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The world’s population could exceed nine billion by 2050, putting future global food
security at risk. To fulfill the increased food demand, food production should be increased.
However, with limited land use, current livestock production is not sustainable. To tackle
this problem, insect meat can be used as an alternative to conventional livestock. With
its high nutritional component and a low land use area, insect has many potentials.
However, it is largely unknown how much land can be saved if we replace current
conventional livestock with insects, especially under different climate change scenarios.
Here, we examine the land use effectiveness of raising insects as food, together with
using other conventional meat sources under different climate scenarios outlined in the
Special Report on Emissions Scenarios (A1, A2, B1, B2). Then, the current livestock meat
ratio is analyzed to examine the readiness of each country to fulfill its needs. We also
simulated land use changes with different proportions of insect meat production. Based
on the land use simulation in different SRES scenarios, insect meat would be effective
in fulfilling animal-based energy demands. We statistically examined the relationship of
livestock land ratio with countries’ variables (GDP, population, forest area, protected
area, government efficiency). Based on an analysis involving the use of various meat
composition policies in the four SRES scenarios, insect meat with its high efficiency of
land use can be more effective in fulfilling animal-based energy demands than other
livestock types. However, to achieve food security in the future, it is a necessity that insect
meat be used alongside other alternative solutions that are suitable to each country/area.

Keywords: food security, livestock, climate change scenarios, energy demand land area, global analysis

INTRODUCTION

It is a known projection that by 2050, the world population could exceed nine billion (The
Worldwide Governance Indicators (WGI) project, 2013; Van Huis et al., 2013). However, the
current food production cannot cater to this expected population, so it will need to be increased
to provide for all people. Because land is a limited resource, expanding the farming area may
not be a sustainable option as it will compete with the need for land to be used as living space.
Furthermore, the use of land for animal farming would contribute to increasing CO, emission
into the atmosphere (Sachs, 2010; Gerber et al., 2013). To ensure sustainable and sufficient food
production in the future, what we eat and how we produce food needs to be re-evaluated, along
with the introduction of new ways of growing food.

Alternative solutions to conventional livestock and feed sources urgently need to be found.
One of the novel ways to grow food is by rearing insects. Insects already form a part of
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many traditional diets, with more than 1,900 species reportedly
being used as food by at least 2 billion people (FAO/WUR, 2012;
Jongema, 2012). Edible insects have always been part of human
diets; however, in many societies, there is a degree of aversion
to their consumption as food (Hinder, 2016). This attitude has
resulted in insects being neglected in agricultural research and
other sustainability sciences in the past (Holden, 1991). Despite
historical references to the use of insects as food, the topic
of the consumption of insects as food, i.e., entomophagy, has
started to capture public attention worldwide only very recently
(FAO/WUR, 2012). Many edible insects have been gathered
from forest habitats traditionally; however, innovations in mass-
rearing systems for insect larvae have been introduced and
are already in use (Dennis and Oonincx, 2012; Sanchez-Muros
and Manzano-Agugliaro, 2014). Such steps in innovative food
production offer an important opportunity to acquire insect-
based food, especially as a protein source.

The environmental benefits of rearing insects for food and
feed are attributed to the high feed conversion efficiency of
insects. Crickets, for example, require only 1.7kg of feed for
every 1kg increase of their body weight (Collavo et al., 2005).
Insects are reported to emit fewer greenhouse gases and less
ammonia than cattle or pigs; rearing them requires significantly
less land and water than raising cattle (Dennis and Oonincx,
2012). In addition, insects can be reared on side-streams of
organic waste (including human and animal waste), which could
potentially increase the profitability of rearing them (Veldkamp
et al,, 2012). Entomophagy, therefore, contributes positively to
the environment, as well as to the sustainability of human society
and land use.

Insects have much potential for use as an alternative to
conventional livestock. However, the effect of changing livestock
compositions on land use is unknown, and it is currently
unreasonable to assume that insect meat can fully replace current
conventional livestock to meet future demands that arise from
population growth and climate change. Thus, in this research,
land use efficiency of insect-based food production will be
examined together with the use of other conventional meats, such
as beef, pork, lamb, poultry, and fish, in accordance with the
predicted climate change scenarios. This application of Bodirsky’s
et al. (2015) calorie demand model with various proportions
of conventional livestock, including insects, in different climate
scenarios, makes this study different from previous studies that
did not use the model (e.g., Dennis and Oonincx, 2012; Clark and
Tilman, 2017).

This research will also analyze the relationship between
land use for livestock by different countries and the available
agricultural land, forest land, protected land, and government
initiatives to understand the driving factors for future land use
for livestock rearing in different countries.

METHODS

Summary of Simulation Methods

We utilized nutritional data for livestock meat for comparison
with insects. Based on the nutritive value, the energy provided
by each livestock meat can be calculated. We also simulated

land use for production of enough livestock meat to sustain the
human population as per the predicted energy demand in the
four different Special Report on Emissions Scenarios (SRES) from
2020 to 2100. Furthermore, we analyzed the future land use in
2100 in each country; the driving factors behind land use were
also analyzed using generalized linear mixed models.

The analysis in this simulation utilize SRES as the basis of the
analysis. However, currently the SRES has been superseded by the
Shared Socioeconomic Pathways (SSPs, Riahi et al., 2017), the five
narratives describing (SSP1-SSP5) general socioeconomic trends
that shape the future. The difference between SRES and SSPs is
in their climate mitigation policies. SSPs set a baseline scenario
without new climate policies outside of those already in place
and can be combined to assess a various emission mitigation
target. Nevertheless, there are similar narratives between SRES
and SSPs and although the result shown in this study is based on
SRES, it can be corresponded to its SSPs equivalent. For example,
the globalized and high economic growth of SRES Al scenario
is similar to the high fossil-fuel reliant and high growth SSP5.
The regionalized economic growth scenario of SRES A2 is close
to the globally fragmented SSP3. Next, for the globalized and
environmentally focused SRES B1 scenario is most close to the
sustainable SSP1 and lastly the regionalized and environmentally
focused SRES B2 scenario correspond with the “middle of the
road” historical based scenario of SSP2 (Van Vuuren and Carter,
2014; Riahi et al., 2017).

TABLE 1 | Amount of energy from 1 g of each macronutrient.

Macronutrient Energy (kcal g~ ") Energy (J g7)

Protein 4.0 16,736
Carbohydrate 4.0 16,736
Fat 9.0 37,656

TABLE 2 | General description of the four SRESS.

SRES Economic Environmental

Globalized A1 B1

Rapid economic growth. A rapid change toward

Population peaks in service and information

mid-century and declines economy, clean technology.

thereafter. Population peaks in

Global convergence, as well mid-century and declines

as increased cultural and thereafter.

social interactions. Global convergence, as well
as increased cultural and
social interactions.

Regionalized A2 B2

Regionally oriented Less rapid and diverse

economic development. technological change than

Continuously increasing B1 and A1.

population. Continuously increasing

Self-reliance and populations. A lower rate of

preservation of increase than in A2.

local identities. Locally and regionally
oriented environmental
protection and social equity.
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Dataset
The livestock meats that were analyzed were beef, pork, lamb,
poultry, fish, as well as insects. Macronutrient (carbohydrate,
protein, and fat content) data for each type of livestock
meat were obtained from FAO’s BioComp4 database (FAO.
FAO/INFOODS., 2017) and USDAs National Nutrient
Database!. The macronutrient value of each livestock meat
was given by these agencies in g/100g of edible weight. The
overall nutrient values of these various types of meat were
calculated as averages to be used in further simulation analysis.
For insects, cricket and mealworm were used as representative
populations; systems for breeding them have already been
established (Dennis and Oonincx, 2012; Van Huis et al., 2013).
Another form of data that was utilized was the national
data on agricultural land, total land area, GDP, population,
forest area, and protected area for different countries; this
data was obtained from the World Bank Open Database’.
The effectiveness index of the countries considered here was
obtained from the World Governance Indicator (The Worldwide
Governance Indicators (WGI) project, 2013). It was used to
capture the efficacy of public services, the civil service quality, the
degree of independence of government from political pressures,
the quality of policy formulation and implementation, and
the credibility of the government’s commitment Indicator (The
Worldwide Governance Indicators (WGI) project, 2013).

Nutrient Calculation

Based on the average value obtained from FAO’s BioComp4
database (FAO. FAO/INFOODS., 2017) and USDAs
National Nutrient Database?, each macronutrients energy
was calculated based on the convention established by
the Atwater System (Southgate, 1981). Each gram of
macronutrient was converted into equivalent kcal and J as shown
in Table 1.

CO, Emission Scenarios

Based on IPCC’s assessment report, the Special Report on
Emissions Scenarios (Nakicenovi¢ and Swart, 2000; Table 2),
we used the climate change (environmental) and economic
development scenarios in this study to predict the overall
calorie demand in the future. Because projections of climate
change depend heavily on human activity, climate models
were run with 40 different scenarios making different
assumptions of future greenhouse gas emission, land use,
and other climatic variables. Future technological and
economic development was considered in each scenario; all
scenarios were organized into four different families that
were similar to each other. All SRES are considered “neutral,”
and thus, do not project future disaster (Nakicenovi¢ and
Swart, 2000). The differences between each scenario are
shown in Table 2.

1'USDA National Nutrient Database for Standard Reference 28 Software v.3.8.6.4
2017-10-02. Available online at: https://ndb.nal.usda.gov/ndb/.
2World Bank Open Database. Available online at: https://data.worldbank.org/.

TABLE 3 | Land use required to produce 1 kg of each livestock.

Livestock type Land use (m? kg~')
Beef 223.63

Pork 28.59

Lamb 231.18
Chicken 17.40

Fish 0

Insect 3.56

TABLE 4 | Maximum land use and the corresponding year in each scenario.

Scenario Year Maximum land use (Mha)
Al 2070 606.34
A2 2100 778.39
B1 2060 556.00
B2 2090 584.70

Livestock Percentage

To fulfill future supply of livestock-based calorie demand in
food, the total global livestock calorie demand was divided into
various percentage groups among the six livestock types of
meat considered here. The percentage of each livestock meat
that was used ranged from 0 to 100% with 10% increments.
A code was assigned to each policy available regarding a given
livestock to identify each of them in the following analysis.
For example, policy code 1 consisted of 100% use of beef
to fulfill the calorie demand and 0% usage of any other
livestock meat. Another example that involved varying degrees
of other livestock meat is policy code 975, which consists of
20% beef, 20% pork, 20% lamb, 20% poultry, 10% fish, and
10% insect.

Calorie Demand Model

A model developed by Bodirsky et al. (2015) was used to calculate
future world calorie demand and livestock percentage based on
the gross domestic product (GDP) and population, which are key
indicators of many future economic scenarios. Despite the simple
approach, the result based on this model was in accordance with
other studies. The input data based on GDP and population
projections were based on the four SRES (Table 1; Bodirsky et al.,
2015).

The model assumed that the total calorie demand increases
with economic growth of the countries. For low-income
countries, the proportion of animal-based calories is estimated
to rise with income, while for high-income countries, it is
expected to decrease with an increase in income due to the
high-income groups in the population becoming more health-
conscious (Cirera and Masset, 2010). Regardless, in all scenarios,
an increase in global food demand until 2050 was found, with
an increasing proportion of animal-based products, especially in
developing countries.

The model has been provided as a package named
“CalorieDemand” in the language R; this study used the calorie
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food demand data and livestock share for 159 countries, starting
from the year 2020 up to 2100 in five-year intervals.

Land Use Calculation
The calculation of land wuse utilized the nutrition data

from FAO’s BioComp4 database, along with USDA’s
National Nutrient Database, as described before. The
total energy demand and livestock share data from

the calorie demand model was wused to calculate the
livestock energy demand globally or of a given area
or country.

The global and country level total energy from livestock were
calculated for each SRES, policy code, and year (ranging
from 2020 to 2100 with 5-year increments) using the
following equations.

Ec, = Energy from carbohydrates (J/100 g of e.w.)
Ep, = Energy from proteins (J/100 g of e.w.)
Ef, = Energy from fat (J/100 g of e.w.)
E, = Total energy from livestock n (J/100 g of e.w.)
C, = Carbohydrate content in livestock n (g/100 gof e.w.)
P, = Protein content in livestock n (g /100 gof e.w.)
F,, = Fat content in livestock 7 (g/100 g of e.w.)

*e.w. means edible weight.

As shown above, n represents each of the six livestock types (beef,
pork, lamb, poultry, fish, and insect). To obtain the energy for
each macronutrient (Ecy, Ep,, and Ef,), the average amount of
each macronutrient, carbonhydrate, protein and fat (C,, Py, and
F,,) was multiplied by the constants given in Table 1; the formula
is as shown in equations (1)-(3). Subsequently, the total amount
of energy (E,) of the n livestock meat was calculated as shown in
the calculation (4).

Ec, = C,x16,736]/g (1)
Ep, = P, x16,736]/g (2)
Ef, = F,x37,656]/g 3) ED; = LSxEDy (5)
E, =Ec,+Ep,+Ec,(J/g) (4) ED,, = Pc, x EDy, (6)
A1 B1
30000 -
Insect Insect
= 100 T 10.0
= s
= 5 75
" w
=} 50 2 50
o o
s 25§ 25
0.0 0.0
2020 2040 2060 2080 2100
Year
A2 B2
Insect Insect
w W 100 = W 10.0
£ F—
< 75 < 75
3 3
=) 50 | 50
o o
§ 25 § 25
0.0 0.0
2020 2040 2060 2080 2100 2020 2040 2060 2080 2100
Year Year
FIGURE 1 | Total land use for livestock needed to fulfill the calorie demands in SRES A1-B2. Each dot represents a single policy code of livestock composition. The
color of the dot represents the rate of insects to be used by that respective policy to meet the calorie demand (right-hand scale). The black horizontal line represents
the current cropland, which is 1,550 Mha.
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M, = EDy, (7y  and Clark and Tilman (2017). The land use required to produce
E, 1 kg of a given livestock type is presented in Table 3.
It should be noted that fish does not increase land use, because
itis not reared like the other livestock types. However, there is still
LS = Livestock share an environmental impact depending on the type of production or
EDy = Total energy demand (J) fishing method used (Clark and Tilman, 2017).
ED;, = Livestock energy demand (J) TLU, = M, x LU, (8)
ED,, = Energy provided by livestock n(J) 6
! 8 o o TL =Y TLU, )
Pc,, = Percentage of livestock n used in policy ¢ ‘
n=
M,, = livestock n required to meet energy demand (100 g of e.w)

The livestock energy demand (EDp) is obtained by multiple
livestock shares (LS) with the total energy demand (EDf) as
shown in equation (5). Subsequently, the energy provided by
each of the n livestock (ED,,) was calculated by multiplying the
percentage used for livestock n in policy ¢ (Pc,) (as described
in section Dataset) with livestock energy demand (EDg). This
was done by using equation (6). With that, the amount of
livestock » required to meet its respective energy demand (M,,)
was calculated by dividing ED,, with E,, which is shown in
equation (7).

The land use required to meet the demands of livestock n (Mn)
was surmised based on the studies by Dennis and Oonincx (2012)

LU, = Land use of livestock n (m? kg_l)
TLU, = Total land use of livestock # (m?)
TL = Total livestock land use (m?)

With the amount of M, known, after conversion to kg, the
total land use for livestock n (TLU,) was calculated by equation
(8). Subsequently, the total land use (TL) was calculated by
equation (9).

According to Eitelberg et al. the current global cropland area
is 1,550 Mha (Eitelberg et al., 2015). Although according
to Eitelberg et al. (2015), the future world cropland
expansion may range from 1,552 Mha to 5,131 Mha; the
current value was chosen as the limiting factor. The global

= .

3 2 -

FIGURE 2 | The ratio of each country’s land needed to meet animal-based energy demands in the scenarios A1-B2 in the year 2070, 2060, 2060, 2090, respectively,
to its current agricultural land use, using policy code 904. A log1o scale is employed.
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land use limit was assumed to have this value throughout
the analysis.

Statistical Analysis

All statistical and graphical analyses were performed
using the R software, version 3.2.3 (R Core Team, 2018).
In all statistical analyses, the significance value was set
to 0.05.

A generalized linear mixed model (GLMM) was adopted
to evaluate the relationship between each country’s livestock
land ratio and its population, the proportion of forest area
and of protected area, and government efficiency. Government
efficiency could affect total land use albeit differently depending
on the priority of each country. For example, a country with high
government efficiency which has increasing the livestock land
use as a priority will have a positive correlation and vice versa.
Government efficiency is used to examine whether the ability of a
government to carry out its policy might affect the country’s land
use. A random effect was introduced in the GLMM by dividing
the world into five regions where the countries considered in this
study were present, namely Africa, America, Asia, Europe, and
Oceania. Prior to the calculation of the GLMM, each dataset was

mathematically treated with the equations given below.

Livestock land ratio by the countries =
+ B2 log, (Population + 1)
+ B3 log,(Forest Area Ratio + 1) + B4 Protected Area Ratio

p1log,, (GDP + 1)

+ BsGovernment Efficiency Index + random effect + intercept.
(10)

RESULTS

Nutrient Content Analysis

For carbohydrate content per 100g of edible weight (e.w.),
fish has the largest average values with variance ranging
approximately from 2.5 g to 7.5 g (SEM, Figure S1). For poultry,
although the average values are quite low, there are only some
high-quality species that have high carbohydrate content as
compared to the average value for this livestock meat type.
For insects, the average carbohydrate content is second to fish.
Overall, for livestock meats, the carbohydrate content is expected
to be low. It can be seen that all types of livestock have a
comparatively high amount of protein with the average being
above 20 g per 100 g of e.w. (Figure S2). With this result, insect
meat may be considered comparable to other conventional meats

Al R R
6000 - . i;‘.“ﬁ‘t * ’&' o

Land Use(Mha)
T
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e
ki
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Foi]
oo
Iy .g
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FIGURE 3 | Total land use for livestock needed to fulfill the calorie demands in SRES A1-B2 with only the corresponding policy code shown (top to bottom: current
ratio, change of beef into insect, and 100% insect). The dots, the color of the dots, and the black horizontal line have the same meaning as in Figure 1.
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AlL/Land x GDP

Al/Land

0.0-

Log10 GDP

FIGURE 4 | Relationship of agricultural land ratio (a country’s agricultural land/a country’s total land area) and GDP in various countries.

region

~% Africa
=+ Americas
=*= Asia

=+ Europe
~*= Oceania

12 14

TABLE 5 | Statistical results for the GLMM.

Variables Slope t-value P-value

GDP —0.024 —2.032 0.04414
Population 0.046 2.137 0.03436
Forest area ratio —1.233 —5.432 < 0.00001
Protected area ratio 0.0008 0.504 0.61499
Government efficiency —0.047 —2.815 0.00561
(Intercept) 0.447 2174 0.03147

in terms of protein value. For fat content, the lowest values were
observed for fish with the other livestock types being quite close
to each other in terms of average values (Figure S3). It should
be noted that there are several types of beef and pork that have
a considerable large amount of fat as compared to the average
values for these meat types. Aside from that, insect meat has a
similar amount of fat to poultry.

Land Use Analysis

In the land use simulation, differences in global land use for
livestock production were found among all four SRES (Figure 1,
Table 4). The highest land use was observed for scenarios Al and
A2, which are the economically focused scenarios. For scenarios
Bl and B2, which are the environmentally focused scenarios,
on the other hand, the results showed less dependency on land
use (Figure 1, Table 4). Similarly, there were differences between
the globalized and regionalized scenarios as well. The land use
requirement in scenario Al was less than in A2, while B1 had a
lower land use requirement than B2. It can be concluded that a
globalized and environmentally focused scenario will have less
requirement for land to rear livestock. Also, increasing insect
production may decrease land use in all the scenarios with time.

For further analysis we use the policy closest to the latest
livestock meat ratio available on FAOSTAT?, which is policy code
904 (beef 20%, pork 30%, chicken 20%, and fish 30%). The total
land use of policy code 904 is shown in Figure 2. Afterward, for
each scenario the year of maximum land use was determined.
Based on the results, scenario A2 had the highest maximum land
use in the year 2100 and many countries will not be able to
supply their needs with available cropland at the current level.
The lowest land use was observed in scenario B1; however, some
countries might still have problems when available cropland
remains at the current level.

Figure 3 illustrate the land use if we change the current
percentage of beef to insect. As the current livestock
ratio has beef at 20%, only the corresponding policy
code is shown with 100% insect meat usage also shown
for reference.

GLMM Results

Results of the GLMM analysis to correlate livestock animal land
use with the different driving factors, show that the correlation
between population and protected land area is positive (Table 5,
Figures 5, 7). A negative correlation was observed for GDP,
forest ratio, and government efficiency Figures4, 6, 8).
However, only countries’ protected land area parameters were
statistically insignificant as indicated by the p-values, which were
above 0.05.

DISCUSSION

Nutrient Contents of Livestock
Insect meat was found to be comparable to the other
conventional livestock meat types, such as beef, lamb, poultry,

3FAOSTAT. Available online at: http://www.fao.org/faostat/en/#home.
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FIGURE 6 | Relationship of agricultural land ratio (a country’s agricultural land area/a country’s total land area) and forest ratio (a country’s forest area/a country’s total

and fish. In this study, insect meat species were limited to cricket
and mealworm because they are commonly used as feed and
already have established rearing systems (Dennis and Oonincx,
2012; Sanchez-Muros and Manzano-Agugliaro, 2014). Other
insect types are also harvested locally by certain cultures (Van
Huis et al., 2013). Although still limited as compared to data
on other livestock types, there extensive studies have been made
of the various species of insects harvested in different regions
as traditional food (Nowak et al., 2015; FAO. FAO/INFOODS.,
2017). Not only is insect meat rich in proteins, as shown in this

study, but it is also rich in micronutrients, such as essential amino
acids (Belluco et al., 2013).

However, one advantage of insect meat as compared to
other terrestrial livestock is their feed efficiency. For example,
to produce 1kg of crickets, only 1.7kg of feed is required
(Collavo et al., 2005), much less than other livestock, such as
chicken (2.5kg), pork (5kg), and beef (10kg) (Smil, 2002).
Their need of feed being much smaller is a major reason why
the land use for insect rearing is relatively lower than for
other livestock.
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Land Use Simulation

Most of the policies that have insect meat as one their
components fulfill the criteria of total land use remaining under
1,550 Mha in all four scenarios. This proves the effectiveness of
insect meat in reducing land use, while also meeting the energy
demands. Differences between the SRES could also be observed,
and they corresponded to the characteristics of each scenario.
For scenario Al, land use increased until after the middle of the
century, where it reached its peak, and then declined at the end
of the century. This can be attributed to the increased human
population and economic growth as projected in scenario Al.
With an increasing human population, the energy demand will

also increase, and thus, it is to be expected that land use will also
increase. Furthermore, with economic growth, the GDP that was
used as input in the food demand model will increase, and thus,
its contribution to the increasing land use will enhance as well.
The decline at the end of the century can be attributed to the
increasing GDP. As described by Cirera and Masset (2010) and
Bodirsky et al. (2015), higher income contributes to increased
animal-based livestock demand at first, but the demand will
eventually diminish with better education and increased health
consciousness leading to a more vegetable-based diet.

In scenario A2, although it is also economically focused like
Al, the focus on regions, and therefore land use in scenario A2
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continuously increases until the end of the century. Because of
the regionalized nature of A2, it could be assumed that each
country in this scenario maintains their own economic growth,
which makes the outcome different from Al, as this leads to a
more homogenized economic growth. The increase in economic
growth will lead to an increase in livestock demand, but not as fast
as in scenario Al. The land use demand grows continuously till
the year 2100 because the increased economic growth is not fast
enough to reach a level where an affluent health-conscious society
is formed.

Scenarios, B1 and B2 are the environmentally focused
scenarios; the results match this nature as the land use demands
in these scenarios are much lower than those in scenarios Al
and A2. The difference between Bl and B2 is in how fast the
maximum land use is achieved; i.e., in scenario B1, the maximum
is reached by 2060, while in B2, it is achieved later, in 2090. These
patterns are similar to the differences between scenarios Al and
A2, because the economic growth in scenario Bl is faster than
in B2, due to the former being more globalized than the latter.
However, both scenarios Bl and B2 show a decline in global
land use, unlike in scenario A2. This could be attributed to their
environmentally focused approach. In addition, it can also be
caused by the lower human population sizes projected in both
Bl and B2.

In the results for each country’s land use ratio to available
agricultural land, only scenario B2 was highlighted as the one
being sustainable among all four scenarios. This result indicates
that although most of the scenarios show that a majority of
countries manages to fulfill the animal-based calorie demand
within the range of their available land, some countries will still
be unable to meet the calorie demand as indicated by the ratio
exceeding a value of 1. Only in scenario B2 were all countries
included here able to meet their calorie demands. This could
be caused by the differences in available agricultural land in
each country. As it is assumed that each country will only
produce for itself, the analysis did not take into account those
countries that have little agricultural land available to support
their populations. However, in all the scenarios except B2, it
could be seen that countries with large populations, such as
India and China, tend to have a higher ratio of land use to
available land despite their land sizes. Although they have more
agricultural lands, they also have high populations, which leads to
increased demand. The success of B2 can be attributed to it being
environmentally focused and its projection of low population
numbers globally. So, the current agricultural land can suffice
to meet the future demands under scenario B2. In this study,
we did not consider the trade of livestock between different
countries, although such trade between the counties will greatly
modify the land use for each country. This is a first step to
evaluate country-level land use with food composition changes
including insect meat. However, future studies need to investigate
and model the land use effect while considering the trade of
livestock production.

Next, based on the results of the last analysis, of livestock
meat’s ratio, scenario A2 has the highest maximum land use
in the year 2100 and many countries cannot supply their
needs with available cropland at the current level. The lowest
land use is observed in scenario BI, but some countries

might still have problems with the available cropland at the
current level. Maintaining the current livestock ratio could
pose a food shortage in some countries, especially countries
with low agricultural production in their land. To tackle
this problem, insect meat could be used as a substitute
for meat.

Figure 3 illustrate the effectivity of insect meat usage in
lowering the total land use. The upper band of data points shown
are represent the policy in which only 10% of beef is replaced with
insect, resulting in a higher land use; the lower band shows results
of the policy code that replaces 20% of the beef. The total land
use decreases as the insect meat ratio increases although most
results are still above the estimated world cropland area because
of the high amount of land use for beef production. However,
aside from scenario Al, a small number of policy codes can be
seen to lie just below the estimated world cropland area line.

The linear model used here demonstrates the relationship
between a country’s livestock land use ratio and various factors
such as GDP, population, forest area ratio, protected area ratio,
and government efficiency. Only the correlation with protected
area ratio is statistically not significant. Among the remaining
variables, GDP varies amongst regions, with a positive correlation
in Europe and Oceania while correlation is negative in Africa,
the Americas, and Asia. This might be due to the land area in
Europe and Oceania being smaller than in the other regions.
Regarding population, it correlates positively with livestock land
use ratio. This is understandable as more people also increase
the demand for food and thus lead to an increased ratio of land
used for producing it. Next, the forest share ratio is found to
show a negative correlation in all regions. This is due to most
conventional livestock needing a clear open space. Lastly, the
relation with government efficiency is different in each region,
with only Africa and Oceania showing a positive correlation.
This simply shows the priorities of each country regarding
the ratio of land allocated to livestock. For countries with a
positive correlation, it might be surmised that the more efficient
governments prioritize increased food production by allocating
more land area for livestock and vice versa.

In this study, our model and discussion focused on land use
and emphasized the changes in land use needed, but did not
fully consider changes in greenhouse gas emissions, although
these are also important on our society. Further studies therefore
need to develop the model to consider changes in greenhouse
gas emission. We should note that changes in the food trade
between countries also significantly impacted the model results
and predictions. Therefore, further studies need to incorporate
assumptions of food trade changes in our and related models to
predict future food production.

CONCLUSION

Based on our analysis involving the use of various meat
composition policies in the four SRESs, insect meat with its
high efficiency of land use can be more effective in fulfilling
animal-based energy demands than other livestock types. Our
model and findings can be used as reference data revealing
the implications when deciding on future food policies in each
country as well as globally. For example, a country can try to

Frontiers in Sustainable Food Systems | www.frontiersin.org

10

October 2019 | Volume 3 | Article 91


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Mulia and Doi

Insect Meat and Climate Change

decide whether it is possible to obtain a sufficient supply of
their food from the available livestock land and if it should
increase insect production to relax demands for livestock land
in the country. However, it might be a challenge to meet the
future livestock energy demands, and a locally focused effort
is needed because the relationship of livestock land ratio and
a country’s variables are complex, with each country having
its own priorities and conditions. To achieve food security in
the future, it is a necessity that insect meat be used alongside
other alternative solutions and that global diet preferences be
changed accordingly.
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