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Summary: This paper presents a simple but valuable framework that helps to understand population dynamics through better population estimates. It is grounded on information theory and resonates with recent ideas encompassed by “the minimum cross entropy” approach. The framework is illustrated with reference of two comparative case studies on “Estimation impact Using Census Data in Mozambique and Vietnam”. The approach helps the researches teams, not only to estimate and make inferences about population trends in both Mozambique and Vietnam, but also in deepening their understanding of comparative development between the two countries.
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I. Introduction

Population demographics have played, and will continue to play an important role shaping socioeconomic development in both Vietnam and Mozambique. While both countries face population challenges, understanding population dynamics is critical as it helps to make better population estimates. Planning processes will only bring expected results if they take into account the population as the interventions are to improve population’s life. In addition in both Vietnam and Mozambique, population censuses are carried out every ten years, and data from the most recent census (Mozambique 2007, Vietnam 2009) in both cases have recently become available, this means that in the next nine years the population figures that will be used for planning process will come from projections. Hence, better population projections are needed to implement policies and programs that take into account accurate figures. The countries will not be able to plan the number of schools, hospitals, water points that are necessary in each specify location if there is no accurate population figures in those areas.

In Mozambique, the National Statistical Institute (INE) is the institution in charge of making official population projections using spectrum system, the discussion of which is outside of the scope of this paper. The challenges in making population projections are increased by AIDS pandemic in the country. AIDS change the structure of population which is necessary to be taken in to account when making population projections.
On the other hand, Vietnam’s demographic and economic changes have been severely affected by its turbulent political history. During 1954-1960, a period of normal political situation and a rapidly prospering economy, the post-war baby boom made the rate of population growth peak at 3.9 per cent per year. With the reunification of the country in 1976, the government had adopted a centrally planned economic system leading to an economic crisis during 1970s and 1980s. The country’s overall GDP growth rate declined steadily in real terms between 1984 and 1987. The economic recession had been accompanied by the population bomb after the wars
.

Undergone a series of uninterrupted wars, the Vietnamese population faced the sex-unbalance of a larger number of females as compared to that of males. In 1970s, the sex ratio was under 95 per cent
. It has been gradually improved and reached 98.1 per cent in 2009. However, this situation has also originated from the sex ratio at birth imbalances. Moreover, the baby bomb in the past, the improvements of the fertility and mortality have also created a rapid transition of Vietnamese population. As a result, a sign of population ageing started to emerge in the country. It can be said that the turbulent political history had created an excessiveness of females over males and the baby bomb; then, the two-child policy aims to control the population boom has perhaps created a sex ratio at birth imbalance on the one hand and motivated a faster trend of “grey” population on the other hand in Vietnam.

These challenges bring to us the need to develop a tool to be used in better population projections. The approach that is planned to be used in this paper is called Minimum Cross Entropy which will be described in details along the document.
The materials included in this study are distributed through the following sections: after introduction, section two gives a historical review of general concise description of demographic trends of the two countries. In particular, the section shows, in one hand, how the war and peace time clearly influenced the trends and structure of Vietnam’s population,  and the war, beginning of transition complicated by HIV/AIDS in the case of Mozambique. Section three describes the Population Policies of the two countries. Keys issues which clearly influence the population structure in each country are reviewed in section four. These include the issues related to the female /male ratios and the pandemic HIV/AIDS in the context of population development of Vietnam and Mozambique respectively. Section five discuses the estimation of impact using census data. Finally, section six presents the conclusions and lesson learnt.

II. Population Evolution
Population growth

As started previously, in both Mozambique and Vietnam, population censuses are carried out every ten years, and according to data from the most recent census (Mozambique 2007, Vietnam 2009) the population was 20.3 and 85.8 million respectively. In spite of Vietnam population being 4 times of its counterpart in Mozambique, they live in a land area which is about 2.5 times smaller than the Mozambique’s land area estimated at 799.4 thousand square kilometres. Even though, the population density of Mozambique is about ten times smaller than their counterpart in Vietnam estimated at 259 persons per square kilometre (see Table 1 below). 
Table 1. Selected Demographic Indicator for Mozambique and Vietnam
	
	Land Area

(thousand)
	Population

(million)
	Population Density
	Crude death rate
 (%o)
	Life Expectancy

(years)

	Mozambique (2007)
	799.4
	20.3
	25.4
	14.6
	50.9

	Vietnam (2009)
	330
	85.8
	259
	6.8
	72.8


Sources: 
- Statistical yearbook of Vietnam 2009, General Statistics Office, Statistical publishing house, Hanoi 2010.
- The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

What follows is a description of individual country’s population data, showing how the war and peace time clearly influenced the trends and structure of Vietnam’s population, and the war, beginning of transition complicated by HIV/AIDS in the case of Mozambique.
Vietnam – War and Population transition

Starting from the second half of the 20th century, population of Vietnam increased rapidly. During 1954-1960, a period of normal political situation and a rapidly prospering economy, the post-war baby boom made the rate of population growth peak at 3.9 per cent per year. During the years, 1976-1979; 1979-1989; 1989-1999; 1999-2009, there was a sharp decline in the growth rate. Whereas during period 1970-1976 the annual population growth rate was 3.0 per cent, it declined to around 2.1 per cent during period 1976-1989, then to 1.7 per cent during period 1989-1999 and reached 1.2 per cent during period 1999-2009.

Figure 1. Vietnam’s population size and annual growth rate
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Sources: - Detailed analysis of sample results, General Statistical Office, 1991;



 - Major findings of the demographic survey-1994, General Statistical Office, 1995;

 - The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

The trends of Vietnam’s population illustrate clearly the influences of the wars and peace time in Vietnam. The growth rate of population had declined during the Second World War and the Vietnam War I. Particularly, the famine in 1945 had killed about 2 millions Vietnamese people. Then it increased at a rather high rate of growth during period of normal political situation 1954-1960. Since 1960, when the Vietnam War II had fallen into a fierce situation, the growth rate of population had slowed down again and under the baby bomb control policy of Vietnam, the situation of lower growth rate of population has been remained up to now.

Since the reunification of the country in 1976, the wars just happened in the south-west border and the north border till late 1970s. In such relative peace context, the mortality levels had been improved. In 1979, life expectancy at birth was 66 years, it increased to 68.2 years in 1999 and reached 72.8 years in 2009
. Those improvements have been influenced by a rapid decrease of infant mortality rates (IMR)
. Over period 1979-1983, IMR was 54.8 per 1000 live births, this indicator decreased to 36.7 in 1999 and reached 16.0 in 2009.

Figure 2. Infant mortality rates (per 1000 live births)
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Sources: - Major findings of the intercensal demographic survey 1994, General statistical Office, 1995

- The 1997 Demographic and health survey, Hanoi 1998

               - Monograph of marital status, fertility and mortality in Vietnam: level, trend and difference, General statistical office, Statistical publishing house, Hanoi 2001

-  The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

In period 1989-1999, the improvements of infant mortality were mainly in urban areas. The urban IMR was from 31.5%o in 1989 dramatically decreased to 18.3%o in 1999, meanwhile the rural IMR was from 45%o only decreased to 41%o in the same period. In period 1999-2009, those rates were decreased at the same level in both rural and urban areas. The urban and rural IMRs were from 18.3%o and 41%o in 1999, decreased to 9.4%o and 18.7%o in 2009 respectively. This status, to some extent, confirms the fact that though IMR in rural areas is still rather high in comparison with that in urban areas, it has been improved in recent years. Therefore, it can be said that the infant and maternal health care programs have achieved a great success especially in rural areas in recent years and it is necessary to continue to faster improve the reduction of rural infant mortality to narrow the IMR gap between two areas of rural and urban in Vietnam.

   Figure 3. Infant mortality rates in rural and urban areas (per 1000 live births)
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Sources: - Major findings of the intercensal demographic survey 1994, General statistical Office, 1995

- The 1997 Demographic and health survey, Hanoi 1998

               - Monograph of marital status, fertility and mortality in Vietnam: level, trend and difference, General statistical office, Statistical publishing house, Hanoi 2001

-  The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

The reductions of infant mortality and the child mortality as well have obviously led to a considerable reduction of crude death rate (CDR)
. However, CDR is also affected by the age structure of population. For example, when the share of the population under age 5 (with its relatively high mortality rate) declines under conditions of low fertility, the CDR may also decline. But under the other aspect, the growth of aged population (with its higher age-specific mortality rates) will offset the decline in the number of infant and child deaths. Consequently, CDR may not change or even increase. The Census in 1989, 1999 and 2009 showed that CDR decreased over period 1989-1999 and started to increase over period 1999-2009. In 1989, CDR was 7.3 deaths per 1000 population; it decreased to 5.6 in 1999 and then increased to 6.8 in 2009. The higher the CDR in 2009 as compared to that in 1999 has reflected a sign of population transition from “young” to “grey” under conditions of lower fertility and longer expectancy at birth in Vietnam.

It should be noted that among deaths occurring during the 12 months prior to the 2009 Census, 82.1 per cent were due to illness. Deaths due to accidents also made up a considerable part, especially deaths due to traffic accidents. The 2009 Census showed that among deaths during the 12 months ago, deaths due to traffic accidents accounts for 4.7 per cent, five times higher than working accidents.

Table 2. Proportion of deaths occurring in the 12 months prior to the 2009 Census by cause of death (%)
	
	Total
	Illness
	Labour accident
	Traffic accident
	Other accident
	Other causes
	Not specified

	Entire country
	100.0
	82.1
	1.0
	4.7
	3.0
	8.9
	0.3

	Urban
	100.0
	83.4
	0.8
	4.6
	2.2
	8.7
	0.3

	Rural
	100.0
	81.6
	1.1
	4.7
	3.2
	9.0
	0.3


Sources: - The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

Interestingly, the frequency of deaths due to all different types of accidents in rural was always higher than that in urban areas. This proves the fact that rural people’s awareness and behaviour in preventing working accident, traffic accident and other types of accidents should be strengthened.

Regarding the fertility levels in Vietnam, the time series data showed that the fertility levels have been declining over the years. Total fertility rate (TFR)
 dropped rapidly from 5.25 children per woman in 1979 to 2.33 in 1999 and reached 2.03 in 2009. The rapid reductions of TFR during period 1979-1999 have proved the success of the two child policy launched to control the baby bomb after the wars. It is interesting to note that while TFR in rural areas is still rather high and it continuously decreased over time, TFR in urban areas has already reached the replacement rate in 1990s and it slightly increased over last one decade, from 1.67 in 1999 to 1.81 in 2009. This situation can be explained by three factors: (1) rapid improvements of living standards in urban areas have perhaps promoted the fertility increase; (2) the higher the urbanization level
 in general and migration flows from rural to urban areas in particular over period 1999-2009 as compared with that in period 1979-1999 may be another reason that promotes the fertility increase; and (3) the two child policy has been more loosen by the 2003 Population Regulation.

  Figure 4. Total fertility rate (children per woman)
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Sources: - Monograph of marital status, fertility and mortality in Vietnam: level, trend and difference, General statistical office, Statistical publishing house, Hanoi 2001.

 -  The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

In rural areas, the TFR has fallen from 2.57 in 1999 to 2.14 in 2009, nearly reaching the replacement fertility. This again confirms the success of the population and family planning program and many other programs and campaigns for community health, especially reproductive health in rural areas. Nevertheless, fertility in rural areas still remains considerably higher than that in urban areas. It implies that the country should continue to promote implementation of the reproductive health and family planning programs with a much greater orientation towards rural areas.

Changes in fertility patterns over past 20 years indicated a continuous progress of fertility reduction in Vietnam. In 1989, the age specific fertility curve looks like a trapezium with a rather high level of fertility among every interval five age groups as compared with that in 1999 and 2009 as well.
The 1999 curve illustrates a much lower level of fertility as compared to that in 1989. The shape is also quite different with the 1989 curve. It looks like a triangle and shows an “early childbearing” model with the highest level of fertility is of age group 20-24 instead of 25-29 as in year 1989. Interestingly, the 2009 curve again looks like a trapezium but the level of fertility is almost lower among every interval five age groups as compared to that in the 10 years ago. Thus, compared to 1999, women in 2009 have fewer children and the fertility pattern has shifted from “early childbearing” towards “later childbearing”.

Figure 5. Age specific fertility rates (births per 1000 women)
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Sources: - Monograph of marital status, fertility and mortality in Vietnam: level, trend and difference, General statistical office, Statistical publishing house, Hanoi 2001.

 -  The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

The average number of children per woman is lowered and the mortality level including life expectancy at birth is improved have obviously led to a considerable decrease of crude birth rate (CBR)
. However, CBR is an indicator used primarily for estimating population growth rates rather than for evaluating changes in fertility because it is not only affected by fertility but also by the age structure of the population. For example, for two population groups with the same age specific fertility rates, the one with the higher share of women in childbearing ages is the one that will have the higher CBR. Data of the General statistical office showed that CBR has decreased dramatically since 1980s. During period 1980-84, on average the CBR was 33.5%o, decreased to 19.9%o in 1999 and reached the level of 17.6%o in 2009. The continuous decrease of CBR over last more than two decades under the situation of the larger number of women entering the highest fertility age groups of 20-24 and 25-29 (to be discussed later) has supported that fact that the number of births per woman were considerably decreased during those years.

Shortly, the population growth in Vietnam has been mainly influenced by a various factors including: (1) the continuous wars until 1975 have caused a rather high level of mortality during the wars; (2) the programs of child and maternal heath cares as well as the better living standards of the Vietnamese people have lowered the mortality levels in recent decades; and (3) the family planning program, reproductive health care program, etc. have controlled the post war baby bomb and reduced the fertility level in Vietnam. Those dynamics have strongly affected the changes of Vietnam’s population pyramids.

Mozambique - War, beginning of transition complicated by HIV/AIDS

The relevant starting point for better understating of Mozambique’s population dynamics is 1960 from which, an attempt to reconstruct four decades of demographic development in Mozambique was presented by Gaspar (2002)
. Evidences from this study and data from the most recent population census, helps to identify some general but consistent tendencies. Between 1960 and 2007, the population size increased almost three times rising from 7.6 million in 1960 to 20.3 millions in 2007, which corresponds to an average growth rate of 2.1% a year. However, during this period, the population growth rate was not uniform as illustrated by the Figure 6. There is a clear sharp decline in the population growth rate between 1980 and 1997 caused by the 16 years of civil war that affected the country between 1976 to 1992
, higher mortality rate and emigration caused by the civil war. According to Gaspar (2002) the war caused nearly 5 million displaced persons, including an estimated 1.7 million refugees.

Figure 6: Mozambique’s population size and annual growth rate, 1950 to 2007.
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Source: Council for Coordination of Population Census, 1983; INE, 2010.

Between 1997 and 2007, the annual population growth rate has increase at 3.9% per year  as a result of a foreseeable improvement in mortality, life expectancy and birth rates in almost all provinces as compared with the results from the 1997 census as illustrated in Table 3.

Table 3. Selected Demographic Indicators by Provinces, 1997 and 2007
	Provinces
	Natural Population Growth Rate
	Birth Rate
	Mortality Rate at Birth
	Life Expectancy at Birth

	
	1997
	2007
	1997
	2007
	1997
	2007
	1997
	2007

	Niassa
	2.3
	3.3
	42.3
	47.7
	21.9
	14.5
	42.2
	52.5

	C. Delgado
	1.9
	2.5
	51.5
	41.2
	23.8
	16.5
	37.9
	48.2

	Nampula
	1.3
	2.9
	51.7
	42.2
	23.2
	13.4
	39.9
	53.7

	Zambezia
	0.9
	3.2
	50
	46.1
	26.4
	14.5
	37
	52.3

	Tete
	1.9
	3.2
	47.9
	46.3
	20.5
	14
	43.8
	51.4

	Manica
	2.5
	3.1
	48.8
	46.5
	20.7
	15.5
	42.7
	49.1

	Sofala
	1.1
	 2.5
	43.5
	41.7
	21
	16.4
	42.2
	47.0

	Inhambane
	0.7
	2.4
	42.9
	39.5
	19.9
	15.2
	46
	51.8

	Gaza
	0.5
	2.0
	44
	40.4
	20.1
	20.7
	45.6
	43.5

	Maputo Province
	 0.8
	2.1
	37.7
	33.2
	14.7
	11.9
	50.6
	54.6

	Maputo City
	3.4
	1.7
	35.5
	27.1
	8.4
	10.1
	58.3
	56.15

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Mozambique
	2.3
	2.8
	44.4
	42.2
	21.2
	14.6
	42.2
	50.9


The growth rate among regions is also influenced by migration rate both internal and international. Most migration within Mozambique is urban-rural but urban-urban also occurs. Amongst migrants, there are sharp differences according to sex and province of residence. International migration has been motivated historically by existence of competitive employment opportunities in neighbouring countries, especially in South Africa. With an emigration rate of 4.2%, study by UNDP (2009) suggests that the major continent of destination for migrants from Mozambique is Africa with 83.8% of emigrants living there. The same study estimates around 406.1 thousand migrants in Mozambique which represents about 1.9% of the total population.

Population density in the country is one of the lowest in Africa. In 2007, there were 25 inhabitants per square kilometre but with considerable variations among individual regions. It ranges from Niassa province in the extreme north with the lowest population density of approximately 9 inhabitants per square kilometre to Maputo City in the extreme south with a population density of 1,818 inhabitants per square kilometre. The northern region with an extension of 293,287 square kilometres, presents the lowest population density (23 inhabitants/km2). The central region is the most extended in geographical terms (335,411 km2), but its population density is only 26 inhabitants/km2. Finally, the southern region which occupy only 170,682 km2, presents the highest population density (28 inhabitants/ km2).  

The population is predominantly rural. The most recent population and housing census data shows that about 68.2% of the population live in rural area, while the remaining 32.8% is estimated to live in the cities and villages classified as urban
, and almost half of the entire urban population of the country living in the capital Maputo. This demonstrates a very heterogeneous distribution pattern with a notable concentration of the population in the coastal provinces and low population density in the interior. For example, the neighbouring coastal provinces of Zambezia and Nampula, together account for about 39% of total population in 2007. The size of an average household is estimated to be 5.2 members in urban and 4.7 members in rural areas giving a national average of 4.8 members per household (INE, 2004). 
Mortality, Infant and Under-five Mortality rates

Mortality is the probability of death occurring over a given year. Since the probability of dying varies with age and sex, a mortality rate, which is defined as the number of deaths per 1,000 people, is developed for each year of age and sex. This is also called the age and sex-specific mortality rate. Figure 7 shows the 1997 and 2007 age-specific mortality rates for the total population. The distribution of deaths by age group during the two censuses data is showing a same trend but different pattern. In 1997, the death rate increased from children that didn’t complete even one year (26%) to those with 1-4 years (32%). From that age group, the mortality rate drops very much to reach below 10% for age group of 5-9 years. The trend in mortality rate of 1997 is the expected one. Due to AIDS pandemic in the country, the 2007 census data shows immediate drop in the mortality rate from children with 0 to those with 1-4 year old. But the mortality rate increase again from age group of 15-19 reaching the peak of 5% for age group of 30-34 year old and starting declining upward. It is believed that the reduction in deaths of children results from the implementation of good policies for children. 

Figure 7: Age-specific mortality rates for the total population
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There is also a massive reduction in infant and under-five mortality rate in Mozambique in the past three decades. The infant mortality rate dropped from 156.1/1000 births in 1980  to 135/1000 births in 1997 and to 93/1000 births in 2007. This reduction in the IMR rate explain the improvement in the life expectancy at birth which, starting from 43.5 years in 1980, it increased to 52 years in 2007 in spite of civil war and the pandemic HIV/AIDS which affects about 15% of the population between 15 and 49 years (PES, 2009). 
Those reductions in mortality rates of children, needs to be taken into account when making population projections. The parameters used for population projections may not be well fitted for these massive changes in infant and under five mortality rates which can result in underestimation of the population for these age groups (Figure 9). 

Figure 9: Infant and under five mortality rate Mozambique, 1997-2008
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Source: GM, 2010

Population Structure

The sex and age structure of the population reflects an overall picture of fertility, mortality and population increase of the previous birth cohorts both in Mozambique and Vietnam. However, as the fertility in Vietnam has declined substantially in recent decades than in Mozambique combined with substantial increase in the life expectancy, as result there is notable difference in the population structure  of both countries (see population pyramids). What follows is the characterization of the sex and age structure of the two countries.
Sex and Age Structure of Vietnam
Figure 10. Vietnam population pyramids
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The four pyramids show that Vietnam’s population is beginning to age with the proportion of the population in young ages declining and the proportion in older groups continuing to increase. Four pyramids of 1979, 1989, 1999 and 2009 population have clearly manifested the population transition in Vietnam. The narrow of three bars at the base of the pyramid for both males and females is evidence that fertility has been declined especially over last two decades. Simultaneously, the peak of the pyramid continues to be widened over time. This reflects an increase of the number of elderly due to a reduction of mortality levels.

The trend of ageing population is clearly illustrated by the deferential of the shape of two population pyramids 1999 and 2009. Rates of population under 20 decreased rapidly, meanwhile rates of population aged 40 and above were almost higher than that in 1999. Moreover, population aged 0-4 was larger than that aged 5-9. It was due to the higher increase of the number of females reached the reproductive age as compared with the decrease of the fertility.

Furthermore, pyramid 2009 showed that the population aged 15-19 accounted for the highest proportion, 10.5 per cent for males and 9.8 per cent for females; then it was the group aged 20-24. This means that the number of births will be increased in period 2015-2025 due to those females entering the main reproductive age.
Figure 11. Comparison of population pyramids 1999 and 2009


[image: image10]
Sources: - Extracted from The population structure and marital status in Vietnam, 
the 2009 population and housing census, General statistical office.

Detailed analysis of changes of population structure over last 30 years in Vietnam, we found that due to a sharp reduction of fertility levels, the child dependency ratio dramatically decreased from 79.8 per cent in 1979 to 36.6 per cent in 2009. Contrary to this, due to the results of population ageing, the aged dependency ratio slightly increased from 8.4 per cent in 1989 to 9.7 per cent in 2009. This was mainly influenced by the wars which inhibited an increase of population aged 15-64 during the war time. All those have led to a rapid reduction of total dependency ratio
, this indicator was 88.7 per cent in 1979 declined to 46.3 per cent in 2009.
More clearly, the ageing index
 illustrated the population ageing trend in Vietnam. The ageing index has continuously increased with a higher tempo over the time; from 16.5 per cent in 1979 it increased to 18.2 per cent in 1989 and jumped to 35.7 per cent in 2009. This proves the fact that population ageing has been taking place rapidly over last three decades.

In accordance with the reduction of dependency ratio, the proportion of population aged 15-64 has been increased. By 2009, this proportion accounted for 68 per cent while population “under age 15” and “age 65 and above” accounted for 32 per cent of total population. Unfortunately, Vietnam is in the period of population bonus with each dependent is supported by two age persons in the working age. In other words, the proportion of the population in working ages is double as compared to that in dependent ages.

Table 4. Dependency ratio, 1989-2009
	Dependency ratio
	1979
	1989
	1999
	2009

	Child dependency ratio (0-14)
	79.8
	69.8
	54.2
	36.6

	Aged dependency ratio (65+)
	8.9
	8.4
	9.4
	9.7

	Total dependency ratio
	88.7
	78.2
	63.6
	46.3

	Ageing index (%)
	16.5
	18.2
	24.3
	35.7


Sources: - Detailed analysis of sample results, General statistical office, 1991.
 - The 1989 Vietnam population census, completed census results, Vol. 1, table 1.2, page 16.
- The 1999 Vietnam population and housing census, completed census results, General statistical office, Statistics publishing house, August-2001, Table 1.5, page 20.
- The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

In summary, Vietnam’s population has been in the process of transition period. The low dependency ratio and the high rate of population in the working age have created opportunities for socio-economic development. However, this transition has also challenged the country in ensuring the social security for the elderly. Moreover, the number of children may also increase during period 2015-2025 due to the larger number of females entering the main reproductive age as compared with that in the past. This implies that the reproductive health care programs and educational policies for children should continue to be the priority programs and policies in the coming years.
Sex and Age Structure of Mozambique
Figure 12: Mozambique Population Pyramids
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Source: Extracted from Conselho Coordenador de Recenseamento do Geral da População,  Pag. 13. 

As started previously, Mozambique is a thinly populated country with a population which has been growing at an average annual rate of about 2.2% raising from 6.6 million in 1960 to 8.2 million in 1970. From 1980 to 1997 the population growth rate dropped significantly when it was fixed at about 1.7% a year. Although there is very little reliable and comparable data available between 1960 and 2007, we borrow from estimates by Gaspar (2002) to show that some primary factors have influenced the population structure in Mozambique. These include the crude death rate which shows a decline from 31.9 per 1000 inhabitants in 1960 to 14.6 in 2007. During the same period, the infant mortality rate dropped from 231 per 1000 births in 1960 to 93.6 per 1000 births in 2007 (Figure 13).

Figure 13 Crude rate, Infant mortality and Life expectancy trends
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.In 2007, of a total population of 20.5 million, 49.8% (10.2 million) are estimated to be younger than 18 years and that the median age was 17.5 years. It is argued that the above population structure, typical of a developing country, has socio-economic implications, because its population has much more tendency to consume than to produce due to higher dependency rate estimated at 79.6 per cent and 102.3 per cent for urban and rural areas respectively, with an overall national ratio of 94.8 per cent in 2007 (Table 5). The population structure also represents a huge challenge to the country in provision of basic services, such education and health.

Table 5. Dependency ratio, 1980-2007

	Dependency Ratio
	1980
	1997
	2007

	
	Total
	Total
	Urban
	Rural
	Total
	Urban
	Rural

	Child dependency ratio (0-14)
	96.5
	85.5
	60.2
	90.4
	88.7
	75.5
	95.3

	Age dependency ratio (65+)
	10.9
	5.5
	3.5
	6.8
	6.1
	4.2
	7.0

	Total dependency ratio
	106.7
	91.0
	63.7
	97.1
	94.8
	79.6
	102.3

	Ageing index (%)
	11.3
	10.2
	9.4
	11.2
	10.3
	8.5
	11.0

	
	
	
	
	
	


Figure 14 Mozambique population pyramid, 2007  
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Along side of the pyramid, the change in population structure is presented (Figure 14). The point to note from this Table is that, the population aged from 15 to 64 had declined from 52.3% in 1997 to 50.1% in 2007,. It is believed that the reduction of the population in this age group results from HIV-AIDS pandemic which affect mostly people in the economically active age group. The proportion of elder people had increased from 2.9% in 1997 to 3.1% in 2007. In the context of AIDS pandemic, the build of caring children is for this age group, as the parents are dying because of this disease. 

In terms of territorial distribution of the population, two provinces are making difference with almost 40% of the total country population (Figure 15). The south part of the country is less populated compared to the Center, which in general is the highest populated part of the country, having four provinces with more than 7% of the total population each. 

Figure 15: Distribution of population by province
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a) Other trends of Vietnam’s population
The reduction of the CBR might also be influenced by the trend of the female proportion ever married. In case of Vietnam, the proportions of female ever married in the young age group of 15-19 and 20-24 have tended to decline from 11.4 per cent and 57.5 per cent in 1989 to 8.5 per cent and 49.2 per cent respectively in 2009. In the age group of 45-49, this figure has also declined from 96.7 per cent in 1989 to 94.4 per cent in 2009. This has, to some extent, reduced the child dependency ratio in Vietnam.

In accordance with the reduction trend of the proportion ever marriage of Vietnamese men over last three decades, the singulate mean age at (first) marriage (SMAM) of Vietnamese men has increased from the age 24.4 in 1989 to the age 26.2 in 2009 or an increase of 1.8 years. Contrary to this, there was almost no change in SMAM of Vietnamese women over period 1989-2009. Hence, the decline of TFR has played an important role in reducing the size of children in Vietnam.

Table 6. Singulate mean age at marriage, proportion ever married by sex and age group
	Year
	Male
	Female

	
	SMAM (years)
	Proportion ever married (%)
	SMAM (years)
	Proportion ever married (%)

	
	
	15-19
	20-24
	45-49
	
	15-19
	20-24
	45-49

	1989
	24.4
	4.5
	37.6
	98.6
	23.2
	11.4
	57.5
	96.7

	1999
	25.4
	2.5
	30.4
	98.5
	22.8
	9.3
	54.3
	94.2

	2009
	26.2
	2.2
	24.4
	97.9
	22.8
	8.5
	49.2
	94.4


Sources: - The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

Under the aspect of adolescent marriage, the proportion of ever married among adolescent population (aged 15-19) has decreased for both males and females but the figure of ever-married female adolescent is still rather high (8.5 per cent in 2009). This is mainly happened in rural areas. In 2009, the proportion of female population aged 15-19 ever married accounted for 9.9 per cent of total rural female population in this age group, meanwhile this figure in urban areas just made up 4.9 per cent
. This is clearly to confirm the need that reproductive health care programs for Vietnamese women in general and adolescents in particular should still be one among main priority policies for the target of ensuring the quality of population especially in rural areas in the coming years.

In brief, over last some decades, the trends of population growth rate, mortality and fertility levels have been declined and the life expectancy at birth has been increased rapidly. Vietnam’s population is now in the period of “demographic window” or in other words, it is called “population bonus”. Those achievements have been contributed by a series of socio-economic development policies, especially the population policy including the family planning programme, the reproductive health care programs, etc. as will be mentioned in the following section.
III. Population Policy
It is evident from previous sections that there are notable differences in the population dynamics and structure of the two countries. Although both countries face population challenges, in this section we will analyse and compare population policies defined as “a series of measures and activities by the government to influence (directly or indirectly) the factors that determine demographic trends and behaviours in order to harmonize the demographic dynamics of the population towards an harmonious economic growth and human development”. The emphasis is how Vietnam has been proactive in using policy to influence population trends and how Mozambique may potentially learn from the Asian experience.

Population Policy in Vietnam

Since early 1960s, many population policies have been issued by the Vietnamese Government to reduce the fertility and mortality levels, improve the quality of population and redistribute the population among different regions of the nation. Particularly, Decision 216-CP dated 26 December 1961 signed by the Prime Minister on “child-bearing instructions for Vietnamese people” with the target of not only to control the population growth but also to ensure the health of motherhood, the happiness and harmony of family…
Following the formal reunification of the country in June 1976, the country had expanded the model of centrally planned economy to the whole nation. This model had not achieved the targets to the disappointment of Vietnamese government and Vietnamese people. The GDP growth rate had declined in real terms between 1984 and 1987 accompanied by the population bomb after the wars. In order to solve these problems of population and positively contribute to the economic growth and development, a large number of population and family planning policies and programs have been launched. Those policies can be grouped into three periods as hereunder.
a) Prior to 1993, the country had fallen into the situation of economic recession and high fertility levels, the Government established the National Committee for Population and Family Planning by the Decision 58-HDBT dated 11 April 1984. Then, the Decision 162/HDBT dated 18 October 1988 with a focus on two-child policy.
b) In period 1993-2000, the government launched the strategy of population and family planning up to year 2000 by the Decision 270/TTg dated 3 June 1993. The 1999 Census showed that fertility levels had been reduced lower than as set by the target of the strategy. The main targets of the strategy were to reduce TFR to at least 2.9 and population size less than 82 million people. In points of fact, the fertility level did not decline in period 1989-1992 but it started to decline rather fast since implementing the strategy. TFR from 3.8 in 1989 decreased to 2.3 in 1999. In accordance with the reduction of the fertility levels, the rate of spouses in the reproductive ages used family planning methods has rapidly increased from 53.8 per cent in 1993 to 75.3 per cent in 1997. As a result, the population size just reached 78 million people in middle year 2000, much lower than the target set by the strategy. Due to the high growth rate of population has been controlled the pressure of population bomb on socio-economic development has also been mitigated.
Based on achievements of the strategy of population and family planning up to year 2000, the Government has launched the strategy of Vietnam’s population over period 2001-2010 by the Decision 147/2000/QD-TTg dated 22 December 2000. The strategy set two detailed targets including: (1) steadily remain the trend of fertility reduction to reach the replacement level no later than year 2005. In remote areas, the fertility reduction will reach the replacement level no later than year 2010; and (2) improve the quality of population on both physical fitness and force of mind. The human development index (HDI) of Vietnam will be ranked in the high middle group of the world in year 2010.
c) In period 2001-2010, the strategy of Vietnam’s population 2001-2010 has more focused on the quality of population. The National Committee of Population and Family Planning and the Committee of Motherhood and Children Health Care and Protection were merged into one under the name of Committee for Population, Family and Children by the Government Decree 94/2002/NĐ-CP dated 11 November 2002.
In the context of not so high rate of fertility levels and TFR has continued to decrease towards the replacement level. Vietnam issued the Population Regulation in 2003. It is the first time that Vietnam has Population Regulation. The most typical article of this Regulation is article 10 which stipulates the rights and obligations of each spouse, individual in implementing the family planning. According to this article of the Population Regulation 2003, each spouse and individual have rights to decide the number of children that they want. With this stipulation, the two-child policy seemed to be loosened. Consequently, TFR was from 2.12 in 2003, increased to 2.23 in 2004. It increased both in rural and urban areas, especially in urban areas.
Faced with the increased TFR trend, the communication campaigns of population and family planning with the target of “two-child family” has been strengthened in various channels and under different types. Especially, in the public entities, two-child family again has become one among criteria for career promotion of each individual. As a result, TFR decreased and reached the replacement rate in middle 2000s. Simultaneously, the Population Regulation 2003 has been revised and approved by the Steering Committee of Vietnamese National Assembly in 27 December 2008. In this revised Regulation, article 10 has been changed from “the number of children is decided by each spouse, individual” to “two children are the maximum number for each spouse, individual. Special cases will be decided by the Government”.
With achievements after a long period of implementing the population and family planning, the Committee of population, family and children has been closed and merged into different ministries since late 2007. The field of population and family planning has been moved to the Ministry of Health; the field of children care and protection has been moved to the Ministry of Labour-Invalids and Social Affairs and the field of family culture has been moved to the Ministry of Culture and Information.
Population Policy in Mozambique
There is very little and reliable documentation available about Population Policy in Mozambique. Past evidences extracted from these few documents show that the Government of Mozambique has always advocated that “development will only be sustainable if it takes human beings as its first and last beneficiaries”. In this regard the Government of Mozambique recognizes that population constitutes the milestone of any strategy for economic and sustainable human development by identifying the need of people as the central goal of its development strategy. In spite of these evidences, it was not until 1999 when, through a Resolution of Council of Ministries no 5/99 of 13 April, the first and wide-ranging Population Policy was explicitly formulated. The 1999 Population policy explicitly identify six objectives:
1. To ensure that reliable and up-to-date information is available on the population and human development situation in the country, thus providing an adequate basis for the formulation, implementation and assessment of policies and action at various levels and sectors;

2. To advance the systematic integration of population factors into all the others policies and programs that seek to assure improvements in the quality of life of the population, with particular emphasis on the country’s poorest provinces;

3. To promote multi-sector and interdisciplinary coordination in the formulation and implementation of intervention programmes that respond to the main national concerns about population;

4. To contribute to great life expectancy, above all through reducing maternal and child mortality;

5. To provide the population with information, training and other resources allowing women, men and adolescents to manage their reproductive and sexual lives, in accordance with their wishes, individual capacities and sense of civic and social responsibility;

6. To contribute towards a balanced spatial distribution of the population that makes it possible to reduce rural-urban migration, and to ensure balanced urbanization, as well as the appropriate use of natural resources in order to attain a more equitable and sustainable economic and regional development

While some of these objectives if not all remain valid to date, in the context of various Government strategies several national concerns and possible factors in population problems for attaining sustainable development were identified and the way these objectives should be attained through the interaction of a multiplicity of integrated strategies properly addressed. These include: The integration of demographic variables into the country’s general development strategies, particularly in the areas of economic development; the environment and poverty; education; information and communication in population matters; the reproductive health of women and adolescents; and data collection and research into population and development.

IV. Key Issues: sex ratio at birth

Sex ratio at birth in Vietnam

The decrease trends of fertility and mortality levels as discussed in the previous sections have illustrated the progress of demographic indicators. Those achievements have been mainly influenced by population policies and socio-economic development in Vietnam. However, changes of sex ratios in general and sex ratio at birth (SRB) in particular are two other interesting aspects in the case of Vietnam.
Figure 16. Sex ratio trend in Vietnam
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Sources: - Statistical data, Vietnam 1930-1989, Statistical publishing house, Hanoi 1990;

 - The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.

Sex ratios were from 96.5 males per 100 females in 1943 decreased to the bottom of 94.2 in 1979. The male to female sex ratios were extremely low in period 1960-1979.  Obviously, the Second World War and the two Vietnam wars as well as the wars in the south-west border and the north border up to 1979 have impacted on the decrease trend of sex ratio in this period. Contrary to this, sex ratios rapidly increased in the peace time and reached the level of 98.1 in 2009. The increased trend of sex ratio implies the fact that SRB imbalances have been emerged in Vietnam.
Figure 17. Sex ratio at birth
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In normal biological levels, SRB is usually about 104-106 boys/100 girls. In period 1999-2005, there has no apparent trend in the Vietnam’s SRB. It varies between 104 and 109 boys for every 100 girls born. However, from 2006 up to now, SRB began to show signs of substantial increase. From 109.8 boys for every 100 girls born in 2006, it rapidly increased to 110.5 in 2009, reached the peak of 112.1 in 2008. Especially, SRB imbalances have been rather high and increased very fast in urban areas. In 2006, this ratio in urban was from 109.0, increased to 110.6 in 2009
. Therefore, the substantial change in SRB away from normal biological levels perhaps reflects the perception of male preferences in Vietnamese households under supports of active intervention technologies on prenatal sex selection.
Some previous studies indicated that the most likely cause of the trend of SRB imbalances is the tendency of parents for sex selective abortions after learning through prenatal sex diagnosis that the foetus is female. But because prenatal sex selection remains an illegal practice in Vietnam, information cannot be adequately or accurately captured either by surveys or census. In theory, factors other than prenatal sex selection also contribute to the high SRB figure. These include under-registration of female births, impact of excess female foetal mortality and other specified biological factors. While these factors cannot be discounted as contributing to rising SRB masculinity, prenatal sex selection must be viewed as of key and significant concern
.
The 2009 Census showed that SRB appears already significantly above the biological standard for the first two-birth orders and it was quite high in the third or later births. This means that active intervention has been adopted by Vietnamese couples since the first two-birth orders and it supports the hypothesis of never-ended male preference in Vietnamese households, especially under the situation of fertility levels have been lowered.
Figure 18. Sex ratio at birth by birth order
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Sources: - Sex ratio at birth imbalances in Vietnam: evidence from the 2009 Census, UNFPA, Hanoi, 8-2010.
It can be said that under influences of male preferences and the two-child policy, many couples would like to have at least one son. Obviously, using prenatal sex selection technologies will cost for couples, therefore the higher the households’ socio-economic ladder the higher the opportunities for couples in those households in accessing prenatal sex selection technologies. Based on data of the 2009 Census, we classify Vietnamese households into the socio-economic quintile
 and found that the poorest segment of the population is characterized by a SRB close to 105. Such a value corresponds to a normal proportion of male births. As one climbs the socio-economic ladder, the SRB gradually increases, moving to 107.5 in the second quintile and reaching 112.8 in the middle group. Specifically, the top three quintiles accounting for 60% of the country’s population appear somewhat similar in terms of birth masculinity with levels hovering around 112.
Figure 19. Sex ratio at birth by socio-economic quintile
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Sources: - Sex ratio at birth imbalances in Vietnam: evidence from the 2009 Census, UNFPA, Hanoi, 8-2010.

It is also easy to understand that the higher the maternal education levels the higher the opportunities for those mothers in accessing the prenatal sex selection technologies. The 2009 Census indicated that SRB was 107.4 for illiterate women, 107.1 for primary level of education and below. It increased to 111.4 for secondary level education and vocational training and reached 113.9 among college and higher educated mothers. The same positive correlation between education levels and birth masculinity is also observed from the number of years of schooling women with more than 10 years of schooling report the highest proportion of male births with SRB at 113.2
.
Therefore, the SRB imbalances in Vietnam have been originated from: (1) the presence of an underlying preference for sons; (2) the existence of modern healthcare infrastructures necessary for prenatal sex identification and selection; and (3) the low fertility rate whereby bearing fewer children automatically increases the risk of remaining sonless.
Sex ratio at birth in Mozambique
In Mozambique, the sex ratio (also referred to as the masculinity index) varies considerably from province to province and by age group: In 2007, for all age groups for the whole country there were 96.5 men per 100 women. But the ratio falls to below 85 men to 100 women in the age group of 30 years and above and to 80.7 mean per 100 women in Gaza province. According to the most recent household survey by INE, about 16% of Mozambican households are headed by women also with considerable variations among individual provinces with Gaza (24.9%), Inhambane (23.2%) and Maputo (19.6%) both in the south region of the country, being the highest. This is not surprising because historically, men from these provinces, uses to workers in the mines of neighbour South Africa.

Figure 20. Sex ratios in Mozambique, 1980 - 2007

[image: image20.png]97.0

96.5

96.0

95.5

95.0 -

94.5

94.0

95.0

= Males/100 Females

96.1

1980

1997

2007





The HIV/AIDS in Mozambique
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As mentioned above, the life expectancy at birth is one of the lowest in Africa. In 2007 was only 52 years. This number is about to decrease in the future because of HIV especially among young adults and woman. About 15% of the population between 15 and 49 years is registered as being infected by HIV (PES, 2009). 

Actual projections on HIV based on the most recent available epidemiological surveillance data by INE et all (2008) suggests that about 440 peoples are diary infected by HIV and it is expected that in 2010 the new infections will attains the number of 445.000 for a total of about 1.7 millions infections amongst which 53.7% are women. This number represents 1.4 times more than their contra part of men. Wide disparity of HIV infection-rates and prevalence exists among individual regions within Mozambique (Graph 2). About 51% of new infections occur in the central region of Mozambique with a prevalence rate among adults of age 15 to 49 years estimated at 19.1% in 2009, followed by South region with 33% (prevalence rate) and finally in the north with 15%new diary infections.

As outlined in the 2008 Report on the MDG, the increasing HIV pandemic is a significant challenge to the achievement of the millennium development goals. Estimates point an average of 90 children infected by HIV every day through mother-to-child vertical transmission, despite continuous expansion in number of health centres providing services of mother-to-child HIV prevention plus other services like Anti-Retro-Viral Treatment (TARV). It is estimated that life expectancy could decline from 42.8 years in 2005 to 36 years in 2010 if the disease is not dealt with. Social services could be severely affected with 17 per cent of teachers and 15 per cent of health workers at risk of dying by 2010 (AfDB, 2008).

Figure 22 shows the deaths rate due to AIDS in 1998 and 2007. From the figure it is clear that AIDS is increasing deaths for the sexually active population aged 20 to 50 years having the peak at age group of 35-39.

Figure 22: Age-specific Deaths caused by aids 
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V. Estimation of Impact Using Census Data

Demographic Impact of HIV/AIDS in Mozambique: Minimum Cross Entropy Approach

The standard component method to project population growth is essentially a demographic accounting system. It starts with the base-year population distributed by single year of age and sex. Then it applies fertility, mortality and migration assumptions to the base population to project the number of births, deaths, and migrants that occur during the year. These three components are either added or subtracted from the base population to obtain the population projection for the subsequent years, by age and sex. Mathematically, this method is summarized in the following equation:
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Where:
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= number of net migrants at the age of i moving into or out of the region during the period.

This methodology is applied to each of the last two censuses results to ensure consistency and comparability. It should be noted that the assumptions for fertility (births), mortality (deaths), and migration are based on detailed analysis of historical trends. The base population for this projection study normally comes from the National Statistics Institute. Only permanent resident’s population is used in the analysis. The total population was disaggregated by sex and by single year of age up to the open age group of 80 years and over. 

Fertility

The probability that a woman will give birth varies with her age. Generally, this probability is higher for women in their twenties and gets the peak at age group of 35-39 in 1997 and at age group of 30-35 in 2007. After these age groups the total fertility rate starts declines progressively until reaching a theoretical zero at the age after 51 years. As a result, a fertility rate, which is defined as the number of live births per 1,000 women, is specified for each age between 12 and 50 to capture the differences in the probability of bearing children. This fertility rate is also called the age-specific fertility rate. The recent trend of total fertility rate shows that the peak of fertility is observed at age group of 30-35 in 1997 and at age group of 35-39 years in 2007. In general, the trend of total fertility rate shows the same pattern in both periods (Figure 23). 

Figure 23: Trend in age-specific fertility rate by age group and census (1997 and 2007)
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Source: Authors calculations using 1997 and 2007 census data.

Mortality 

Mortality is the probability of death occurring over a given year. Since the probability of dying varies with age and sex, a mortality rate, which is defined as the number of deaths per 1,000 people, is developed for each year of age and sex. This is also called the age and sex-specific mortality rate. Figure 24 shows the 1997 and 2007 age-specific mortality rates for the total population. The distribution of deaths by age group during the two censuses data is showing a same trend but different pattern. In 1997, the death rate increased from children that didn’t complete even one year (26%) to those with 1-4 years (32%). From that age group, the mortality rate drops very much to reach below 10% for age group of 5-9 years. The trend in mortality rate of 1997 is the expected one. Due to AIDS pandemic in the country, the 2007 census data shows immediate drop in the mortality rate from children with 0 to those with 1-4 year old. But the mortality rate increase again from age group of 15-19 reaching the peak of 5% for age group of 30-34 year old and starting declining upward. It is believed that the reduction in deaths of children results from the implementation of good policies for children. 

Figure 24: Age-specific mortality rates for the total population
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Figure 25 shows the deaths rate due to AIDS in 1998 and 2007. From the figure it is clear that AIDS is increasing deaths for the sexually active population aged 20 to 50 years having the peak at age group of 35-39.
Figure 25: Deaths resulting by aids
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Infant mortality and under 5 mortality from DHS and MICS

In the last two decades, the country had slowing massive reduction in infant and under five mortality rate (GM, 2010). The infant mortality rate had reduced from 135/1.000 births in 1997 to 101/ 1.000 births in 2003 and to 93/1.000 births in 2008. The under-five mortality rate had also reduced from 201 to 154 per 1.000 births from 1997 to 2003 and reduced to 138/1.000 in 2008. This reduction in mortality rate of children needs to be taken in account in the projections which will help in projection of the population. The parameters used now for population projections may not be well fitted for these massive changes in infant and under five mortality rates which can result in underestimation of the population for these age groups (Figure 26). 

Figure 26: Infant and under five mortality rate from 1997-2008
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Source: GM, 2010

Estimation Approach - Entropy Estimation

Background on Entropy Estimation

Entropy approaches to estimation are motivated by “information theory” and the work of Shannon (1948), who defined a function to measure the uncertainty, or entropy, of a collection of events, and Jaynes (1957a; 1957b), who proposed maximizing that function subject to appropriate consistency relations, such as moment conditions. The maximum entropy (ME) principle and its sister formulation, minimum cross entropy (CE), are now used in a wide variety of fields to estimate and make inferences when information is incomplete, highly scattered, and/or inconsistent (Kapur and Kesavan, 1992). The basic philosophy of entropy estimation is to use all available information and no more.

In economics, the ME principle has been successfully applied to a wide and rapidly growing range of estimation problems. Theil (1967) provides an early investigation of information theory in economics. Mittelhammer, Judge, and Miller (2000) provide a text book treatment which is focused more tightly on the ME principle and its relationships with more traditional estimation criteria such as maximum likelihood. Golan (2002) edits a special issue of the Journal of Econometrics focused on cutting-edge applications of the entropy principle.

In general, information in an estimation problem using the entropy principle comes in two forms: (1) information (theoretical or empirical) about the system that imposes constraints on the values that the various parameters to be estimated can take; and (2) prior knowledge of likely parameter values. In the first case, the information is applied by specifying constraint equations in the estimation procedure. In the second, the information is applied by specifying a discrete prior distribution and estimating by minimizing the entropy distance between the estimated and prior distributions—the minimum cross entropy (CE) approach. The prior distribution does not have to be symmetric and weights on each point in the prior distribution can vary. If the weights in the prior distribution are equal (e.g., the prior distribution is uniform), then the CE and ME approaches are equivalent. 

For most applications, the real power of the framework is that it makes efficient use of scarce information in estimating parameters. As stated by physicists Buck and McAulay (1991, p. ix), “the intention is to give a way of extracting the most convincing conclusions implied by given data and any prior knowledge of the circumstance.”

Sets /set elements/:

	S
	sex  /m, f/

	T
	time periods /t1997*t2007/

	tent(t)
	time periods with census data /t1997, t2007/

	cba(a)
	child bearing age   /a12*a54/

	I

m

mapga(g,a)
	discrete error points /lower, upper, middle/

moments in age regression /m0*m4/

map groups to age


Parameters:

	totpop(s,t)
	total population by sex

	pop0(a,s,t)
	Population by age and sex from census

	pop_p(a,s,t)
	Prior Population by age and sex after correction

	percerr(a,s,t)

br0(g,t)

br_p(a,t)

dr0(g,s,t)
dr_p(a,s,t)

boygirl(s)
	percentage error in age prediction

birth rates from census by age group
prior birth rates
death rates by age group
prior death rates by age

share of conceptions that are boys or girls (sum to one)


Variables:

	POP(A,S,T)
	Population

	BR(CBA,T) 
	birth rate

	DR(A,S,T) 
	death rate

	CONCEPT(S,T)
	number of viable conceptions

	POPSHARE(A,S,TENT)
	population by age shares

	P_BR(I,CBA,TENT)
	birth rate error probabilities

	P_DR(I,A,S,TENT)
	death rate error probabilities

	P_POP(I,G,S,TENT)

E_BR(CBA,TENT)

E_DR(A,S,TENT)

E_POP(G,S,TENT)

BETA(A,S)

GAMMA(A,S)
	population estimation probabilities

error for birth rate

error for the death rate

population error from target

linear trend on death rate

non-linear trend on death rate


Equations:

	OBJ
	objective equation

	  POPGROW(A,S,T)      
	population accounting

	  BIRTHPROJ(S,T)      
	births accounting

	  BEGIN_AGE(A,S,T)    
	beginning population projection

	  END_AGE(A,S,T)      
	end population projection

	  TARGET(A,S,TENT)    
	assure that projected populations by sex are exact

	  POPSHR(A,S,TENT)    
	calculate endogenous shares for census periods

	  BRPROJ(A,T)         
	birth rate estimation

	  DRPROJ(A,S,T)       
	death rate estimation

	  POPPROJ(G,S,T)      
	population estimation

	  POPAGEGE(A,S,TENT) 
	 regularity condition on age distribution

	  POPAGELE(A,S,TENT)  
	regularity condition on age distribution

	  E_BRPROJ(CBA,TENT)  
	birth rate error discrete distribution

	  E_DRPROJ(A,S,TENT)  
	death rate error discrete distribution

	  E_POPPROJ(G,S,TENT) 
	population error discrete distribution

	  E_BR_MOM1(A,TENT)   
	moment 1 for birth rate

	  E_DR_MOM1(A,S,TENT) 
	moment 1 for death rate

	  E_POP_MOM1(G,S,TENT) 
	moment 1 for population

	  LIN_BR(CBA,T)       
	linear trend on birthrate

	  NONLIN_DR(A,S,T)       
	potentially nonlinear trend on the deathrate


The Results

This section presents the results of actual figures and the projected one obtained using Minimum cross entropy approach. This is a preliminary assessment of the performance of the model. The expectation is to get figures as close as possible with those published by the National Statistics Institute. To improve the performance of the model, there is a need for more work to bring in proper manner the information regarding to migration, rural urban division and AIDS impact. 

Actual and projected Male population in 2007

The projected male population in 2007 using the minimum cross entropy is showing that the trend in population by age seems reasonable similar, especially for people more than 40 years old. For young people (children people 10 years old), the model is under estimating the population compared to the actual values. Massive reduction in infant and under five mortality rates can in part explain the poor performance of the model. For people aged 10 to 39 year, the model overstate the population due in part of more deaths resulting of the AIDS pandemic that is not well captured by the model (Figure 27).

Figure 27: Actual and projected Male population in 2007
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Actual and projected Female population in 2007

The analysis of actual and projected female population in 2007 shows almost similar results of those obtained for males, although with more variation for female compared to males (Figure 28). The model underestimates the young population and overestimate population aged 20 to30 years. The same factors identified for males for these differences are applicable for female (massive reduction in infant and under five mortality rates and the impact of AIDS for people in sexually active age group). 

Figure 28: Actual and projected Female population in 2007
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Distribution of population by broad age category 

Dividing the analysis of the population projections by broad age group categories we come out with the same conclusions obtained using single age. Population below 15 years old are underestimated by the model while those with more than 15 and less than 45 years, the model overestimating the population. Same pattern is found for male and female (Figure 29).

Figure 29: Distribution of population by broad age category 
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Caveats on the Mozambique census data

When working with census data, it is important to confront several different errors that may bias results, including age heaping and errors of closure. Age misreporting may arise from rounding errors, lack of knowledge
 as to an individual’s age, preferences for numbers ending in certain digits or for culturally preferred ages, or due to calculating ages based on the timing of idiosyncratic memorable events.  Several prevalent age-misreporting patterns are known to prevail in census data from African countries. Past evaluations of African census data, particularly when matched to national registry data, have revealed a preference for even ages (CPD 1981), decreased accuracy as children age, and systematic misreporting of certain age groups for females (such as over-reporting of ages 5–9 and 25-34, and underreporting of ages 10-19 (UN 1967).

There are several methods available to identify age misreporting, some of which rely upon using other survey sources or re-interviewing individuals to determine patterns of age misreporting.  While most of these options are unavailable with the current data, more indirect methods may be used to elucidate the extent of potential misreporting in the Mozambican census data.

While the sex ratio method will illuminate differences in age reporting by sex, if age misreporting does not differ by sex (which is more likely to occur in the youngest age group) this method is less useful. Also, it is not clear whether discrepancies found through this method are uncovering trends in the misstatement of ages (a content issue) or in the levels of census enumeration (a coverage issue). Nevertheless, this method provides a rough view of the differences in sex ratios across age groups.

Another method used to determine age misreporting is comparing population of birth cohorts across censuses. Once cohorts have been aged and normal mortality and migration estimates have adjusted the cohort size, the remaining difference between the expected and actual cohort will be the errors in coverage and content.  (This, of course, relies upon the assumption that population migration and mortality estimates are accurate.) The census survival ratios may be compared to appropriate life table estimates to determine how the ratio of the two survival ratios has changed over time (CPD 1981, UN 1955).

Finally, census respondents may reflect a preference for ages ending in certain digits, such as zero or five, or for culturally preferred ages. A summary of ages ending in given digits is reported in Graph 7. It is clear from this graph that there is some problem in age reporting of age. All peaks that are reporting in this graph are for age terminating with zero or five.

Graph 30: Analysis of age misreporting for 2007 census
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Conclusions

The trend and structure of population has been influenced, in both Mozambique and Vietnam, by many factors some of which are common to both countries such as a series of wars which caused a rather high level of mortality and displacement, and other are specific to each country: the programs of child and maternal heath cares, as well as a better living standards in the peace time, and the two child policy which has successfully controlled the post war baby bomb and reduced the high fertility level strongly impacted on the current population structure of Vietnam, and beginning of transition complicated by HIV/AIDS in case of Mozambique.
While both countries face population challenges, understanding population dynamics is critical as it helps to make better population estimates. The use of minimum cross entropy for analysis of population projections represent a good start point for future work in this area. As said in the introduction, alternative ways for population projection are welcomed as those will help in better planning of Government and other partners in the process of development. The comparisons of actual and projected population presented here show that it is possible to get a promising result on population projections using this methodology. This is clearly a initial stage on this process and there is a need for better calibrating the model taking in account some new development on population dynamics, such as massive reduction on infant mortality (which result in low population projected in 2007) and massive impact of aids on adults mortality, which result in high population projected in 2007 due to aids impact. There is a need for better handling of population by age. The high concentration of people in age terminating with zero or five needs to be solved to get a reasonable distribution of population by age (see the discussion in the caveat note). Also there is a need for better use of DHS and MICS data which will bring more information to be used in the modelling process. 
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Sources: Extracted from The population structure and marital status in Vietnam, the 2009 population and housing census, General statistical office.















































� Vietnam had been undergone over a series of uninterrupted wars. Following the Second World War in 1945, the country had to against the invasion of French so called Vietnam War I till 1954, then against American so called Vietnam War II till 1975. After the unification of the country in 1976, the wars in the south-west border against Kherme Rouge and in the north border against the invasion of Chinese had happened till 1979.


� Statistical data, Vietnam 1930-1989, Statistical publishing house, Hanoi 1990.


� Crude death rate indicates on average, for every 1000 people in the population, how many deaths have occurred in the 12 months prior to the Census.


� The 1979, 1989, 1999, 2009 Census, General statistical office.


� IMR is estimates as the number of deaths to children under age 1 per 1000 live births in the reference period, usually one year.


� CDR in the past 12 months indicates on average, for every 1000 people in the population, how many deaths have occurred in the 12 months prior to the Census.


� TFR can be understood as the average number of children that would be born to a woman over her lifetime if she experienced the current age-specific fertility rates observed in the 12 months prior to the survey. 


� According to “The 2009 Vietnam population and household census: Major findings”,  Over 20 years of 1979 -1999, the urban population rate increased only 4.5 percentage points, from 19.2% to 23.7%; meanwhile this indicator increased 5.9 percentage points, from 23.7% to 29.6%  over 10 years of 1999-2009.


� CBR indicates the number of births in the 12 months prior to the survey per 1000 population.


� Population Size, Distribution, and Mortality in Mozambique, 1960-1997.


� The Mozambique National Resistance (RENAMO) conducted long lasting guerrilla operations in Mozambique, which led to a severe disruption in the production and an almost complete breakdown in the rural marketing system, widespread destruction of basic infrastructure and massive population displacement.


� Following a rural-urban migration and the 1986 territorial reclassification, this upgraded to the category of urban 23 cities and 68 villages.


� Total dependency ratio represents the number of the population “under age 15” and “age 65 and older” per 100 people aged 15-64.


� Ageing index is the ratio of the number of people aged 60 and older per 100 people below 15 years. This indicator reflects the dependency structure of the population.


� The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.


� SRB is determined as the number of boys born per 100 girls in a given period, usually 1 year.


� The 2009 Vietnam population and household census: Major findings, Central population and housing steering committee, Hanoi 6-2010.


� Recent Change in the Sex Ratio at Birth in Viet Nam: A Review of Evidence, UNFPA, Hanoi, 2009.


� Households’ socio-economic scale is based on household ownership of seven different goods (from motorbike to air conditioner), four types of amenities (lighting, cooking fuel, drinking water, toilets) and house construction materials (walls and roofing). Then, it is classified into five quintiles, starting from the poorest 20% of households to the richest 20%.


� Sex ratio at birth imbalances in Vietnam: evidence from the 2009 Census, UNFPA, Hanoi, 8-2010.


� In Mozambique almost 47% of adults are illiterate which bring more difficulties to know there age or the age of the children. This difficult is exacerbated by the lack of registration of children at birth due to the limitation of access to the health services and in some what due to preference of mothers to give birth at home. 
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