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Abstract 
Farm households in developing countries are faced with various challenges 
one of which is occurrence of unexpected negative events namely shocks. 
Shocks could be caused by extreme adverse natural events (droughts, storms, 
flood, and landslides) and market-related events (fuel, food, input and output 
price fluctuations, volatilities and price hikes). Most of these shocks affect 
production systems, food markets and local economies, all of which have di-
rect effects on food security. This study explores the prevalence of shocks 
among indigenous vegetable farmers in Kenya followed by an assessment of 
the type of coping strategies in response to these shocks. We find that over 
two thirds of farmers have coping strategies that are not based on mar-
ket-related insurance mechanisms; rather they use strategies such as working 
for more hours and selling assets. We analyze which socioeconomic and in-
stitutional factors determine households’ decision and extent of coping with 
shocks. The results showed that access to high-value markets and market in-
formation were the major factors informing their decision and extent of using 
coping strategies along with access to critical services such as credit, exten-
sion, and farmer groups. This has significant policy implications regarding the 
dissemination of information and promotion of credit markets through mo-
bile phone-based platforms for easy accessibility in remote rural areas. Social 
capital should be encouraged because it acts as a necessary and sufficient 
conduit for information dissemination and mutual support to help farmers’ 
access critical services and resources needed for successful and sustainable 
implementation of relevant and appropriate coping strategies. 
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1. Introduction 

The global food supply predominantly comes from smallholder farmers in de-
veloping countries who represent about 85 percent of the world’s farms [1] [2] 
[3]. However, smallholder farmers face numerous production shocks caused by 
climate change, extreme adverse natural events (droughts, storms, flood, land-
slides etc.) and market-related events (such as fuel, food, input and output price 
fluctuations, volatilities and price hikes [3] [4] [5]. This means that smallholder 
farmers are vulnerable and less able to escape poverty because shocks have a 
long-lasting negative impact on their livelihoods and rural development [6] [7] 
[8]. Most of these shocks affect their production systems, food markets and local 
economies, all of which have direct effects on food security [9]. Table 1 presents 
types of shocks and their possible outcomes. The overall impact of shocks is a 
slowdown in the rate at which smallholder farmers adopt new commercial crops 
(or technologies), thus exposing their households to food security risks [10]. 
Shocks may also act as a catalyst for rural-urban migration by forcing many 
smallholder farmers to abandon farming and search for off-farm work [11] [12]. 
These constraints are worse in developing countries, where the delivery of public 
and private sector insurance services are often poorly developed [13].  

In Kenya, agriculture is the mainstay of the country’s economy: it accounts for 
26 percent of GDP, 65 percent of total exports and more than 18 percent of the 
country’s formal employment [3]. The horticultural sector in Kenya is well de-
veloped1, but the potential of African Indigenous Vegetables (AIVs) has not 
been exploited, despite comprising a wide varieties of nutritious indigenous 
vegetable species2 [14]. Even though AIVs have been cultivated in Kenya for 
many years, their promotion in terms of sustainable production and consump-
tion is a recent phenomenon [15]. Gradual developments in the marketing of 
AIVs and an increase in awareness with regard to their consumption initiated 
their promotion. It is now widely known that AIVs are important sources of 
micronutrients, including vitamins, minerals, proteins and anti-oxidants that are 
adequate for normal growth and health [16]. However, production and con-
sumption of AIVs have been adversely affected by agricultural risk and uncer-
tainties such as production and marketing shocks (PMS), thus leading to food 
insecurity and malnutrition in smallholder households [17]. 

While the impacts of shocks on poverty have been widely studied in develop-
ing countries [18] [19], the decision to cope with simultaneous shocks as well as 
the extent of coping3 has not been thoroughly analysed. Therefore, this study 
aims at contributing to an understanding of the role of the main factors  

 

 

1According to the Agriculture and Food Authority (AFA), flowers account for more than two thirds 
of Kenya’s horticulture export earnings, while vegetables (such as French beans and runner beans) 
and fruit (such as avocado and mangoes) comprise around 20 percent and 10 percent respectively 
(KNBS, 2015).  
2See [52] for more information. 
3Coping refers to the ability to withstand and manage unexpected events, through ex-post strategies 
in order to sustain production, consumption, and livelihoods [18]. 
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Table 1. Shocks faced by smallholder farmers and their effects. 

Type of shock Examples/Factors Outcomes 

Production shocks 
  

Weather-related 
Drought, shortage of water and rainfall 
or temperature variability 

Lower yields, loss of productive 
assets or income 

Natural disasters 
Flood, storm, unusually heavy rain, 
landslides/erosion 

Total loss of productive assets and 
income 

Biological Pest, diseases, contamination Lower yields, loss of income 

Marketing shocks 
  

Prices 
Changes in market demand and supply, 
volatilities, hikes in fuel, input and  
output prices 

Lower produce prices, and loss of 
income, low quality products 

Source: Authors’ categorization of shocks. 

 
(household, farm and institutional) in decision-making by AIV smallholder 
famers when faced with shocks, and consequently the extent to which they are 
able to cope. For this, we use a unique and comprehensive household survey 
data from rural and peri-urban smallholder farmers of African indigenous vege-
tables (AIV) in Kenya. The reason for using AIV farmers as a case study to as-
sess the decision to cope with simultaneous shocks is two fold. On the one hand, 
since AIVs are recently promoted into both rural and urban markets, assessing 
AIV farmers’ decisions to cope provides the ideal case for designing policies that 
have double positive effect of reducing farmers’ vulnerability while supporting 
continued promotion of AIVs at the same time. On the other hand, AIVs are 
prone to the shocks considered in this study such as weather-related shocks of 
drought and shortage of water, as well as pests and diseases. Therefore, a sample 
of AIV farmers provides an ideal case for the investigation of the topic of shocks 
and coping strategies.  

Greater knowledge about coping strategies would help design policies to pre-
vent smallholder households from falling into poverty as well as protecting poor 
AIV farmers against the negative effects of shocks. This would be beneficial to 
the agricultural sector since it would complement the debate on AIVs and pro-
vide a basis for a reformulation of strategies geared towards the country’s 
self-sufficiency in food and nutritional security. This study argues that farm lo-
cation (rural or peri-urban) coupled with access to high-value markets (super-
markets, hospitals, schools, processing companies, large hotels and restaurants) 
are the major drivers and incentives for coping with shocks. It will contribute to 
the literature on the factors that influence the decision to cope with shocks by 
acknowledging the heterogeneity of households with regards to these variables.  

Literature Review: Adoption of Coping Strategies by Smallholder  
Farmers 

Much of the literature on shocks and coping strategies starts with the underlying 
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lifecycle model which states that households aim to smooth consumption in or-
der to maintain their marginal utility of consumption constant [20]. To smooth 
out consumption in times of shocks, additional resources are required to finance 
current consumption above the “shock-depleted” levels [21]. To do this, house-
holds may save when income is high and dissave when income is low, or in the 
absence of liquidity constraints households borrow when times are bad and pay 
back when it gets better. However, in developing countries where liquidity con-
straints are prevalent, saving and credit as well as formal insurance are not be 
common coping strategies and hence, limiting market-based coping strategies. 
In such cases, alternative coping strategies such as asset accumulation are used 
to compensate for future income fluctuations, as studied by [22] in infinite ho-
rizon models. In Zimbabwe and India, for instance, sale of livestock is used as 
part of a farming household’s consumption smoothing strategy [23] [24]. The 
use of assets to buffer consumption in the face of an exogenous shock to income 
is found to be limited if the exogenous shock also threatens assets [25]. Fur-
thermore, households also use informal insurance arrangements and social cap-
ital to cope with shocks. For instance in South African communities, households 
with social capital seem to be able to cope more effectively with weather shocks 
[26]. In Bangladesh, Ethiopia, Morocco, and Russia, community-level informal 
insurance arrangements are used to smooth food consumption [27].  

Extremely poor households could be excluded from high-return activities be-
cause of lack of insurance, making them particularly vulnerable to shocks that 
frequently affect agricultural activities. This was evident among households in 
western Kenya as noted by [28]. This means engagement in low-return activities 
is pursued primarily, if not exclusively, by poorer households because they are 
desperate. They further concluded that the simultaneous diversification into low 
and high-return activities might reflect the high risk associated with high-return 
activities, which these households compensate for by venturing into low-return 
activities. Smallholder farmers also seek assistance from government and NGOs, 
to smooth consumption in times of shock. In Zimbabwe, for instance, govern-
ment and NGO drought-relief schemes have provided substantial support to 
help maintain consumption levels against drought shocks [23]. [2] documented 
that, livelihood strategies and household resilience to food insecurity among 
smallholder farmers and pastoralists from the Northern drought-prone zone of 
Kenya are worse off because of their dramatically low levels of income and 
access to basic services. They, however, concluded that, by equipping communi-
ties with the ability to manage and respond to shocks in the early stages of a cri-
sis, strategic livelihoods interventions allow for more timely and appropriate 
responses to disasters than is possible with typical emergency relief assistance.  

A study by [29] on agricultural shocks and off-farm labour market decisions 
for rural households in Kenya revealed the existence of ex-ante off-farm labour 
supply responses to anticipated weather shocks to agricultural production. In 
addition, they found those households living in regions with a lower rainfall re-
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gime to be having a higher probability of participating in off-farm labour market 
and, conditional on participation, earn more from their engagements in off-farm 
work. This result shows participation in off-farm work as a long-term coping 
strategy for rural households towards responding to anticipated weather shocks 
to their agricultural operations. In the same line, household may also smooth out 
consumption by increasing labour supply and/or shift labour to other more di-
rect income generating activities. For instance, shifts in labour from farm em-
ployment to off-farm employment in India [30], and increasing labour supply in 
Indonesia [21], are commonly used as coping strategies against shocks. The in-
crease in labour even occurs during severe financial crises where real wages have 
collapsed, as in the case of Indonesia in the late 1990s [21].  

There is a general consensus in the literature that households in developing 
countries are adversely affected by uninsured shocks, and that the corresponding 
damages are greater on poor farming households as they often lack the necessary 
resources to cope and recover from them [27] [31]. These households often face 
a combination of uninsured shocks and choose from a list of constrained coping 
strategies, which negatively affects their welfare. Severe idiosyncratic and cova-
riate shocks are indicated in the literature as having a significant effect on the 
dynamics of household welfare. For instance, rainfall, household-specific crop 
failure, the occurrence of drought, pest and diseases, and illness are found to af-
fect consumption in many Kenyan households [2] [13] [29] [32]. Even though 
the impact of shocks on poverty has been widely studied, the ability of small-
holder households to cope with the occurrence of simultaneous shocks that af-
fect their production and marketing activities has not been thoroughly analysed. 
Therefore, to fill this gap in the literature this study addresses two research ques-
tions: 
1) Which socio-economic and institutional factors influence households’ deci-

sion to undertake coping strategies in response to production and marketing 
shocks? 

2) What are the determinants of the extent to which households’ cope with si-
multaneous shocks? 

For this, we use a unique data from AIV producers in Kenya. An understand-
ing of shocks and their appropriate coping strategies would help in the design of 
relevant policies that can enhance the well-being of smallholder farming house-
holds by providing them with efficient and effective pathways of exiting poverty, 
while managing the negative effects of production and marketing shocks. 

2. Materials and Methods 
2.1. Study Area and Data 

The study used data from the 2014 household survey that was conducted by 
Horticultural Innovations and Learning for Improved Nutrition and Livelihood 
in East Africa (HORTINLEA) project, in two rural (Kisii and Kakamega), and 
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three peri-urban (Nakuru, Kiambu and Kajiado) counties of Kenya. Smallholder 
African indigenous vegetables (AIV) farming households who produce for both 
subsistence and commercialisation purposes were the main focus of this study. 
The focus vegetables included African nightshade (Solanum scabrum), spider 
plant (Cleome gynandra), amaranths (Amaranthus spp), cowpea (Vigna ungui-
culata) and Ethiopian kale (Brassica carinata). A structured survey questionnaire 
was administered to a total sample of 1232 AIV-producing households in rural 
(806) and peri-urban (426) areas identified using a multi-stage sampling tech-
nique. At village level, the respondents were randomly selected through a pro-
portionate size sampling approach. The type of data collected in the main 
household survey included the household, capitals, institutional, and access re-
lated factors that were associated with their decision to cope with shocks and the 
extent of their ability to cope. Even though the HORTINLEA survey is not rep-
resentative at a national level, the data provides a comprehensive overview of in-
digenous vegetable producers in rural and peri-urban areas. Given the rando-
mized sampling method and the relatively large sample size in each county, re-
sults of the analysis performed on the survey data can be generalized to indi-
genous vegetable producers in rural and peri-urban areas in Kenya. 

2.2. The Empirical Model Specification 

Smallholder AIV farmers face the adverse effects of shocks and have to respond 
to them by selecting a coping strategy that will reduce the associated negative 
marginal effects. The farmers’ selection of these strategies to cope with shocks 
could depend on the strategies selected earlier within a production cycle and 
thus informing their decisions about current and future selection. In this study, 
AIV farmers were asked whether or not they responded to shocks and to list the 
type of coping strategies that they used for each shock during the survey period4. 
Therefore, the decision to select a coping strategy carried a “yes” or “no” re-
sponse, while the extent of coping with shocks required an answer with positive 
discrete numbers. The variable extent of coping is calculated by counting the 
number of coping strategies adopted by the household. This assumes that use of 
more number of coping strategies is somehow indicative of greater levels of 
coping. This is because production and marketing shocks require the use of in-
ter-related coping strategies for an effective response for each type of shock. This 
assumption is supported by the work of [10] [18]. A limitation of using the 
number of coping strategies would be not accounting for the efficiency of indi-
vidual coping strategies which could identify which strategy is more effective. 
This, however, is beyond the scope of this study.  

Based on characteristics of the depend variables, we opt to use a count data 

 

 

4In this context, the possibility of using simultaneous coping strategies against simultaneous shocks 
was acknowledged, therefore all the coping strategies used to cope with either production or mar-
keting shocks during the 12 months prior to the survey were counted to represent the extent of their 
ability to cope with either type of shock. 
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model, allowing for an independent estimation of the decision stage and out-
come stage, simultaneously. This is because coping decision solely depends on 
the individual farmer, while the extent of coping depends on other conditioning 
factors such as assets, institutions and access to the necessary services. An 
econometric specification was employed based on the hurdle or two-part model, 
as proposed by [33], to investigate the determinants of coping as well as the ex-
tent of coping with shocks among smallholder AIV farmers. Two-part model-
provides a structural interpretation that agrees well with the two-step decision 
structure of the smallholders’ coping process because it assumes that the two 
parts come from different data-generating processes and therefore the inde-
pendent variables are allowed to have a different impact at each stage of the deci-
sion-making process. In addition, two-part model is derived from the negative bi-
nomial model for count data [34]5. Therefore, following the recommendations of 
[33], and [34], the log-likelihood of the two-part model process was formulated as: 
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where iy , i = 1 … N represents the count-dependent variable with 0iy =  for 
zero response, and 0iy >  for positive responses of coping with shocks. ix
represents a set of explanatory variables, while 21 andω ω  are the vectors of 
unknown parameters associated with the two stages of the model. 

( )1 10; |i iPr y xω=  is the probability of zero counts (for those households who 
did nothing in response to shocks), ( ) ( )1 1 1 10; | 1 0; |i i i iPr y x Pr y xω ω> = − =  is 
the probability that the threshold is crossed, and ( )22 0; | 0,i i iPr y y xω> >  de-
notes the truncated-at-zero distribution for the positive responses (extent of 
coping with shocks). ( )1 .f  represents the process of generating zeros where the 
household is not coping with shocks, while, ( )2 .f  represents the process of 
generating the positive responses (N), describing the extent of coping with 
shocks. Two-part model is advantageous because of its computational approach 
where, if the two stages are independent, the log-likelihood can be factorised as 
the sum of two log-likelihood functions, and therefore the model parameters can 
be estimated by maximising the two terms separately [34] [35] [36]. 

Empirically, the probability distribution of two-part model in the context of 
the decision taken by smallholder AIV farmers and the extent of coping with 
shocks is written as: 
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where ( )ig y  represents the truncated at zero distribution for the positive re-

 

 

5See [34] for more on NBM and TPM. 
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sponse. In this context, two-part model was estimated using a logit model in the 
decision part and a geometric model (generalised linear model (GLM)) in the sec-
ond part to determine farmers’ decision to cope with shocks. This is where the 
predicted number of coping strategies used against shocks was modelled with the 
assumption of a truncated negative binomial distribution. Finally, a set of ex-
planatory variables are included in the empirical model based on literature review 
[10] [18] [23] [25] [29] [37] [38] [39] [40], where household, socioeconomic and 
institutional factors have been found as playing a vital role in conditioning small-
holder farmers’ decisions and the extent of their response to agricultural risks. 

3. Results and Discussion 
3.1. Descriptive Statistics 

Smallholder AIV farmers were interviewed whether they faced shocks in 
2013/2014 production and marketing season. The results indicated that 66.4 
percent of the surveyed AIV farmers faced at least one production shock, while 
11.8 percent of the same group of farmers faced at least one marketing shock 
(Table 2). This shows that households are usually faced with simultaneous 
shocks, forcing them to spread out available coping strategies across time. For 
production shocks in particular, 45 percent of sampled households had been 
exposed to crop pest and diseases, 40 percent to crop failures, 32.9 percent to 
unusually heavy rains, 27.1 percent to drought, and 12 percent to water short-
ages. Among the marketing shocks, 63.5 percent of the interviewed farmers re-
sponded positively to having been exposed to food price increases and 40.7 per-
cent to input price increases, while a further 10.3 percent had been exposed to 
fuel price increases. It was also evident that 23.1 percent and 17.9 percent of the 
interviewed farmers responded by doing nothing when exposed to production 
shocks and marketing shocks, respectively. This could be due to either house-
holds are too poor/not able to do anything against the shock, or that they already 
had an ex-ante coping strategy in place and hence the effect of the shock was 
minimal. In both cases, the percentages of households who implemented at least 
one coping strategy compared with those who did nothing at all in response to 
shocks were further assessed and compared with regards to their socioeconomic 
and institutional characteristics (Table 2). 

Those smallholder farmers who faced production and marketing shocks were 
subsequently asked whether they took active action in response to these shocks. 
The results indicated that, 76.9 percent and 82.1 percent of the interviewed re-
spondents who faced production and marketing shocks respectively managed to 
adopt various coping strategies. Further, the coping strategies used by small-
holder AIV farmers were informal and could be divided into three categories: 
behaviour-based strategies (working more, diversifying agricultural portfolios, 
reducing consumption and substituting crops), asset-based strategies (selling as-
sets, using savings and insurance), and assistance-based strategies (borrowing 
and seeking help). However, there can be short and long-term effects of these  
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Table 2. Household level descriptive statistics by coping and non-coping with production and marketing shocks (n = 1232). 

 Production Shocks Marketing Shocks 

Variable 
Coping (n = 629) 

Non coping  
(n = 189) Chi2a/t-testb 

Coping  
(n = 119) 

Non coping  
(n = 26) Chi2a/t-testb 

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

Human capital 
          

Household size 5.99 2.257 5.10 2.191 4.813*** 5.99 1.989 5.23 2.503 1.683* 

Gender 0.80 0.399 0.79 0.406 0.053 0.82 0.383 0.77 0.430 0.415 

Age 49.29 12.231 50.11 13.495 −0.787 51.13 12.039 52.96 11.827 −0.703 

Marital status 0.80 0.403 0.79 0.406 0.007 0.82 0.383 0.77 0.430 0.415 

Education 9.15 4.522 9.51 4.664 −0.940 9.07 4.286 9.85 4.451 −0.834 

Social capital 
          

Land tenure 0.91 0.280 0.89 0.315 1.114 0.90 0.302 1.00 0.000 2.858* 

Member to a farmer group 0.44 0.496 0.32 0.467 8.617*** 0.41 0.494 0.31 0.471 0.969 

Natural capital 
          

Rural location 0.78 0.413 0.49 0.501 62.104*** 0.87 0.343 0.58 0.504 11.730*** 

Fertile soil 0.50 0.500 0.58 0.495 3.641* 0.53 0.501 0.38 0.496 1.790 

Steep land slope 0.42 0.494 0.33 0.471 5.444** 0.39 0.491 0.38 0.496 0.100 

Physical capital 
          

Distance to market 2.36 2.418 2.39 2.464 −0.168 2.04 1.796 2.69 1.644 −1.696 

Distance to agro-vet 2.24 2.128 1.96 1.889 1.656* 2.01 2.366 2.58 2.403 −1.102 

Type of irrigation system 0.14 0.350 0.20 0.398 3.076* 0.10 0.302 0.27 0.452 5.314** 

Financial capital 
          

Total household income (log) 16.17 0.223 16.17 0.250 0.266 16.12 0.384 16.27 0.236 −1.928 

Off-farm income 0.23 0.419 0.35 0.478 11.346*** 0.23 0.421 0.46 0.508 5.975** 

Total livestock units (TLU) 0.75 0.545 0.82 0.661 0.007 0.67 0.550 0.60 0.649 0.643 

Grading of AIV 0.34 0.475 0.39 0.489 1.471 0.39 0.491 0.42 0.504 0.070 

Number of farm enterprises 5.95 2.255 5.01 2.312 5.025*** 6.24 2.786 4.88 1.558 2.402** 

Land size (log) 0.30 1.026 0.28 0.973 0.226 0.35 0.926 0.24 1.014 0.524 

Institution and access-related 
variables           

Credit services 0.22 0.412 0.14 0.351 4.902** 0.18 0.390 0.15 0.368 0.140 

Access to information 0.37 0.484 0.40 0.492 0.559 0.40 0.493 0.35 0.485 0.293 

High-value market 0.18 0.384 0.13 0.334 2.891* 0.14 0.351 0.04 0.196 2.139 

Warning on shocks 0.18 0.388 0.14 0.351 1.740 0.18 0.390 0.15 0.368 3.427* 

Contract farming 0.08 0.266 0.07 0.254 0.119 0.10 0.302 0.15 0.368 0.611 

Certification 0.34 0.475 0.20 0.402 13.478*** 0.28 0.450 0.27 0.452 0.007 

Extension services 1.74 3.135 0.95 2.130 3.226*** 1.72 3.234 1.23 2.405 0.732 

a and b are statistical tests for categorical and continuous variables respectively; ***(p < 0.01), **(p < 0.05), *(p < 0.10).  
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coping strategies (depletion of available resources), especially among those 
households that have low consumption growth, limited savings, and limited ac-
cess to non-exploitative credit. In this study, the total number of coping strate-
gies applied in response to shocks was used to measure the extent to which 
smallholder AIV farmers coped with shocks. Consequently, the descriptive result 
shows that households either do nothing (zero coping strategy) or adopt a posi-
tive (one or more coping strategies) complementary coping strategies. As shown 
in Figure 1, for production shocks, the extent of coping ranged from 0 to 11 
coping strategies, while for marketing shocks it ranged from 0 to 6 coping 
strategies. 

3.2. Determinants of the Decision to Cope with Production and  
Marketing Shocks 

This section presents and discusses the results from the two-part model (TPM) 
used to determine the main factors behind the decision to cope, and the extent 
of coping with production or marketing shocks. In order to ensure that our re-
sults are robust, we estimate a multicollinearity test (variance inflation factors 
(VIF), and correlation matrix) for the explanatory variables. The results indicate 
an absence of multicollinearity between the explanatory variables (average VIF 
of 1.32). Further, we estimated a standard negative binomial model to test for 
overdispersion in the data and the results showed a significant likelihood ratio 
test of an overdispersion parameter (alpha greater than zero) and hence demon-
strated the presence of overdispersion. This result indicates that negative bino-
mial model was superior to the ordinary poisson model and hence confirmed the 
use of a two-part model because it was derived from the negative binomial 
model for count data.  

The results on the parameter estimates from the two-part model are presented 
in Table 3. The logistic regression results showed that institutions and ac-
cess-related variables were the main significant factors informing smallholder 
AIV farmers’ decision to cope with shocks. In this category, we find that access 
to high-value market chains (supermarkets, processing companies, large hotels 
 

 
Figure 1. Extent to which AIV farmers cope with production and marketing shocks. 
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Table 3. Parameter estimates from the estimation of the two-part model for the decision to cope and extent of coping with PMS. 

Variable 

Coping with production shocks Coping with marketing shocks 

First part (Logit) 
Second Part  
(Geometric) 

First part (Logit) Second Part (Geometric) 

Coef. (Std. Err.) 
Marginal 

effects 
Coef.  

(Std. Err.) 
Marginal 

effects 
Coef.  

(Std. Err.) 
Marginal 

effects 
Coef.  

(Std. Err.) 
Marginal 

effects 
Human capital 

        
Household size 0.0749 (0.0261) 0.0196*** 0.0330 (0.0242) 0.0191 0.0800 (0.0902) 0.0139 −0.0030 (0.0089) −0.0013 

Gender 0.0347 (0.1876) 0.0091 0.1516 (0.1866) 0.0880 0.2269 (0.6725) 0.0394 0.0350 (0.0680) 0.0153 

Age −0.0099 (0.0044) −0.0012* −0.0073 (0.0042) −0.0043* −0.0209 (0.0165) −0.0036 0.0014 (0.0015) 0.0006 

Marital status −0.1835 (0.1853) −0.0478 −0.1401 (0.1851) −0.0813 0.2619 (0.7801) 0.0455 −0.0113 (0.0674) −0.0050 

Education −0.0035 (0.0130) −0.0009 −0.0231 (0.0123) −0.0134 −0.0438 (0.0453) −0.0076 0.0015 (0.0045) 0.0007 

Social capital 
        

Land tenure 0.7258 (0.2006) 0.0498*** 0.4363 (0.1613) 0.2533*** −0.1673 (0.4163) 0.1107 0.0393 (0.3390) 0.0303 
Membership to farmer 

groups 
−0.1258 (0.2153) −0.0329 0.2369 (0.1166) 0.1375** −0.3599 (0.3791) −0.0625 −0.0368 (0.0425) −0.0160 

Natural capital 
        

Rural location 0.8323 (0.1551) 0.2177*** 0.9952 (0.1537) 0.5777*** 0.2946 (0.5861) 0.0512 0.2098 (0.0560) 0.0915*** 

Land size −0.0065 (0.0527) −0.0017 0.0616 (0.0482) 0.0358 0.1482 (0.1701) 0.0257 0.0135 (0.0176) 0.0059 

Fertile soil −0.2638 (0.1277) −0.0281** −0.2023 (0.1049) −0.1174** 0.7517 (0.3509) 0.1305** 0.0485 (0.0382) 0.0211 

Steep slope −0.3298 (0.1523) −0.0863** −0.3789 (0.1436) −0.2199*** −0.4480 (0.5462) −0.0778 −0.0104 (0.0523) −0.0045 

Physical capital         

Distance to market 0.0211 (0.0260) 0.0055 0.0302 (0.0212) 0.0175 −0.1444 (0.0973) −0.0251 −0.0043 (0.0077) −0.0019 
Distance to nearest 

agro-vet 
0.0372 (0.0303) 0.0097 −0.0095 (0.0147) −0.0055 −0.1005 (0.0656) −0.0174 −0.0015 (0.0053) −0.0007 

Type of irrigation system 0.0214 (0.1742) 0.0056 −0.0709 (0.1613) −0.0411 −1.4039 (0.5586) −0.2438*** −0.0711 (0.0588) −0.0310 

Financial capital         

Total household income −0.1255 (0.2300) −0.0328 0.0459 (0.2053) 0.0267 −0.5341 (0.4915) −0.0927 −0.0979 (0.0718) −0.0427 

Off-farm income −0.2735 (0.1476) −0.2148* −0.2048 (0.1211) −0.1189* −1.0040 (0.4041) −0.1743*** 0.0360 (0.0441) 0.0157 

TLU −0.1513 (0.0908) −0.0396* −0.1697 (0.0898) −0.0985* 0.4531 (0.2994) 0.0787 −0.0578 (0.0327) −0.0252* 

Grading of AIV −0.1427 (0.1096) −0.0373 −0.0572 (0.1060) −0.0332 −0.1334 (0.3355) −0.0232 0.0649 (0.0386) 0.0283* 
Number of farm  

enterprises 
0.0181 (0.0269) 0.0048 0.0514 (0.0252) 0.0298** 0.1466 (0.1031) 0.0255 0.0162 (0.0092) 0.0070* 

Institution and  
access-related variables 

        

Access to credit 0.4052 (0.1446) 0.1060*** 0.2949 (0.1311) 0.1712** −0.2549 (0.4712) −0.0443 0.0159 (0.0477) 0.0069 

Access to information −0.0529 (0.1227) −0.0138 0.3118 (0.1628) 0.0971* 0.6258 (0.4265) 0.1087 0.0974 (0.0418) 0.0425** 

High-value market access 0.4224 (0.1537) 0.1105*** −0.1332 (0.1354) −0.0773 0.8768 (0.5730) 0.1522 −0.0303 (0.0493) −0.0132 
Access to warning on 

shocks 
0.2915 (0.1718) 0.0217* 0.1566 (0.1391) 0.0909 1.0411 (0.7895) 0.1808 −0.0127 (0.0507) −0.0055 

Contract farming −0.0084 (0.2153) −0.0022 −0.1314 (0.1916) −0.0763 −0.1500 (0.5883) −0.0260 0.0765 (0.0698) 0.0334 

Certification 0.3368 (0.1266) 0.0881*** 0.1432 (0.1174) 0.0831 −0.1505 (0.4088) −0.0261 −0.0667 (0.0427) −0.0291 

Access to extension 0.1114 (0.0321) 0.0292*** 0.1175 (0.0250) 0.0682*** 0.1758 (0.1586) 0.0350 0.0090 (0.0091) 0.0039 

Constant 1.8382 (3.7592) 
 

−0.2345 (3.3583) 
 

9.5290 (8.3085) 
 

1.4512 (1.2209) 
 

Regression diagnostics for the two-part model 

Number of observation 1232 
 

629 
 

1232 
 

119 
 

Log likelihood −762.8971 
 

−1219.4888 
 

−364.8154 
 

−143.1130 
 

LR chi2 (26) 181.57    52.76    

AIC/BIC 
  

3.9634/2100.375 
   

2.8590/−362.471 
 

***(p < 0.01), **(p < 0.05), *(p < 0.10). 
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and restaurants) is a major determinant in the decision to cope with production 
shocks. This is attributed to the timely requirements of specific quantity and 
quality standards that are driven by consumer preferences on high-value mar-
kets. Furthermore, access to high-value market chain enables farmers to plan 
their production efficiently and effectively, and even facilitates access to financial 
credit from formal institutions, boosting their ability to cope with production 
shocks. Consistent with [41], we found that contact with extension agents sig-
nificantly increased the probability of coping with production shocks. Access to 
extension services, specifically field visits, is a powerful tool that can be used to 
encourage farmers to change and build their resilience and capacity to deal with 
shocks. In addition, frequent interactions between farmers and extension agents 
expose farmers to modern farming technologies and hence stimulate communi-
cation and reflections on their associated benefits. In line with [10], our study 
found that smallholder AIV farmers who used modern types of irrigation sys-
tems were less likely to be able to cope with marketing shocks. Access to irriga-
tion is a commonly used variable in the literature about shocks and coping 
strategies [10] [39]. In our study, particular attention was paid to the type of ir-
rigation system that AIV producers use for production6. This is because modern 
irrigation technologies save water and are therefore efficient and effective at 
combating the negative effects of shocks when compared to traditional types. 
Further, consistent with [42], we find that certified AIV farmers were more 
likely to cope with production shocks, and hence gaining access to niche markets 
in an efficient and effective manner. 

Access to financial capital in general and credit services in particular was 
found to significantly and positively determine the decision to cope with pro-
duction shocks. This finding supports the argument that credit access enables 
farming households to accumulate assets, and invest in new farming technolo-
gies that gives them a solid basis for coping with production shocks [25] [41]. 
With regards to total livestock units (TLU), and in contrast to [43], farmers with 
higher TLU were found to be less likely to cope with production shocks. This 
could be because farmers with higher TLU were less risk averse. Hence, coping 
ability/behaviour in the face of the adverse impacts of shocks and stresses varied 
considerably between farmers who had access to or owned assets such as live-
stock. These findings are in line with that of [12], where smallholder AIV farm-
ers who have off-farm income are less likely to cope with marketing shocks. This 
implies that smallholder farmers who have off-farm income opportunities were 
less likely to face agricultural production and marketing shocks because they did 
not rely entirely on such activities for their household income and food. This en-
tirely depended on the proportion of off-farm income to total household in-
come, and the opportunity cost of being engaged in farming activities because 

 

 

6In this study, modern types of irrigation systems include drip, sprinkler and pot irrigation methods, 
while the traditional irrigation types include basin, furrow and strip irrigation methods. 
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such opportunities act as an alternative to agricultural production activities. 
Furthermore, access to off-farm income-generating opportunities is also a way 
of hedging against shocks, especially when those opportunities are not perfectly 
correlated to agricultural yields.  

The results showed that human capital was a significant factor in informing 
the decision to cope with shocks. With regards to household size and consistent 
with other findings [37] [44], we found that households with higher number of 
family members were found to be more likely to cope with production shocks. 
Therefore, depending on the proportion of household members who were able 
to participate in farm activities, household food demand and the opportunity 
cost of off-farm income, farmers with a higher number of household members 
were more likely to engage in coping strategies that are labour intensive and/or 
off-farm opportunities as a concurrent coping strategy. Access and entitlement 
to natural capital significantly determined the decisions taken by smallholder 
AIV farmers to cope with shocks. With regards to the location of smallholder 
farms, we found that farmers from rural areas were more likely to implement 
coping strategies to production shocks. This is because the majority of them 
were entirely depending on farming as their main livelihood since farming land 
in rural areas is more productive, with higher intensification and management of 
risk that is more pronounced, than its counterpart in urban areas. In addition, 
water availability could be a driving factor in the decision to cope more effec-
tively with production shocks in rural areas.  

Smallholder farmers with steeply sloping land were found to be less likely to 
cope with production shocks. In addition, farmers with fertile land were less 
likely to cope with production shocks, but were more likely to make decisions to 
cope with marketing shocks. This is because such land requires fewer inputs to 
achieve a higher level of marketed output. These findings are consistent with 
those of [45] who note that there is a positive relationship between fertile, rela-
tively flat land and the adoption of farm-based technologies to manage shocks. 
Access to physical capital by smallholders makes their labour more productive, 
and hence extends their opportunities for income generation, thus leading to in-
creased certainty and choice [46]. In this category and consistent with [47], we 
find that access to modern irrigation systems decreased the probability of 
smallholder farmers coping with marketing shocks. Smallholder farmers who 
have access to modern irrigation technology are more likely to increase their 
household consumption and asset accumulation, and hence reduce their level of 
poverty. These groups of farmers are producing throughout the year, and there-
fore during adverse production conditions they make more profit from higher 
prices of marketed outputs due to low vegetable supply during such periods.  

3.3. Determinants of the Extent of Coping with Production and  
Marketing Shocks 

The study results of the parameter estimates from the second part of the 
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two-part model are presented in Table 3. The availability of relevant institutions 
and access-related services are the main key variables that determine the extent 
of coping with shocks among smallholder AIV farmers in Kenya. In this respect, 
and consistent with studies of [40] and [48], our findings revealed that farmers 
who have access to credit services are more likely to increase their extent of 
coping with production shocks. This is because access to credit services relaxes 
liquidity constraints and thus enhances the adoption of appropriate technology 
that would reduce the impacts of production shocks.  

In line with [49], we find that farmers who have access to extension contacts 
were more likely to increase the extent of their coping with production shocks. 
The higher the number of contacts with extension providers, the more informa-
tion acquired regarding AIV production, and hence the greater the number of 
options for dealing with the negative effects of production shocks. Access to 
market information significantly determined the extent to which farmers coped 
with marketing shocks. This implies that households who had access to market 
information were more likely to increase their extent of coping strategies with 
both production and marketing shocks. Access to market information by farm-
ers specifically regarding farm produce and input markets is necessary to act as 
an incentive to increase the level and intensity of coping with shocks because it 
enables them to explore lucrative income-generating opportunities from modern 
farm technologies and high-value market chains. For instance, high-value mar-
ket access requires formal contracts and meeting food safety standards which 
require effective and efficient access to relevant information [50].  

Natural factors played an important role in determining the extent to which 
smallholder AIV farmers coped with shocks. For instance, farmers from rural 
areas were more likely to increase their extent of coping with both production 
and marketing shocks. This implied that farmers from rural areas put more ef-
fort into the selection and implementation of more coping strategies than their 
counterparts from peri-urban areas because of the importance (as main source of 
livelihood) of farming to total household income. Additionally, farmers from rural 
areas had limited off-farm income opportunities, unlike those from peri-urban 
areas who are moving out of agriculture to exploit various lucrative off-farm in-
come opportunities in tandem that are created by urban developments. Consis-
tent with [45], we find that farmers with steep slope and fertile land parcels were 
found to be less likely to increase the extent to which they coped with produc-
tion shocks. This could be because this group of farmers sees no sense of in-
creasing the number of coping strategies if they could achieve the same yield 
without necessarily adjusting the amount of inputs used. 

Social capital is an important component among smallholder AIV farmers 
since it significantly determined their extent of coping with shocks. With respect 
to land ownership, and contrary to [41], we find that farmers who fully owned 
their parcels of land were found to be more likely to increase their extent of 
coping with production shocks. Farmers who own more of the productive re-
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sources were more likely to protect their household food expenditure at the ex-
pense of non-food expenditure by adopting coping strategies (such as borrowing 
from formal institutions) that require land ownership rights for collateral pur-
poses. In line with [51], our results suggest that access to farmers’ groups by 
smallholder farmers significantly determines and increases the probability of 
using more coping strategies against production shocks. Being a member of a 
farmers’ group is an effective resource that can be used to mitigate the effects of 
production shocks because it enables farmers to build social networks which 
serve as important risk-coping mechanisms.  

Financial capital was a crucial factor that significantly determined the number 
of coping strategies used by smallholder AIV farmers when responding to 
shocks. With regards to off-farm income and consistent with [29], access to 
off-farm income was found to reduce the extent of coping with production 
shocks. This implies that when farmers have access to off-farm income, they tend 
to maximise their household needs through such possibilities while relying less 
and less on farm outputs. Moreover, smallholder farmers who graded their vegeta-
bles before selling them were more likely to increase their extent of coping with 
marketing shocks. This implies that the grading of AIVs into different categories, 
based on the attributes preferred by their consumers, was more likely to positively 
influence the number of coping strategies used against marketing shocks.  

Similar to the findings of [49], the present study found that if farmers oper-
ated a greater number of farm enterprises, the extent of coping with production 
shocks is increased. This means that farm enterprise diversification is a common 
risk management tool among smallholder farmers, but largely depends on bio-
physical, social and institutional factors in informing their decision to use more 
coping strategies. Smallholder farmers always prefer to invest in farm enterprises 
that offer higher returns. However, such farm enterprises are risky and demand 
higher resource investment capacities in terms of endowment and entitlements 
for start-up. Therefore, smallholder farmers who have higher incomes are more 
likely to get involved in more lucrative farm enterprises, while low-income and 
risk-averse households will be confined to low return farm enterprises.  

Finally, human capital factors significantly determined the number of coping 
strategies used by smallholder AIV farmers to cope with production shocks. In 
contrast with [38], older farmers were found to be less likely to increase the ex-
tent to which they coped with production shocks. This implies that as the farm-
ers aged, there was less likelihood of increasing the extent to which they coped 
with production shocks because of the decline in their planning horizon. In con-
trast, younger farmers were likely to be more flexible because they are familiar 
with modern communication technologies currently being used to disseminate ag-
ricultural information, including choices of coping strategies to deal with shocks. 

4. Conclusions 

This study used a detailed household-level data and a two-part count data model 
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to analyse the determinants of the decision, and extent of coping with produc-
tion and marketing shocks by smallholder AIV farmers in Kenya. We observed 
that more than two thirds of the farmers interviewed had active strategies to 
cope with shocks, but the majority of the coping strategies were not based on 
market-related insurance mechanisms. Thus, formal and market-based insur-
ance mechanisms against such shocks should be put in place to reduce the op-
portunity costs incurred when using informal and unsustainable strategies. The 
results of the two-part model identified access to high-value market chains and 
critical services such as credit, extension services, market information and farm-
ers’ groups as the most important factors in the decision to cope and the extent 
of coping strategies by smallholder AIV households. These results have signifi-
cant policy implications. It is important to design policies that facilitate access to 
services with the required information on appropriate, location-specific coping 
strategies. There is also a need to promote credit markets through the imple-
mentation of mobile phone-based banking services for easy accessibility in re-
mote rural areas where formal financial services are limited. These specific poli-
cies will go a long way towards improving the level of coping with production 
and marketing shocks by enabling smallholder AIV farmers to overcome infor-
mation and resource constraints. Additionally, access to necessary information 
and relevant resources would lead to the implementation of appropriate coping 
strategies that stabilise AIV yields and ensure consistent supplies to high-value 
market chains, thus enabling smallholder farmers to successfully respond to 
production and marketing shocks.  

The positive impact of membership of farmers’ groups on farmers’ ability to 
cope with production shocks suggests that policies that encourage the establish-
ment of social capital among smallholder AIV farmers should be efficiently and 
effectively devised in a sustainable manner. This is because they act as a neces-
sary and sufficient conduit for information dissemination, and provide mutual 
support to help smallholder farmers’ access critical services and resources 
needed to implement relevant and appropriate coping strategies to deal with 
shocks. Finally, the importance of access to high-value market chains and certi-
fication in the decision to cope with production shocks suggests the need for 
policies that support farmers in securing contracts for direct supply to 
high-value market chains. This will enable them to shift directly to a mar-
keted-oriented form of production, and furthermore encourage them to diver-
sify to high-return farm enterprises so that they can reduce the opportunity costs 
of on-farm labour and resource allocation and thus lock in the labour required 
to cope with shocks. 
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