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Across sub-Saharan Africa, climate change is leading to increasingly erratic weather

patterns that challenge farming practices, particularly for smallholder farmers. Preparing

farmers for these changes and increasing their resilience to extreme weather events

is critical for food security in areas where populations are increasing. The El Niño

event of 2015/16 led to drought conditions in Malawi which are expected to become

more normal in the future. This resulted in widespread crop failure and the need for

external food aid. The experiences of Malawian farmers during this time creates an

opportunity to identify areas where adaptations in land management practices as part

of resilience building initiatives can prepare farmers for future climates. This paper

presents results of household surveys and interviews of 201 farmers from a case study

in southern Malawi. Half of the farmers surveyed practice Conservation Agriculture (CA),

a Climate Smart Agriculture technology that increased resilience to this drought event.

The majority of households relied on agriculture for all their livelihood streams, indicating

that diversification away from sole dependence on agriculture would increase resilience.

Our study shows that poorer, female farmers are less likely to practice CA than wealthier

male farmers. Results also illustrate that while farmers had access to seasonal weather

forecasts, a key tool to guide land preparation and planting, they remained reluctant to

believe them or to amend cropping or land management practices. Agricultural extension

services within Malawi can play a vital role in preparing farmers for future extreme weather

events and ensuring forecast communication link to predicted agricultural impacts and

land management actions for building resilience into agricultural systems. Extension

services need to focus on supporting poorer female farmers to adopt CA practices and

providing farmers with the tools and knowledge to respond effectively to seasonal and

sub-seasonal climate information.

Keywords: climate services, conservation agriculture (CA), sub-Saharan Africa, climate adaptation, disaster

preparedness, climate smart agriculture
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INTRODUCTION

Climate change and weather variability are key factors affecting
food systems in most parts of sub-Saharan Africa (Kotir,
2011), especially among rural subsistence farming communities

(Shisanya and Mafongoya, 2016). This has been seen recently

in Malawi, where agriculture is predominantly rain-fed and
practiced by 76% of Malawi’s population (National Statistics
Office, 2017). The agricultural sector contributes 30% to GDP,
which fell 3.2% from 2014 to 2016 (Botha et al., 2018), affecting

the delivery of other essential sectors such as health and
education. Flooding in 2014/15, followed by droughts in 2015/16,
led to a 30.2% year-on-year drop in maize production (World
Bank, 2019), which is grown on 90% of cultivated land (Mutegi
et al., 2015). This was due to the El Niño event of 2015/16, one
of the strongest on record (NOAA, 2015; Whitfield et al., 2019).
Not only are El Niño events predicted to become more extreme
(Wang et al., 2019), but these types of conditions (erratic rainfall,
droughts and flooding) are expected to become more normal
according to predicted future climate change scenarios (Niang
et al., 2014; Mittal et al., 2017; Hart et al., 2018).

The decrease in maize yields in 2016 led to 6.5 million people
within Malawi requiring food aid (USAID, 2016). Increasing
farmers’ preparedness and resilience to extreme weather events
is critical to ensuring food security and continued development
within the country. Strategies to achieve this include the
Farm Input Subsidy Programme (FISP), widespread promotion
of Climate Smart Agriculture, Sustainable Intensification and
increased use of irrigation. This culminated in the release of the
National Climate Change Management Policy and the National
Agricultural Policy in 2016 (Chinsinga and Chasukwa, 2018).

Conservation Agriculture (CA) is a Climate Smart Agriculture
technology, designed to increase resilience to climate change
through three pillars of soil and crop management: reduced
tillage, intercropping or crop rotation and permanent soil cover
(FAO, 2008). It is generally conceptualized to be an agriculture
system encompassing several technologies. CA has been shown
to increase resilience to dry spells and heat stress (e.g., Ngwira
et al., 2012; Steward et al., 2018, 2019; Boillat et al., 2019) but
has limited uptake among farmers, and increasing evidence of
disadoption, where farmers return to their previous practices
once the intervention in place to promote CA ceases (Pedzisa
et al., 2015; Ward et al., 2016; Chinseu et al., 2019; Bouwman
et al., 2021). Reasons for this have been discussed widely (see
Hermans et al., 2020), with possible reasons varying from
constraints at household level such as poor health, labor and
capital availability (Jew et al., 2020), a lack of technical support
(Chinseu et al., 2019) and practical limitations, such as a
lack of equipment (Habanyati et al., 2018) or land (Bouwman
et al., 2021). Given the promising yield results shown from
previous studies, understanding how promotion of CA can be
improved will enhance farmer preparedness and resilience to
erratic climate events.

A further consideration is that of the provision of climate and
weather information to farmers, and how they access, interpret,
and make decisions based on this information. Appropriate and
timely information is expected to improve the capacity of farmers
tomanage the risks associated with climate variability and change

(Vaughan et al., 2019). The use of weather information allows
farmers to identify crops and plan for the season (Roudier et al.,
2014), and use of climate information can enable national policies
to be developed to support farmers in decision making over
varying timescales (Vincent et al., 2017; Nkiaka et al., 2019).

As the climate alters and conditions become less suitable
for agricultural production (particularly that of the main food
crop maize) in the medium to long term future (Stevens and
Madani, 2016), greater diversity in livelihoods may also improve
agricultural system resilience and preparedness. Currently within
Malawi only 23% of households in rural areas are engaged
in non-farm enterprises (National Statistics Office, 2017).
Previous studies have illustrated the dependency on agricultural
livelihoods in many households (Chidanti-Malunga, 2011).

Resilience and preparedness to extreme climate events
requires a multifaceted approach (Whitfield et al., 2019), and it is
important to understand the extent to which farmers in Malawi
have the capacity to prepare and adapt to climate change. Using
a case study from southern Malawi, we conducted a survey of
farmers who practiced CA and of those who did not during the
2015–16 El Niño drought event. In order to understand the extent
of their preparedness and resilience to this, and future extreme
weather events, we asked the following research questions: (1)
Who are CA farmers, and are there opportunities to increase
participation in CA farming?; (2) How do farmers (CA and non-
CA) access weather information, and how do they utilize this
information in guiding their cropping and land management
decisions?; (3) To what extent are farmers’ livelihoods resilient to
extreme weather and are there opportunities for diversification?

METHODOLOGY

Study Area and Context
Malawi has a sub-tropical climate with one crop growing season
that runs from December to April (Mutegi et al., 2015). Malawi
has one of the highest population densities in Africa, with
∼150 people per square kilometer in the southern regions
and over 50% of rural households occupying <1 ha of land
(National Statistical Office, 2015; FAOSTAT, 2017). Poverty
affects 59.5% of the rural population (National Statistics Office,
2017) and high dependence on low-productivity small scale
farming is considered the greatest barrier to reducing rural
poverty (UNDP, 2016).

Since 2005, key investments in the agriculture sector have
been hybrid seed (especially maize) and mineral fertilizer which
have been supported through the Government’s Farm Input
Subsidy Programme (FISP) (Chirwa and Dorward, 2013a),
which in 2020 has been extended through an Affordable Inputs
Programme (AIP). The AIP targets 4.2 million smallholder
farming households, each accessing two bags of fertilizer
weighing 50 kg each at a cost of US$ 5.8 per bag and 5 kg certified
maize seed at US$ 2.60 per pack. The budget of AIP is a staggering
Malawian Kwacha (MK) 160 billion (∼ US $208 million) of the
MK 245 billion (∼US$ 318 million) allocated to the Ministry of
Agriculture, representing a 78% increase from the MK 36 billion
(∼US$ 47 million) allocation to the final edition of FISP. Unlike
FISP, which included legumes in the package, AIP is focusing
entirely onmaize asMalawi’s dominant staple grain (GoM, 2020).
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The participation of the private sector has also increased within
the seed and fertilizer industry due to market availability (Chirwa
and Dorward, 2013b) since the programme is funded by the
Government of Malawi.

Research took place in southern Malawi, within the districts
of Machinga and Balaka during August and September 2016
(Figure 1). These districts were selected according to the criteria
of having experienced some, but not complete, crop loss in the
2015/16 season with CA practiced by some farmers for at least 3
years. Populations within Balaka and Machinga have been rated
as highly vulnerable to climate-related risk and shocks within
Malawi (Government of Malawi, 2018). Within each District we
followed government extension structures which comprise of
District Agriculture Development Offices (DADO). The DADO
is divided into Extension Planning Areas (EPAs). These are
geographically demarcated areas composed of several villages.
EPAs are managed by an Agricultural Extension Development
Officer (AEDO). Each EPA is then divided into Sections that
have a smaller number of villages and act as a unit for local level
field demonstration. In this study, an Extension Planning Area
(EPA) was selected where both CA and non-CA was practiced,
and within each EPA two Sections were selected where farmers
had access to agricultural extension advice through the presence
of an Agricultural Extension Development Officer (AEDO). Lead

FIGURE 1 | Study sites within Malawi.

farmers who demonstrate CA practices to their fellow farmers
are also present in all Sections. These selection criteria enabled
comparisons between CA and non-CA farmers. Four Sections
were selected in total.

Prior to the start of the research, interviews were conducted
with agricultural extension officers to gain an understanding of
the study sites. Within the two sections studied in Machinga,
CA was promoted by Total Land Care (a local NGO) from 2013
to 2017, and had been adopted by approximately 1.5% of the
2,600 households within the Sections. Maize is the dominant crop
grown, with limited livestock keeping. Fishing in nearby Lake
Chilwa is an important source of income formany households. In
Balaka, CA was introduced in 2007 by the Food and Agriculture
Organization of the United Nations (FAO) as part of a 5-
year programme. Since then, CA has been promoted by other
organizations including World Food Programme, ActionAid,
and World Vision, this has led to a higher adoption rates of
5.5% of the 2,967 households within the two sections. There are
few other income generating activities within the area other than
agriculture and other resource-based livelihoods such as selling
of charcoal, firewood and brick molding.

Methods
Household surveys consisting of open and closed questions (see
survey in Supplementary Material A) were conducted within
each Section. The survey gathered details of agricultural practices,
yields and access to information and support during the 2015–
16 farming season. Surveys were completed by farmers who did
not practice any CA methods (non-CA) and farmers who self-
identified as practicing CA in at least one of their plots of land.
This was verified by checking their descriptions of their farming
practices. CA was considered to be practice of at least one of
the three pillars of CA including intercropping or crop rotation,
minimum or zero tillage and permanent organic soil cover, such
as mulching or use of a cover crop. Sampling for CA farmers was
exhaustive, initially using those registered in Section records, on
village lists and then through identification by lead farmers. Non-
CA farmer sampling was conducted through random selection of
names from village household lists. The household survey was
initially written in English and then translated into Chichewa
by five research assistants, who checked for different local
words to ensure understanding. This was conducted through an
iterative process over intensive piloting for 1 week prior to the
research period.

This resulted in a total of 201 complete questionnaires, 104
from CA farmers, and 97 non-CA farmers (Table 1).

Descriptive and inferential statistics were performed on
quantitative data referring to demographics and crop yields in
R 3.3.2 (The R Foundation for Statistical Computing, 2016).
Qualitative data referring to weather information and subsequent
practices was coded in NVivo 10 (QSR International, 2012).

RESULTS

Who Are CA Farmers?
The average age of respondents (both CA and non-CA) was 43.5
± 15.3 (mean± SD, n= 200). The average age of CA farmers was
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47.4 ± 13.8 (n = 103), and the average age of non-CA farmers
was 39.3±15.8 (n = 97). This is a significant difference in the
ages of farmers between the two types of farming systems (MW,
p < 0.0005), illustrated in Figure 2. There are also differences in
gender between the two groups. Of the 201 respondents there
were 116 women, and 85 men. More women (n = 68, 58.6%)
cultivated non-CA than men (n = 29, 34.15%), and more men
(n = 56, 65.9%) practiced CA compared to women (n = 48,
41.4%). This relationship between gender and agriculture system
is significant (χ2 (1, n = 201) = 10.83, p < 0.005). Results show
that differences between gender and wealth are also significant,
with womenmore likely to be poorer (Fisher’s exact test, p< 0.05,
Supplementary Figure 1).

There was some evidence of an association between wealth
and the type of cultivation (Fisher’s exact test, p = 0.058)
(Figure 3). When assessing the association between gender
and wealth within the farming types there was a significant
association between wealth and gender for CA farmers (Fisher’s
exact test, p < 0.05), with male farmers wealthier than female
farmers (Figure 3).

TABLE 1 | Distribution of non-CA and CA farmers participating in the household

survey.

District Section Non-CA CA CA LF Non-CA LF Total

Balaka 1 24 20 8 0 52

2 23 17 3 1 44

Machinga 1 25 21 5 0 51

2 24 22 8 0 54

Total 96 80 24 1 201

LF = Lead farmer.

Seasonal Weather Forecast Information
The seasonal forecast is provided by the Government of Malawi’s
Department of Climate Change and Meteorological Services
(DCCMS) and for 2015/2016 the prediction was communicated
as normal to above normal rainfall for the whole country (GoM,
2015), despite the regional prediction of drought as associated
with the strong El Niño Southern Oscillation conditions (Blamey
et al., 2018). Below average rainfall amounts were expected from
October to December 2015, while average rainfall amounts were
predicted to occur from January toMarch 2016 with January 2016
expected to be the wettest month. Finally, prolonged dry spells
were expected between February and March 2016 (GoM, 2015).

Agriculture, weather, and weather information in the study
area was communicated by the Farm Radio Trust, an NGO
supporting extension and advisory services through radio
and mobile phone. In addition, the DCCMS disseminated
the weather information through newspapers, radio and
TV communications.

Accessing Weather Information
Results from the household surveys show that the majority of
farmers (166, 82.6%) got their information about the weather
from the radio. Other sources of information included extension
services and other phone services (Table 2). Extension service
information was accessed by 22.1% of CA farmers compared
to 11.3% of non-CA farmers. Few farmers (3.5%) obtained no
information about the weather at all.

Response to Weather Information
When farmers were asked whether they were aware that the
rainfall for the 2015/16 season would be erratic, 77.6% said that
they had not known. Of the 82.6% of farmers who received their
weather information from the radio, 76.5% (127) did not know
that rainfall would be erratic. Qualitative data indicated that

FIGURE 2 | Distribution of ages by respondents for CA and non-CA farmers (Household survey, n = 201).
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FIGURE 3 | Wealth and gender by farming type (Household survey, n = 201).

TABLE 2 | Sources of weather information [multiple answers accepted (Household survey n = 201)].

Method CA farmers

(n = 104)

Non-CA famers

(n = 97)

Male

(n = 85)

Female

(n = 116)

Total

(n = 201)

Radio 85 (81.7%) 81 (83.5%) 77 (90.6%) 89 (76.7%) 166 (82.6%)

Extension services 23 (22.1%) 11 (11.3%) 17 (20%) 17 (14.7%) 34 (16.9%)

SMS/phone services 5 (2.9%) 1 (1%) 5 (5.9%) 1 (0.9%) 6 (3%)

From friends 6 (3.8%) 10 (10.3%) 2 (2.4%) 2 (1.7%) 16 (8%)

Personal observations 3 (2.9%) 1 (1%) 3 (3.5%) 13 (11.2%) 4 (2%)

Newspaper 2 (2.1%) 0 1 (1.2%) 1 (0.7%) 2 (1%)

None 4 (3.8%) 3 (3.1%) 1 (1.2%) 6 (5.2%) 7 (3.5%)

within this group there was a mistrust of radio weather forecasts,
with 10 respondents saying that the weather forecast on the radio
had been for good or higher rainfall, 11 saying that the weather
experts are not accurate and 5 saying that they do not believe the
radio. One respondent said “I did not know. . . The weather experts
through the radio lied to us... I won’t trust them again” (female CA
farmer, Machinga, household survey 2016).

Of the 34 (22.9%) who both listened to the radio weather
forecasts and knew that the rainfall would be erratic, qualitative
data indicated that four respondents based their knowledge on
their own observations of change in wind, and the remaining
respondents had heard it on the radio, however three of these said
that they had not believed the forecast. Two respondents said that
initially the forecasts had said that the rainfall would be good, but
that the forecast changed just before the rains were due to start.

There was no evidence of differences between crop yields of
farmers who had been aware that the weather would be erratic in
2015/16 compared to those who were not aware (Table 3).

There was some discrepancy between gender and engagement
with weather forecasting. Of the 116 female farmers, 99 (85.3%)
did not know that the rainfall would be erratic, compared to
67.1% of men (57 of 85). With regards to radio access, 89 women
(76.7%) got their weather forecast from the radio, and 76 of these
women (85.4%) did not know that the rainfall would be erratic. In
comparison, 77 male farmers (90.6%) got their weather forecast
from the radio, and 51 (66.2%) did not know that the rainfall
would be erratic.

Future Weather Predictions for 2016/17
Respondents were asked what they thought the weather would
be like for the coming growing season (November 2016–April
2017). Half (100) of respondents stated that they did not know
what the rains would be like. Qualitatively, 10 respondents
said that the weather had become unpredictable, and others
said that it was “God’s plan” or that they were “resigned to
fate.” Of the remaining half of respondents, 95% said that
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TABLE 3 | Crop yields for farmers who were aware of erratic rainfall and those

who were not.

Crop Yield knowledge

of weather

Yield - no

knowledge

Mann Whitney

U Test

Hybrid maize

Failed harvest

658.2 ± 578.7 (n = 45)

9 (16.7%)

602.2 ± 651.4 (n = 169)

25 (12.9%)

p = 0.1531

Local maize

Failed harvest

357.6 ± 251.1 (n = 19)

4 (17.4%)

301.2 ± 246.6 (n = 54)

12 (18.2%)

p = 0.2478

Groundnuts

Failed harvest

489.5 ± 524.9 (n = 27)

5 (15.6%)

314 ± 314 (n = 66)

18 (21.4%)

p = 0.3014

Pigeonpeas

Failed harvest

186.9 ± 215.7 (n = 29)

15 (34.1%)

127.2 ±160.7 (n = 87)

43 (33.1%)

p = 0.1669

Cowpeas

Failed harvest

196 ± 157.5 (n = 12)

9 (42.9%)

149.9 ± 195.2 (n = 47)

36 (43.4%)

p = 0.1176

Cassava

Failed harvest

169.9 ± 21.8 (n = 2)

3 (60%)

227.1 ± 198.9 (n = 12)

4 (25%)

p = 1

Household survey 2016 [n = 200, Weather awareness =NA (n = 9)].

they thought the rains would be “good” or “early.” Reasons
for this were largely based on indigenous local knowledge
(environmental observations), with respondents citing current
weather conditions such as “hot andwindy” or “northerly winds.”
Other reasons included the use of indigenous local knowledge,
including that the mango trees had flowered well, there were
many ants and termites, or that it smelt like rain. Other responses
were largely based on fate, with respondents believing that there
would be good rains because it would be compensation for last
season’s poor rains, that God would be merciful, or that good
rains followed bad ones.

Preparation for 2016/17
Respondents were asked if they would take any action to protect
their crops from extreme weather such as drought or flooding
in the 2016/17 season. CA farmers seemed to be happy with the
impact that their methods had on reducing the impact of dry
spells in the previous season, with 75 farmers (72%) saying that
they would continue with CA methods. Hybrid maize yields for
CA farmers were double those of non-CA farmers (Jew et al.,
2020). These methods included mulching and using planting
basins. There was some emphasis on the management of box
ridges to enable moisture to be retained or released through
adding drains. Other methods included growing a wider variety
of crops with some drought tolerant varieties and planting early.
The remaining CA respondents (n= 26, 25%) did not know what
they would do. Reasons for this included it being hard to prepare
because they did not know what the rains would be like, and that
they did not know what to do to help them to protect the crops.

The responses of non-CA farmers were similar. Evidence
from neighbors farming CA encouraged some farmers to begin
CA practice, with 43.3% of farmers indicating that they would
like to either undertake full CA in the following season or
to adapt practices applied through CA, such as box ridges
or mulching. Other methods included using drought tolerant
crops, planting a diverse range of crops, practicing irrigation and
using mineral fertilizer. Five farmers said that they would seek

extension officers’ advice on what to do. Again, 29 farmers (30%)
did not know what they could do to protect their crops from
extreme weather conditions, with some farmers explaining that
it is difficult to plan when they do not know what the weather
will do, and others saying that they would have to accept what
happens, with one respondent suggesting that he would look for
alternative income sources to continue to support his livelihood.

Other Routes to Resilience
Resilience - Crop Diversity
Households grow a range of crops for both subsistence and
for sale (Table 4). All households grew either a hybrid maize
(modified seeds for drought tolerance or early maturing) or local
maize seed (grown from seeds local varieties of crops mostly kept
from the previous harvest). The results show that most of the
farmers grew hybrid maize followed by pigeonpeas. The majority
of households grew at least three different crops (Figure 4).

Table 5 illustrates that both CA farmers and non-CA farmers
experienced similar perceived decreases in yields from their
expected to harvested yields. The exception is cowpeas, where CA
farmers perceived a lower decrease in yield than non-CA farmers.

Resilience - Livestock
Respondents were asked to list the type and number of animals
that they kept (Table 6). The most commonly kept animals are
goats and chickens, which are kept for subsistence and also for
sale. Almost twice as many households engaged in CA kept
chickens than those who did not practice CA (70.2 vs. 40.2%).
Of those households who did keep chickens, CA farmers kept
more on average than non-CA farmers (9.3 ± 8.3 (mean ± SD)
chickens compared to 5.6 ± 4.2 chickens); this was a statistically
significant difference (MW, p < 0.01). More CA farmers also
kept goats than non-CA farmers (51 vs. 32%), but the difference
between the average number of goats kept (4.8 ± 4.4 vs. 3.2 ±

2.2) was not significant (MW, P = 0.09). Doves, ducks, turkeys,
guineafowl, pigs, rabbits and sheep were also kept for their meat,
both for subsistence and sale by a limited number of households.
Very few households kept cattle, and of those that did they kept
them to sell, with only one household listing transport as a reason
for keeping cattle. When converted into Tropical Livestock Units
(TLU) non-CA households had an average total of 1.776 TLU,
and CA households 2.473 TLU (Table 6).

Keeping livestock as assets or diversifying into livestock
keeping as another income stream does come with risks from
a range of sources. Disease resulting in loss was reported by
60.7% of households who kept chickens. Themain disease named
was Newcastle Disease. Respondents reported limited losses from
wild animals, including the loss of four goats from two separate
households to hyenas, and one reported loss of guineafowl. This
predation was not assessed if it was linked to drought. There were
38 reports of loss of chickens, reasons for this included predation
by wild birds (e.g., hawks and eagles, cited by 19 respondents) and
feral dogs (12 respondents).

Climate hazards were reported as a threat to livestock by a
limited number of respondents, with singular reports of loss of
doves, goats and pigs due to lack of food caused by drought.
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TABLE 4 | Crops grown by both CA and non-CA farmers by household.

Crop CA households Non-CA households Crop CA households Non-CA households

Hybrid maize 102 (99%) 78 (80.4%) Pumpkins 6 (5.8%) 1 (1%)

Pigeonpeas 78 (75.7%) 59 (60.8%) Velvet bean 6 (5.8%) 0

Groundnuts 59 (57.3%) 55 (56.7%) Beans 3 (2.9%) 2 (2.1%)

Cowpeas 51 (49.5%) 42 (43.3%) Vegetables 3 (2.9%) 2 (2.1%)

Local maize 37 (35.9%) 43 (44.3%) Sorghum 0 4 (4.1%)

Millet 34 (33%) 33 (34%) Tomatoes 1 (1%) 3 (3.1%)

*Cotton 27 (26.2%) 19 (19.6%) Sugarcane 2 (1.9%) 0

Cassava 13 (12.6%) 11 (11.3%) Banana 0 1 (1%)

Sweet potato 6 (5.8%) 4 (4.1%) Hyacinth beans 1 (1%) 0

Soybean 7 (6.8%) 2 (2.1%) Mustard 0 1 (1%)

Rice 6 (5.8%) 2 (2.1%) Sesame 0 1 (1%)

*Tobacco 6 (5.8%) 2 (2.1%)

All crops are grown for both household consumption and for sale, apart from those marked with *, which are cash crops only (Household survey 2016, n = 200, CA n = 103, non-CA

n = 97).

FIGURE 4 | Number of different crops grown per household (Household survey, n = 200).

There were 10 reports of loss of chickens due to temperature
fluctuations and lack of food.

Off-Farm Livelihoods
The majority of respondents classified farming as their main
livelihood activity (Table 7). However, most respondents had
more than one livelihood activity: 54.2% respondents with two
livelihood activities, 22.9% with three, 2.5% with four, and 20.4%
having no further livelihood activity.

Examples of businesses include selling produce such as
tomatoes, mandazi (a dough bun), and fish. A full list of
livelihood activities is in Supplementary Table 2. In total 408

livelihood activities were undertaken, of which 245 (60%)
involved farming. A further 48 were listed as labor or piecework,
which is likely to be farm based.

DISCUSSION

Smallholder farmer preparedness for extreme weather events in
Malawi involves long term changes to farming practices and
livelihoods, which need to be facilitated through policies and
extension programmes that better support farmers’ needs. This
study identified three areas where improvements are needed to
increase preparedness for smallholder farmers: gender equality
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TABLE 5 | Crop yields under CA and non-CA in 2015/16 and the yields that are normally expected.

Crop Number of

plots

Total crop

fail (%)

Average 2015/16 yield

(kg ha−1)

SD

(kg ha−1)

Expected yield

(kg ha−1)

SD

(kg ha−1)

Percentage decrease

of yield

CA

Hybrid maize 107 9 (8.4%) 899.6 741.5 2882.7 2154 68.8%

Local maize 5 1 (20 %) 211.5 174.4 1899.1 956 88.9%

Cassava 2 1 (50%) 247.1 - 1853.3 - 86.7%

Pigeonpeas 46 8 (17.4%) 147.3 159.6 588.7 517.1 75.0%

Cowpeas 27 9 (33.3%) 173.7 222.7 325.2 401.3 46.6%

Groundnuts 14 3 (21.4%) 237.2 201.4 1241.8 959.2 80.9%

Non-CA

Hybrid maize 149 25 (17.3%) 392.2 395.0 1876.1 1415.1 79.1%

Local maize 85 15 (17.4%) 324.5 247.4 1866.9 1183.5 82.6%

Cassava 20 6 (30%) 324.9 428.1 1084.5 527.1 70.0%

Pigeonpeas 130 51 (39.2%) 145.4 187.4 599.0 745.3 75.7%

Cowpeas 78 37 (47.4%) 160.9 175.3 612.1 777.7 73.7%

Groundnuts 104 20 (19.2%) 382.5 409.4 1503.7 1490 74.6%

Average yield calculated using harvested crops (Household survey 2016, n= 200). For statistical comparison between CA and non-CA yields for 2015/16 see Supplementary Table 1.

TABLE 6 | Livestock kept by households (Household survey, n = 201).

Animal Number of

households

(n = 104)

Total number

of animals

Average number

of animals

per household

Average TLU

per household

Number of

households

(n = 97)

Total number

of animals

Average number

of animals

per household

Average TLU

per household

Cat 8 (7.7%) 13 1.6 5 (5.2%) 6 1.2

Cattle 2 (1.9%) 2 2.0 1.4 2 (2.1%) 4 2.0 1.4

Chickens 73 (70.2%) 640 9.3 0.093 39 (40.2%) 209 5.6 0.056

Dog 7 (6.7%) 9 1.3 1 (1%) 1 1.0

Doves 12 (11.5%) 68 6.8 5 (5.2%) 44 11.0

Duck 11 (10.6%) 32 2.9 3 (3.1%) 6 2.0

Goats 53 (51%) 252 4.8 0.48 31 (32%) 100 3.2 0.32

Guineafowl 2 (1.9%) 11 5.5

Pigs 4 (3.8%) 15 3.8

Rabbits 2 (1.9%) 6 3.0

Sheep 2 (1.9%) 10 5.0 0.5

Turkey 1 (1%) 2 2.0

None 16 (15.4%) 43 (44.3%)

TLU = Tropical livestock unit.

in promotion of CA: trust in, and capacity to utilize seasonal
weather forecast information; and diversification in livelihood
streams that are independent from farming.

Gender Biases in CA
Evidence from this study illustrates that it is wealthier, male
farmers who are more likely to practice CA, which is promoted
through NGOs, extension services and in government policy.
This gender gap in relation to the adoption of CA is well-
documented across sub-Saharan Africa (Wekesah et al., 2019).
Reasons for this are varied, including the role of women within
the household, where they retain responsibility for caring duties
and household tasks (Farnworth et al., 2016) in addition to
their farming activities, resulting in limited time to invest in

learning new agricultural techniques. Male farmers are more
likely to be connected to village political systems, and have
time to attend training meetings. Integrated and inclusive
planning of household tasks in line with agriculture interventions
within a season is lacking, thereby weakening the resilience of
food systems. While reduced tillage may decrease initial labor
demands in comparison with ridge making, labor demands are
increased for tasks such as weeding (Andersson and D’Souza,
2014), and this increased labor disproportionally falls on women
(Montt and Luu, 2020). Women often have limited access
to capital, basic tools and transport (Murray et al., 2016)
constraining their ability to participate.

This gender bias in agricultural training is known, with
policy interventions aiming to increase female participation in
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TABLE 7 | Respondent’s main occupation (Household survey, n = 201).

Farming

type

Farmer Laborer Business Teacher Grand Total

CA 97 (93%) 3 (2.9%) 3 (2.9%) 1 (0.9%) 104

Non-CA 80 (82.5%) 10 (10.3%) 7 (7.2%) 97

Total 177 (88.1%) 13 (6.5%) 10 (5%) 1 (0.5%) 201

agricultural training, yet there is little evidence to suggest that this
has been implemented across sub-Saharan Africa (Quisumbing
and Pandolfelli, 2010). A study byMudege et al. (2017) in Malawi
found that barriers to women accessing training and information
often stem from negative stereotypical perceptions of women
held by husbands and extension workers, which are exacerbated
by institutional biases within extension systems that reinforce
these gender norms. Preparedness for resilience food systems will
require specific interventions targeting women farmers including
provision of tailored seasonal extension services.

Given that women’s participation within CA can increase
their income and household food security (Wekesah et al., 2019)
this bias against the involvement of female farmers in new
technologies such as CA should be addressed as a priority and
would also help to address problems of CA disadoption (Chinseu
et al., 2019). Targeting interventions at female farmers, and
particularly those who are poorer, would address the current
imbalance, thereby increasing their future capacity to invest
in further agricultural interventions. Interventions should not
increase their workload and there is need to promote labor
saving technologies. There is need to have a pre-season household
assessment by extension service providers to understand critical
factors that will affect attainment of resilience food systems
during the agricultural season. This will include understanding
assets, sources and quality of labor, income, and alternative food
sources that are available to increase preparedness as a buffer
against poor yields.

It is also important that interventions take a holistic approach
to promoting agricultural technologies alongside investment in
health and education services locally. There is evidence not only
that factors at household level such as poor health constrain
women’s ability to participate (Jew et al., 2020), but that successful
farming strategies can put women at risk of being dispossessed of
land by men (Wekesah et al., 2019). The complexity of gender
relations illustrates that changes are needed at policy level and
require nuanced development, in addition to greater attention
to a research agenda focussing on gender within CA to guide
these developments (Farnworth et al., 2016; Murray et al., 2016;
Wekesah et al., 2019). Easy and quick “wins” include using
female extension officers to increase female participation, which
has been successful agricultural innovation across the border
in Mozambique (Kondylis et al., 2016). In this case, trainings
should be gender sensitive and targeted in its duration, distance
to training and language of instruction to encourage women’s
participation, especially younger women with small children.

In addition, introduction of new technologies among poor
smallholder farmers should not advocate for free inputs as they

are also disincentives to adoption of such technologies when
such support is withdrawn at the end of the project, as poorer
farmers lack the capacity to take personal or household risks
to invest in inputs. Wealthier farmers are able to take greater
risks and invest in new methods, as should they fail they
have additional income sources through which to support their
households. Additional income sources include diversified crops
or livestock, as illustrated in this case study, where CA farmers
grow more different types of crops and have higher numbers of
livestock than non-CA farmers. New technologies and provision
of agricultural inputs and extension advice should be introduced
after a detailed analysis of a household including tasks that
are taken by women before, during and after the crop growing
season. Agricultural extension and advisory services should be
designed to support sustainability of new technologies and
project-based intervention needs to complement government
efforts that seem to be sustainable in nature. As such, testing
and validation of technologies should be showcased through
community demonstration blocks rather than on household farm
sites as this has an implication of special capital and support to
new interventions.

Access, Trust, and Response to Weather
Predictions
Most farmers in this study had some access to weather
information, with the majority of them getting this from the
radio. Radio broadcast agricultural extension advice predates
2007 (Chapota et al., 2014), providing a familiar outlet for farmers
to receive agricultural advice. Despite this widely accepted and
accessed source of information, only 21.4% of respondents
were aware that the weather would be erratic, despite the
majority of farmers receiving weather reports—only 3.5% of
respondents said that they did not get weather information.
Instead, farmers rely more on indigenous and local knowledge,
personal experience and traditional cropping calendars than on
climate information for their decision making (Coulibaly et al.,
2015). Understanding why farmers access weather information
but do not comprehend its significance is critical. This appears to
be due in part to a lack of trust in the information provided, but
also to poor communication of weather forecasting, which needs
to be delivered by a farmer-friendly method that ensures farmers
can understand the messages. Should this communications
barrier remain, it will be problematic in the future as the climate
changes and the traditional signs become less reliable and as
computer-based forecasting becomes more skilful and reliable.

In addition to farmer-friendly forecasting, associated
preparedness actions should be included in radio messages. This
will allow farmers to put in place interventions that will allow
them to address anticipated gaps in rainfall in advance. Limited
or lack of access to farmer friendly weather forecasts has several
implications to preparedness for building resilient agri-food
systems. For example, without it farmers will not be able to
make investment decisions on the appropriate type of crops or
livestock. They will have no information as to when the rains
will start or end, thereby affecting their decision on planting
dates. Preparedness programming should include providing
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relevant information using pathways that will be accessible
by resource-constrained farmers. Allowing pre-season farmer
learning centers to discuss the weather forecast and understand
implications associated with such information will add value to
preparedness for resilient agri-food systems.

Despite a push to increase the amount of information
communicated via mobile phones (Steinfield et al., 2015), only
3% of farmers accessed weather information through mobile
phone services. For example in 2016, mobile phone subscriptions
were ∼41.72 per 100 inhabitants, which has stagnated in recent
years—estimations for 2018 were 39.01 subscriptions per 100
people, meaning that ∼51.7% households had access to a mobile
phone (ITU, 2020). Even though number of mobile subscribers
is increasing, agriculture change agents have not embraced their
use to support farmer preparedness for resilient food systems.

The results have shown that some farmers showed fatalist
attitudes toward rainfall variability. This has several implications
on preparedness. Firstly, farmers tend to continue ignoring
the notion that farming is business and as such it requires
proper planning and forecasting. Failing to understand the main
inputs of any business will result in producing services or
products that will result in losses. Secondly, by not trusting
forecasted weather including rainfall variability shows that
farmers invest in decisions that are always affected by weather
related risks, including prolonged dry spells. Thirdly, credibility
of weather forecast is of paramount importance as previous
weather information has been contrary to actual season weather.
This has led to most farmers failing to trust the information,
and therefore improving local and regional forecasting is of
paramount importance.

Access to information is associated with more extension
officers working with NGOs because of the available logistical
support, including field allowances, which are not readily
available in the traditional extension system supported by the
government. Having a strong government-led extension service
framework that will support and coordinate delivery of advisory
services will allow inclusion of tasks that can strengthen farmer
preparedness in case of any seasonal risks. Even though there
are interventions supporting site specific weather information
generation with the involvement of users such as smallholder
farmers (Dorward et al., 2015) these are mostly project-
based interventions that fail to consider agricultural extension
providers. For farmers to start trusting weather information,
there is need to engage more players, including religious and
traditional leaders, teachers, local volunteers and community
radio stations which are often pivotal in addressing local
needs (Simelton et al., 2013). Designing targeted capacity
building programmes on generation and application of weather
information and the relation of this information to the
agricultural calendar will be an important step in building greater
resilience of African food systems.

Future Farming Planning
A further barrier to acting upon weather information was a lack
of knowledge about how to respond to the forecast and make
appropriate agricultural changes in advance of the agricultural
season. This led to farmers making reactive responses to the

erratic rainfall—maize seeds were replanted up to three times
by some farmers, which drained their limited capital and had
repercussions on their ability to purchase food after these crops
had failed. Constraints such as a lack of capital significantly
impact farmers’ capacity to make either proactive or reactive
responses to changing weather patterns. Furthermore, there is
no deliberate effort at EPA level to analyse the forecast so that
local farmers can understand the implications and then take
decisions to create resilient food systems. This is evident in the
lack of a significant difference in yields between farmers whowere
aware of the erratic weather and those who were not (Table 3),
whereas there were significant differences between the hybrid
maize yields of CA farmers and non-CA farmers (Boillat et al.,
2019; Table 5 and Supplementary Table 1, for more details see
Jew et al., 2020). As illustrated in Table 5, farmers perceived a
significant decrease in yields fromwhat they would have expected
across all crops. However, there are large standard deviations
for expected yields per hectare for all crops. This illustrates that
farmers have differing expectations from yields. This could be due
to differences in fertilizer, pesticide and herbicide application, the
type of soil and the amount of effort put into cultivating the crop.
While this illustrates that collecting field data of crop yields would
be preferable to farmer reporting of yields, it also demonstrates
that farmers have high expectations of crops yields, and are likely
to be disappointed even when their crop has performed well.
For example, hybrid maize yields cultivated under CA were 2.3
times better than hybrid maize crop yields cultivated non-CA
conditions, yet CA farmers were still disappointed with their
yields, as they were 68.8% lower than they expected. CA farmers
expected their yields to be 1.5 times better than those expected by
farmers cultivating hybrid maize through non-CA methods, and
this was surpassed, however not with the high yields expected
(Table 5). A lack of evidence of increased yields is thought to
be a reason for disadoption of CA (Chinseu et al., 2019), and
this illustrates the importance of not “overselling” the benefits
of CA to potential adopters, particularly as shown here, CA
cultivation of hybrid maize does outperform non-CA cultivation
during erratic rainfall conditions. The influence of the different
components of CA cultivation on maize performance on this
dataset is examined in detail in Boillat et al. (2019).

There was evidence that farmers wanted to continue, or to
start, CA farming in the following year. These responses highlight
the continued need for effective and available extension advice.
The Malawi agricultural extension services are constrained by
both a lack of funding and staff capacity (Brown et al., 2018; Jew
et al., 2020) illustrating that there is both a need to invest in these
services but also that there is a role for NGO support, as long as
the messages are consistent (Brown et al., 2017). This weakness
can also directly be linked to farmer preparedness as the majority
of farmers do not have access to extension workers.

Responses surrounding knowledge about weather
information for the coming growing season have shown
that there is a need to provide detailed analysis of predicted
weather. This will call for DCCMs to invest more in equipment
and human resources to support provision of credible weather
information. Provision of this information should also be
associated with information that will strengthen farmer
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preparedness for resilient food systems. Understanding both
short- and long-term future weather can also allow policy makers
to design tailor made agricultural support systems including
review of Affordable Input Programme (AIP) and revised
extension messages through the agricultural year.

Diversification
Diversification within livelihoods as well as in cropping is critical
in addressing food systems resilience (Pelletier et al., 2016).
Within this study most farmers grow more than three crops
in a cropping season, with CA farmers more likely to grow
more (Figure 4). The decision to grow more crops was not
linked to a deliberate preparedness framework, but taken as a
normal risk aversion strategy. Maize remains the staple crop
for Malawian subsistence farmers, however, by the end of the
twenty-first century it is likely that large losses in productivity
will occur across southern Africa regardless of the management
strategies put in place (Rurinda et al., 2015). While agricultural
technologies such as CA can provide some resilience in the short
to medium term it is clear that farmers will need to plant more
resilient crops in future. Decision processes will be improved
if proper preparedness interventions are included in national
programmes, including crop and livestock research programmes,
designing of academic programmes and reviewing the agriculture
extension and advisory services. This agricultural transformation
will require advancement of new technologies that will not
only utilize available water, but address other challenges such as
shortage of land, pests, and diseases and new feeding habits by
the youthful population.

Encouraging farmers to diversify to different crops and
promotion of well-planned livestock management initiatives
are therefore also desirable and should be included in the
preparedness programming. Suitable crops such as sweet potato
(Motsa et al., 2015), sorghum (Hadebe et al., 2017), and cassava
(Brown et al., 2016) have been suggested, along with legumes
such as pigeonpea for their ability to improve soil quality through
nitrogen fixing (Waldman et al., 2017), and are therefore suitable
for intercropping. However, due to limited programming, such
opportunities are not given the required attention, especially
during preseason planning.

Beyond encouraging farmers to grow a more diversified range
of crops there are also political, social and economic issues to
be considered (Tendall et al., 2015). Farmers cultivating more
crops does not immediately translate into greater dietary diversity
(Rajendran et al., 2017). Instead, greater access to markets
and increased purchasing power which enables households to
purchase diverse foodstuffs is important (Koppmair et al., 2017).
Therefore, ensuring that there are viable markets for crops
beyond maize remains a critical contribution to resilience.
During agricultural planning both at national, district and section
level, there is need for a holistic assessment to address such gaps
before the cropping season. The assessment should also look at
available markets for both on-farm and off-farm interventions,
crop-livestock integration and social protection interventions.

Given the importance of markets and income to increase
food security and to lift households out of poverty (Wiggins
and Keats, 2013), livelihood overexposure to one sector increases
vulnerability. Deliberate promoting of other off-farm activities,

especially during the preseason, can be a better practice to
support resilience of agri-food systems as farmers will have
more income to support agriculture activities. Although most
famers had an additional livelihood,most of these were associated
with agriculture, particularly through labor on other farms. This
means that extremeweather events that affect agriculture will also
have negative impacts on the second income stream. Roughly
half of households kept goats and chickens, with limited other
livestock kept. Goat husbandry has been shown to contribute
significantly to household incomes (Kaumbata et al., 2020) and
there is opportunity to promote crop-livestock systems. However,
this should be done with care, given that livestock and CA
can compete for maize residue for feed and mulching, leading
to opportunity costs despite potential benefits from the use of
manure (Giller et al., 2009; Valbuena et al., 2012). A holistic
preparedness assessment before the cropping season will allow
to understand available opportunities to support food systems.
Livestock systems are also vulnerable to climatic changes and
extreme weather events, suggesting that livelihood diversification
away from all types of farming would lead to greater resilience.
However, opportunities for this in rural Malawi are scarce,
demonstrating opportunities for policy interventions to stimulate
markets for off-farm income (Berre et al., 2017), with roles for
NGOs and external donors.

CONCLUSION

Results from this case study demonstrate that hybrid maize
cultivated under CA performed better than under traditional
tillage during the El Niño event of 2015/16, which resulted in
prolonged dry periods. Despite higher numbers of women being
engaged in subsistence farming, it was wealthier, male farmers
who were more likely to participate in CA. Participation in CA
can help to increase food security and preparedness for extreme
weather events, and this bias against the involvement of female
farmers in CA should be addressed as a priority.

This study illustrated that the use of climate information to
support resilience building in agri-food systems has been largely
neglected by extension services and NGOs. Despite increased
efforts by government and development partners to release
daily and seasonal forecast weather services, many farmers do
not trust this information. This has resulted in the continued
use of agricultural techniques that do not provide resilience
to the forecast weather conditions. Our findings suggest that
supporting resilient food systems will require deliberate effort by
extension and advisory service providers to invest in building the
capacity of farmers to practice interventions based on forecast
information. This should include assistance with planning and
making decisions on the type of investments needed to achieve
resilient agri-food systems. This calls for a holistic approach
to preparedness—accessible accurate weather forecasts, coupled
with advice on how to respond to seasonal weather forecasts,
building capacity for farmers to act on the advice—particularly
around access to inputs. There is need for long term adjustments
to livelihood activities and cropping decisions that increase
diversity both at crop and livelihood level.

An integrated and intensive programme that takes agriculture
as a business will require proper planning, utilization of available
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information and support of crop-livestock systems among all
groups, but with a particular focus on women due to their
lack of participation in agricultural technologies. This will also
require joint implementation of programmes between NGOs
and government extension workers to support the improved
communication of action-based weather and climate information
as a key element in a package of measure aimed at building more
resilient food systems.
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