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1. Introduction

• Kenya’s population is projected to be 95 million people by the year 2050 thus the need 
for food and water will  almost double the current situation with a population of  about 
50 million people. 

• To achieve this, the food production systems in Kenya need to be significantly more 
efficient and sustainable.  

• Principal barriers to agricultural productivity in Kenya are clustered in six areas (Birch, 
2018) : 

• (i) Land and population pressures; (ii) Agricultural research and development and 
agricultural extension is low; iii) Markets;  (iv) Climate change, in particular Changes in 
temperature and rainfall  are presumed to have negatively affect agricultural production, 
(v) Soil fertility and land degradation; and (vi) Public expenditure

• Nexus thinking to enhance food production sytems



The water, energy and food security nexus [SIE, 2011]



Schematic overview of the ecosystem service approach methodology (grey block) used in this study, and its 
relations to the two core elements of the study: the
water (W)-energy (E)-food (F)-land (L)-climate (C) nexus (Laspidou et al., 2017) and the ecosystem service 
cascade (based on De Groot et al., 2010).



Introduction ……
Heuvel et al., 2020

• Schematic overview showing the pathways through which the 17 pressure 
groups (tallest centre column) originating from the nexus sectors (second 
column from left) affect ecosystem functions (right-most column). 

• The nexus sectors of water, food and energy have been grouped into land-
based production, and waterbased production (left-most column). Numbers 
indicate the number of individual pressures coming from a particular sector. 

• For simplicity, processes contributing to particular functions (see Table 1), are 
not included. Note however that one function can be derived from different 
processes. The pathways indicate the extraordinary complexity of the nexus. 
Figure was created using an open source tool on sankeymatic.com.





Introduction ……
• Green growth is a feasible pathway. 

• Green growth implies nurturing economic growth and development at the 
same time, ensuring that natural assets such as terrestrial, aquatic and 
atmospheric ecosystems continue to provide the resources and environmental 
services on which our well-being depends (Rodgers, 2016). 

• Short-lived climate pollutants (SLCPs), include black carbon, 
methane, tropospheric ozone, and hydrofluorocarbons, 

• SLCPs are responsible for up to 45% of the current level of global 
warming, and also are dangerous air pollutants that have harmful 
effects for people, ecosystems and agricultural productivity. (Amann
et al., 2013; Tai et al., 2014; Baker et al., 2015; HTAP, 2010).





Introduction ……
What is the link between horticultural 
production and Short-lived climate pollutants?

• The short-lived climate pollutants, if business as usual continues such that no 
concrete action to reduce emissions of these SLCPs is taken in the coming 
decades, they are expected to account for as much as  about half of warming 
caused by human activity. 

• Very limited documentation of the impact of horticultural production on 
Short-lived climate pollutants is documented. 

• This paper evaluates the influence horticultural productivity in Kenya on 
national Fuel Consumption and SLCPs.



2. Data and Methods
Parameter Source Units Spatial resolution

1 Vegetable Commodity prices KNBS Millions of KShs. N/A

2 Fruits Commodity prices KNBS Millions of KShs. N/A

3 Light  Diesel Oil (LDO), KNBS Metric tonnes N/A

4 Jet Fuel Oil, KNBS Metric tonnes N/A

5 Motor  Spirit (Petrol) KNBS Metric tonnes N/A

6 Illuminating Kerosene KNBS Metric tonnes N/A

7 Heavy  Diesel Oil (HDO),  KNBS Metric tonnes N/A

8 Liquefied Petroleum Gas (LPG) KNBS Metric tonnes N/A

9 Aviation Gasoline KNBS Metric tonnes N/A

10 Total Fuels KNBS Metric tonnes N/A

11 Black carbon (Surface Mass 

Concentration)

NASA gm-3 0.5 x 0.625 deg.



Data and Methods….

• Monthly data were collected for the period 2012 to 2020

• Pearson correlation coefficients were calculated between the monthly SLCPs 
and the monthly commodity prices of vegetables and fruits. 

• No documented studies have analysed the relationship between horticultural 
productivity and SLCPs, especially black carbon.  

• Very few studies have related commodity prices with fuels consumption.

• Pearson correlation analysis between eight different types on one hand and 
vegetable commodity prices revealed seasonality of the relationships. LPG is 
significantly and positively correlated to Vegetable commodity prices 
throughout January to September. 



Vegetable commodity prices versus 9 types of fuels

AGO 

(Light

Diesel 

Oil)

Jet Fuel Oil
Motor

Spirit

Illuminating 

Kerosene

IDO 

(Heavy

Diesel Oil)

LPG
Aviation 

Gasoline

Total 

Fuels

Jan 0.837 0.351 0.764 0.736 0.677 -0.431 0.819 -0.108 0.905

Feb 0.708 0.379 0.541 0.733 0.817 -0.39 0.782 -0.75 0.825

Mar 0.413 -0.53 0.606 0.743 0.572 -0.376 0.786 0.772 0.64

Apr 0.534 0.179 -0.048 0.645 0.496 -0.387 0.733 -0.548 0.626

May 0.754 0.54 0.085 0.811 0.678 -0.382 0.837 -0.046 0.822

Jun 0.151 0.059 -0.037 0.313 0.097 -0.066 0.609 0.309 0.25

Jul 0.342 -0.091 0.421 0.314 -0.01 0.398 0.597 0.236 0.43

Aug 0.391 0.307 0.409 0.368 -0.16 -0.282 0.586 -0.062 0.493

Sep 0.111 0.347 0.31 0.144 -0.249 0.494 0.553 0.162 0.225

Oct 0.166 0.091 0.458 0.194 -0.399 0.218 0.143 -0.152 0.263

Nov 0.218 0.193 0.436 0.288 -0.108 0.203 0.412 -0.286 0.379

Dec 0.027 0.587 0.251 0.234 -0.54 0.529 0.196 0.248 0.171



Figure 1:  Scatter plot of LPG versus 
vegetable commodity prices

• The month of January recorded 
LPG versus vegetable commodity 
prices to have the strongest 
correlation (r=0.835, p=0.02) 
and r2= 0.672. 

• This is a pointer that the 
vegetable value chain is highly 
related to the usage of LPG 
(Figure 1). 
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Figure 2:  Scatter plot of Total fuels versus 
vegetable commodity prices in January

• Total Fuels are strongly related 
to vegetable commodity prices 
in the month of January 
(r=0.905, p=0.01) and r2= 0.818. 

• This is the highest correlation 
coefficient  in the year (Figure 2). 
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Fruit Commodity prices versus 9 types of fuels

AGO 

(Light

Diesel 

Oil)

Jet Fuel Oil
Motor

Spirit

Illuminati

ng 

Kerosene

IDO 

(Heavy

Diesel 

Oil)

LPG
Aviation 

Gasoline

Total 

Fuels

Jan 0.907 0.113 0.769 0.898 0.765 -0.672 0.792 -0.148 0.969

Feb 0.741 0.264 0.604 0.869 0.832 -0.736 0.732 -0.793 0.878

Mar 0.546 -0.177 0.752 0.897 0.688 -0.662 0.78 0.843 0.868

Apr 0.74 0.242 -0.014 0.869 0.738 -0.689 0.756 -0.348 0.835

May 0.858 0.413 0.115 0.942 0.893 -0.627 0.827 -0.003 0.927

Jun 0.835 0.352 -0.031 0.927 0.749 -0.746 0.782 -0.268 0.87

Jul 0.918 -0.011 0.054 0.925 0.655 -0.911 0.805 -0.097 0.94

Aug 0.883 0.331 -0.279 0.935 0.155 -0.794 0.741 0.094 0.909

Sep 0.512 0.246 -0.272 0.554 -0.258 -0.911 0.764 -0.634 0.477

Oct 0.663 -0.038 0.23 0.579 -0.341 -0.911 0.595 0.042 0.701

Nov 0.641 -0.005 -0.287 0.769 -0.026 -0.613 0.657 -0.024 0.763

Dec 0.341 0.45 -0.396 0.861 -0.563 -0.657 0.413 -0.545 0.491



• Total Fuels are strongly related 
to fruit commodity prices in the 
month of January (r=0.969, 
p=0.00) and r2= 0.938. 

• This is the highest correlation 
coefficient  in the year (Figure 2). 
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• The relationship between Black Carbon and 
productivity of fruits is more apparent as 
compared to the vegetables on (Table 3). 

• A strong correlation is observed in the month 
of October (r= 0.832) at the start of the short 
rains. 

• The dry month of February has a significantly 
negative relationship (r= -0.575), with the sign 
and magnitude of the relationship comparable 
to that of the vegetables. 

• The cold months of June to August manifest a 
weak negative relationship. It is notable that 
the annual average Black Carbon and annual 
Fruits commodity prices have a moderate and 
negative correlation. 

• This suggest a significant relationship been 
production of fruits reduces black carbon. 
Carbon sequestration may be responsible for 
this to some extent.

Vegetables Fruits

Jan 0.115 0.202

Feb -0.567 -0.575

Mar 0.332 0.179

Apr -0.112 0.286

May -0.004 0.253

Jun -0.101 -0.671

Jul -0.286 -0.419

Aug 0.361 -0.427

Sep -0.051 0.120

Oct 0.356 0.832

Nov 0.683 -0.022

Dec 0.157 0.012

Annual 0.004 -0.714



Conclusion and Recommendations
• Petrol and diesel are significantly correlated with horticultural productivity, with 

pronounced seasonality.

• There is an association between horticulture productivity and short lived climate 
pollution, in particular black carbon pollution.

• The vehicular emissions connected to horticulture value chain need to be mitigated 
as Kenya transitions to green economy. 

• Total monthly fuel consumption in positively and moderately correlated with 
horticultural commodity prices, with January recording the highest r2 (0.938).

• Fruit trees are deemed to most likely significantly contribute to carbon sequestration 
in Kenya.

• Studies on carbon footprints of horticultural products in Kenya will contribute 
immensely in unravelling the complex inter-relationships in the Energy-Food-
climate nexus



Thank you


