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Abstract

This study aims to develop a model of the future of Indonesia’s food consumption up to
2045, using a baseline of food consumption in 2017 and projections to 2025 as milestones,
and to draw policy relevance on food and related issues for the next Medium-Term Devel-
opment Planning of 2020–2024. The projected demand of Indonesian food consumption
is built based on the functional relationship between income and food consumption at
the baseline using three different scenarios of economic growth: baseline, moderate, and
optimistic. Method of Almost Ideal Demand System (AIDS) was implemented to estimate
changes of food consumption. Susenas data from 2017 is used as the baseline of food de-
mand model. Susenas data from 1990–2016 is used to analyze selected food consumption
trends and the relationship between food consumption, price trends, and income in all 33
provinces of Indonesia. The results show that future food demand in Indonesia is deter-
mined by existing demand, income, price and its composition, and various other factors
that affect the behavior and trends of consumption. The policy should focus on the balance
between demand-side management and supply-side or productivity improvement, as the
majority of food production centers are located in Java.
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1. Introduction

The growing demand of food consumption in Indonesia has provided serious
food policy challenges for the current government and these will continue in
the years to come. Existing policies to increase the production of staple foods
like rice, maize and soybeans (Upsus Pajale) might not be adequate to meet the
increasing food demand. For the existing total population of 261 million, and the
growth of 1.43 percent per year, coupled with increasing income growth of 5.01
percent per year especially among middle class, fulfilling the growing demand
for food in Indonesia is not an easy task. Using the standard food-demand
equation of Johnston-Mellor, the growth rate of food demand in Indonesia is
estimated about 4.03 percent per year (using income elasticity for food is 0.52).
When food production domestically is inadequate, food imports are necessary
and economically justified, however, political considerations must also be taken
into consideration, given Indonesia’s adoption of food sovereignty Food Law
18/2012.

The United Nations Population Division (2015) projects that Indonesia’s
population will grow approximately 0.7 per cent annually to reach around 312
million in 2045. The real value of food production is projected to more than
double in 2050 (Hamshere et al., 2014). Indonesian policy does not seem to
tolerate food import dependency, especially with regards to rice as a staple food,
and the government has been under pressure to increase local food production,
sometimes at a very high cost to the state budget. Large fluctuations in prices have
meant large fluctuations in the purchasing power of both consumers and farmers,
and it has been difficult for many to adapt to these frequent changes. The world
rice market has been unstable, much more so than other world grain markets,
especially after the sharp price increases after the global food crisis in 2008-2009.
On the whole, food security has improved in recent years but, as a result of
climate change, more frequent cases of extreme weather and environmental risks
such as droughts, floods, and landslides in food-production centers in Indonesia
have posed serious risks to farming practices and crop production.

In the meantime, estimates of food consumption in Indonesia are not easily
verified directly in the field. For example, the level of rice consumption in In-
donesia has declined significantly from nearly 140 kilograms in 2006 to only 124
kilograms per capita per year in 2015. Nevertheless, rice consumption in Indone-
sia is very high compared to other Asian countries, which have an average of less
than 100 kilograms per capita per year. Such a high level of rice consumption
could trigger more problems for the Indonesian economy, including political
controversy surrounding rice imports, although problems of data accuracy have
been used in the past as an excuse by various political factions. Indonesia issued
Presidential Regulation 22/2009 on food diversification to reduce the pressures
on rice consumption, although such a diversification movement in the last decade
has been operational only on paper. This procedural movement should be com-
bined with the development of food technology, using simple know-how that
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is modern in nature, which complements and is compatible with Indonesia’s
current food production systems.

Moreover, a growing middle class in Indonesia and a high rate of urbanization
have led to changes in dietary patterns and food demand both now and in the
future, from fulfilling the demand for cereals or the consumption of 2.100 kilocalo-
ries per capita, to diversifying diets towards more balanced nutrition. Obviously,
food demand in Indonesia will increase in quantity and quality as population
and income increases, and awareness of balanced nutrition also increases. Better
income and knowledge tends to make consumers demand healthier and more
diversified food. Demand for cereals may decrease while consumption of fruit,
vegetables, meat, fish and dairy products is likely to increase. For example, in
the period from 1990-2013, consumption of fruit and dairy products doubled,
especially among middle and high income groups. In other words, changing
socio-economic-demographics will transform food systems in the future. Envi-
sioning that transformation is a pivotal part of understanding our future food
systems, this study seeks to model food demand in Indonesia until 2045, as one
of the prerequisites to develop better food policies.

This study aims to develop a model of the future of Indonesia’s food consump-
tion up to 2045, using a baseline of food consumption in 2017 and projections
to 2025 as milestones, and to draw policy relevance on food and related issues
for the next Medium-Term Development Planning (RPJM) of 2020–2024. Food
commodities include rice, maize, soybeans, sugar, beef, poultry, and fruit such as
orange, apple, banana, mango and snake fruit, and vegetables such as shallot,
garlic, red chili, hot chili, spinach and kangkung.

2. Literature Review

Studies on Indonesian food demand are usually conducted in conjunction with
food security issues, which normally refer to main dimensions, namely: avail-
ability, accessibility and utilization. Food availability means that, on average,
sufficient food supplies should be available to meet consumption needs. Food
accessibility draws attention to the fact that, even with bountiful supplies, many
people still go hungry because they do not have the resources to produce or pur-
chase the food they need. Food utilization refers to many aspects of food safety
and food quality to fulfill the degree of nutritious food absorbed by the human
body. Food security issues in Indonesia are quite complex, not only because the
scopes are cross-boundary at individual, household, national and global levels,
but also because the dimensions are quite wide and include food availability,
accessibility and price stability. The poverty level in Indonesia is still very high
by ASEAN standards, and the number of people under the poverty line in 2017
was over 26.6 million or 10.1 percent of the total population. This group of people
is very vulnerable to food price changes and production declines due to climate
change and extreme weather such as droughts, floods, and natural disasters.

Timmer (2014) suggests that food security strategies in the Asia-Pacific region
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are in “almost total disarray” or sometimes known as ‘food policy paradox’.
There has been a fundamental disconnect between “food security strategies”
and the actual “food policies” pursued by most Asia and Pacific countries. The
disconnect is most evident with rice policy, where high prices for rice farmers
are implemented to ‘reduce poverty’, when in fact most of the poor and hungry
in the region are net rice buyers (some regions in Vietnam and China might
be exceptions) and thus suffer more hunger and poverty from high rice prices.
The disconnect between politically expressed food security strategies and actual
policies put in place to implement these extends well beyond rice price policies,
especially as a result of low public spending for research and development on
food policies and agricultural development in general. A study on the long-run
dynamics of rice consumption was conducted by Timmer et al. (2010), by disag-
gregating rice consumption in 11 countries by income or household expenditure,
by quintile and by rural and urban population. Rice consumption in China, India
and Indonesia accounts for 60 percent of world consumption. Other major rice
consumers in Asia are the Philippines, Bangladesh, Vietnam and Thailand, al-
though Vietnam and Thailand are also rice exporters. Some important findings
of the study can be summarized as follows:

First, rice consumption experiences sharp differences according to income
class for a given country or region at one point in time, especially if that income
class is quite poor. Second, large differences between rural and urban rice con-
sumption are common, but the differences change substantially over time and by
income class. In most important rice-consuming areas, rural rice consumption
is significantly higher than urban rice consumption. These patterns have sharp
implications for future levels of rice consumption, when a larger share of the
population will work in urban areas.

Third, the income elasticity of demand for rice from cross-section data depends
on whether the household lives in a rural or urban area. Most income elasticity
for urban households are now zero or negative, which confirms the behavior of
Engel curves, which are flattening out during progressive time periods; they are
also falling in absolute terms. Income elasticity is more positive in rural areas,
because incomes in these locations are lower on average. Fourth, there is a very
dramatic convergence of rice consumption patterns across income classes in some
Asian countries. This convergence is partly a result of flattening Engel curves
across income classes as overall income levels rise, but it is also possible that
tastes are changing in ways that make food consumption patterns more uniform
across households, whatever their income levels and place of residence.

Declining rice consumption is quite common in most rice producing countries
in Asia, although the rate of decline in Indonesia is quite small. As such, the
dynamic declines of rice consumption are generally consistent with Bennett’s
Law, suggesting for an inherent desire for dietary diversity as incomes rise.
Reardon and Timmer (2014) suggest that rural consumers in Asia fulfill about 70
percent of their daily calories from rice, as Asia is the only region in the world
where a single food so dominates consumption patterns. More open trade, global
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communications and economic growth in most Asian countries has contributed
to declining rice consumption and even to the negative income elasticity of
the demand for rice. In this case, rice might eventually be associated with the
food of the poor, although high income consumers in Indonesia might shift their
consumption to premium or high quality rice. As a result, the stability of the price
of rice remains a relevant policy issue for Indonesia and other rice producing
countries in Asia.

Increases in internal food prices, including rice, during the Food Crisis from
2007–2008 also have raised poverty levels in Indonesia. The effect was significant,
but not large and only temporary (Warr and Yusuf, 2014), as the weather was
conducive to food production and the domestic food stock was sufficient to keep
the increase in food prices manageable (Arifin, 2015). However, the percentage
increase in poverty was larger in rural areas than urban areas, despite the fact that,
for many of the rural poor, higher agricultural prices mean higher incomes. Their
gain was outweighed by the losses incurred by a large number of the rural poor
who are net buyers of food and the fact that, for these people, food represents a
large share of their total budget, even larger on average than for the urban poor.
Until recently, the food price has predominantly (73.4 percent) determined the
poverty line in Indonesia, while the non-food price determines the remaining 26.6
percent. Among food commodities, the price of rice contributes to 24.5 percent of
the poverty line in rural areas and 18.8 percent in urban areas (BPS, 2017).

Other studies of Indonesian long-term food demand projections for 2050
were also conducted by the Australian Bureau of Agricultural and Resource Eco-
nomics and Sciences (ABARES), using the baseline of 2009 data (Hamshere et al.,
2014). The study suggests that the real value of food consumption in Indonesia
is projected to increase more than four times between 2009 and 2050, assuming
there are no major changes in agricultural policies. The consumption increase
is characterized by a move towards more diverse diets, with a higher intake of
meat, dairy products, fruit and vegetables. The real value of beef consumption
is projected to rise more than 14 times, dairy tenfold, and fruit and vegetables
to more than triple. To support this rise in demand, imports of many agri food
commodities are projected to increase up to 2050, and these imports may come
from industrialized countries. The upward trend in food demand is most pro-
nounced among urban households, whose income growth is assumed to be more
than double that of rural households. A declining rural population and relatively
lower incomes will result in slower growth in food consumption compared with
the urban population.

If consumers’ behavior regarding food demand is projected accurately, then
fulfilling the rising demand for such high income elastic foods should be straight-
forward. Consumers tend to behave normally, and as their income increases, they
tend to demand more diversified and healthy food. This includes not only the
basic carbohydrates and protein sources, as consumers also tend to buy food at
higher prices. The behavioral dimensions of consumers’ response to price spikes
should be understood properly, especially regarding rice and other staple foods,
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such as during the Food Crisis from 2007–2008. The crisis has taught us some
lessons that the fear or negative expectations of a food crisis could lead to panic
buying by consumers, especially the panic buying of rice. The amount of rice
being traded in the international market is quite small and at risk of disappearing,
so panic buying behavior could lead to even higher price spikes.

Another important factor contributing to the future of food demand in In-
donesia is the rapid growth of supermarkets, especially in the last decade, that
have served the food needs of the urban population. The growth of supermarkets
could be associated with Indonesia’s economic growth of over 5 percent in the
last decade, increasing household incomes, and urbanization and food systems
transformation (Reardon and Timmer, 2014; Reardon et al., 2014). Over the last
two decades there has been substantial growth in the number of modern food
retail outlets in Indonesia, as the number of supermarkets in Indonesia increased
67 percent from 1999 to 2009, while the number of hypermarkets increased by a
factor of seven, and the number of mini-markets by a factor of 18. Furthermore,
Indonesian households’ spending on processed or packaged food made at su-
permarkets and hypermarkets grew from approximately 20 to 30 percent from
1998 to 2010 (Dyck et al., 2012). Reardon et al. (2014) suggests that in 2010, urban
consumers in Indonesia spent 16 percent of their food budgets on rice, 15 percent
on fruit and vegetables and 22 percent on animal proteins (meat, fish, eggs and
dairy). Rural consumers spent 24 percent, 17 percent and 20 percent respectively.
Yet these important diversification issues have received little coverage in the
policy debates.

Unfortunately, the growing number of supermarkets has been closely asso-
ciated with changing diets (Reardon and Timmer, 2014), and rates of obesity
are increasing across all population groups and income levels (Umberger et al.,
2015). Changing diets and nutritional levels associated with the existence of
supermarkets also differ by income groups and between adults and children.
Children have higher potential links between the use of supermarkets and the
probability of being obese, especially those coming from high income households.
Child nutrition may be relatively unaffected by the use of supermarkets among
lower and middle income households because they don’t have the disposable
income to purchase convenience food and other processed foods that are high in
sugar and fat. Adult consumers who have income constraints might purchase
some expensive foods in supermarkets, albeit in a small quantity. However, adult
consumers from high income groups might purchase processed food products
which are less healthy, but will be consumed by the children in the household.
In short, the combination of high income and a large amount of food purchased
at supermarkets seems to be sufficient enough to change diets and result in a
higher prevalence of overweight and obese children (Umberger et al., 2015). The
policy relevance of these studies is that nutrition information messages aiming
to reduce the prevalence of over-nutrition should focus on children in higher
income households that obtain a large share of their food from supermarkets and
other modern food retailers.
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Meanwhile, consumers from middle and low income groups get food prod-
ucts from a large number of traditional markets, including wet markets and
modernized traditional dry markets. Traditional markets also refers to street ven-
dors, peddlers or mobile vendors, small retail outlets (warungs) and wet and dry
markets managed by companies owned by local governments. These traditional
markets usually provide fresh food such as meat, chicken, eggs, fish, fruit, veg-
etables and grains such as rice, maize and even soybeans. Modern supermarkets
and convenience stores are generally assumed to replace traditional markets, but
studies by Suryadarma et al. (2010) suggest that traditional markets are able to
compete against modern retailers, especially if local governments continually
improve their infrastructures. Traditional markets need to improve the quality
of their service, including proper hygiene, sufficient cleanliness, ample lighting
and an overall comfortable environment. In the past, there might have been
a very specific number of foods offered in traditional markets, while modern
supermarkets and hypermarkets generally offer a variety of food products at
competitive prices such as dairy, imported foods, and frozen products or prod-
ucts with certain quality attributes such as organic foods. They also traditionally
sell foods for convenience such as packaged and ready-to-eat meals. Since the
urban population of Indonesia have rapidly increased from 40 million in 1984
to 134 million in 2014 (Reardon and Timmer, 2014) or from 25 percent of the
national population in the 1980s to 52 percent in 2017 (BPS, 2017), the roles of
supermarkets are important in the future of food access in Indonesia.

3. Method

First, the study identifies the model for demand equation, by selecting the best
model from five different models, namely: linear, polynomial, semi-logarithmic,
double-logarithmic and exponential. The best model criteria chosen to represent
the model used in this study is the one with the highest R-square (R²).

Table 1: Model Specification of the Food Demand

No Model Specification Income Elasticity
1 Linear Q = β0 + β1I + ε eI =

β1I
Q

2 Polynomial (degree-r) Q = β0 +

R∑
r=1

βrIr + ε

3 Semi-Logarithmic Q = β0 + β1 ln(I) + ε eI =
β1
Q

4 Double-Logarithmic ln(Q) = β0 + β1 ln(I) + ε eI = β1
5 Exponential Q = β0eβ1I .ε ey = β0eβ1I

Note: where Q is the quantity of consumption (kg/capita/year) and I is income per capita

Second, the Almost Ideal Demand System (AIDS) is employed to present
empirical evidence about food consumption behavior in Indonesia. AIDS can
also answer questions about the demands of consumer preferences. The basic
model of AIDS, developed by Deaton and Meulbeaur (1980), is derived from
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the preferences of cost function. The advantages of the AIDS model are: (i) an
arbitrary first-order approximation of any system request, (ii) fulfills the axiom of
choice exactly, (iii) has a form of function consistent with household expenditure,
(iv) is easy to estimate because it avoids the function which is non-linear, and
(v) can be used to test the restrictions of homogeneity, symmetry and adding up
properties.

The AIDS function is derived from the cost minimization process to maintain
a fixed utility. From the result we can obtain the Hicksian demand function –
where the quantity of goods is determined by the utility and price. By entering
the Hicksian demand function into the expenditure, we will find the expenditure
function – determined by the utility and price. By using Lemma Shepard we can
obtain a basic model of AIDS in the form of the budget share. The system used
here is:

wi = αi +
∑

j

γi j log p j + βi log(x/p∗) + γi log(Z) + ui (1)

Where wi is the budget share of food i, p j are food prices j, x is food expendi-
ture, and p∗ is a stone index defined by:

logp∗ =
∑

k

wklogpk (2)

The study uses the National Survey of Social and Economics (Susenas) data
collected by the Central Agency of Statistics (BPS), which are usually adequate
to develop and estimate the demand function. The demand for specific foods is
determined by the price of the individual foods, the total expenditure on food
and other factors (for example: number of family members, education).

After specifying the model, the procedure to conduct the AIDS approach is
analyzing income elasticity, own price elasticity and cross-price elasticity:

(a) Income elasticity
ηi = 1 + (βi + wi)

Income elasticity is calculated by applying the regression on the total ex-
penditure of the commodity bundle against a total household income. The
regression model used in this analysis is the double log model, as follows:

ln x = a + b ln Y

Where x is the total of food expenditure and Y is income of household.
Income elasticity is then calculated using the formula:

ηt = b × ηi

(b) Own-Price Elasticity

εii =

�
γii

wi



− 1
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Own-price elasticity is a simply calculated from the coefficients of the
regression demand, on how consumers respond to changes in food price.

(c) Cross-Price Elasticity

εi j =

�
γi j

wi




Cross-price elasticity is measured to examine the relationship among food
commodities, whether they are complementary, substitutions, or neutral.

Third, the projection analysis is conducted by applying information income
elasticity, cross-price and own price. The elasticity is also used to determine the
behavior of each commodity, whether the commodity is logarithmic, exponential
or quadratic. Moreover, a regression analysis using panel data from 33 provinces
in recent years is also employed to verify the functional relationship between
demand for selected foods and income per capita and price trends.

4. Results

This section presents five important findings of the study, namely (1) food con-
sumption of energy and protein, (2) consumption of selected food commodities
by income group, (3) consumption of selected food commodities by province, (4)
income and food consumption relations, and (5) projections of food demand in
2025 and 2045. Each will be briefly explained as follows:

4.1. Food Consumption of Energy and Protein

The measurements of the energy adequacy number (AKE) and protein adequacy
number (AKP) which has been used as the national reference were formulated
during the National Workshop on Food and Nutrition (WNPG) in 2012. Using the
minimum requirement for AKE of 2,150 kcal per capita per year and AKP is 57
grams per capita per year, the last two poorest income quintiles or the households
falling into Quintile 1 and 2 cannot meet the AKE and AKP (Figure 1 and 2).

Figure 1: Average Consumption of Energy (Carbohydrates) by Income Group
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In 2017, the average energy consumption of the Indonesian population was
2,202 kcal per capita per day, which exceeded the AKE set by the WNPG in 2012
by 2.5 percent. Food and nutrition economists generally use the following criteria
to examine the nutrition adequacy number (AKG), namely: less than 80 percent
of the AKG is considered inadequate, between 80 and 110 percent of the AKG
is considered adequate, and higher than 110 percent is considered more than
adequate. Figure 2 shows that the two lowest income quintiles in Indonesia fall
into the category of nutrition deficiency with a figure of less than 80 percent. The
energy consumption of people living in the first two highest quintiles exceeded
the AKG, at 123.8 percent and 112.3 percent respectively. This finding is also
consistent with the economic theory that food consumption in terms of energy
adequacy increases as income increases.

Figure 2: Average Consumption of Protein by Income Group

The average protein consumption in Indonesia in 2017 was 63.30 grams per
capita per day, which exceeded the protein adequacy number (AKP) of 57 grams
per capita per year or equivalent to 111 percent. By income group, the consump-
tion patterns of protein are similar to those of carbohydrate consumption, which
increases as income increases. It ranges from 45.67 gram in the lowest quintile
to 84.07 grams per capita per year in the highest income group quintile. Protein
consumption of the first two income group quintiles has not reached the rec-
ommended AKP or has fallen into protein deficiency as these income groups
only consume protein at a figure of about 80 percent. The contrasting figures are
found in the protein consumption of quintiles four and five, which fall into over
consumption of 123.3 percent and 147.5 percent respectively.

4.2. Consumption of Selected Food Commodities by Income Group

The baseline consumption of selected food commodities in 2017 is presented in
terms of income group and province, which have quite a strong relationship.
The Bennett Law acknowledges the relationship between income groups and
the quality of food consumption. Improvement of food quality increases as the
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household income increases. The finding shows that average rice consumption in
2017 was recorded at 97.6 kilograms per capita per year, which was significantly
lower than the official rice consumption on 114 kilograms per capita. Further
explanation of rice consumption could be found in the subsequent sections and
chapters. In general, rice consumption in rural areas in Indonesia is a bit higher
than urban areas. Under a market economy, the following explanation makes
more sense.

Firstly, the income level of people living in urban areas is generally higher
than that in rural areas. Secondly, food access in urban areas is relatively high
compared to rural areas. Lower income groups tend to spend a greater proportion
of their income on food, preferring to buy cheap but filling food, predominantly
carbohydrates. Since the Asian Economic Crisis in 1998, the Government of In-
donesia has provided a rice subsidy to the lowest income group of the population
of about IDR20 trillion each year. This rice subsidy, known as Rice for the Poor
(Rastra) program has been used as an instrument for price stability policy. When
relatively poor people cannot have access to rice as a staple food, they look for
rice in the open market, which contributes to the increase of the price of rice.
This was the case when there were increasing rice prices in early 2015 and 2017,
mostly due to the delay in Rastra distribution to poor families. The increase in
the price of rice in 2017 increased the number of poor people by 6,900 and from
27.76 million people in September 2016 to 27.77 million in March 2017, although
the poverty percentage of the population decreased from 10.70 to 10.764 percent
in the same period.

Figure 3: Consumption of Rice, Maize, Beef, and Poultry by Income Group
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Average rice consumption in Indonesia has shown an interesting pattern of
changes. Rice consumption has increased as income has increased, from 90.4
kilograms per capita in Quintile 1 up to 101.2 kilograms per capita in Quintile
4. However, rice consumption in the highest income group, or in Quintile 5,
has decreased to 101.0 kilogram per capita. Interpreting this pattern should
be conducted with caution. Low rice consumption in the low income group is
mostly an access problem, which correlates with the potential for under-nutrition
problems among poor families. However, a decline in rice consumption in high
income groups might indicate a consumption shift from carbohydrate sources
of food to higher quality foods such as proteins, fats and vitamins, which the
highest income quintile consumes in much greater quantities.

These findings have confirmed the study by Timmer et al. (2010) on the
dynamics of declining rice consumption in Indonesia and in Asian countries
in general. There are two reasons to understand the long-run dynamics of rice
consumption. First, in market-driven economies, consumer demand provides
signals to producers about what they should grow, market and deliver to the retail
sector. Market economies are demand-driven economies. Understanding the
behavior of rice consumers is very useful to support the decision making process
of rice production as efficiently as possible. Second, underlying the smooth trends
of rice consumption are four key factors whose relative contributions to future
demand growth are likely to change compared with past experience. These four
basic forces are (1) population growth, (2) income growth and its distribution,
(3) declining real prices for rice, and (4) the gradual shift of workers from rural
to urban employment that accompanies a successful structural transformation
(Timmer, 2010). At a macro level, investments that keep rice production rising
smoothly at the rate of projected rice consumption are the surest way to provide
food security in Indonesia. At a micro level, fulfilling the energy and protein
intake, at least to meet the energy adequacy level (AKE) and protein adequacy
level (AKP), is necessary. This should become the main priority of food policy for
the central government and local governments.

Figure 3 also shows that the average consumption of beef and poultry, as
protein sources, is extremely high in the highest income group. The average beef
and poultry consumption in Quintile 5 is 6.0 and 14.7 kilograms per capita per
year, much higher than the national average of 2.5 and 7.5 kilograms per capita
per year respectively. These two protein sources are really income-elastic as the
consumption of beef and poultry is much lower in the lower income group and
in rural areas. The pattern of beef consumption in urban areas is skewed to the
highest income group, showing a disparity of 8.1 kilograms for the highest group
to 1.4 kilograms per capita per year for the lowest income group, or about a 5.8
to 1 comparison. A similar pattern is also found for beef consumption in rural
areas, showing a disparity of 3.0 kilograms for the highest group to 0.5 kilograms
per capita per year for the lowest income group, or about a 6 to 1 comparison.
Moreover, the beef consumption disparity between urban areas and rural areas is
also quite high, which may indicate that populations living in rural areas might
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find different sources of animal protein. High dependence on beef imports of 35
percent or more might also explain such a disparity, as urban populations might
find beef more easily compared to residents in rural areas. Rural populations
might be able to raise cows, buffalo and other livestock, but they usually treat
these animals as investments, instead of as a farm business. Indonesia has not
been successful in implementing a program of self-sufficiency for beef because
farmers have different visions of the livestock business (Arifin, 2015).

Interestingly, the disparity pattern of poultry consumption is quite unique,
and different from that of beef consumption. The pattern of poultry consumption
in urban areas is also skewed to the highest income group, although not as
sharply as beef consumption. The consumption disparity is 16.5 kilograms for the
highest group and 3.8 kilograms per capita per year for the lowest income group,
or about a 4.3 to 1 comparison. However, the skew of poultry consumption in
urban and rural areas is very high, showing disparity of consumption between
12.2 kilograms for the highest group to 1.8 kilograms per capita per year for the
lowest income group, or about a 6.8 to 1 comparison. This implies that people
living in urban areas have better access to poultry compared to their peers in
rural areas. The poorest people in rural areas may only have chicken in their
menu once a week during the course of a year. Although poultry meat (and eggs)
can be considered the cheapest source of animal protein, the income elasticity of
poultry for rural people is quite high, which could shape the whole demand for
such sources of protein.

A contrasting figure is found in maize consumption, as the average amount
of direct maize consumption for humans in 2017 was 2 kilograms per capita per
year, but declines as income increases. Maize consumption of the lowest Quintile
1 was 3.2 kilograms, but the highest Quintile 5 was 1.5 kilograms per capita per
year. Although there has been a change in recent years in the use of maize from
direct food to animal feed, maize represents the behavior of inferior goods. The
average maize consumption of Quintile 1 in rural areas was 4.3 kilograms, but the
consumption in the highest Quintile 5 was 2 kilograms per capita per year. Rural
populations in Indonesia, especially in dry regions in Eastern Indonesia have
traditionally consumed maize as their daily staple, or at least the second most
important staple food after rice. The future consumption of maize in Indonesia
might change substantially if the feed industry and poultry business change
significantly. The current government of Indonesia has put much effort towards
increasing maize, rice and soybean production to achieve self-sufficiency by
increasing harvesting areas, stimulating intensive use of modern inputs such
as fertilizer and pesticides, and managing the value chains and related trade
and border policy. At the time of writing this report, BPS has not issued any
estimates on maize production, as well as rice and soybean production. BPS in
cooperation with the Agency for Technology Assessment and Application (BPPT)
are improving the methodology of production estimates of major food crops in
Indonesia.
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Figure 4: Average Consumption of Important Food Commodities

Consumption of other important commodities such as fish, soybeans, vegeta-
bles and fruit have a similar pattern, where the consumption increases as income
also increases. The average consumption of soybeans and fruit commodities is
generally higher in urban areas and in high income groups. Taking into consider-
ation that these commodities fall into a “high quality food” category, the Bennett
Law also holds, as increased income is followed by an improvement in food
quality. The shifting allocation of the consumption budget from carbohydrate-
based to protein and vitamin-based food generally occurs in urban areas and in
high income groups. It is fair to assume that, at some point, populations in rural
areas and in low income groups will eventually allocate a greater proportion of
expenditure to high quality foods as their income also increases. Interestingly,
the average consumption of fish and vegetables is generally higher in rural areas
than urban areas. The first and foremost logical explanation for this tendency
is that food access to fish and vegetables for rural people is generally better
than their counterparts in urban areas. This food access could be driven by the
availability of these protein and vitamin sources instead of income factors, as the
rural income is generally lower than the urban income. Figure 4 represents the
average consumption of some of the important commodities explained above.
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4.3. Consumption of Selected Food Commodities by Province

Examining food consumption patterns by province is necessary to map out food
access and availability, especially in relation to household income. One should
note that rice consumption in this study includes rice, rice flour, glutinous rice,
vermicelli, baby pulp and rice-based finished foods. The average rice consump-
tion of 97.6 kilograms per capita in Indonesia tends to be evenly spread across
the country, except for Bali and Papua. Rice consumption in Bali in 2017 was
117.3 kilograms per capita or the highest in country, while rice consumption in
Papua was 70.5 kilogram per capita or the lowest in the country.

Two of the most logical explanations for high rice consumption in Bali are as
follows: firstly, Bali is one of the main rice production centers in Indonesia and
has experienced a longtime rice surplus, so rice availability in this province is
relatively high compared to other provinces. Secondly, Bali is the most famous
tourist destination in the country, so the number of visitors has perhaps increased
the total consumption of rice. The average rice consumption might be calculated
based on the total population of Bali, excluding the number of tourists. Simi-
larly, the most logical explanation of low rice consumption in Papua could be
associated with the low food availability in the province and by the fact that
the local population in Papua consumes local staple foods such as sago and
tubers, although rice consumption has increased in recent years. An additional
explanation could be that household incomes in Papua are some of the lowest
in the country, creating problems with food access for residents in the province
(Figure 5).

A more careful explanation is probably needed for high levels of rice consump-
tion, or over 100 kilograms per capita, in the provinces of Gorontalo and East
Nusa Tenggara (NTT), which are some of the poorest regions in Indonesia and
not rice production centers. Although Gorontalo is not as poor as NTT province,
better food access in Gorontalo probably makes more sense as an explanation for
these figures, compared to household income.

The pattern and behavior of maize consumption in 2017 shows that the highest
consumption level of 20.3 kilograms per capita was found in the province of
East Nusa Tenggara (NTT), and this was also over 10 times the national average.
The lowest consumption level of 0.4 kilograms per capita per year was found
in the province of North Maluku. Local populations in NTT have long been
used to having maize and cassava as their staple food, in addition to rice, which
historically came later. The availability of maize per capita in NTT is also one
of the highest as the agro-ecosystem of this province is quite suitable for maize
farming and the local population has been farming maize for years. The next
largest consumption of maize is in Gorontalo with a consumption of 10 kilograms
per capita, followed by East Java, Maluku and South Sulawesi, as presented in
Figure 26. In short, it could be concluded that consumption of staple foods is
more strongly associated with food availability and food access than household
income alone.

As explained previously, the pattern of beef and poultry consumption is more
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Figure 5: Consumption of Rice, Maize, Beef, and Poultry by Province

influenced by income level, as these protein sources of food have high income
elasticity. The consumption of beef in 2017 in the DKI Jakarta region was the
highest in the country, averaging 8.9 kilograms per capita per year. The average
household income in Jakarta is far higher than that of people in other provinces,
affecting access to beef. The lowest level of beef consumption was found in West
Sulawesi which has a consumption rate of 0.3 kilograms per capita per year.

The highest level of poultry consumption in 2017 was recorded in the province
of DI Yogyakarta, averaging 13.6 kilograms per capita per year, while the lowest
level of poultry consumption was found in North Maluku, averaging of 1.8
kilogram per capita per year. The pattern of poultry consumption is similar to
that of beef consumption as household income could play a part as the most
dominant determinant of poultry consumption. Poultry consumption is more
evenly distributed across the country, unlike beef consumption where many more
provinces have a consumption level below the national average of 2.5 kilograms
per capita. Poultry consumption has historically served as an affordable protein
source across the country, including for the lowest quintiles of income groups.

The average consumption of fish in 2017 was recorded as 26.2 kilograms
per capita per year, and fish consumption in the province of Maluku was the
highest with 46.9 kilograms per capita per year. Maluku is one of the archipelagic
provinces in Indonesia and therefore has the highest availability of fish. Therefore,
supporting policies for fish production is really necessary in order to maintain
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or improve the consumption of fish in the country. Fish consumption might also
improve food quality and thus boost the nutrition levels of the population.

Another important food commodity as a protein source is soybeans, and the
average soybean consumption in 2017 was 7.3 kilograms per capita per year. The
province of East Java has the highest soybean consumption of 12.7 kilograms
per capita per year, while the province of North Maluku has the lowest level of
soybean consumption, averaging 2.1 kilograms per capita. Soybeans are mostly
consumed in terms of processed products such as tempeh and tofu, followed by
soy sauce and bean consumption. The growing demand for soybeans needs to
be fulfilled from soybean imports as domestic soybean production is lower than
the consumption level. Total soybean production is less than one million tons
per year, while the total soybean consumption in 2017 was over 2.1 million tons.
Soybean consumption is expected to increase as the food industry using soybeans
as the raw materials is also expected to rise.

The most consumed vegetable in 2017 was kangkung (swamp cabbage), and
the average consumption was 4.7 kilograms per capita per year. The most con-
sumed fruit in 2017 was bananas as the average consumption was 11.7 kilograms
per capita per year. Kangkung and bananas are the most affordable vitamin and
fiber sources of food, including among the poor or the lowest income group of
the population. The pattern of vegetables and fruit consumption in Indonesia
is mostly affected by the price, compared to other determinants such as income
level.

4.4. Income and Food Consumption Relations

Income and food consumption relations are drawn by comparing all five models:
linear, polynomial (degree-r), semi-logarithmic, double logarithmic and exponen-
tial models under certain specifications for selected commodities. One should
note that the consumption of selected food commodities is direct household
consumption, not including food being used for feed, seed, industrial use, and
loss and waste. The model selection consists of three sets for each commodity, for
all Indonesia (rural and urban consumption), for rural areas and for urban areas
(see the Appendices). The breakdown is necessary as the characteristics of food
consumption in rural areas and urban areas differ significantly. The findings show
that semi-logarithmic and double logarithmic models seem more dominant in
the model selection to describe the best relationship between food consumption
and household income in Indonesia. One example of the income-consumption
functional relations in cereals, protein sources and fruit is presented in the fol-
lowing Figure 6. For rice consumption, the best model is semi-logarithmic for all
three functional relations in rural areas, urban areas, and in Indonesia as a whole.
The patterns of functional relations are similar, rice consumption increases at a
very steep rate at lower income levels in line with a rise in income and the trend
is slower at higher income levels. The functional relations between income and
rice consumption in rural areas has a much steeper increase than in urban areas.

Jurnal Ekonomi Indonesia • Volume 8 Number 1, 2019



The Future of Indonesian Food Consumption88

This could imply that the Engle Law applies here, where income elasticity for
rice in urban areas is much lower than in rural areas and across Indonesia as a
whole.

Figure 6: Income and Rice Consumption Functional Relations

For all three functional forms, the semi-log model has resulted in high values
of R2 0.73, 0.82, and 0.93 respectively for income and rice consumption relations
in Indonesia (rural and urban areas), rural areas and urban areas. In urban areas,
increasing income does not necessarily increase rice consumption, and it actually
decreases rice consumption in the highest income group. This model selection is
very consistent with the previous analysis of rice consumption at the baseline of
2017 as presented at Section 7.2.

The best models for income and maize consumption relations for rural areas
and for total rural and urban areas are double logarithmic, which is a negative
trend and convex to the point of origin, or declining from the upper left to the
lower right. Maize consumption decreases as income increases in rural areas and
across Indonesia as a whole the trend is equal to the coefficient income in the
logarithmic form. In this case, maize could represent an example of inferior goods,
as higher income people tend not to consume more maize. The coefficients of
determination R² of these two functional relations are 0.70 and 0.72 respectively
and show that these two double-log models could best describe income and
maize consumption relations. In urban areas, the best model is linear and quite
flat, although the coefficient of determination R2 is 0.76. This means that as
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income in urban areas increases, maize consumption also increases although it is
very small, as presented in Figure 29.

Figure 7: Income and Maize Consumption Functional Relations

People living in urban areas generally do not consume maize directly, but
rather indirectly as a feed used in the poultry industry. The best functional forms
between income and poultry consumption show positive relations in all three
models in rural, urban and rural-urban areas across the whole country. This
means that poultry consumption increases as the household income increases, in
the semi-log functional forms. In contrast to the models for poultry consumption,
the functional relations between income and beef consumption show all linear
relations in rural areas, urban areas and rural-urban areas. The coefficient deter-
minations R² of these functional relations are respectively 0.98, 0.97, and 0,98,
which means that these linear models are good predictors of functional relations
between income and maize consumption in Indonesia.

4.5. Projections of Food Demand in 2025 and 2045

Projections of food demand in 2025 and 2045 are made based on three different
scenarios, namely: (1) Food demand for consumption (intake only), calculated
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based solely on the Susenas 2017 dataset, (2) Food demand 1 after considering
domestic uses of food for feed, seed and non food industries according to National
Food Balance Sheet (NBM), and (3) Food demand 2 after considering the food
balance sheet (NBM) and additional loss and waste in line the FAO (2011).

The per capita rice consumption projection at the baseline gradually increases
by 1.5 percent to 99.08 kilograms per capita per year in 2025 and increases by 2
percent to 99.55 kilograms per capita in 2045 (food demand). The projection of
the demand for rice, after referring the correction factors at NBM for the domestic
uses of food for non-food purposes, such as industrial use for non-food, feed,
seed, food loss, also increases to 102.73 kilograms per capita per year in 2025 and
103.22 kilograms per capita per year in 2045 (food demand 1). The demand for
rice is also projected to increase to 127.09 kilograms per capita in 2025 and 127.70
kilograms per capita 2045 (food demand 2), after considering food loss and waste
in line with the FAO (2011). Only in the highest income group has Indonesia
experienced declining rice consumption, which is somewhat different from other
Asian countries, where rice consumption declines are found in medium and
lower level income groups.

The poultry consumption projection shows the highest increase compared
to other animal products, which is 22.1 percent in 2025 to 9.13 kilograms per
capita per year and 29.3 percent in 2045 to 9.66 kilograms per capita per year
(food demand). The beef consumption projection increases by 10.3 percent to
2.79 kilograms per capita per year in 2025, and 20.4 percent to 3.04 kilograms
per capita per year in 2045 (food demand 1). The fish consumption projection
increases by 11 percent to 29.09 kilograms per capita per year in 2025 and 14.6
percent to 30.04 kilograms per capita per year in 2045 (food demand 2). Beef is
consumed by higher income groups in urban areas. Poultry is consumed by all
income groups, including the lowest quintiles.

For fruit and vegetables, the highest food consumption demand projection per
capita relates to apples, with an increase of 55 percent in 2025 to 1.49 kilograms
per capita per year, and 73.5 percent in 2045 to 1.66 kilograms per capita per
year. Consumers of apples are mostly part of the urban population in high and
medium income groups. The projected demand for local fruit such as oranges,
bananas, snake fruit and mangoes in 2025 and 2045 is not as high as apples, and
this demand is dominated by imported apples.

The projected demand for sugar is 8.98 and 9.12 kilograms per capita in 2025
and 2045 respectively. The increase in sugar consumption is not very significant,
compared to other food commodity groups. The total consumption of sugar is
projected to reach 25.6 million tons in 2025 and 29.1 million tons in 2045. The
estimate of sugar consumption do not include indirect consumption of sugar in
the form of cakes, drinks and other food products that use refined sugar and its
derivatives, so the figure may be higher.
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5. Conclusion

This study has confirmed that the future food demand in Indonesia is determined
by existing demand, income, price and its composition, and various other factors
that affect the behavior and trends of consumption. Average rice consumption in
2017 was recorded at 97.6 kilograms per capita per year, which was lower than
the official rice consumption on 114 kilograms per capita. Rice consumption in
rural areas in Indonesia is slightly higher than in urban areas. Under a market
economy, first, the income level of people living in urban areas is generally higher
than in rural areas. Second, food access in urban areas is higher than in rural
areas. Lower income groups tend to spend a larger proportion of their income on
food, but these are cheap, filling foods such as carbohydrates.

The nutrition adequacy number (AKG) consists of the energy adequacy num-
ber (AKE) and protein adequacy number (AKP). The average energy consump-
tion of the Indonesian population was 2,202 kcal per capita per day, which
exceeds the AKE of 2,150 kcal per capita per day, or equivalent of 102.5 percent.
However, the households falling into Quintile 1 and 2 of income groups do not
meet the AKE. Carbohydrate or energy consumption of people living in the two
highest quintiles exceeds the AKE by 123.8 percent and 112.3 percent respectively.
This finding is consistent with the economic theory that food consumption in
terms of energy adequacy increases as income increases.

The average protein consumption in Indonesia in 2017 was 63.30 grams
per capita per day, which exceeds the AKP of 57 grams per capita per year, or
equivalent to 111 percent. By income group, the consumption patterns of protein
are similar to those of carbohydrate consumption, which increases as income
increases. It ranges from 45.67 grams in the lowest quintile to 84.07 grams per
capita per year in the highest income group quintile. The protein consumption of
the first two income group quintiles does not reach the recommended AKP as
these income groups only consume about 80 percent of the recommended protein
amount. Contrasting figures are found in the protein consumption of quintiles
four and five, which fall into over consumption at 123.3 percent and 147.5 percent
respectively.

Average consumption of beef as a protein source is highest among the wealth-
iest consumers. The average beef and poultry consumption in Quintile 5 is 6
and 14.7 kilograms per capita per year, much higher than the national average of
2.5 and 7.5 kilograms per capita per year. These two protein sources are really
income-elastic as the consumption of beef and poultry is much lower in the
lower income group and in rural areas. The pattern of beef consumption in urban
areas is really skewed to the highest income group, showing a disparity of 8.1
kilograms for the highest group to 1.4 kilograms per capita per year for the lowest
income group, or about a 5.8 to 1 comparison. A similar pattern is also found
for beef consumption in rural areas, showing a disparity of 3 kilograms for the
highest group to 0.5 kilograms per capita per year for the lowest income group,
or about a 6 to 1 comparison.
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A contrasting figure is found in maize consumption, where the average maize
consumption in 2017 was 2 kilograms per capita per year, but this declines
as income increases. The maize consumption of the lowest Quintile 1 was 3.2
kilograms, but the highest Quintile 5 was 1.5 kilograms per capita per year.
Although there has been a change in recent years in the use of maize from direct
food to animal feed, maize still represents the behavior of inferior goods. The
average maize consumption of Quintile 1 in rural areas was 4.3 kilograms, but
the consumption in the highest Quintile 5 was 2 kilograms per capita per year.
Rural populations, especially in dry regions in Eastern Indonesia consume maize
as their daily staple as the second most important staple food after rice.

The model used to project the future demand for food in 2025 and 2045 is
based on income and food consumption functional relations in rural, urban, and
rural-urban areas. For example, the model for rice shows that increasing income
does not necessarily increase rice consumption. On the contrary, it decreases rice
consumption for the highest income group. Maize consumption decreases as
income increases in rural areas and across Indonesia as a whole and the trend
is equal to the coefficient income in the logarithmic form. In this case, maize
represents an example of inferior goods, as higher income people tend not to
consume more maize.

As rice remains a staple food, even in 2045, the policy relevance is that ele-
ments of food consumption could determine the level of food accessibility, and
therefore food security in the country. Ensuring access to rice, especially for low
and middle income groups, is as important as the stability of the retail price of
rice. The policy of food assistance targeting the poorest group of rice consumers
remains relevant to maintain food and nutrition adequacy. As the government is
planning to transform in-kind food assistance to non-cash subsidies, the program
implementation could be adjusted in line with latest development of infrastruc-
ture, data technology and preparedness of stakeholders in the food system.

The policy relevance on beef, chicken and fish consumption is based on
infrastructure improvements of the marketplace, including both modern retail
markets and traditional markets which could shape the performance of value
chains of these sources of animal protein. The value chain policies not only
directly affect food accessibility among all income groups, but also affect many
value chain players, such as retailers, processors, wholesalers, and collector
traders that directly connect rural areas to farmers or producers of protein sources.
These players could also help convey the messages of urban consumers to farmers
and other actors along the value chains, including product specifications, food
safety, health and hygienic requirements, and halal and other quality standards
that have shaped the characteristics of the value chains of these protein sources.

Economic actors in fruit and vegetable value chains need access to cold-
storage facilities, including medium scale controlled atmosphere systems (CAS)
which could improve the efficiency of horticulture products. The policy should
also focus on the balance between demand-side management and supply-side or
productivity improvement, as the majority of horticulture production centers are
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located in Java. The policy relevance is that there is a need to support farmers
who could meet rising quality and safety standards set by retail markets, or by
consumers, through modern retail markets and supermarkets.
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Appendices

Table 2: Best Model of Income and Food Consumption Relations in Indonesia

Food Groups Food Commodity Best Model Specification*
Cereals Rice Semi-log Q = 6.03 Ln(I) + 15.46

Maize Double log Ln(Q)= - 0.36 Ln(I) + 5.58
Animal Products Beef Linear Q = 3E-06 I - 0.36

Poultry Semi-log Q = 6.91 Ln(I) - 86.619
Fish Semi-log Q = 12.09 Ln(I) - 138.51

Beans and Nuts Soybean Semi-log Q = 2.26 Ln(I) - 23.48
Vegetables Shallots Semi-log Q = 0.99 Ln(I) - 10.71

Garlic Semi-log Q = 0.68 Ln(I) - 7.46
Red Chili Semi-log Q = 0.92 Ln(I) - 10.63
Hot Chili Semi-log Q = 0.50 Ln(I) - 5.21
Spinach Semi-log Q = 1.16 Ln(I) - 11.93
Kangkung Semi-log Q = 0.91 Ln(I) - 7.71

Fruits Orange Semi-log Q = 3.34 Ln(I) - 42.24
Apple Linear Q = 2E-06 I - 0.61
Banana Double log Q = 0.33 Ln(I) - 2.03
Snake Fruit Semi-log Q = 1.10 l Ln(I) - 12.92
Mango Double log Ln(Q) = 1.05 Ln(I) - 14.88

Others Cane Sugar Semi-log Q = 1.85 Ln(I) - 16.72
Q: amount of consumption (kg/capita/year)
I: household income (capita/year)

Table 3: Best Model of Income and Food Consumption Relations in Rural Area

Food Groups Food Commodity Best Model Specification
Cereals Rice Semi-log Q = 9.75 Ln(I) - 30.60

Maize Double log Ln(Q) = -0.44 Ln (I) + 6.86
Animal Products Beef Linear Q = 2E-06 I - 0.19

Poultry Semi-log Q = 6.46 Ln(I) - 81.10
Fish Semi-log Q = 15.38 Ln(I) - 180.63

Beans and Nuts Soybean Semi-log Q = 2.70 Ln(I) - 30.05
Vegetables Shallots Semi-log Q = 1.40 Ln(I) - 15.93

Garlic Semi-log Q = 0.82 Ln(I) - 9.44
Red Chili Semi-log Q = 1.11 Ln(I) - 13.20
Hot Chili Semi-log Q = 0.86 Ln(I) - 9.74
Spinach Semi-log Q = 1.66 Ln(I) - 18.60
Kangkung Double log Ln(Q) = 0.31 Ln(I) - 2.68

Fruits Orange Semi-log Q = 3.17 Ln(I) - 40.06
Apple Linear Q = 1E-06 I - 0.47
Banana Double log Q = 0.37 Ln(I) - 2.49
Snake Fruit Semi-log Q = 1.63 Ln(I) - 20.02
Mango Linear Q = 7E-07 I + 0.01

Others Cane Sugar Semi-log Q = 3.44 Ln(I) - 37.13
Q: amount of consumption (kg/capita/year)
I: household income (capita/year)
*Complete figure of these relations are presented in Appendix 6
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Table 4: Best Model of Income and Food Consumption Relations in Urban Area

Food Groups Selected Commodity Best Model Specification*
Cereals Rice Semi-log Q = 6.57 Ln(I) + 2.67

Maize Linear Q = 2E-07 I +0.87
Animal Products Beef Linear Q = 3E-06 I + 0.45

Poultry Semi-log Q = 6.81 Ln(I) - 84.636
Fish Semi-log Q = 11.28 Ln(I) - 130.55

Beans and Nuts Soybean Semi-log Q = 1.16 Ln(I) - 7.38
Vegetables Shallots Semi-log Q = 0.73 Ln(I) - 7.16

Garlic Semi-log Q = 0.53 Ln(I) - 5.43
Red Chili Semi-log Q = 0.72 Ln(I) - 7.78
Hot Chili Semi-log Q = 0.39 Ln(I) - 3.98
Spinach Semi-log Q = 0.84 Ln(I) - 7.81
Kangkung Double log Ln(Q) = 0.12 Ln(I) - 0.10

Fruits Orange Semi-log Q = 3.39 Ln(I) - 42.65
Apple Linear Q = 2E-06 I - 0.54
Banana Double log Ln(Q) = 0.41 Ln(I) - 3.31
Snake Fruit Semi-log Q = 0.64 Ln(I) - 6.61
Mango Linear Q = 7E-07 I + 0.01

Others Cane Sugar Semi-log Q = 1.2 Ln(I) - 9.47
Q: amount of consumption (kg/capita/year)
I: household income (capita/year)
*Complete figure of these relations are presented in Appendix 6
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