The Geography of Changing Fertility in Myanmar


Anne Schuster, Andrew Hinde and Sabu Padmadas


Department of Social Statistics and Demography
University of Southampton
SOUTHAMPTON
SO17 1BJ
United Kingdom

Please address correspondence to Anne Schuster: as13g15@soton.ac.uk











Draft: please do not quote without permission
Abstract
BACKGROUND: Between 1983 and 2014, the total fertility rate in Myanmar declined from 4.7 to 2.3 children per woman. Previous analyses of fertility decline in the country suggest that the decline varied regionally, but the geography of the decline has not been formally assessed. 
METHODS: Using data from the 1983 and 2014 censuses, we examine fertility trends and geospatial patterns in fertility decline in Myanmar during the intercensal period, and investigate the aggregate socioeconomic factors underlying fertility decline at sub-regional levels. 
RESULTS: Between 1983 and 2014, fertility change at sub-regional level was characterised by a precipitous decline in fertility rates in the broad central valley areas and a much weaker decline in remote, peripheral areas. Regression analysis of the 2014 census data, adjusting for state/region level variances, reveals a strong negative correlation between fertility and access to modern communication technologies. District level female education and road connectivity were also associated with fertility. 
CONCLUSIONS: The geographical diversity in Myanmar’s fertility transition has intensified over time, as fertility decline is concentrated in areas with greater development, higher socioeconomic status and better connectivity to information networks.
CONTRIBUTION: A district’s digital connectivity, measured through access to communication technologies, was a better predictor of fertility than other traditional measures. There is a need to explore to what extent digital connectivity is a proxy indicator for levels of modernisation and access to family planning and reproductive health services, and the extent to which it measures the intensity of social networks and the diffusion of information. 

Introduction
Myanmar has experienced rapid population growth over the past half century, more than tripling in population since establishing its current borders in 1948.  However, the most recent census data show a smaller than forecasted population. Intercensal estimates assumed sustained population growth and projected a population between 45 and 64 million by 2003 (Maung 1986, Myint 1991, Tint 1991, Spoorenberg 2013), but the 2014 Census counted only around 51 million people.  Recent analyses report a deceleration of population growth consistent with fertility decline (Spoorenberg 2013, World Bank 2016). This paper examines the geography of, and the factors associated with, this fertility decline.
	Myanmar is a geographically diverse country. There are 21 administrative sub-divisions; seven regions and seven states, one union territory (Nay Pyi Taw), one self-administered region and five self-administered zones (Figure 1a). Regions and states are subdivided into 73 districts and 330 townships. (General Administrative Department 2018). Border states are typically remote, sparsely populated and mountainous. Travel is difficult and their populations are ethnically heterogeneous, a situation associated with civil unrest. As a result, factors typically associated with fertility are affected. For example, access to health facilities and education is poor. The majority of health facilities offering maternal and reproductive health services in Chin and Shan states are more than 21 miles from the closest medical depot (Department of Medical Research et al. 2016). In eastern Shan state, only 8.5% of women were estimated to have secondary or higher education in 2009-2010 and in 2014 only 66% of Shan state’s population were literate (Ministry of National Planning and Economic Development, Ministry of Health, and UNICEF 2011, Department of Population, Ministry of Labour, Immigration and Population 2016a). In comparison, those living in the central regions of the country are predominantly ethnically Burmese, and are of generally higher socioeconomic status with better access to health and education services. 
[Figure 1 about here]
	   Border states have also been affected by conflict during the past decades.  Conflict event data for the census year of 2014 indicate that conflict incidents were widespread throughout the country, though most intense in Rakhine, northern Shan, and western Kachin states (Figure 1b). Although less frequent, Kayin state also regularly experienced conflict during the same period.  The most intensive conflicts have been in peripheral areas inhabited by ethnic minorities, such as Rakhine state. 
Finally, access to digital technology was severely restricted until 2013 when private mobile telephone providers were introduced.  Official statistics report that the number of mobile telephone users increased 100 times over between 2010 and 2016, but critics have noted that rural areas and women were left behind during the rapid growth of the country’s telecommunications systems (Shadrach 2018).	
	In this paper we examine regional fertility trends using data from the 1983 and 2014 censuses, validated using data from the recently released 2016 Demographic and Health Survey (DHS). We compare sub-regional fertility patterns in 2014 with those reported 31 years earlier. Aggregate data from the 2014 census are examined to provide insight into the factors influencing fertility at a sub-regional level, and how these factors may contribute to our understanding of other health and social outcomes across the country. 
	We generated maps showing the geospatial distribution of fertility and associated factors using ArcGIS 10.4.1 and applying Shapefiles and Place Codes from the Myanmar Information Management Unit (2007). Statistical analysis was carried out using Microsoft Excel and IBM SPSS Statistics v.24.  



Data and methods
Data for 1983 were abstracted from individual state- and region-level published census reports. The reports include tables of population by five-year age groups and sex for each township, but do not include information on births below the state/region level (Immigration and Manpower Department, Ministry of Home and Religious Affairs 1986). For this reason, we calculated the implied Total Fertility Rate (iTFR) to obtain fertility estimates for smaller geographic areas (Hauer, Baker, and Brown 2013). The iTFR uses data on the population aged under five years to estimate the annual number of births in a particular area, and divides this by the population of women in the fertile age range to estimate the mean age-specific fertility rate across the fertile ages. Multiplying this by the number of years in the fertile age range produces the iTFR. The iTFR has been found to perform well compared with other methods of estimating the TFR, such as the Bogue-Palmore method (Hauer, Baker and Brown 2013).  
	The iTFR as originally proposed assumes no child mortality or migration. As we had access to child mortality estimates, we adjusted our iTFR estimates for the expected number of children born in the last five years who would have died before the census.  At the state/region level, our iTFRs were generally lower than Myint’s (1991) estimates of the 1983 fertility rates using Brass, Trussell and Arriaga’s methods. 
	We use the estimates of township TFR that were computed for the 2014 Census (Department of Population, Ministry of Labour, Immigration and Population 2016a).  As a check on the accuracy of the Census data, we compared the state/region TFRs reported in the census with those from the 2016 DHS (Ministry of Health and Sports and ICF 2017), and found them to be very similar.  Of the 322 townships with data from either 1983 or 2014, 18 could not be compared between the two years. This was primarily because of the creation of new districts during the intercensal period (notably the union territory and capital of Nay Pyi Taw in 2005). The census data for conflict areas are known to be deficient.  Access to some areas was restricted during both census enumerations. In 1983, access to 830 village tracts was restricted and another 112 were only partially enumerated. In 2014, enumeration was restricted in Kachin, Kayin and Rakhine states: the number of non-enumerated village tracts is not documented, but an estimated 1.2 million individuals lived in the non-enumerated areas. In most cases, the census estimated population figures and demographic characteristics for these townships, but eight townships were excluded completely from data collection during at least one of the two censuses. Data for these townships are not included in our maps. However, as the census records do not identify the townships that were only partially enumerated, we have included them in the analysis. 
	WorldPop (2017), while generating population estimates for Myanmar, identified several townships and districts requiring adjustment. In their analysis, three townships in Rakhine were merged, two townships and a district were merged in Kachin; and additional mergers of areas took place in Shan state. Limitations on the availability of micro-data meant that we could not reconstruct the TFRs of new townships for comparison between the two censuses or derive TFR estimates for the merged geographic areas suggested by WorldPop. 
	New townships and partially enumerated townships were included in the regression analysis of the district-level 2014 census data.  As a check, we re-ran our model with all districts and excluding those districts for which data might be unreliable.  While the coefficient estimates varied slightly, the direction and magnitude of the effects, and the standard errors, were similar with and without the contested districts.

Geographical variations in fertility, 1983-2014
In 1983, geographical fertility variations in Myanmar were modest (Figure 2a).  Fertility was low in parts of Shan province and in areas of Rakhine, Bago and Ayeyarwady provinces, but there were few other obvious patterns. By 2014, the TFR in a broad swathe of the centre of the country was below three children per woman, and in several townships it was below two children per woman (Figure 2b). The lowest rates were found in townships in Mandalay and Magway regions and in an area spanning the west of Bago region and the north of Ayeyarwady region. By contrast, several townships in peripheral border areas of the north and west, and in Shan state in the east, had TFRs in excess of five children per woman. Most of Chin state had a TFR of more than four children per woman. 
[Figure 2 about here]
	Previous comparisons of 1973 and 1983 census data suggest that the fertility decline began in the early 1970s in urban areas but also reached into rural parts of the country (Myint 1991). At the state/regional level, a similar pattern of decline is found from 1983 to 2014. However, analysis of township level estimates (Figure 3) suggest that larger declines in some urban townships may be masking stalls or increases in fertility decline in peripheral areas. The general pattern is of fertility decline in the central valley, but constant or increasing fertility in the rural, ethnically heterogeneous, periphery.   
[Figure 3 about here]

Factors associated with fertility in 2014
The 2014 TFRs shown in the previous section are estimated at the township level, but data used to measure factors associated with fertility are only publicly available at the district or state/region levels. For this reason, examination of the factors associated with fertility in Myanmar based on the 2014 Census was conducted for the 71 districts then extant. Besides information on fertility, district proportions of married and educated women, households with safe sanitation, households with dirt floors, households that were apartments or condominiums, and households with access to various modes of digital communication were extracted from the 2014 census data. These indicators were selected because they have either: 1) been found to be associated with fertility in previous work (marriage, female education); 2) are indicators of poverty and living conditions (type of housing, sanitation) or; 3) indicate exposure to mass media and communication.  Finally, we used ArcGIS 10.4.1 to calculate the average distance from a road intersection in each district using raster data developed as a part of the Global High Resolution Population Denominators Project (University of Southampton Department of Geography and Environmental Sciences et al. 2018).
	Based on preliminary analysis of the correlations between the various measures of digital connectivity, we reduced these measures to two.  The first is household access to a radio.  The second is the first component from a principal component analysis of the remaining connectivity variables: household ownership of a computer, mobile phone, internet and television. Each of the different instruments of connectivity loads positively on the component, so high values of the component denote a high level of connectivity. Analysis of DHS data in other countries reveals that the residents of households with televisions are wealthier, older, better educated and more likely to live in urban areas (Westoff and Koffman 2011) than households with access to a radio. It may be, therefore, that access to a radio is measuring a basic level of digital connectivity, whereas the principal component is measuring the extent of connectedness among households beyond a basic level.
	We estimated regression models of the district-level TFRs on various characteristics of the districts. The 71 districts are nested within the 15 states/regions. Self-administered regions and zones were not considered for this analysis. We found an inter-cluster correlation for an empty (variance components) model of the TFR clustered on state/region of 0.47, indicating that just under half of the inter-district variation in the TFR was explained by differences between the states/regions. Therefore, our models use district as the unit of analysis, but include a random intercept at state/region level to account for potential state/region characteristics. 
	The results (Table 1) showed that only the two measures of access to digital communication, average distance to a road intersection and the proportion of women aged 25 years and over with some education were statistically significant at conventional levels (p < 0.05). Variables measuring other household characteristics, including access to sanitation, and other proxies for social and economic status were not significant once access to digital communication and women’s education were accounted for. Examination of the residuals from Model 2 found relatively high errors in some contested areas (such as Rakhine) but no other strong geographical patterning.
The proportion of households with access to radio and the proportion of adult women with education are negatively associated with the TFR. Household ownership of televisions, mobile phones, and computers, or access to the internet, is associated with lower fertility. Districts where there was a greater average distance to a road intersection had higher fertility. The strong relationship between household access to digital communication and fertility in 2014 can be illustrated by maps (Figure 4). In large parts of Sagaing region, Kachin, Shan and Kayin states and the whole of Chin state, fewer than three out of every five households had access to any form of digital communication, and in parts of Chin and Rakhine states the figure was fewer than two out of every five households (Figure 4a). Many of these areas (notably southern Chin, northern Kachin and eastern Shan states) are the areas of highest fertility (Figure 4b).  


Discussion
A detailed examination of the spatial distribution of fertility in Myanmar in 1983 and 2014 reveals a growing core-peripheral divide between low and high fertility areas. As expected (Myint 1991), fertility appears to have declined in areas of greater development and higher socioeconomic status.  But in 2014, better information connectivity has an independent association with fertility decline. Where households have better access to digital communication, fertility is low, and access to digital communication is a stronger predictor of the district total fertility rate than other measures of development. These relationships remain despite the inclusion of a variable measuring physical remoteness through road networks. 
	The 2014 Census came at a time of very rapid change in access to mobile telephones and the internet in Myanmar. It may be that in the future the disparity in access between the central and the peripheral areas will diminish. It is also possible that in 2014 part of the disparity was the result of under-reporting of digital connectivity in conflict zones. However, even if this is so, the 2014 snapshot has illuminated divisions within the country which are closely associated with fertility differentials.  The geographical areas that lag behind in terms of fertility transition are remote from the centre of Myanmar geographically, socially and politically. Similar patterns in fertility decline have been observed in other countries and regions (Watkins 1991; Bongaarts and Watkins 1996; Guilmoto and Rajan 2001; Amin, Basu and Stephenson 2002; Potter et al. 2010). Physical distance from other communities or urban centres is still important to measuring remoteness, as seen in this analysis, but digital and social remoteness is becoming increasingly important and can be seen as a proxy for an area’s level of development and poverty (Copus 2001, Department of Population, Ministry of Labour, Immigration and Population 2016b). Thus, access to digital communication may be useful as a means of measuring overall remoteness as an alternative to more traditional spatial measures. While the rapid expansion of telecommunications in the country may lead to greater use of mobile technology, internet and computers in rural parts of the country, evidence from other countries suggests that even when widely available, internet users tend to have higher education levels and come from higher socioeconomic households (Pearce and Rice 2013). 
	Remoteness affects fertility in several ways. Centrality leads to stability, which can decrease the need for the economic protection provided by having a large family (Cain 1980). Living in well-connected areas improves access to new information and potentially leads to a spread of fertility limiting and spacing behaviour (van de Walle 1992, Casterline 2001, Rosero-Bixby and Casterline 1993). In Myanmar, the central ‘corridor’ is mainly ethnically Burmese. Women living in this part of the country, especially in urban areas, are more likely to speak the official language of the country, to be better educated and to be engaged in the labour market, all characteristics linked with declining fertility. These characteristics of central Myanmar, which also include non-traditional marriage patterns and socioeconomic development, have been suggested as the main drivers of fertility change (Jones 2007, Chan and Taylor 2013). Finally, a strong association between digital connectivity and fertility is also consistent with the fertility diffusion hypothesis argued by Watkins (1991) and empirically tested by Bongaarts and Watkins (1996). 
	As new ideas and technologies have become more available in central Myanmar, those in remote areas remain isolated by the combination of difficult terrain, ongoing conflict and the fact that many of those living in these areas belong to ethnic groups speaking different languages, which complicates health messaging. Accessing family planning services or health care from one of these areas may mean hours of travel over poorly maintained roads or walking through dense rain forest (Teela et al. 2009). Health workers face additional challenges locating and caring for displaced villagers and ensuring the safety of their staff (Teela et al. 2009, Lee et al. 2006). Furthermore, prolonged conflict itself may have affected fertility in these areas in a number of different ways not explored in this analysis. Finally, language barriers may limit rural populations’ ability to use mobile devices and comprehend health messaging from mobile or online sources, which are unlikely to be in all languages, when it becomes available (Pearce and Rice 2013). Our results suggest that physical and technological isolation have an independent effect on fertility in Myanmar.
	While our analysis helps to explain the factors associated with fertility change in Myanmar, we must acknowledge the limitations of the census data. We excluded from the analysis an estimated 1.2 million population living in village tracts and townships not enumerated in the censuses. While the censuses attempted to estimate the populations living in these areas, these estimates assume that these townships behave similarly to those around them. However, the populations of these townships are, in general, highly exposed to conflict and they generally have restricted access to health and technology services. Future analysis of sub-national fertility trends in Myanmar would benefit from a deeper examination of the relationship between conflict and fertility.
	 
Conclusions
Myanmar is an economically and culturally diverse nation, with 135 recognised ethnic groups living in remote rainforests, mountain villages, flat plains and fertile deltas. In this diverse setting, often plagued by internal conflict, the country is undergoing its fertility transition. The fertility transition in Myanmar is characterised by a rapid decline in core areas with stalling or even increasing fertility rates in remote, peripheral areas of the country. Current fertility rates are significantly associated with household access to digital communication, physical remoteness and district levels of female education.  There is increased geographical diversity in fertility rates across Myanmar, as seen elsewhere in Asia. Additional analysis is needed to evaluate the causes for fertility decline, but this initial research indicates that the peripheral areas have not experienced fertility transition due to their isolation and lack of connectedness to physical and virtual networks. There is a need to explore to what extent digital connectivity is a proxy indicator for levels of modernisation and access to family planning and reproductive health services, and the extent to which it measures the intensity of social networks and the diffusion of information.
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Figure 1
States and regions of Myanmar, 2014 (a), and conflict incidents during year 2014 (b)
  (a)                                                                          (b) 
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Source: Myanmar Information Management Union (2007); Raleigh et al. (2010).



Figure 2 
Township fertility rates: Myanmar, 1983 (a) and 2014 (b)
  (a)                                                                           (b)
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Note: For method of calculation of iTFR for 1983, see Hauer et al. (2013).

Sources: Myanmar Information Management Union (2007); Immigration and Manpower Department, Ministry of Home and Religious Affairs (1986); and Department of Population, Ministry of Labour, Immigration and Population (2016a).


Figure 3
Estimated change in total fertility rate: Myanmar, 1983 to 2014
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[bookmark: _GoBack]Note: The figures mapped here are the absolute differences in each township between the implied total fertility rate in 1983 and the total fertility rate in 2014.

Sources: Myanmar Information Management Union (2007); and Department of Population, Ministry of Labour, Immigration and Population (2016a).
Figure 4
Percentage of households without access to any form of digital communication (a) compared with total fertility rate (b): districts of Myanmar, 2014
    (a)						       (b)
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Sources: Myanmar Information Management Union (2007); and Department of Population, Ministry of Labour, Immigration and Population (2016a).


Table 1 
Regression of total fertility rate on district-level characteristics: Myanmar, 2014

	
Covariate
	Model 1
	Model 2

	
	Parameter estimate
	Standard error
	Parameter estimate
	Standard error

	
Intercept

	
 4.422
	0.238
	 4.370
	0.305

	Percentage of households that own a radio

	-0.045
	0.007
	-0.024
	0.004

	Principal component score for household ownership of other digital communication methods

	-0.390
	0.072
	-0.203
	0.061

	Average distance to a road intersection across the district

	
	
	 0.021
	0.004

	Percentage of female population aged 25 years and over with some education

	
	
	-0.015
	0.004



Note: The models include a random intercept at the state/region level.

Source: Department of Population, Ministry of Labour, Immigration and Population (2016a). University of Southampton Department of Geography and Environmental Science et al. (2018).
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