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Abstract 8 

Average fruit and vegetable consumption in Kenya is estimated to be well below the 400 grams 9 
per person per day recommended by the World Health Organization (WHO) and has not 10 
increased since 2000.  The low and stagnant consumption of fruits and vegetables has been 11 
attributed to many factors, and multiple interventions have been implemented or proposed to 12 
address this issue.  This study uses a participatory stakeholder process to identify priority 13 
interventions and to develop a quantitative systems model of the value chain to assess their 14 
potential impacts on fruit and vegetable consumption during 2020 to 2024.  This process 15 
involved convening two workshops (in September 2019 and April 2020) with a diverse group of 16 
fruit and vegetable value chain stakeholders.  The SD model provides information on the impact 17 
on consumption during 2020 to 2024 of three proposed interventions assuming mean 18 
parameter values and with assessment of uncertainty using 200 simulations with randomized 19 
parameter values.  Stakeholders adopted a supply-chain perspective on the problem and 20 
identified three interventions with potential to increase consumption:  increase consumer 21 
awareness of health benefits, reduce post-harvest losses on farm and increasing yields of farm 22 
production.  Increasing consumer awareness would increase vegetable consumption by 23 
relatively modest amounts by 2024 (5 grams/person/day from a base of 131 24 
grams/person/day) under mean assumed value of value chain response parameters.  However, 25 
stochastic analysis of alternative values of these response parameters resulted in a range of 26 
increases from near 0 grams/person/day to nearly 40 grams/person/day.  Reducing 27 
perishability was simulated to reduce consumption due to the higher costs required to reduce 28 
losses.  Increasing farm yields had the largest impact on consumption at assumed parameter 29 
values (about 40 grams/person/day), but also the largest range of uncertainty under stochastic 30 
analyses.  Moreover, increasing farm yields would have a large negative impact on farm profits, 31 
which could undermine efforts to implement this intervention.  The uncertainty of outcomes 32 
(ranges of values) in the stochastic scenarios is primarily due to uncertainty in the 33 
responsiveness of consumption to changes in awareness, the magnitude of any cost changes 34 
and the price elasticity of demand.  This study is one of the first to apply GMB and simulation 35 
modeling to issues of public health nutrition. 36 
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Assessing the Impacts of Three Potential Interventions on Fruit and Vegetable 38 
Consumption in Urban Kenya Using Participatory Systems Modeling 39 

 40 
1 Background and Objectives 41 
 42 
1.1 Background on Fruit and Vegetable Consumption in Kenya 43 
 44 
Fruit and vegetable (F&V) consumption is considered an important component of a healthy diet 45 
with numerous documented and hypothesized health benefits (Ruel et al., 2015; Micha et al., 46 
2015).  In urban Kenya, F&V consumption is below the amount recommended by the World 47 
Health Organization (WHO) of 400g per day for all educational attainment levels reported in the 48 
Global Dietary Database (GDD, https://www.globaldietarydatabase.org; Figure 1).  49 
Consumption of both fruits and vegetables in Kenya is also considerably below the ‘optimal’ 50 
levels proposed by Micha et al. (2015) of 300 g/day and 400 g/day, respectively.  Moreover, 51 
there has been essentially no change in per capita consumption of fruits and vegetables on 52 
average in Kenya during the years 2000 to 2015 based on data from the GDD. 53 
 54 
The low and stagnant levels of F&V consumption in Kenya provide the motivation for an 55 
evaluation of interventions that could modify the observed outcomes during 2000 to 2015 to 56 
achieve consumption increases that approach WHO standards and have the potential for 57 
meaningful impacts on human health and well-being.  Previous literature has identified diverse 58 
factors likely to affect F&V consumption both more generally and specifically in the Kenyan 59 
context (e.g., Obel-Lawson, 2006; Okello et al. 2015).  These factors typically fall into one of 60 
three general categories.  Availability comprises production and post-production supply chain 61 
activities that facilitate product purchases by ultimate consumers.  Affordability means that 62 
regular purchases of product are possible by consumers based on their incomes and product 63 
prices but could also include the time costs required for purchases.  Desirability comprises a 64 
diverse set of influences that affect a consumer’s willingness to purchase, including cultural 65 
influences, knowledge of both benefits and preparation, product quality, safety and hygiene, 66 
and emotional responses to food choices. 67 
 68 
Although numerous factors have been identified as influencing consumption of fruits and 69 
vegetables in Kenya (e.g., Jaffee, 2003; Obel-Lawson, 2006; Lagerkvist et al., 2011; Okello et al. 70 
2015; Pengpid et al., 2018), this information alone is generally not sufficient to assess 71 
interventions to increase F&V consumption.  One limitation is that much of the available 72 
information about consumption determinants is qualitative, without a specific measurable 73 
relationship between the determinants and actual consumption levels.  Another is that even 74 
when determinants are better understood (quantitatively) the development of effective 75 
interventions does not always follow directly from this information, given a multiplicity of 76 
possible intervention approaches designed to influence the determinants.  Finally, interactions 77 
among decision-makers throughout the F&V supply chain have the potential to enhance or limit 78 
the effectiveness of interventions to increase consumption. 79 
  80 
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 81 
Figure 1. Reference Mode:  Per Capita Consumption of Fruits and Vegetables, Daily Average 82 
by Educational Attainment, Kenya, 2000 to 2015.   83 

Source:  Global Dietary Database. 84 
 85 
The current state of knowledge thus constrains the identification and implementation of 86 
priority interventions to increase F&V consumption in Kenya.  To the best of our knowledge, 87 
there has been no systematic comparative evaluation of the wide range of intervention 88 
possibilities in this context.  Such a comparative evaluation of interventions would be useful to 89 
support priority setting for organizations with a mandate to increase F&V consumption and is 90 
the overarching motivation for this study.   91 
 92 
1.2 Study Objectives 93 
 94 
The overall objective of this study is to evaluate interventions to increase F&V consumption in 95 
Kenya, with the following specific sub-objectives 96 
 97 

1) Implementation of two workshops with key stakeholders in the Kenya F&V supply chain 98 
to Identify hypothesized causal pathways that result in lower-than-desired F&V 99 
consumption and potential interventions to increase that consumption; 100 
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2) Development of quantitative system dynamics model to represent system structural 101 
constraints and proposed interventions based on pre-workshop preparation, the 102 
stakeholder workshop, and review of relevant literature; 103 

3) Ex ante of the effectiveness of three interventions commonly proposed by international 104 
organizations:  increasing consumer awareness of the health benefits, reducing 105 
perishability in the value chain and increasing farm yield (production) to increase 106 
availability 107 

This study combines information from the Group Model Building (GMB) process with a review 108 
of information from the literature to assess intervention options, with a focus on how they 109 
would increase average F&V consumption during the five years following assumed 110 
implementation.  Although GMB methods have been applied to related issues (e.g., Guariguata 111 
et al. 2020), this effort is one of the few that has quantified the potential impact of specific 112 
interventions to affect nutritional outcomes. 113 
 114 
2 Methods 115 
 116 
2.1 Group Model Building Process with F&V Supply Chain Stakeholders 117 
 118 
The underlying purposes for this workshop was to solicit input from relevant stakeholder about 119 
the factors and linkages that have limited increases in F&V consumption in Nairobi, and to 120 
increase awareness of the complexity of supply chain interactions that could limit the ability to 121 
effect change.  This workshop was held in Nairobi as two half-day sessions on 12-13 September 122 
2019 and included 16 participants from different perspectives on the Kenya supply chain for 123 
fruits and vegetables. Consistent with the approach described in Vennix (1996) and Rouwette 124 
and Franco (2015), participants were led with a series of scripts to identify factors affecting a 125 
low and stagnant levels of F&V consumption as the reference mode behavior through 2025.  126 
During the introduction, participants were provided with information about the overall process 127 
for the project, the structure of the workshop, an operational definition for fruits and 128 
vegetables and an illustrative listing of F&V supply chain stakeholders.   129 
 130 
The second half day session began with a summary of the factors that participants identified as 131 
influencing consumption of fruits and vegetables in Nairobi and their definitions and metrics for 132 
affordability, availability and desirability.  The initial systems diagram based on stakeholder 133 
input was presented and discussed to identify and necessary corrections or additions of factors 134 
or linkages (Figure 2).  A number of feedback processes with the potential to enhance or limit 135 
increases in F&V consumption were identified (a qualitative analysis) to illustrate the potential 136 
insights from a systems analysis.  Participants then identified priority interventions to increase 137 
F&V consumption, that is, to modify the “reference mode” behavior to more desirable 138 
outcomes.   139 
 140 
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 141 
Figure 2.  Initial Systems Mapping Based on Day 1 Exercises from September 2019 Stakeholder Workshop 142 

NOTE:  Red variables are key outcomes, Orange are exogenous factors, and pink variables are ultimate health outcomes of interest. 143 

F&V with
Intermediaries

F&V with
Vendors

F&V with
Consmers

F&V
consumed

F&V not
consumed

F&V sold to
consumers

Product not sold
to consumers

F&V sold to
vendors

F&V being
grown

F&V sold to
intermediaries

F&V crops planted for
domestic markets

Product not sold to
intermediaries

Product not sold to
vendors

F&V Purchase
Decision

Safety of F&V as
perceived by
consumers

Convenience of
F&V as perceived

by consumers Consumer awareness
of nutritional benefits

Income, SE Status

General
educational level

Degree to which
F&V are perceived

as good choices

Promotion and
Education Efforts

(and Effectiveness)

Climate
(change)

Price and volumes
expected by farmers

Input
availability

Input costs

Cash Flow
resources

Perishability of F&V

Proportion of
losses or waste

Knowledge from
research on consumer

preferences

Yields

Innovation in production
and marketing technology

Coordination among
supply chain partners

Price Paid by
intermediary to

farmer

Famer Profits (and
stability)

Price Paid by vendor
to intermediary

Price paid by
consumer to

vendor

Affordability

Farmer
knowledge

Educational
programs for farmers

Other
intermediary

costs
Intermediary
market power

Intermediary
profits

Other vendor costs

Vendor
profitability

Quality and freshness
of delivered F&V

Safety and hygiene of
delivered F&V

+

+

+

-

Input
purchases

+-

+

-

+

+

+

- - -

-

+

+

+

+

+
+

+ +

+

+ + + +

+

+

Functionality of
input supply chain

-

+

-

+

-

+

-

+
+

+

+

+
+

+

-

- +

++ +

+

Indicence of
NCD Degree of

micronutrient
deficiency

-
-

Obesity rate

-

-

Number of
Vendors Time cost

for purchase
+

- -

+

Other farmer
costs +

+

-
+

Convenience of F&V
product offerings

+

+

+

Culural
norms about
good food

choices

-

Positive emotions from
F&V consumption

+
+

+
+

blank for spacing



Nicholson and Monterrosa International System Dynamics Conference 2021 

 6 

2.2 Quantitative Model Development  144 

 145 

Based on the input from stakeholders from the September workshop, an SD model was 146 

developed for quantitative assessment of proposed interventions.  The structure for the supply 147 

chain components of the model (farm production, intermediaries3, and vendors) is based on 148 

the supply chain formulation in Sterman (2000), modified in this case to reflect multiple linked 149 

supply chain actors for F&V products.  Prices from sellers to buyers are determined by 150 

inventory coverage (the amount of product in storage at a market level divided by current sales 151 

and expected product losses—spoilage).  Sales prices generate revenues, which along with 152 

costs for production and distribution determine profits.  Profitability of farmers, intermediaries 153 

and vendors determines the level of initiation of new production (for farms) or marketing 154 

(purchases/orders, for intermediaries and vendors), which become part of available inventories 155 

with a delay (e.g., time is required to increase production and to contract for purchases and 156 

receive deliveries from suppliers).  Prices also determine the demand for product by 157 

intermediaries, vendors and consumers.  158 

 159 

Although in some supply chain models, perfect coordination is assumed (orders are 160 

coordinated throughout all levels of the supply chain), we do not assume that the F&V supply 161 

chain for Nairobi demonstrates this degree of coordination.  Rather, farmers, intermediaries 162 

and vendors are assumed to operate independently and thus may make supply or purchase 163 

decisions not entirely aligned with the purchase or production decisions of supply chain 164 

partners.  Potential intervention points are represented for each of the market actors.  Relevant 165 

literature on F&V supply chains in Kenya and related to consumer behavior was used to develop 166 

specific quantitative relationships among the variables identified in the stakeholder workshop.   167 

 168 

The initial model is designed to replicate the reference mode of observed limited growth in F&V 169 

consumption per capita.  The current model version represents 2015 observed consumption 170 

levels in “dynamic equilibrium” beginning in 2018 with unchanged market or promotion 171 

conditions, then examines the impacts of changes to factors that would affect consumption.  172 

The model represents five years (with a weekly time unit of observation) starting with 2018.  173 

The current model focuses only on a single “generic” product that is more representative of 174 

leafy greens.  A detailed model description is available as a complement to this paper.   175 

 176 

A second workshop was held with the same participants in April 2020 (via Zoom due to Covid 177 

restrictions) to present the structure of the quantitative SD model to stakeholders, to solicit 178 

suggested modifications and to refine the scenarios for quantitative analysis. 179 

 180 

 
3 Intermediaries are defined for the purposes of the model as the first buyer of product from farmers, and the 
sellers of product to vendors, who are assumed to sell directly to individual consumers (households).  This is a 
simplification in the sense that there can be multiple intermediaries between farmers and vendors, but this 
aggregation likely does not affect the outcomes of the model. 
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2.3 Specification of Model Scenarios for Analysis of Priority Interventions 181 

 182 

Based on information from the April workshop and subsequent discussions with individual 183 

experts, we summarized the potential impacts of interventions (Table 1) and developed 184 

scenarios (Table 2).  These scenarios analyzed interventions that focused either on consumers 185 

or other value-chain participants (farmers or intermediaries).  For this paper, we focus on three 186 

commonly-proposed interventions:  increasing awareness of the health benefits of F&V 187 

consumption, reducing perishability in the supply chain and increasing vegetable yields.  Each of 188 

these has been attempted to some extent previously in the Kenya F&V supply chain and are 189 

otherwise commonly proposed interventions to improve nutritional outcomes from food supply 190 

chains more generally (Ridoutt et al., 2019; Nicholson et al. 2021).  To facilitate comparison 191 

among scenarios, the assumptions about changes are typically expressed in terms of 192 

percentage changes from the current situation, e.g., a 10% increase in the proportion of the 193 

population that is aware of relevant nutritional benefits of F&V consumption.  Changes in 194 

relevant value-chain costs associated with implementation of the intervention are also 195 

expressed in terms of percentage changes from the current values.  All interventions are 196 

assumed to implemented (and are fully effective) as of May 2020.  This assumes no one-time 197 

costs (investments), time delays or issues with implementation, which is consistent with the 198 

focus of the model but represents a best-case scenario in terms of impacts vis-à-vis more 199 

realistic program implementation challenges.   200 

  201 
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Table 1.  Summary of Characteristics of Priority Potential Interventions to Increase Fruit and 202 

Vegetable Consumption Based on April 2020 Workshop and Subsequent Consultation with 203 

Subject-Matter Experts 204 

Intervention 
Characteristic 

Improve Awareness 
of Nutritional Benefits 

(Consumer Focus) 

Reduce Farm 
Perishability 
(Farm Focus) 

Increase Yields 
(Farm Focus) 

Measurable indicator 

Number of servings, 
portion sizes, diversity 
(adding new fruits and 

vegetables, not just more 
of same) 

Proportion of production 
harvested not suitable 

for sale 

Production per acre, 
kg/acre 

Degree of change possible 

Varies with type of 
awareness, from limited 
to moderate, but limited 
information is available 

for specific actions 

Could be reduced to 10% 
(compared to currently 

assumed 15%) 
100% increase 

Actions required by supply 
chain actors or external 
partners 

Program efforts to 
increase awareness 

Farmer training in Good 
Agricultural Practices 

(GAP); improved storage, 
continuous market 
access (especially in 

rains) 

Farmer training in Good 
Agricultural Practices 

(GAP); increased 
investment and input use 

Impact on supply chain costs Limited direct impacts 
Increases, varies with 

intervention 

May reduce unit costs of 
production although 
total costs are higher 

Time required to implement Potentially lengthy 

Potentially lengthy for 
farmer training and 

infrastructure 
development 

Potentially lengthy for 
farmer training and 

infrastructure 
development 

Other comment 

Awareness of general 
nutritional benefits is 

already high, so 
awareness efforts would 
need to focus on other 

aspects.  Stepped 
progress to meet goals 

may be appropriate 
strategy 

Perishability can be 
linked to yields but is 

treated separately here 

Yields can be related to 
perishability but are 

treated separately here 

  205 
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Table 2.  Changes in Simulation Model Parameters to Implement Intervention Scenarios and 206 

Related Sensitivity Analyses 207 

Simulation Model 
Changes 

Improve Awareness 
of Nutritional Benefits 

(Consumer Focus) 

Reduce Farm 
Perishability 
(Farm Focus) 

Increase Farm Yields 
(Farm Focus) 

Parameters Modified for 
Scenario 

10% increase in 
awareness 

No change in value-chain 
costs 

33% reduction in post-
harvest perishability at 

the farm level (10% 
losses rather than 15% 

losses) 

10% increase in unit 
variable costs of 

production at the farm-
level 

50% increase in yields at 
the farm level 

5% increase in unit 
variable costs of 

production at the farm 
level 

Range of value for sensitivity 
analysis 

None 

5 to 20% increase in unit 
variable costs of 

production at the farm 
level 

5% decrease to 10% 
increase in unit variable 
costs of production at 

the farm level 

 208 

3 Results 209 

 210 

3.1 Results of Deterministic Intervention Scenarios 211 

 212 

A first set of scenarios assessed the impacts of the three interventions at the mean estimated 213 

values key response parameters and thus represent the mean expected impact of the 214 

interventions.  They also provide a starting point for discussion of stochastic scenarios when 215 

many parameters are assumed to uncertain.  As discussed further below, alternative parameter 216 

assumptions will affect the degree to which any of the intervention can be effective, for which 217 

determining the distribution of values can be useful.  The deterministic results indicate that 218 

increasing consumer awareness and increasing farm yields would increase vegetable 219 

consumption (Figure 2; Table 3).  These two interventions show increases the continue during 220 

the five years simulated by the model.  This pattern of ongoing increase results from the time 221 

required for value-chain participants to perceive and respond to relevant changes4, and from a 222 

reinforcing feedback effect.  This latter effect is based on the positive emotional response and 223 

reinforcement of F&V as good choices, both of which are assumed to be enhanced as vegetable 224 

consumption increases.  Thus, initial increases from the intervention are maintained and 225 

enhanced by the emotional response processes of consumers. 226 

 227 

Efforts to increase consumer awareness are often promoted as a means to improve the quality 228 

of diets (e.g., Poelman et al., 2019), but evaluations of their effectiveness have shown mixed 229 

results (Obel-Lawson, 2006; Rekhy and McConchie, 2014).  The limited impact on F&V 230 

consumption from this intervention (an increase of less than 3 g/person/day) derives from the 231 

 
4 Although programs are assumed to be implemented instantaneously and immediately effective, the behavior of 
value-chain participants is assumed to require time for changes to occur. 
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GMB workshop consensus that most Nairobi consumers are already aware of the relevant 232 

health benefits (so that only small increases in awareness are possible) and that the 233 

responsiveness of F&V consumption to increased awareness is relatively low.  The percentage 234 

change in consumption associated with a 1% change in awareness (‘elasticity’ value) is 235 

estimated as 0.6 based on stakeholder input. 236 

 237 

Another commonly-proposed supply chain intervention is reduction of perishability (Tshirley 238 

and Ayieko, 2008; Gogo et al. 2017; Rodriguez, 2018), often with the goal of reducing costs due 239 

to product losses and also increasing product availability.  Our scenario assumes a one-third 240 

reduction in losses of product from post-harvest farm inventories, from their currently 241 

estimated value of 15% to a value of 10%.  To achieve this reduction in farm perishability a 10% 242 

increase in variable costs is assumed to be required, which reflects the potential costs of 243 

improved storage and farmer training.  This intervention is simulated to reduce daily per capita 244 

consumption of F&V, for two principal reasons.  First, although there is a reduction in product 245 

losses (and associated supply costs), the effect of smaller product losses on the unit cost is less 246 

than the assumed cost increase required to achieve it, so product prices increase.  There is no 247 

shifting of the demand curve for F&V, so a higher price results in reduced consumption.  A 248 

related effect occurs due to the assumptions made about inventory management by farmers, 249 

intermediaries and vendors.  These value-chain actors typically place orders with their suppliers 250 

to meet expected demand with an expected amount of product loss.  Farmers are assumed to 251 

make planting decisions consistent with meeting expected orders from intermediaries but also 252 

accounting for expected product losses.  Smaller post-harvest product losses therefore imply 253 

that less production is needed to meet expected demand from intermediaries, which can have 254 

the effect of increasing unit variable costs of production if there are economies of scale in 255 

production as assumed for this analysis.  The specific assumptions about behaviors and costs 256 

here could affect the simulated outcome of changes in perishability, so further, more specific 257 

assessments of such interventions are merited. 258 

 259 

The intervention with the largest impact on simulated F&V consumption is for increased farm 260 

yields.  By the end of 2024, this scenario suggests that daily per capita consumption could be 261 

increased by nearly one-third of 2020 amounts, by more than 40 g/person/day.  This large 262 

change is due in part to the assumed size of the yield increase (50%), the relatively small 263 

increase in unit costs of production to assume this yield increase (5%) and the fact that the 264 

large increase in production from higher yields results in a 20% reduction in the farm price, 265 

which increases demand further down the supply chain.  Prices initially fall throughout the 266 

supply chain, but then increase for vendors and consumers as the effects on demand from 267 

emotional benefits and making good choices further enhance demand.  Although this 268 

intervention is the most effective for increasing consumption, it also markedly lowers farm 269 

profitability compared to the status quo, in part because farms are assumed not to have much 270 

as much ability to modify their prices in response to changes in supply and demand as 271 

intermediaries or vendors, per the April GMB workshop discussions. 272 

 273 
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 274 

Figure 3.  Simulated Changes in Daily Per Capita Vegetable Consumption Under Three 275 

Intervention Scenarios 276 

Blue:  Increase Consumer Awareness 277 

Red:  Reduce Farm Perishability 278 

Green:  Increase Farm Yield 279 
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Table 3.  Simulated Impacts of Interventions on Vegetable Consumption, Prices Received and 281 

Profits for Supply Chain Actors 282 

Simulated Outcome Dynamic 
Equilibrium 

Increase 
Awareness 

Decrease 
Farm 

Perishability 

Increase 
Farm Yields 

Average Daily Per Capita Vegetable 
Consumption, grams/day 

131.2 134.0 130.9 153.0 

Ending Daily Per Capita Vegetable 
Consumption, grams/day 

131.2 136.2 130.8 173.8 

      

Average Total Quantity Consumption, 
million kg/week 

3.02 3.08 3.01 3.52 

Ending Total Quantity Consumption, 
million kg/week 

3.02 3.13 3.01 4.00 

      

Average Price Received, KSh/kg     

Farm 22.0 22.7 22.5 17.6 

Intermediary 45.0 46.5 45.2 45.6 

Vendor (Paid by Consumer) 53.7 55.4 53.7 56.0 

     

Average Total Profits, million KSh/Week     

Farm 31.7 34.6 29.0 16.3 

Intermediary 23.5 26.7 22.2 48.3 

Vendor 7.5 8.7 7.1 15.9 

  283 
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3.2 Results of Stochastic Intervention Scenarios 284 

 285 

The values of many parameters describing the response of supply chain participants are not 286 

well known, and the participants in the April workshop expressed different opinions about 287 

many of them.  Given the uncertainty about these values, it is important to evaluate how 288 

alternative assumptions about them affect the impacts of the priority interventions.  To do this, 289 

we specified likely ranges of values from many of the uncertain parameters and used these 290 

ranges to simulate N=200 random combinations of uncertain parameters for each of the 291 

interventions and their combination.  Lacking good information about the nature of the 292 

distribution for these parameter values, for all of them we assumed a uniform probability 293 

distribution for specified maximum and minimum values, using the ‘multivariate’ selection 294 

approach provided by the Vensim™.  For the three interventions, we assumed the same 295 

magnitude of impact as in the deterministic scenarios (e.g., a 10% increase in awareness) but 296 

simulated a range of costs changes and response parameters associated with achievement of 297 

that impact.  These analyses provide a probability distribution of values for vegetable 298 

consumption, which is appropriate given the uncertain nature of value-chain behavioral 299 

responses. 300 

 301 

The stochastic analyses indicate that the range of impact of the three interventions on 302 

simulated vegetable consumption can vary based on assumptions about value-chain responses 303 

and the effect on value-chain costs (Table 4).  The range of values at the end of 2024, which 304 

tend to be the highest values of consumption for reasons discussed previously, varies by only 6 305 

grams/person/day for scenario of reduced perishability but is larger of the scenarios modifying 306 

consumer awareness (nearly 40 grams/person/day) and increasing farm yields (84 307 

grams/person/day) (Table 4 and Figures 4 to 6).  The range of consumption outcomes at the 308 

end of 2024 is greater than 10% of current consumption for the scenarios except for the 309 

reduced perishability scenario, which suggests the importance of understanding which 310 

uncertain parameters have the largest impact on the outcomes.   311 

 312 

The impact of alternative parameter values was assessed using a linear regression of the end-313 

of-2024 consumption level on the parameter values used in the 200 simulations for the 314 

stochastic analysis5.  The sign and magnitude of these regression coefficients can be used with 315 

information about the low and high values of the parameters used in the 200 simulations to 316 

assess the impacts on consumption of changes in specific parameters.  As an example, for the 317 

scenario increasing awareness of nutritional benefits, a 10% increase in awareness is assumed, 318 

but the sensitivity of consumption to awareness is uncertain, with a range of values from 0.2 to 319 

1.0.  Given the regression coefficient for sensitivity of consumption to awareness the impact of 320 

a change from 0.2 to 1.0 in the value of the sensitivity indicates that the impact of changing 321 

from the low and high values of sensitivity is about 16 grams/person/day.  A value of 16 g/p/d is 322 

about 40% of the observed range of values, suggesting that uncertainty in this parameter 323 

accounts for a substantive amount of the 38 grams/person/day uncertainty observed for the 324 

 
5 A linear regression may not fully capture nonlinear effects of changes in parameter values but provides an initial 
assessment adequate for present purposes. 
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range for this intervention assuming other factors held constant.  For the perishability scenario, 325 

the only important parameter was the assumed cost, which accounted for two-thirds of the 326 

variation in 2024 outcomes.  For farm yields, assumptions about the cost changes required for 327 

yield (a 5% decrease to a 10% increase) accounted for the majority of the variation observed in 328 

consumption outcomes.   329 

 330 

Overall, these stochastic analyses suggest that substantive increases in F&V consumption are 331 

unlikely with reduced perishability under any assumed values for uncertain model parameters.  332 

However, there is a potential for substantively larger increases in F&V consumption than is 333 

predicted by the mean values of parameters for interventions to increase consumer awareness 334 

and farm yields.  Moreover, there is overlap in the distributions of F&V consumption outcomes 335 

under uncertain parameter values for these latter two scenarios.  Further work to define more 336 

narrowly the values of uncertain parameters would be beneficial to the identification of more 337 

effective interventions. 338 

 339 

 340 

Table 4.  Range of Simulated Impacts of Interventions on 2024 Vegetable Consumption, 341 

N=200 Random Sets of Parameter Values 342 

Simulated Outcome Increase 
Awareness 

Decrease 
Farm 

Perishability 

Increase Farm 
Yields 

Average Daily Per Capita Vegetable Consumption, grams/day    
Minimum value 131.6 125.1 121.6 
Median value 136.9 130.5 171.3 
90th percentile value 149.8 131.2 194.4 
Maximum value 169.6 131.2 205.6 
Range of values (Maximum – Minimum) 38.0 6.1 84.0 

NOTE:  Consumption in Dynamic Equilibrium is 131.2 g/person/day. 343 
a The combined scenario includes all interventions other than Decrease Farm Perishability. 344 
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 345 
Figure 4.  Simulated Range of Changes in Daily Per Capita Vegetable Consumption with 10% 346 

Increase in Awareness of Nutritional Benefits, N=200 Random Sets of Parameter Values 347 

 348 

 349 
Figure 5.  Simulated Range of Changes in Daily Per Capita Vegetable Consumption with a 33% 350 

Reduction in Farm Perishability, N=200 Random Sets of Parameter Values 351 
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 353 
Figure 6.  Simulated Range of Changes in Daily Per Capita Vegetable Consumption with 50% 354 

Farm Yield Increase, N=200 Random Sets of Parameter Values 355 

 356 

4 Conclusions and Implications 357 

4.1 Conclusions 358 

 359 

The principal conclusion of this process is that interventions to increase F&V consumption in 360 

urban Kenya may provide benefits but also face challenges.  Reducing perishability is unlikely to 361 

result in substantive increases in F&V consumption even accounting for uncertainty in 362 

parameter values.  Increasing consumer awareness has modest impacts on F&V consumption at 363 

the mean assumed values of many parameters but would have more impact if the 364 

responsiveness of consumers to awareness is larger than the mean value assumed or if demand 365 

for F&V is less elastic (in the economics meaning of that term).  Increasing farm yields appears 366 

to have the largest potential to increase F&V consumption, but also implies large reductions in 367 

farmer profits—an undesirable outcome that could undermine attempts to implement yield-368 

increasing programs. 369 

 370 

4.2 Implications and Future Actions 371 

 372 

Much of the information necessary for the development of the quantitative model was not 373 

readily available from previous sources.  Although stakeholders provided their assessments and 374 

uncertainty in this information was evaluated with the simulation model, the relatively large 375 

ranges of outcomes indicated by the stochastic analyses suggests that allocating resources to 376 

improved knowledge would be valuable.  Three main areas merit further knowledge 377 

development.  Additional information on the cost structures and prices through the value chain 378 
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(e.g., Chemonics, 2013) and their changes over time and in response to interventions would 379 

allow improved representation of core business performance metrics and likely behaviors.  380 

Information on the responsiveness of consumers to changes in factors such as quality, 381 

convenience, hygiene is very limited; extant studies often include ranking of importance of 382 

these factors but not a linkage to their impacts on consumption.  Finally, the potential for 383 

change in each of the factors and associated costs would better inform scenario development 384 

and allow more refined use of the value-chain linkages in the current simulation model. 385 

 386 

The suggested next steps are to use the results of this modeling study to undertake a series of 387 

small exploratory studies to improve knowledge of value-chain relationships, consumer 388 

consumption behavior and the potential for interventions to modify key value-chain 389 

components and affect consumption behavior.  This information could be used to refine the 390 

analyses reported herein—to narrow the range of possible outcomes currently due to data 391 

uncertainty. 392 

 393 
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