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any demographic phenomenon and related theories are implicitly spatial. Yet the methods of 

demographic analysis, and demographic data, are typically aspatial. This is true today despite 

substantial advances in technology and training over the past few decades. This point is constructively 

illustrated with the demographic study of urbanization, where my work has concentrated for the last 10 

years.  
The most significant demographic trend of the 21st century arguably 1 is urbanization. This is the 

century when the global population becomes more urban than rural, when almost all of the population 

growth will take place in cities (and the cities of Asia and Africa, at that) and where the growth in the 

number of and population size of gigantic cities is unprecedented. Placed in a spatial context, for 

example to study the relationship between urbanization and climate change, it is apparent that we need 

information on which cities are growing and at what rates, as well as their demographic and 

socioeconomic composition. Urbanization is an intrinsically spatial phenomenon—cities will grow at their 

edges as well as vertically becoming both more expansive and dense, their populations will age, and 

household sizes and composition will change. These changes will have wide ranging implications—e.g., 

for public health, education, public infrastructure and financing, housing, ecosystems and carbon 

emissions. Yet, demographers are ill-prepared to study these changes. They have neither the spatial 

tools nor the necessary data to study, let alone predict, our urban future. With Mark Montgomery, and 

colleagues from CIESIN at Columbia University and the UN Population Division, we have begun to 

address a few of these shortcomings (Montgomery and Balk, 2011; Balk et al., 2009a; Balk et al. 2009b). 

The study of urbanization requires information about cities—ideally at a sub-city scale—not simply the 

fraction of national populations that live in urban areas, which dominated demographic thinking and 

data collection through major advances in the 20th century (UN, 2009).  In the absence of city-specific 

data, subnational spatial demographic data are a must and spatial tools act as the glue to assemble the 

data necessary to forecast city growth (Montgomery et al, 2011).  

Demographic breadth comes from censuses whereas demographic depth comes from surveys. In 

the past decade alone substantial improvements in the spatial information of both these data sources 

have made. Major survey programs such as the Demographic and Health Surveys (DHS), the World 

Fertility Surveys (WFS), and the Multiple Indicator Cluster Surveys (MICS) have been instrumental to our 

understanding of fertility and mortality—and less comprehensively broad-strokes migration—in the 

developing world, where censuses and vital registration systems cannot kept abreast with the data 

infrastructures found richer countries. Yet these surveys indicate demographic behavior at the national, 

or first-order administrative level (like provinces or states). Owing to the usual indication of urban and 

                                                 
1  With strong competition from Aging.  
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rural strata (required partly to assure accuracy of the sampling frame), we can compare urban and rural 

populations. But it is well understood that there is, conceptually at least, an urban-rural continuum rather 

than a dichotomy (Champion and Hugo, 2004; Balk 2009) and therefore something more than this 

approach is warranted if such survey data are to be used to study urbanization. Current rounds of the 

DHS and MICS data include spatial data for the survey regions.2 The DHS, in particular, has shown great 

leadership by adding location information to the survey cluster. While nationally representative data 

such as these are not intended to be analyzed as if the clusters are representative, much can be done 

with the cluster data: locations can be identified in proximity to cities (sometimes even particular cities) 

rather than adopting the much coarser urban-rural survey classification (NRC, 2003; Dorelien et al., 2010), 

environmental and other contextual data—including city boundaries, when available—can be added to 

individual and household records (Balk et al., 2004, Dorelien et al., 2010). And such data can be used in 

new ways to generate population surfaces (Chin et al, 2011). To be most useful for understanding our 

urban future, and in particular the well-being and behavior of slum dwellers and the urban poor, survey 

sampling frames may need to be revised and increasingly diligent to include these traditionally hard-to-

capture populations.  

Similarly, census data have been quite relevant for understanding the spatial distribution of 

population and, in a more limited way, city growth.3 The time-series data on city population size used by 

the Population Division who produces the World Urbanization Prospects is collected from national 

statistical offices and comes primarily from censuses data, yet these data are not reported with spatial 

boundaries or vital rates.4 Nevertheless, improvements in the spatial resolution of census data in the past 

decade have been remarkable. Most countries of the world, even poor countries, release second-order 

(e.g., county or district-level) administrative boundaries associated with their censuses, and many—e.g., 

Vietnam, Peru, Malawi, Kenya, and South Africa—produce and release data at a much finer resolution. 

While these data permit a wealth of inquiry on the spatial distribution of population in public health 

applications in particular (e.g., Tatem el., 2011; Balk et al, 2006), they are inadequate in two ways: Only 

the basic demographic data—population counts—are available at the finest level and spatial 

aggregates, even very small ones, are less analytically valuable than micro-data.  Furthermore, even 

when fine-resolution census data are available, a corresponding list of which administrative units belong 

to cities is often not available. This leaves the work of urban identification to other data, about which I’ll 

say more below. Another important development with census data is the recent availability through 

improved collections and data delivery tools—e.g., IPUMS and Redatam5—for census micro-data which 

facilitate the estimation of rates of urban in-migration for subnational units, for example.  Such estimates 

                                                 
2  Regrettably, for older survey rounds, and the WFS, spatial information is much sparser (and certainly not digital). 
3  The oft-cited study (Chen et al, 1998) indicating a 60-40 split of the contribution of natural increase and migration, 

respectively, to city growth depends exclusively on census data. That important study is woefully out of date and relies 
on a small number of countries. Its methods precede spatial data and methods, and conflate migration with 
administrative reorganization, where the latter phenomena is certainly in part the result of natural increase as well as 
migration.   

4  Details on how we use these UN data in a spatial framework—linking them with urban location and vital rates—in order 
to estimate and forecast city growth are found elsewhere (Balk et al., 2009a; Montgomery and Kim, 2008). 

5  See https://international.ipums.org/international/ and http://www.eclac.cl/redatam/default.asp, respectively.  
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are invaluable for estimating city growth. For those interested demographic estimation by ecological 

units beyond cities, flexible use of micro-data with user-supplied spatially boundaries (such as coastal 

zones) would be required. For this, additional attention would need to be paid to protecting the 

confidentiality of census (or survey) respondents (VanWey et al., 2005, NRC 2007, Fink et al., in progress) 

and improving the capacity of national statistical offices to work with a variety of geographic data.  

While there have been many demographic uses of remote sensing data to study particular cities or 

the socio-demographic causes or consequences of rural land-use change, few studies have embraced 

satellite data to study urbanization. Yet, satellite data are an obvious choice because countries vary in 

their conceptualization and definitions of “urban.” In my work on the Global Rural Urban Mapping 

Project (GRUMP)6, we used satellite data—the “1994/1995 stable city night-time lights” data set (Elvidge 

et al, 1997)—as a consistent measure of urban spatial extent throughout the world. The imperfections 

and advantages of these data have been the source of much discussion (Balk, 2009; Tatem et al., 2011), 

yet there is general agreement that satellite data on urban areas has much to offer. To date, no 

analogous urban extent time-series data exist. Yet, change in these extents over time would be 

invaluable to demographers. To create (and perhaps even to use) such a data set would require that 

demographers become more competent and comfortable in the analysis of data many types of satellite 

data. Productive interdisciplinary collaborations are generally an important way to bridge this gap.   

The study of urbanization poses questions for the way we demographers collect census and survey 

data, how we associate urban spatial extents with administrative boundaries, and our models for 

demographic analysis. I would argue that the investments in the data and research infrastructure of the 

21st century need to revolve around cities much the way the world of 1950 was organized around 

countries, though with the added flexibility so that environmental parameters (such as coastal zones) will 

have as much viability for organizing our analysis as administrative units have had historically.  It is 

inevitable that some important demographic questions will also require that demographers embrace 

new data sources, including those from Earth observing satellites. This is easier said than done as the 

skills and tools required for using some of these data sets are much different from those found in our 

current toolkit.  
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