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1. Introduction

2. Methodology
• Data from 463 farms spanning fourteen countries were collected from farmers as part of a supply
chain monitoring system of Unilever.

• ~ 36.9 million metric tonnes of
tomatoes are produced per year for
processing into paste, sauce,
canned tomatoes and other tomatobased products from 2012 to 2015.1

• Greenhouse gas footprinting was performed on each farm using a functional unit of 1 tonne of
fresh tomatoes (Figure 1).

• Globally the most important
vegetable crop at a production
volume of 163 million metric tonnes
in 2013 according to FAOSTAT.2

Goal

Figure 1: System boundaries for greenhouse gas footprinting from cradle to farm gate

• Quantify the greenhouse gas (GHG) footprint of open-field
tomato crop cultivation worldwide and the variability therein
using farm-specific data.

Table 1: Drivers of variability for greenhouse gas footprints from cradle to farm gate accounted in this study

Drivers of GHG footprint
Nitrous oxide (N2O)
emissions from fertilizer
application
Fossil emissions

• Build a data-driven model to quantify farm-specific GHG
footprint on a global scale.

Yield

3. Results and Discussions
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• Typically fertilizer production is the largest contributor to the GHG footprint of
tomatoes: 44 % of median GHG footprint and 30 % to the 5th to 95th percentile
variability of GHG footprints.
• Regression of GHG footprints with nitrogen fertilizer input and yield shows
relationships that can be used to build an empirical model to predict farm-specific
GHG footprints of tomato crops based on limited data available.
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Figure 2: Box and whisker plot (5th, 25th, 50th, 75th and 95th percentile) of the total GHG emissions of openfield tomato production for countries with more than 10 farms in the sample. For these countries, a breakdown
of relative contributions of the different sources of emissions was done as in Figure 3b.
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• The median GHG footprint of India is about 5.3 times that of Chile (120 vs
23 kg CO2-eq. per tonne of tomatoes).
• Relative importance of different input parameters varies between countries.

a)

Technological: machine use and material inputs
Spatial: soil composition, climate, i.e. temperature and rainfall
Technological: farm management practices and technologies (e.g. material
inputs and machinery)
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Between-country variability

• Percentage difference between the 5th to
95th percentile for all countries ranges from
110 % for Egypt to 880 % for Portugal.

Technological: amount and type of fertilizer applied
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• The median and production-weighted mean GHG footprint is 62 and 56 respectively,
compared to literature values of 86 to 130 kg CO2-eq. per tonne of tomatoes3,4,5.
Within-country variability
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Figure 3: Box and whisker plot of the GHG emissions and the relative contributions of different sources of emissions to the overall variability of emissions for a) all farms; and b) only the farms in the USA

GHG footprints vs N fertilizer input

b)

500

kg CO2 eq per tonne
tomatoes

kg CO2 eq per tonne
tomatoes

a)

y = 0.2105x + 32.751
R² = 0.1589

400
300
200
100

GHG footprints vs Yield

500

y = -0.9393x + 153
R² = 0.2529

400
300
200
100
0

0
0

50

100

150

200

250
300
kg N per hectare

350

400

450

500

0

50

100

150
200
tonnes per hectare

250

300

350

Figure 4: Scatter plot of the GHG footprints vs a) nitrogen fertilizer input b) yield of the farms.

4. Conclusion and Looking Forward
• The relative contribution of sources of emissions to the total GHG footprint provides
insights for actions to reduce GHG emissions within supply chains, e.g. through
facilitating optimization of management practices at the farm level.
• Future work will include further statistical analysis and regression of GHG footprints
with more input parameters, i.e. electricity use, irrigation volume, etc.
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