).
Estimates show that economies that are dependent
on rain-fed agriculture will experience a major
decline in crop productivity, which will have a seri-
ous impact on their food security (Mohammed et al.,
2021). More so, the increasing levels of backlash
received by major players in the current global food
system regarding the misuse of pesticides and chem-
ical fertiliser point to the fact that smallholder farm-
ers' simple but sustainable farming approaches
should not be dispensed with since it has enhanced
the resilience of the ecology on which humanity has
depended for many generations (Altieri & Nicholls,
2020; Dapilah et al., 2020; Kpienbaareh et al., 2023;
Shiva, 2004; Shiva et al., 2000).

Study design

Data collection

As shown in Figure 1, a two-phase exploratory
sequential mixed method design (Creswell, 2012)
was used. The first phase involved the use of a par-
ticipatory rural appraisal approach called pairwise
ranking (Narayanasamy, 2009). This was used to iden-
tify and rank the various context-specific food inse-
curity coping strategies adopted by farmers in their
local settings. The second phase entailed using the
identified coping strategies as dependent variables
for determining the Autonomous Resilient Practices
(ARP) used by farmers in their bid to protect the
ecology on which they depend for food.

In phase |, data were collected during a stake-
holders’ forum on the relevance of biodiversity in the
Upper West Region. Nine gatekeepers in the three
sampled districts, including traditional leaders, small-
holder farmers, assembly members and civil society
organisation representatives were invited to take part

Figure 1. The Exploratory sequential mixed method design guiding the study.

Source: Adapted from Creswell (2012).



4 A.BEYUO ET AL.

in a focus group discussion on how they and their
constituents cope with food insecurity. At the district
level, one FGD was conducted in a district within
each of the sampled districts. The aim was to gather
further insight regarding the topic under study. In
summary, a total of four focus groups were con-
ducted for the study; three in each district and one
held with community level gatekeepers.

The FGD with gatekeepers resulted in a total of
eight food insecurity coping strategies. These coping
strategies were then ranked based on their frequency
of being relied on in their communities using the
pairwise ranking method (Narayanasamy, 2009).
These eight coping strategies were further con-
densed into a composite score for further analysis.
Phase Il of the study then built on phase | by using
the eight ranked coping strategies as dependent
variables. Table 1 shows the eight dependent vari-
ables and their respective a priori expected out-
comes in the study.

Sampling approach

The study purposefully selected the three districts of
Nadowli-Kaleo, Jirapa, and Nandom based on insights
gained from the focus group discussion with relevant
gatekeepers. Communities in these districts were
identified as largely relying on the eight food insecu-
rity coping strategies. Furthermore, specific tradi-
tional authorities in communities, such as Goziir in
the Nandom District and Zambogu in the

Table 1. Dependent variables measuring farmers’ food
insecurity coping strategies.

Expected

sign (+/-)

Frequency of subsisting on -
borrowed food in a week

Frequency of foraging from -
the wild for fruits and bush
meat in a week

Frequency of subsisting on -
immature crops per week

Weekly frequency of eating -
limited portion sizes during
meals

Frequency of maternal -
buffering? per week

Dependent variables Description

Borrow food

Forage from the wild

Immature crops

Ltd portion sizes

Maternal buffering

Grinding mill Frequency of scraping -
together leftover flour from
public grinding mills in a
week

Sell assets Frequency of selling off -

productive assets to buy
food in a week

Frequency of gleaning leftover -
farm produce from
someone’s farm in a week

Food insecurity coping -
strategies score

Glean from neighbours

Finsec

Nadowli-Kaleo District were recognised for their role
in enforcing ARP. To select respondents, a combina-
tion of stratified and simple random sampling tech-
niques was employed. Each of the three districts
formed a distinct, non-overlapping stratum. From
each stratum, 233 individual respondents were cho-
sen using the simple random sampling technique,
totaling 699 respondents across the three districts.
This number was rounded up to 700.

Data analysis

Using incidence rate ratios (IRR) derived from the
Poisson regression model (PRM) (Long & Freese, 2014),
each of the eight dependent variables was regressed
on a set of independent variables. This approach was
arrived at given that the eight dependent variables
were counts. The explanatory variable of interest was
the frequency of enforcing local bylaws that promoted
autonomous resilient practices (ARP) in the study dis-
tricts. This was measured by the frequency with which
the environmental protection committee met in a
year to adjudicate cases bordering on the flouting of
regulations regarding ARP so as to stem ecological
destruction. The study’s a priori assumption was that
proper enforcement of these bylaws on ARP would
have an inverse relationship with farmers’ frequency of
resorting to each of the eight coping strategies iden-
tified by respondents in Table 1. In other words, farm-
ers’ food security would be hinged on the extent to
which the local bylaws on ARP were able to rejuve-
nate the ecology. This is because the local ecosystem
forms the basis for the food security of farmers.

Other control variables measuring the various ARP
in the study area were the number of surviving trees
each farmer personally planted and nurtured into
growth since the enforcement of bylaws on ARP, farm-
ers’ frequency of using compost on their field in a
year and their frequency of engaging in in-situ incor-
poration of farm residue on the farm in a year.
Negative ecological practices that the ARP laws
frowned on were bushfires, (measured as yearly fre-
quency of bushfires recorded by farmer on their
farms), unapproved tree felling (measured as fre-
quency of felling live trees in a month without per-
mission from the local taskforce enforcing ecological
protection, and slash-and-burn farming (measured as
respondents’ frequency of engaging in slash-and-burn
farming in a year). The remaining control variables for
the study were farmers’ socio-demographic character-
istics as shown in Table 2. These results were then
complemented with quotes derived from FGDs con-
ducted with beneficiary community members.



Model specification

Following Long & Freese (2014) we estimate the
effect of ARP on farmers’ food insecurity coping
strategies by employing incidence rate ratio (IRR)
from the Poisson regression model. Assuming the
variable ‘food insecurity coping strategies’ is a func-
tion of ARP and other control variables, the relation-
ship could be modelled as;

n=E(y|X)=exp(XB) ()

Where u represents the expected number of times
that respondents had to resort to the various food
insecurity coping strategies. By exponentiating Xp,
in equation 1 above, we limit p to a positive number
in line with requirements for count variables to be 0
or positive. In equation (1), the interpretation of
E(y|X) employs the factor change approach. Let us
assume that E(y| X, x,) is the expected count for the
eight dependent variables measuring food insecurity
coping strategies (denoted here as X in equation 2),
where E(y|X,x, +1) is the expected count after
increasing x, by 1, then

E(y|X,x, +1) o

= )
E(y| X.x,)

The interpretation of the results in equation 2
then is as follows: when x, changes by one unit, the
expected count changes by a factor of exp(f, ), while
holding all other variables constant.

Results and discussion

As Table 2 shows, farmers’ frequency of resorting to
all eight coping strategies identified in the study
ranged from 0 to 14, suggesting that while some
farmers did not resort to these coping strategies,
others relied on them as many as fourteen times in
a week. Thus, some farmers resorted to coping strat-
egies like consuming limited portion sizes of food
and scavenging around public grinding mills for left-
over and discarded flour almost on a daily basis.
Farmers’ average frequency of employing these eight
coping strategies for food insecurity fluctuated
between 0.583 (close to once a week) and 1.907
(close to twice a week). Their average frequency of
subsisting on limited food portion sizes in a week
was their most prevalent coping strategy to food
insecurity since they employed this strategy about
twice in a week (i.e. a mean of 1.907).

In terms of the variable of interest for this study
(i.e. frequency of enforcing local bylaws that punish
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perpetrators of autonomous resilient practices (ARP)
to stem ecological destruction), Table 2 shows that
the maximum number of sittings to adjudicate on
issues pertaining to ARP was four times in a year.
Punishments meted out to offenders of ecological
destruction included the payment of fines and being
ordered to replant trees if they felled live trees with-
out the permission of the environmental protection
taskforce. Offenders who could not afford the pay-
ment of fines were engaged in communal labour as
a form of deterrence. Evidence of these practices was
borne out during FGDs with community members at
the Goziir and Zambogu.

If you are caught flouting our regulations on envi-
ronmental protection, you are sanctioned but if you
are a student, you are asked to collect stones
amounting to about a trip so that the taskforce will
sell it and the proceeds lodged into the community
development fund account. For those who are
employed, the least fine is fifty Ghana cedis but it
can increase depending on how serious the fire has
destroyed properties. Even if you refuse to join in
quenching any wildfire, you are also fined fifty cedis
for not supporting the community.

(Voice of a female focus group discussant at Goziir,
Nandom District).

You can only cut dead branches for firewood... and
other community members must bear witness to
this. If someone cuts down a tree without permis-
sion, he or she is fined two live fowls, 50 Ghana
cedis (approximately USD4.50) and a bottle of
‘akpeteshi’ [a locally brewed alcoholic drink]. The
offender will also be required to plant a new tree to
replace the one s/he has cut.

(Voice of a female focus group discussant at
Zambogu, Nadowli-Kaleo District).

The fear of being accused of obstructing the com-
munity’s collective effort to safeguard their ecology
had the subtle influence of prompting people to
conform to the bylaws that sought to promote
autonomous resilient practices.

In terms of the various ARP in the study area, the
average number of surviving trees each farmer per-
sonally planted and nurtured into growth since the
enforcement of bylaws on ARP was about three
(mean of 3.010) and the maximum number of trees
planted was 100 (see Table 2). As the literature has
shown (e.g. Mina et al, 2023; Ramachandran Nair
et al.,, 2009), trees form an integral part of ecological
protection given that they capture and sequester
carbon to reduce the deleterious effects of climate
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Table 2. Descriptive statistics.

Food insecurity coping
strategies (dependent

variables) Description Mean SD Min Max

borrow Frequency of subsisting on borrowed food in a week 0.691 1.159 0 5

wild Frequency of foraging from the wild for fauna and flora 1.143 1.552 0 7

immature_crop Frequency of subsisting on immature farm crops per week 1.053 1.575 0 10

Itd_portion Weekly frequency of eating limited portion sizes during 1.907 2.331 0 14
meals

mat_buffering Frequency of maternal buffering in a week 1.183 1.601 0 7

grinding_mill Frequency of scraping together leftover flour from public 0.583 1.184 0 14
grinding mills in a week

prop_sale Frequency of selling off productive assets to buy food in a 1.094 1.522 0 8
week

glean_neighb. Frequency of gleaning leftover farm produce someone’s 1.060 1.684 0 8
farm in a week

Indepe_-ndent continuous Description Mean SD Min Max

variables

age Respondent’s age in years 49.089 13.623 21 80

ARP_bylaws_enforce-mt  Frequency of meeting to adjudicate on issues relating to 0.426 0.723 0 4
autonomous resilient practices (ARP) in a year

tree Number of surviving trees each farmer personally planted 3.010 9.814 0 100
and nurtured into growth

compost Frequency of using compost on farmer’s field in a year 0.741 0.950 0 5

residue Frequency of engaging in in-situ incorporation of farm 0.873 1.034 0 14
residue on the farm in a year

bushfires Yearly frequency of bushfires recorded on farm 0.689 0.795 0 4

tree_cut Frequency of felling live trees in a month 0.987 1.646 0 20

slash Frequency of engaging in slash-and-burn-farming in a year 0.650 0.854 0 4

Indepgndent categorical Description Freq. Percent

variables

districts Study Districts

Nadowli/Kaleo 256 36.57

Nandom 244 34.86

Jirapa 200 28.57

Total 700 100

marital_S Respondent’s marital status

Married 198 28.29

Not married 502 71.71

Total 700 100

Sex Respondent’s sex

Male 140 20

Female 560 80

Total 700 100

Education Educational status

Educated 502 71.71

Not educated 198 28.29

Total 700 100

breadwinner Household breadwinner

Yes 358 51.14

No 342 48.86

Total 700 100

change. Trees also help create a stable microclimate
for farming.

Farmers' frequency of using compost on their farms
and engaging in in-situ incorporation of farm residue
on the farm were both about once a year on average
(i.e. mean of 0.741 and 0.873 respectively). Their max-
imum number of compost applied and in-situ soil
rejuvenation in a year however varied (i.e. 5 times and
14 times respectively). The relevance of sustainable
farming practices such as composting and in-situ

re-injection of farm residue on farms has been empha-
sised in the literature (Ankrah Twumasi et al., 2023)
because produce from such organic farming practices
fetch more income and are healthier for the consum-
ing public. Other control variables, as seen in Table 2
were farmers’ socio-demographic characteristics such
as age (ranging from 21-80years), their districts of
domicile, marital status, their sex categories, their edu-
cational status and whether or not they were bread-
winners in their various households.



Pairwise matrix ranking of farmers’ coping
strategies for food insecurity

The pairwise matrix was instrumental in ranking the
most prevalent food insecurity coping strategies
employed by farmers. By breaking down the various
coping strategies into pairs for comparison, one
could rank the frequency with which farmers resorted
to the identified coping strategies. As shown in Table
3, the most prevalent coping strategy in the three
districts involved farmers subsisting on limited por-
tion sizes of food in an attempt to stretch their food
supply over an extended period, a practice employed
daily (seven times a week). Following this was bor-
rowing food, practised six times a week. The third
most common option for the food-insecure was to
consume immature produce from their farms, done
five times a week. Subsequently, maternal buffering,
foraging from the wild for fauna and flora, as well as
the sale of productive assets were observed. The
least frequent coping strategy involved gleaning

COGENT FOOD & AGRICULTURE . 7

from their neighbors’ farms after their neighbors had
harvested.

Effects of ARP on the eight food insecurity
coping strategies

All eight variables measuring the food security of
farmers in the three study districts converge on the
fact that the promulgation and enforcement of envi-
ronmentally friendly local level bylaws improved
beneficiary communities’ autonomous resilien
Practices (ARP). These ARP bolstered local farmers’
resilience to the challenges associated with the bro-
ken food system. The results further show highly sig-
nificant reductions in farmers’ weekly frequency of
borrowing food from neighbours, consuming imma-
ture crops from their farms, sale of farm animals to
buy food as well as foraging for wild fruits and
undomesticated animals. The coping strategy
approach to measuring food insecurity mentions that

Table 3. Farmers’ pairwise matrix ranking of their coping strategies for food insecurity.

WILD
COPING BORROW  FAUNA &
STRATEGIES FOOD FLORA CROPS PORTION

IMMATURE LTD.

MATERNAL
BUFFERING MILL

GRINDING Total
SELL ASSETS GLEAN Score  Rank

Borrowing food 0 Borrow  Borrow
(BORROW Food Food
FOOD)

Subsisting on 0 0 Immature
wild fauna Crops
and flora
(WILD
FAUNA &

FLORA)

Subsisting on 0 0 0
immature
farm crops
(IMMATURE
CROPS)

Subsisting on 0 0 0 0
limited
portion sizes
(LTD.

PORTION)

Engaging in 0 0 0 0
maternal
buffering
(MATERNAL
BUFFERING)

Scavenging 0 0 0 0
from public
grinding
mills
(GRINDING
MILL)

Selling off 0 0 0 0
productive
assets (SELL
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when farmers start to fall on immature crops for sub-
sistence, it marks a sign of severe food insecurity
(Maxwell, 1996). Farmers also experienced highly sig-
nificant reductions in their weekly frequency of cut-
ting back on their food portion sizes, maternal
buffering’, and gleaning from neighbours’ farms as
well as visiting public grinding mills to gather left-
over flour to feed themselves. A unit increase in the
frequency of enforcing ARP was associated with a
reduction in farmers’ weekly frequency of subsisting
on borrowed food by a factor of 0.765 while holding
all other variables in the model constant. Similarly,
farmers’ frequency of foraging wild fruits (e.g. ebony,
shea) and undomesticated animals (e.g. rabbits, bats,
mice and rats) witnessed a reduction upon enforcing
bylaws on ARP. A unit increase in the frequency of
enforcing ARP was associated with a reduction in
farmers’ frequency of depending on these wild fruits
and game for subsistence by a factor of 0.721 (see
model 2 in Table 4). The search for meat from the
wild, colloquially known as ‘bush meat hunting; has
been implicated in the onset of wildfires in Ghana
because hunters burn the bush to drive their game
out of the bushes with smoke and heat
(Ampadu-Agyei, 1988). As a result of rampant fires
during the dry season, Krah & Njume (2020) study of
rural communities show collaborative efforts between
the Ghana National Fire Service and rural communi-
ties. The Ghana National Fire Service has set up a
Rural Fire Division which trains community fire vol-
unteers on how to prevent wildfires.

The results in Table 4 further show that a unit
increase in the frequency of enforcing ARP is associ-
ated with a reduction in farmers’ frequency of
depending on immature crop by a factor of 0.632 on
a weekly basis, suggesting that farmers did not have
to subsist on immature crops (e.g. cowpea and
maize) they had planted on their farms. They rather
waited till they matured before harvesting. Beyond a
significant reduction in their frequency of harvesting
and consuming immature crops, the results further
show that farmers frequency of consuming limited
food portion sizes for fear of running out of food in
a year reduced by a factor of 0.787 for every unit
increase in ARP enforcement. Farmers frequency of
maternal buffering as well as their weekly frequency
of going to public grinding mills to beg for discarded
flour reduced with increased ARP enforcement. A
unit increase in ARP enforcement is associated with
a reduction in frequency of maternal buffering by a
factor of 0.641 and frequency of going to public
grinding mills to beg for discarded flour by a factor
of 0.688 respectively. This flour, according to

respondents, became their lifeline in times of food
insecurity. Another measure of subsistence farmers’
wealth is the number of farm animals they pos-
sessed. The sale of livestock, including cattle, sheep,
goats and pigs marked a period of severe food inse-
curity among smallholder farmers. The results there-
fore suggest that farmers witnessed a reduction in
their frequency of selling their productive assets (e.g.
bullocks) and livestock to buy food by a factor of
0.624 for every unit increase in ARP enforcement.
This suggests that the ARP adopted by local leaders
was paying off. Farmers also reduced, by a highly
significant margin, their frequency of going to neigh-
bours’ farms to glean from the farms of their more
well-off neighbours after harvest.

Beyond the primary explanatory variable of inter-
est (bylaws enforcing ARP), other control variables
give further insight into the nature of farmers’ cop-
ing strategies for food insecurity. The bylaws ensured
that positive ARP that were dying down over the
years were resurrected and enforced to ensure the
resilience of the environment. These positive ARP
were tree planting, in-situ farm residue reuse and
composting. With the exception of maternal buffer-
ing, the remaining seven estimates on the effects of
tree planting on farmers’ frequency of resorting to
food insecurity coping strategies showed significant
and inverse relationships upon the enforcement of
the local bylaws. For instance, an additional tree
planted by farmers in the community after the
enforcement of the bylaws on ARP was associated
with a reduction in farmers' frequency of borrowing
food from neighbours by a factor of 0.973.
Furthermore, an additional tree planted was associ-
ated with a reduction in farmers’ frequency of glean-
ing food crops from their neighbours’ farms by a
factor of 0.998. These results are quite intuitive given
that trees have been described as ‘lungs of the earth;
purifying the air, aiding in rainfall and generally help-
ing farmers to develop resilience to the vicissitudes
of the changing climate. With a predictable climate,
farmers could plan, cultivate and harvest food for
themselves without borrowing or gleaning on their
neighbours’ farms. Another factor that significantly
reduced farmers’ coping strategies for food insecurity
was their frequency of composting. This is evidenced
in the highly significant and inverse relationships
between farmers’ frequency of engaging in compost-
ing and their frequency of resorting to all eight food
insecurity coping strategies (Table 4). A unit increase
in a farmer’s frequency of applying compost on their
farm was associated with a reduction in farmers’ fre-
quency of borrowing food from neighbours, cutting
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Table 4. Incidence rate ratios from Poisson regressions showing the influence of ARP on farmers’ coping strategies for food

insecurity.
M ] 3) 4) (5) (6) 7) (8)
Forage from Immature Ltd portion Maternal Glean from
VARIABLES Borrow food the wild crops sizes buffering  Grinding mill  Sell assets neighbours
Socio-demographics
District (Ref: Nadowli)
Nandom 0.287%** 0.664*** 0.427%%* 0.795* 0.428%** 0.522%** 0.412%** 0.393%**
(0.057) (0.097) (0.071) (0.097) (0.071) (0.100) (0.068) (0.056)
Jirapa 0.726* 1.848%** 1.584*** 3.478%** 2.1771%%* 0.215%** 1.687%** 0.477%**
(0.124) (0.239) (0.220) (0.379) (0.274) (0.048) (0.228) (0.069)
Age 1.005 1.005* 1.000 1.003 0.995*% 1.004 1.004 0.993**
(0.004) (0.003) (0.003) (0.002) (0.003) (0.005) (0.003) (0.003)
Female 0.661%** 0.644%** 0.708%** 0.951 0.637%** 0.778* 0.878 0.903
(0.077) (0.057) (0.065) (0.066) (0.054) (0.110) (0.082) (0.094)
Married 0.906 0.829%* 0.902 0.944 0.902 0.904 0.850* 0.772%**
(0.100) (0.067) (0.076) (0.057) (0.071) (0.117) (0.071) (0.071)
Educated 1.107 1.01 0.946 0.968 0.813** 0.996 0.872 0.919
(0.130) (0.092) (0.091) (0.067) (0.074) (0.128) (0.082) (0.089)
Breadwinner 1.017 0.914 1.042 1.135*% 0.980 0.767** 0.896 0.878
(0.111) (0.083) (0.098) (0.081) (0.088) (0.087) (0.080) (0.073)
ARP bylaws enforcement 0.765%* 0.727%** 0.632%** 0.787%** 0.641%** 0.688%** 0.624** 0.757%**
(0.090) (0.067) (0.069) (0.060) (0.071) (0.078) (0.069) (0.064)
ARP encouraged
No. of tree planted 0.973** 0.985** 0.984** 0.980%** 0.990 0.984* 0.986** 0.988**
(0.011) (0.007) (0.008) (0.007) (0.006) (0.009) (0.007) (0.006)
Composting freq. 0.596%** 0.800%** 0.613%** 0.656%** 0.817%** 0.483%** 0.751%** 0.795%**
(0.062) (0.052) (0.049) (0.037) (0.051) (0.055) (0.053) (0.056)
In-situ farm residue 0.928 0.944 1.042 0.868*** 0.805%** 1.178%** 0.949 0.988
reuse freq.
(0.072) (0.048) (0.046) (0.038) (0.050) (0.054) (0.051) (0.055)
Practices discouraged
Bushfires freq. 1.213*%* 1.227%** 1.453%** 0.975 1.257%** 1.326%** 1.302%** 1.2871%**
(0.097) (0.079) (0.100) (0.053) (0.082) (0.109) (0.085) (0.080)
Tree cutting freq. 1.099%*** 1.137%** 1.116*** 1.119%** 1.148%** 1.061** 1.096*** 1.118%**
(0.023) (0.018) (0.020) (0.016) (0.018) (0.027) (0.020) (0.018)
Slash&Burn freq. 1.081 1.149%* 0.956 1.193%** 1.020 1.226%** 1.158%** 1.170%**
(0.078) (0.064) (0.061) (0.052) (0.061) (0.090) (0.066) (0.066)
Constant 1.069 1.156 1.245 1.062 2.065%** 1.142 1.106 2.493%**
(0.348) (0.296) (0.338) (0.215) (0.529) (0.408) (0.292) (0.657)
Observations 700 700 700 700 700 700 700 700
Pseudo R? 0.2497 0.2092 0.2510 0.3147 0.2796 0.3232 0.2519 0.2865
LR Chi2 (14) 447.20 486.63 580.91 975.37 671.51 538.17 577.88 686.74

back on their food portion sizes, consuming imma-
ture crops, depending on discarded and leftover
flour in public grinding mills, the sale of their pro-
ductive assets such as bullocks and other farm ani-
mals and gleaning from neighbours’ farms. The
results further show that a unit increase in the use of
in-situ farm residue after harvest resulted in highly
significant reductions in farmers’ frequency of sub-
sisting on two of the eight coping strategies, namely
limited portion sizes of food and maternal buffering.
Surprisingly, however, farmers’ frequency of scaveng-
ing from public grinding mills increased by a factor
of 1.178, holding all other variables in the model
constant. These results largely buttress arguments in
the literature on the importance of organic fertiliser
for food security (Patel et al., 2020).

Aside encouraging the positive ARP, the bylaws
also frowned on negative agronomic practices of
farmers that were impinging on the resilience of their

ecology, and as a result, reduced their resilience to
food insecurity. These negative practices were setting
the bush ablaze in search of game, thereby causing
bushfires, indiscriminate felling of trees for fuel-wood
and for sale, and engaging in slash-and-burn farming.
All three negative practices largely had a direct rela-
tionship with farmers’ increased frequency of coping
with food insecurity. The results show significant and
direct associations between farmers’ frequency of
bush burning and their frequency of food borrowing,
foraging for wild fruits (e.g. ebony and shea) and ani-
mals (e.g. rats and rabbits), immature crop consump-
tion, consumption of limited food portion sizes,
maternal buffering, begging from grinding mills, sale
of their productive assets such as bullocks, and glean-
ing from neighbours. In a similar fashion, a direct rela-
tionship exists between farmers' frequency of felling
trees and the accentuation in their coping strategies
for food insecurity.
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Table 5. Results of the Seemingly Unrelated Regression (SUR) models.

(1) @ ®3)

(4) () (6) @) (8)

Forage from Immature Ltd portion Maternal
VARIABLES VARIABLES Borrow food the wild crops sizes buffering Grinding mill  Sell assets
Socio-demographics
District (Ref: Nadowli)
Nandom —0.511%** —-0.141 —0.371%* —0.298 —-0.270* —0.340%** —0.537%** —0.763***
(0.111) (0.152) (0.154) (0.203) (0.146) (0.109) (0.145) (0.147)
Jirapa —-0.191 0.860%** 0.751%** 2.861%* 1.192%** —0.557*** 0.735%** —0.609%**
(0.132) (0.179) (0.183) (0.241) (0.172) (0.128) (0.171) (0.174)
Age 0.005 0.008* 0.002 0.007 —0.004 0.004 0.007* —0.003
(0.003) (0.004) (0.004) (0.005) (0.004) (0.003) (0.004) (0.004)
Female —0.324%** —0.590%** —0.415%** 0.125 —0.686%** —0.090 —0.081 —0.028
(0.104) (0.141) (0.144) (0.190) (0.136) (0.101) (0.135) (0.137)
Married —0.001 —0.109 0.011 0.024 —0.039 0.052 —0.036 —0.088
(0.080) (0.109) (0.111) (0.146) (0.105) (0.078) (0.104) (0.106)
Educated 0.074 0.023 —0.050 —0.062 —-0.219* 0.036 —-0.129 —0.069
(0.087) (0.119) (0.121) (0.159) (0.114) (0.085) (0.113) (0.115)
Breadwinner —0.035 —-0.139 —-0.014 0.277* —0.039 —0.213** —-0.136 —-0.219*
(0.087) (0.119) (0.121) (0.160) (0.114) (0.085) (0.114) (0.115)
ARP bylaws —0.209%** —0.271%** —0.306*** —0.257*%* —0.280%** —0.286*** —0.336*** —0.346%**
enforcement (0.057) (0.078) (0.079) (0.105) (0.075) (0.056) (0.074) (0.075)
ARP encouraged
No. of tree planted —0.010** —0.008 —-0.007 —0.007 —0.005 —0.006* —0.007 —0.010**
(0.004) (0.005) (0.005) (0.007) (0.005) (0.004) (0.005) (0.005)
Compostng freq. —0.154%*** —0.084 —0.210%** —0.362*** —0.069 —0.159%** -0.121* —0.104
(0.049) (0.067) (0.068) (0.090) (0.064) (0.048) (0.064) (0.065)
In-situ farm residue —0.033 —0.005 0.052 —0.083 —0.090* 0.052 —0.025 —0.024
reuse (0.038) (0.052) (0.053) (0.070) (0.050) (0.037) (0.049) (0.050)
Practices discouraged
Bushfires freq. 0.149** 0.175* 0.366%** —0.262%* 0.186** 0.316%** 0.299%** 0.372%**
(0.068) (0.093) (0.095) (0.125) (0.089) (0.067) (0.089) (0.090)
Tree cutting freq. 0.192%** 0.310%** 0.269%** 0.337%** 0.349%** 0.116%** 0.206*** 0.317%**
(0.027) (0.037) (0.038) (0.050) (0.036) (0.027) (0.036) (0.036)
Slash&Burn freq. 0.155%** 0.201** 0.036 0.402%** 0.080 0.327%** 0.286*** 0.336***
(0.059) (0.080) (0.082) (0.108) (0.077) (0.057) (0.077) (0.078)
Constant 0.861%** 0.956%** 0.936%** 0.389 1.549%** 0.705%** 0.740%* 1.536%**
(0.255) (0.348) (0.355) (0.468) (0.335) (0.250) (0.333) (0.337)
Observations 700 700 700 700 700 700 700 700
R-squared 0.361 0.337 0.333 0.471 0.425 0.416 0.371 0.472

Standard errors in parentheses. ***p <0.01, **p <0.05, *p<0.1.

Robustness checks

For robustness, a Breusch-Pagan test of indepen-
dence of error terms is run to determine if the error
terms in models estimated earlier are independent or
cross-correlated. With a significant Breusch Pagan
statistic (chi2=1937.925), the null hypothesis of inde-
pendent error terms is rejected. The errors in the var-
ious models are cross-correlated to enable the
estimation of a multivariate regression model. Table
5 presents the results of a Seemingly Unrelated
Regression model. The results of the SUR model indi-
cate that ARP enforcement is associated with a
reduction in all eight (8) coping strategies. The results
are consistent with earlier findings in Table 4.

Conclusions and recommendations

This article has shed light on the influence of a resil-
ient ecology on enhanced food security in the Upper
West Region of Ghana. By employing the ecological

resilience framework and the coping strategy frame-
work, the findings revealed that when local commu-
nities mobilise themselves and enforce local
requlations to protect their natural surroundings, it
leads to an improvement in food security among
community members. All eight identified coping
strategies for food insecurity, together with their
composite score, showed significant reductions when
local leaders enforced bylaws aimed at increasing
autonomous resilient practices (ARP). Furthermore,
ecologically sound practices such as tree planting,
composting, and in-situ re-injection of plant residues
significantly decreased farmers’ frequency of relying
on various coping strategies for food insecurity.
Conversely, increases in harmful ecological practices
such as bush burning, unrestricted tree cutting, and
slash-and-burn farming had significant and direct
association with how frequently farmers resorted to
the various coping strategies for food insecurity.

To effect these local bylaws, local taskforces were
created to monitor the environment. Among other



things, these taskforces were trained by Ghana
National Fire Service on how to identify and dowse
bushfires. Volunteers of the local taskforce also
received whistles. These were blown in order to
sound an alarm to community members when they
saw wildfires. Any community member who heard
the sound of the whistle was obliged to proceed to
the point of inferno and help quench it. If bushfires
got out of hand, the locals called on the expertise of
the Ghana National Fire Service. The taskforce also
protected trees from indiscriminate felling. These
findings underscore the capacity of local communi-
ties to formulate and enforce local regulations that
enhance their resilience and food self-sufficiency,
especially in anticipation of potentially catastrophic
events that smallholder farmers may face due to cli-
mate change. It also emphasises the importance of
grassroots solutions to the flaws in the current food
system, which produces excess food but fails to ade-
quately feed significant segments of the global pop-
ulation. Beyond pointing to the need for collaborative
work between change agents such as NGOs and cen-
tral governments on the one hand and local actors
on the other, the study further highlights the indis-
pensable role of local authorities and community
members in humanity’s collective effort to reduce
hunger and promote sustainable agriculture as
espoused in the 2030 Agenda for Sustainable
Development (United Nations, 2022).

Notes

1. Instances in which older household members, par-
ticularly breastfeeding mothers, sacrifice their own
food intake due to food shortages, ensuring that
their children have enough to eat (Maxwell, 1996).

2. Situations in which, because to food shortage, older
household members, and especially breastfeeding
mothers, forego food in order that their children
may have enough to eat (Maxwell, 1996).
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