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Abstract

Poverty and hunger are the central issues against the sustainable development. Today, more than
800 million people are suffering from insufficient nutrition according to FAO (FAO, 2010). How-
ever, on the other hand, it is often pointed out that the per capita food production already meets
the demand for the per capita food requirement. The above contradictory observation suggests
that many people cannot access the food market because of the low income. The availability of
electricity and other energy is also the case. Since these issues are mainly caused by the inequity of
income distribution, its quantitative analysis is indispensable to evaluate the societal policy to-
wards the sustainable future. However, since the existing indicators such as Gini coefficients do
not represent the income distribution explicitly, they fail to assess the effects of social policy for
the improvement of purchasing power of poor people. Population of absolute poverty who gets
less than 1.25 US dollar per day is also provided by World Bank. This indicator does not show the
distribution pattern of middle to high income classes. The authors would thus point out the need
for an alternative method. This paper describes an application of Gamma distribution to the in-
come distribution patterns. The parameters are statistically estimated based on the income quin-
tile data provided by World Bank. The results show how the income distribution has changed his-
torically by country. Based on the future income distribution and the simulation results of the au-
thor’s crop market model, we evaluate the share of people who cannot afford the major crop. The
authors also propose a procedure to estimate the potential food demand function considering the
income distribution changes, suggesting that the future demand could be affected by not only the
per-capita income growth but the income distribution changes.
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1. Introduction
1.1. Background

Poverty and hunger are the central issues against the sustainable development. Today, more than 800 million
people are suffering from insufficient nutrition [1]. On the other hand, it is often pointed out that the per capita
food production already meets the demand for the per capita food requirement. The above contradictory obser-
vation suggests that many people cannot access the food market because of the low income. The availability of
electricity and other energy is also the case. Since these issues are mainly caused by the inequity of income dis-
tribution, its quantitative analysis is indispensable to evaluate the societal policy towards the sustainable future.
From the wider and historical views, Picketty [2] emphasized the distribution issues in the capitalism driven so-
ciety.

Although the income distribution issue is well recognized towards the sustainable world, the investigations on
the indicator to represent the inequity and its outcome are limited. For instance, the existing indicator such as
Gini coefficients [3] fails to explicitly represent the distribution of people who are suffering from insufficient
income and thus the outcome of redistribution policy is not quantitatively evaluated. Another indicator, share of
the population of absolute poverty who gets less than 1.25 US dollar per day in Gross National Income in Pur-
chasing Power Parity (GNI-PPP) is also provided by World Bank [4]. The absolute poverty level is here defined
while the fraction of near poverty class is not here represented. When one consider the education and the medi-
cal support policies for the low income people, the distribution pattern of middle and high income classes their
changes should be also taken into account.

The above observation on the existing indicators shows us two terms: first, since the income distribution issue
represents both the fraction of absolute poor and the relative inequity status of the whole society, we need a new
indicator which shows the inequality both in absolute number and in relative share profile. Second, we have to
develop a method to estimate the parameters for the indicator empirically.

As can be supposed, income distribution patterns ranges from a society which consists of “minor rich people”
and “major poor people” to a society which consists of “major middle income people” with small rich and poor.
The new method should cover these different profiles by a unified formulation with different parameters. In this
paper, we propose a new method to estimate the income distribution applying Gamma distribution function
based on the income share data given by World Bank [5]. The reason to employ Gamma distribution function is
as follows: first, Gamma distribution function can represent profiles with different skewness from “monotoni-
cally decreasing” density function which implies “minor rich and major poor” society to “bell-shaped” one sug-
gesting “major middle” society by shape parameter. Second, since Gamma distribution function contains two
parameters, i.e. shape parameter and scale parameter, one can expect that they can be estimated based on the li-
mited data. In Section 2, we describe the data source for the income distribution followed by the method to es-
timate the parameters empirically. In section 3 we show the results of Gamma distribution to 148 countries and
627 data sets. We then expand the method to see the future income distribution changes in Section 4. The pro-
jection of people in hunger defined by a population who cannot afford the required food is also calculated by
applying a crop market model developed by the authors [6].

1.2. The Need for the Income Distribution for the Demand Estimation

In this subsection, we show an example of a problem caused by the aggregation.

A question whether future food production can meet the future demand under the population and the econom-
ic growth of developing regions is still controversial. While Lester Brown [7] emphasizes a pessimistic view,
IFPRI emphasizes a possibility to overcome the hunger in 2020 VISION [8] by a world corporation and action.
Kawashima [9] concludes that the food supply shortage is unlikely based on his saturating food demand estima-
tion and the potential cropland. Kawashima [9] and Lomborg [10] attribute the hunger issue to the political is-



S. Mori et al.

sues rather than the production potential especially in African countries. Since it is generally acceptable that the
nutrition intake demand is saturated as the income increases, the global economic growth in developing world
would lower the additional demand for food.

However, it should be pointed out that the future food demand in the above debate is often estimated based on
the relationship between per-capita demand and per-capita income regardless of the domestic income distribu-
tion. Such an aggregated view often fails to see the effects of income structural changes. Let us show an exam-
ple how the income distribution distorts the “aggregated” indicator in Table 1. Suppose the case that there are
“rich” and “poor” people in a region and that population, income and food demand of poor people are 10.0, 1.0
and 1.0 while those of rich are 1.0, 10.0 and 20.0, respectively at period T. Thus, per capita income and food
demand are 2.7 and 1.8, respectively. Suppose that the population and the per capita income of poor people in-
crease by 15% and 20% in one period and those of rich people are unchanged. Then, at period T + 1, the average
of the per capita income of this region decreases from 2.73 to 2.70 (—0.85% growth) even if economic growth
significantly contributes to the poor people. On the other hand, assuming the income elasticity of food demand
to be 0.8, the per-capita food demand increases by only 2.55% even if the total demand for food increases
16.53%. Furthermore, income elasticity of aggregated number shows negative value. This case, which is no
more than an example of statistical problem, could appear in the developing region. Thus we can see the impor-
tance of focusing on the income distribution and the estimation of demand taking into account its change.

2. Method of Income Distribution Estimation
2.1. Income Distribution Data Source

In this study, we employ the Percentage share of income or consumption provided by World Bank. This indica-
tor shows the share that accrues to subgroups of population indicated by deciles or quintiles which are based on
primary household survey data obtained from government statistical agencies and World Bank country depart-
ments [3]-[5] [11]-[14]. For many countries, income share of seven quantiles is available. For US and Japan, we
extract the data US Department of Commerce [15] and Ministry of Internal Affairs and Communication [16]
which represent the share of households. For some countries, this data source covers time series. For example,
1989-2007 data is available for Brazil. As a whole, we gathered the income distribution quintile data for 148
countries and 627 points. Multiplying the share by total GDP in purchasing power parity based, we can estimate
the income share of category in absolute term.

2.2. Applying Gamma Distribution Function

Profile of income distribution is expected to be asymmetric with long tail rather than the bell-shaped symmetric

Table 1. Problem of aggregation-example.

T T+1

Rich Poor Total Rich Poor Total

Population 1.0 10.0 11.0 1.0 115 125

Per Capita Income 20.0 1.0 2.73 20.0 1.2 2.70

Total Income 20.0 10.0 30.0 20.0 12.7 33.8

Per Capita Food 10.0 1.0 1.82 10.0 1.16 1.86

Total Food Demand 10.0 10.0 20.0 10.0 13.3 233
Population 0.00% 15.00% 0.00% 15.00% 13.64%
Per Capita Income 0.00% 20.00% 0.00% 20.00% —0.85%
Growth Rate Total Income 0.00% 38.00% 12.67%
Per Capita Food 0.00% 15.70% 2.55%
Total Food Demand 0.00% 33.06% 16.53%

Elasticity Csmp/Cap 0.0 0.80
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figure as is suggested by the international comparison. In this study, we employ a Gamma distribution function
which can represent both asymmetric shape with long-tail and quasi-symmetric profile under identical mean
value. Equation (1) is the general form of Gamma distribution with two parameters, « and 4. The product of pa-
rameters o represents the mean value.

1 .

f(xaB)=—"—x""e”’ €))
(x.8) e
The cumulative distribution is often written by Equation (2) replacing x by normalized value.
z 1 X
G(Z;a)= 72°texp(-z)dz where z=| = 2
(zie)= [} i o0(0) H @

Figure 1 shows the profiles of Gamma distribution function with different parameters and identical mean
value, i.e. 24.0. As a becomes smaller, the peak of distribution moves left and converges exponential distribu-
tion when o = 1. The cases with 0 < a < 1 (x > 0) show similar shape to the exponential distribution. Distribution
with large « represents the converging income distribution and diminishing inequity.

2.3. Estimation Procedure of Gamma Distribution Parameters

It is known that the Gamma distribution (1) gives mean value and variance of and o, respectively. However,
one cannot estimate these values precisely based on the quintile data. In this study, we propose an alternative
procedure employing nonlinear optimization method.

Let k, Ty, S, M and M” denote the k-th income class, share of income of class k, share of population of class k,
and average income of class k, and average national income, respectively. Xy and TS, represent the upper border
income of class k and cumulative share of population of class k defined as follows:

X
TS, :onk f(x;a,ﬂ)dx=6((7“j;aj:6(zk;a) ©))
Then the ratio of cumulative average income under N-quantile to the total average income M" can be formu-
lated by
0.1
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Figure 1. Example of Gamma distribution profiles.
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Thus, we can estimate the parameter a and the normalized border of class N, i.e. Zy, applying least square es-
timation

N 2

szMk
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M

Then 2 and Xy can be obtained from M" = af and Xy = Zy.

It should be noted that the statistical properties of the estimators given by the above is not yet clear although
the fitness of above procedure provides high as shown in the next section. This statistical rationale remains of
the above procedure as a future subject.

3. Results of Gamma Distribution and Projection of Future Poverty and Hunger

In this study, we apply the above method to the 148 countries to see the properties of the income distribution and
their dynamic changes. Then these are applied to estimate the future poverty and hunger.

3.1. Gamma Distribution Properties

The example of the estimated parameters and fitness in R? between the data and the estimated income share is
shown in the Figure Annex. Standard deviations of the estimated population share of the income quantile are
also shown. The scale parameter f is calculated based on the GNI-PPP in hundred current international dollars
[13]. As is observed, most of the R? show around 1.000. In fact, 622 of 627 points show more than 0.997 of R?
and other 5 cases give around 0.886 where the income share of class 1 (lowest 10% income share) is estimated
to be zero. The standard deviations of population share, which are 10% or 20%, show low in the OECD and the
former central planned economy countries, while those in South American and Asian countries are relatively
high but still lower than 0.025. Belarus in 1993 shows highest deviation, i.e. 0.055, where the income share of
1-quantile is estimated to be zero. We conclude that the procedure proposed in this paper provides fairly good
fitness.

Some results are exhibited in Figures 2-9.

Although the Gamma distribution parameters spread broadly among countries, these figures do not clearly
show the differences of distributions. However, the Gamma distribution profiles of Japan, USA and Brazil in
Figures 10-15 clearly exhibit how the income distribution historically changed. For instance, the income distri-
bution of Japan and USA tends to shift right side in spite of the decreasing a in Figure Annex. This change
suggests the economic growth overcomes the expansion of the income inequity as a whole. We should analyze
again whether this trend holds after the economic recession in 2009 when the income distribution data is availa-
ble.

Different pattern can be seen in Figure 12, Brazil. Since the shape parameter o indicates less than 1.0 during
the period, the population fraction of low income class remains large even if average income is increasing. In
contrast, the former central planned economy countries tend to show high « in spite of the similar average in-
come to Brazil. Figure 13, Hungary, shows small income inequity with low average value in 1980’s and then
shifts to right side suggesting that the middle to high income class is growing decreasing the low income people.
Figure 14, Kenya, shows societal structure changes clearly. One can see the shift from lowest income class to
the middle income class during 1987-1993. However, the income inequity seems to increase after 1998 since the
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Figure 2. The original and the estimated income share histogram (USA, 2008). (a) Income share; (b) Population share. a:
1.29, B: 530.4, R% 1.000. Class 1: lowest 20%, Class 2: Second 20%, Class 3: Third 20%, Class 4: Fourth 20%, Class 5:
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Figure 3. The original and the estimated income and population share histogram (Japan, 2006). (a) Income share; (b) Popu-
lation share. a: 1.72, §: 283.4, R% 1.000 SD. Class 1: lowest 20%, Class 2: Second 20%, Class 3: Third 20%, Class 4: Fourth
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Figure 4. The original and the estimated income share histogram (Russia, 2007). (a) Income share; (b) Population share. a:
1.70, B: 53.6, R% 0.998. Class 1: lowest 10%, Class 2: Second 10%, Class 3: Third 20%, Class 4: Fourth 20%, Class 5: Fifth

20%, Class 6: Sixth 10%, Class 7: Highest 10%.
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Figure 5. The original and the estimated income share histogram (China, 2005). (a) Income share; (b) Population share. a:
2.89, 4 9.32, R% 0.998. Class 1: lowest 10%, Class 2: Second 10%, Class 3: Third 20%, Class 4: Fourth 20%, Class 5: Fifth

20%, Class 6: Sixth 10%, Class 7: Highest 10%.
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Figure 6. The original and the estimated income share histogram (Chile, 2006). (a) Income share; (b) Population share. a:
1.19, B: 74.9, R% 0.998. Class 1: lowest 10%, Class 2: Second 10%, Class 3: Third 20%, Class 4: Fourth 20%, Class 5: Fifth

20%. Class 6: Sixth 10%, Class 7: Highest 10%.
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Figure 7. The original and the estimated income share histogram (Bulgaria, 2003). (a) Income share; (b) Population share. a:
3.79, B 6.74, R% 0.998. Class 1: lowest 10%, Class 2: Second 10%, Class 3: Third 20%, Class 4: Fourth 20%, Class 5: Fifth
20%. Class 6: Sixth 10%, Class 7: Highest 10%.
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Figure 8. The original and the estimated income share histogram (Brazil, 2007). (a) Income share; (b) Population share. a:
1.00, 4 70.1, R% 0.999. Class 1: lowest 10%, Class 2: Second 10%, Class 3: Third 20%, Class 4: Fourth 20%, Class 5: Fifth

20%, Class 6: Sixth 10%, Class 7: Highest 10%.
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Figure 9. The original and the estimated income share histogram (Uganda, 2005). (a) Income share; (b) Population share. a:
1.84, B: 1.14, R% 0.997. Class 1: lowest 10%, Class 2: Second 10%, Class 3: Third 20%, Class 4: Fourth 20%, Class 5: Fifth

20%, Class 6: Sixth 10%, Class 7: Highest 10%.
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Figure 10. Income distribution changes of Japan for 1992-2006.
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Figure 12. Income distribution changes of Brazil for 1981-2005.
peak of the distribution shift left side with increasing average income.

3.2. Analysis of Shape Parameter a and Their Projection

Shape parameter « of Gamma distribution is essential to see the income inequity. However, Figure 15 shows
almost no significant relationship between per-capita income and «. On the other hand, the results in Figure
Annex suggest some qualitative observations. 1) former central planned economy countries tend to show high «

1008
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Figure 15. Relationship between per capita GNI-PPP vs. shape parameter a.

values, 2) south-American countries tend to show low «a values, and 3) middle income and developed countries
tend to show almost constant values.

We apply the regression method in the following manner: firstly, we exclude the data of USA, Japan and
OECD countries since we focus on the relationship between economic growth and income distribution. Second,
we extract countries who provide more than five data points (four points for Africa) to see the effects of eco-
nomic growth. Thus, we obtain 310 points for 46 countries. Third, we list possible explanatory variables such as
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industry structure, e.g. share of primary industry production in GDP and per capita income of agriculture indus-
try, energy supply variables, e.g. share of electric power consumption in final energy use and power generation
mix, and Human Development Index [17].

Here we employ the per capita GDP-PPP in 2000 value corresponding to the food market model GISELA [6]
to assess the future food issue instead of GNI-PPP in current international dollars in Figure Annex. Adding
various dummy variables and diminishing insignificant variables, we obtain the regression equation summarized
in Table 2. Reflecting the variety of national conditions, dummy variables are imposed mostly for Africa and
former central planned economy countries, which indicate significant positive values. This table suggests that
economic growth basically increase the shape parameter decreasing the income inequity while regional and his-
torical conditions cause significant difference. The original and the estimated value of « is visualized in Figure
16 implying the need for the deeper analysis of the income distribution structure in spite of the significant R?.
However, in this paper, we employ this equation for the projection of future food demand and supply gap.

4. Projection of Future Income Distribution and Hunger Issues
4.1. Base Data Provided by GISELA Model

In order to discuss the future food demand and supply issue, we need the assessment of future food supply and
demand scenario taking into account the global climate changes, land use change and dietary shift. In this paper,
we employ GISELA model results developed by the author [6]. GISELA-GIS based Evaluation for Land use
and Agriculture production model-is formulated as an inter-temporal nonlinear optimization model with world
18 regions including the estimation of potential cropland for rice, wheat, maize and soybeans production under
climate changes. The food and the feed demand are estimated based on the historical regional statistics. Figure
17 shows the outline of GISELA model. In GISELA model, the base line of food demand is estimated by GDP-
PPP while the international and the domestic market equilibrium on supply and prices is represented by GDP in
real market exchange rate (GDP-MEX) to keep the trade balance consistency. In this study, we extract the sce-
nario on GDP-PPP, GDP-MEX, population and market prices of major crops from GISELA simulation results.

Table 2. Results of regression analysis of shape parameter a.

Coeff. SD t-value

Const. 0.483 0.428 1.128

Per Cap GDPppp 0.167 0.056 2.969
High Income_Dummy -0.023 0.008 —2.903
EEP Dummy 0.674 0.096 7.040
Georgia_Dummy —0.081 0.018 —4.433
Spain_CIn_Dummy —-0.067 0.086 —7.495
CPE_Dummy 0.935 0.087 10.736
Cote d’lvoire_Dummy 0.319 0.154 2.071
Ethiopia_Dummy 2.076 0.244 8.496
Ghana_Dummy 0.509 0.190 2.675
Uganda_Dummy 0.350 0.197 1.773
Hungary_Dummy 0.812 0.179 4526
Ukraine_Dummy 1.079 0.173 6.257
Belarus_Dummy 0.976 0.151 6.449

R? =0.846 total data = 310. High Income_Dummy: In(per capita income) is less than 8.85 then 0 otherwise In(per capita income). EEP Dummy: 1
for European former central planned economy and O for others. Georgia_Dummy: 1 for Georgia and 0 for others. Spain_CIn_Dmmy: 1 for former
colonies of Spain and 0 for others. CPE Dummy: 1 for former central planned economy and 0 for others. Cote d’lvoire_Dummy: 1 for Cote d’Ivoire
and 0 for others. Ethiopia_Dummy: 1 for Ethiopia and 0 for others. Ghana_Dummy: 1 for Ghana and 0 for others. Uganda_Dummy: 1 for Uganda and
0 for others. Hungary_Dummy: 1 for Hungary and 0 for others. Ukraine_Dummy: 1 for Ukraine and 0 for others. Belarus_Dummy: 1 for Belarus and

0 for others.
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Figure 17. Outline of GISELA model [6].

Based on the future average per-capita income in GDP-PPP, we evaluate the changes of a. We then calculate g
based on GDP-MEX projection.

Figure 18 shows the example of the projection of income distribution of Brazil for 2010 to 2050. The fraction
of middle to high income class tends to increase as the economic grows continuously. Figure 19 exhibits the
example of regional market price of maize given by GISELA for 2000-2050.

4.2. Estimation of Poverty: Population under $1.25 per Day Income

In this subsection, we apply the above Gamma distribution to the estimation of poverty and hunger as a prelimi-
nary calculation to see the possibility of this method. Based on the Gamma distribution and the population pro-
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jections, we can calculate the population below $1.25 per day income [11] as shown in Figure 20. It should be
noted that the income is given in GDP-MEX in 2000 rather than the GDP-PPP. This figure shows the population
in absolute poverty will significantly decrease, but the decreasing rates differ among regions. In China and
South-Asian, poverty decreases more rapidly than other regions while Central Africa and South-Africa seem to
take longer time to overcome the poverty.

This figure shows that the population under $1.25 per day income in 2005 is 425 million, while World Bank
[11] counts 958 million.

Table 3 compares the population in poverty estimated by World Bank and those by our model. This shows
the difference between two mainly comes from South Asia countries and China. On the other hand, countries in
Africa and South-America seem to represent harmonized numbers.

We can be consider two reasons. First, the Gamma distribution is not applicable to the actual distribution
when the distribution density has multiple peaks. Figure Annex shows that shape parameters in India and China
are around 2.0 suggesting the existence of single peak. However, when “true” income distribution has another
peak in the lowest income class, our method cannot capture this second one. Second, since our method based on
the income share of population indicated by deciles or quintiles estimated based on the households survey, the
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Figure 18. Example of projected future income distribution; Brazil for 2010-2050. GDP is represented in GDP-PPP in 2000

US dollars.
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Figure 19. Projection of maize domestic market price in dollars per kg by GISELA. (a) Middle yield case; (b) Low yield

case.
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Figure 20. Estimation of poverty population below $1.25 (GDP in 2000 MEX) a day income. ASN: East-South Asian coun-

tries; SAM: South-American countries; SAF: South-African countries; NAF: North-African countries; MCM: Mexico and
Central American countries; SAS: South Asian countries; CHN: China; CAF: Central-African countries; BRA: Brazil.

Table 3. Comparison of poverty population below $1.25 (GDP in 2000 MEX) a day income.

World India China Bangladesh Indonesia Pakistan Ethiopia Brazil

World Bank 958.0 474.7 211.9 71.0 48.7 35.8 28.9 15.8
Model 425.1 58.1 46.9 14.3 53 4.2 33.3 19.6
Kenya Madagascar Niger Colombia Senegal Yemen Venezuela Peru

World Bank 15.45 12.13 6.52 5.47 3.64 3.62 3.57 2.36
Model 7.93 5.62 6.00 4.07 1.22 5.84 0.01 1.63

reliability of our method substantially firstly depends on the coverage of this survey. The above consideration
suggests that there are many poor people who are not included in the survey. Further investigation will be
needed to evaluate the income gap. Shape parameter o of Gamma distribution is essential to see the income in-
equity. However, Figure 15 shows almost no significant relationship between per-capita income and a. On the
other hand, the results in Figure Annex suggest some qualitative observations.

4.3. Estimation of Population in Hunger

GISELA generates domestic market prices on maize, rice and wheat as shown in Figure 19. In this study we
assess the population who cannot afford minimum crop, i.e. 2000 kcal per day per person, at market. Assuming
the weight of maize, rice and wheat of 2000 kcal to be 2 kg, 0.56 kg and 0.543 kg, respectively, we calculate the
minimum requirement of crop per year. Multiplying the minimum annual requirement of crop by the crop price
projections of GISELA, we estimate the minimum expenditure for food. Since minimum income level to live on
must be larger than this, we hypothetically assume the border of hunger to be the twice of this minimum crop
expenditure. We can then calculate the fraction of people whose income level is insufficient to afford the crop at
the market based on the Gamma distribution. The estimation results are summarized in Figures 21-23. One ob-
serves that although the population in hunger is decreasing towards 2050, the decreasing rates vary among regions.
In CHN and SAS in Figure 22, population in hunger decreases rapidly thanks to the economic growth while
those in Africa and South America regions show relatively lower decreasing rate. In the low yield case, although
those in CAF and CHN still decreases, SAS, SAM, MCM and NAF show very slow decreasing pattern. It
should be noted that USA, MCM and Japan indicate increasing numbers due to the decreasing tendency of o in

spite of the high income level.
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Decr. rate
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2005-2050
BRA 7.639 7.877 7.699 7.146 6.058 5.163 4.542 4.005 3.303 2.701 2.284%
CAF 82.780 76.334 71.347 65.805 55.722 46.398 40.235 34.649 26.171 20.079 3.099%
CHN 7.102 3.284 1.510 1.523 0.797 0.423 0.267 0.170 0.131 0.102 9.000%
EEP 0.019 0.024 0.018 0.014 0.010 0.007 0.005 0.004 0.003 0.002 4.655%
FSU 0.729 0.632 0.482 0.361 0.228 0.149 0.085 0.050 0.029 0.016 8.105%
SAS 7.762 4.993 3.302 2.221 1.365 0.846 0.983 0.615 0.398 0.247 7.375%
JPN 0.062 0.054 0.053 0.050 0.045 0.040 0.033 0.028 0.023 0.018 2.648%
Middle | MCM 5.810 5.512 5.376 5.153 4.526 3.989 3.464 3.004 2.450 1.996 2.346%
yield NAF 0.439 0.379 0.322 0.391 0.272 0.195 0.135 0.089 0.057 0.036 5.386%
case OCE 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 4.655%
SAF 9.161 7.488 6.999 6.720 5.495 4.568 3.656 2.857 2.219 1.737 3.628%
SAM 3.936 3.182 3.125 3.073 2.761 2.437 2.046 1.717 1.401 1.143 2.710%
ASN 11.393 8.280 6.159 4.643 4.770 3.766 3.307 2.890 2.592 2.225 3.565%
TME 0.580 0.449 0.378 0.332 0.244 0.178 0.104 0.061 0.034 0.029 6.441%
USA 0.015 0.015 0.018 0.022 0.019 0.015 0.015 0.015 0.012 0.009 1.042%
WEP 0.009 0.007 0.005 0.004 0.003 0.003 0.002 0.002 0.001 0.001 4.554%
World 137.4 118.5 106.8 97.5 82.3 68.2 58.9 50.2 38.8 30.3 3.301%
BRA 7.173 6.942 6.531 6.168 5.449 4.849 4.041 3.371 2.767 2.270 2.524%
CAF 85.314 81.175 77.541 73.217 64.390 55.827 46.885 39.473 31.986 26.354 2.577%
CHN 7.366 3.542 1.738 1.833 1.102 0.676 0.598 0.402 0.272 0.183 7.887%
EEP 0.020 0.025 0.022 0.019 0.016 0.013 0.010 0.008 0.006 0.005 3.060%
FSU 0.826 0.814 0.681 0.560 0.370 0.252 0.148 0.089 0.055 0.034 6.851%
SAS 9.045 6.900 4.859 2.650 3.641 3.969 6.639 6.913 7.716 6.429 0.756%
JPN 0.088 0.111 0.096 0.081 0.092 0.106 0.137 0.177 0.270 0.407 -3.463%
Low MCM 6.299 6.493 6.194 5.809 5.727 5.677 6.183 6.691 7.260 6.788 -0.166%
yield NAF 0.547 0.592 0.474 0.537 0.455 0.398 0.339 0.299 0.319 0.321 1.176%
case OCE 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.001 0.001 0.001 2.042%
SAF 9.318 7.752 7.208 6.879 5.995 5.323 5.168 4.941 4.947 4.996 1.376%
SAM 4.142 3.557 3.299 3.059 2.984 2.864 2.768 2.681 2.657 2.632 1.003%
ASN 12.709 9.660 7.737 5.615 6.464 5.395 4.891 4.361 4.243 4.114 2.475%
TME 0.721 0.702 0.552 0.450 0.390 0.339 0.304 0.277 0.331 0.507 0.779%
USA 0.018 0.022 0.023 0.024 0.026 0.027 0.032 0.039 0.044 0.046 -2.102%
WEP 0.009 0.007 0.005 0.004 0.003 0.003 0.003 0.003 0.005 0.009 0.152%
World 143.6 128.3 117.0 106.9 97.1 85.7 78.1 69.7 62.9 55.1 2.106%

Figure 21. Summary of estimated population with insufficient income level in million. BRA: Brazil; CAF: Central Africa
countries; CHN: China; EEP: former Eastern Europe countries; FSU: former Soviet Union; SAS: South Asia countries; JPN:
Japan; MCM: Mecico and Central America; NAF: North Africa; OCE: Australia and New Zealand; SAF: South Africa;
SAM: South America; ASN: East-South Asian; TME: Turkey and Middle-East; USA: United States; WEP: Other European
countries.
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Figure 22. Profile of population with insufficient income: middle yield case. ASN: East-South Asian countries; SAM:
South-American countries; SAF: South-African countries; NAF: North-African countries; MCM: Mexico and Central
American countries; SAS: South Asian countries; CHN: China; CAF: Central-African countries; BRA: Brazil.
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Figure 23. Profile of population with insufficient income: low yield case. ASN: East-South
Asian countries; SAM: South-American countries; SAF: South-African countries; NAF: North-
African countries; MCM: Mexico and Central American countries; SAS: South Asian countries;
CHN: China; CAF: Central-African countries; BRA: Brazil.

It should be pointed out that Food and Agriculture Organization (FAO, 2010) estimates the number of under-
nourished people in the world to be 850 million in 2005 while that in our study is 140 million. There are some
possible reasons of this discrepancy: first, the Gamma distribution is not applicable to the actual distribution
when the distribution density has multiple peaks. Population in the lowest income class could be overlooked by
the application of Gamma distribution. Second, the coverage of household survey might have overlooked people
suffering from hunger as pointed out in the previous section. Many people who are excluded from the household
could be suffering from hunger. Third, our definition of the border of hunger could be still optimistic. For in-
stance, market price of crop would be much lower than the food.

On the other hand, our procedure based on income is not appropriate for the farmers who supply their food by
themselves. Since our study focuses on the macro level statistics, further discussion is needed to look into the
structure of income distribution, especially on the lowest income group.

5. Conclusions

In this paper, we propose a method to evaluate the income distribution directly from the income share quantile
data applying Gamma distribution function to see the income inequity issues more concretely. We could esti-
mate the parameters with fairly high fitness for 622 income data developing an estimation procedure. Although
the largest two countries, i.e. China and India, do not provide the time series data, the estimated shape parame-
ters show some interesting historical patterns. For instance, former Eastern Europe countries show high a num-
bers representing low inequity of income while former colonies of Spain tend to show low values. African coun-
tries show diverging results on shape parameters reflecting the historical and political conditions.

We then apply the Gamma distribution to the estimates of population in absolute poverty and compare them
to the World Bank’s report. Our estimate of the population below the $1.25 per day income is 425 million in
2005 while World Bank evaluates it to be 958 million. This discrepancy mainly comes from the China and
South-Asian countries. The Gamma distribution function and the household survey could have overlooked the
people who are in poverty.

We also evaluate the population in hunger by defining the fraction of insufficient income class to purchase the
crop of minimum nutrition. Based on the crop market model GISELA results, we estimate the population in
hunger by country. Although the results for 2005 show underestimated values comparing with those of FAO,
future changes of the population in hunger suggest the variety of regional behavior.

In this stage, since the results of our method do not harmonize with those of the existing estimates, further in-
vestigation will be needed to look into the details of the income distribution and inequity issue. Nonetheless, we



S. Mori et al.

would conclude that the method proposed here will provide useful research basis to this field since the income
distribution provides various information and application frontiers.
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Figure Annex. Example of Gamma Distribution Estimated Results Extracted from

583 Cases
Year Country a § R2 Year Country a i R2
2001 Brazil 0.87 36.02 0.999 1987 Chile 0.98 17.03 0.998
2002 Brazil 0.87 32.36 0.999 1990 Chile 1.02 23.46 0.998
2003 Brazil 0.89 34.19 0.999 1994 Chile 1.03 37.77 0.998
2004 Brazil 0.9 40.11 0.999 1996 Chile 1.04 49.79 0.998
2005 Brazil 0.95 49.91 0.999 1998 Chile 1 52.78 0.998
2006 Brazil 0.97 59.67 0.999 2000 Chile 1.03 47.36 0.998
2007 Brazil 1 70.13 0.999 2003 Chile 1.07 43.34 0.998
2003 Benin 2.25 2.15 0.996 2006 Chile 1.19 74.90 0.998
1992 Kenya 0.96 3.42 0.998 1986 Bangladesh 4.68 0.43 0.996
1994 Kenya 1.81 1.48 0.998 1992 Bangladesh 4.84 0.54 0.998
1997 Kenya 1.84 2.45 0.997 1996 Bangladesh 3.69 0.84 0.995
2005 Kenya 1.42 3.68 0.998 2000 Bangladesh 3.67 0.91 0.995
2007 Liberia 2.22 0.91 0.997 2005 Bangladesh 3.64 1.08 0.994
1989 Uganda 1.58 1.95 0.998 1984 Malaysia 1.35 16.79 0.998
1992 Uganda 1.86 0.81 0.996 1987 Malaysia 1.45 13.36 0.998
1996 Uganda 2.45 1.14 0.996 1989 Malaysia 1.51 14.61 0.998
1999 Uganda 1.8 141 0.997 1992 Malaysia 1.39 22.29 0.998
2002 Uganda 1.62 1.46 0.996 1995 Malaysia 1.34 32.19 0.998
2005 Uganda 1.84 1.70 0.997 1997 Malaysia 1.31 35.29 0.998
1993 South Africa 0.84 41.43 0.999 2004 Malaysia 2.2 22.53 0.999
1995 South Africa 0.97 39.82 0.998 1981 Thailand 1.6 4.51 0.997
2000 South Africa 0.89 33.93 0.999 1988 Thailand 1.75 6.39 0.997
2005 China 1.84 9.32 0.999 1992 Thailand 1.58 12.12 0.997
1996 Hong Kong 1.61 153.42 0.998 1996 Thailand 1.77 16.96 0.997
1989 Bulgaria 5.72 4.28 0.884 1998 Thailand 1.93 9.44 0.997
1992 Bulgaria 3.41 3.56 0.998 1999 Thailand 1.74 11.40 0.997
1994 Bulgaria 5.47 2.10 0.998 2000 Thailand 1.78 11.06 0.997
1995 Bulgaria 3.03 5.15 1.000 2002 Thailand 1.89 10.53 0.997
1997 Bulgaria 4.79 2.60 0.997 2004 Thailand 1.85 13.36 0.997
2001 Bulgaria 2.56 6.72 0.999 1992 Japan 1.92 266.41 1.000
2003 Bulgaria 3.79 6.74 0.998 1993 Japan 2.02 292.73 1.000
1993 Belarus 6.29 2.53 0.865 1994 Japan 1.79 363.04 1.000
1995 Belarus 3.8 3.61 0.999 1995 Japan 1.96 357.78 1.000
1997 Belarus 4.67 2.99 1.000 1996 Japan 1.76 345.37 1.000
1998 Belarus 3.52 4.29 0.998 1997 Japan 1.74 312.43 1.000
2000 Belarus 3.51 3.63 0.998 1998 Japan 1.86 269.11 1.000
2001 Belarus 3.39 3.66 0.999 1999 Japan 1.73 317.64 1.000
2002 Belarus 3.61 4.07 0.999 2000 Japan 1.7 336.72 1.000
2005 Belarus 4.03 7.67 0.999 2001 Japan 1.73 286.35 1.000
2007 Belarus 3.87 12.06 0.999 2002 Japan 1.69 278.07 1.000
1993 [ Russian Federation 1.35 21.70 0.999 2003 Japan 1.79 279.33 1.000
1996 | Russian Federation 1.45 18.29 0.998 2004 Japan 1.66 323.15 1.000
1999 [ Russian Federation 2.2 6.09 0.998 2005 Japan 1.75 292.34 1.000
2001 | Russian Federation | 2.02 10.40 0.998 2006 Japan 1.72 283.35 1.000
2002 |Russian Federation | 2.46 9.67 0.998 1995 | United States 1.4 320.98 1.000
2005 | Russian Federation| 2.25 23.74 0.999 1996 | United States 1.37 343.96 1.000
2007 | Russian Federation 1.7 53.60 0.998 1997 | United States 1.36 365.38 1.000
1984 Mexico 1.46 16.28 0.998 1998 | United States 1.36 381.28 1.000
1992 Mexico 1.2 35.08 0.998 1999 | United States 1.35 405.46 1.000
1994 Mexico 1.18 39.91 0.998 2000 | United States 1.35 423.22 1.000
1996 Mexico 1.33 27.04 0.998 2001 | United States 1.31 441.62 1.000
1998 Mexico 1.28 34.55 0.999 2002 | United States 1.32 440.97 1.000
2000 Mexico 1.17 50.73 0.998 2003 | United States 1.3 454.36 1.000
2002 Mexico 1.29 50.31 0.998 2004 | United States 1.3 465.12 1.000
2004 Mexico 1.46 50.97 0.998 2005 | United States 1.28 494.88 1.000
2006 Mexico 1.39 65.50 0.998 2006 | United States 1.28 520.08 1.000
2008 Mexico 1.17 87.45 0.998 2007 | United States 1.3 520.07 1.000
2008 | United States 1.29 530.42 1.000

(") Scaling parameter £ is calculated based on GNI-PPP in current hundred international dollars. (™) SD represents the standard deviation of the

estimated population share.
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