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Figure 2.4: Data for Historical Settlements with Population Estimates, 1850
Note: This figure shows an example of the data for historical cities used in this study. The data is printed in “Four Thousand Years of Urban Growth”
by Chandler (1987). The page (on the left) lists cities in the Americas and their corresponding population estimates in the 19th century.
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Figure 2.5: Spatial Data for Settlements, 1850
Note: This figure displays GIS data for historical settlements in 1850. Spots in black are the locations of the settlements in 1850. The settlements in
1850 collected from Chandler (1987), Bairoch (1998), and Eggimann (1994).
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Step 3: Measuring Land Area

The geographical data for land area is in raster format with a resolution of 30arc second.
The data is available at the Center for International Earth Science Information Network
(CIESIN) and can be downloaded at http://sedac.ciesin.columbia.edu. Figure 2.7 provides

a glimpse of the data in ArcGIS.

Figure 2.6: Aggregating Population Estimates at Regions
Note: This figure includes an imaginary region in yellow, two cities within the region in red, and three cities

outside the region in black.

To process raster data, one usually use the ArcGIS tool of Zonal Statistics as Table,
which summarizes values of a raster within spatial units of another dataset and outputs
results to a table. To calculate land area within the spatial units, one need to specify
the statistics type option of the tool in SUM so that values of all grids within regions are

aggregated.

Step 4: Creating Maps of Urban Population Density

Now, I have data on regional urban population and land area, and can merge the two
according to identifiers of regions and obtain urban population density by dividing the former
by the later.

One can further make a map of urban population density in ArcGIS - just right click
on properties and click on the “Symbology” tab. Figure 2.8 shows the distribution of urban
population density in 1850 I generate using ArcGIS. The darker regions are more densely

populated.
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Figure 2.7: Land and Geographic Unit Area Grids, 2000
Note: This is a 30 arc-second raster of global land area in 2000. The data measures land areas in square kilometers. Source: Center for International
Earth Science Information Network - CIESIN - Columbia University, and Centro Internacional de Agricultura Tropical - CIAT. 2005. Gridded
Population of the World, Version 3 (GPWv3): Land and Geographic Unit Area Grids. Palisades, NY: NASA Socioeconomic Data and Applications
Center (SEDAC). http://dx.doi.org/10.7927 /HAK935FC. Accessed DAY MONTH YEAR.
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Figure 2.8: Distribution of Urban Population in 1850

Note: Empty areas consist of countries that do not appear in my data for cities in 1850. Shaded areas consist of regions with the urban population

in 1850, and the darker regions is more densely populated in 1850. Unit of urban population density is 100 persons per square kilometer.
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2.2.3 Controlling for Spatial Correlation

For studies on small spatial units, such as sub-national regions in this study, one cannot ignore
interregional inflows of goods and production factors. Failure to include spatial interaction
effects will lead to misspecification problems. There are three traditional ways to model
spatial correlation: 1) incorporate a spatial lag of the dependent variable; 2) a spatial lag of
the independent variable; and 3) a spatial lag of the error term. The strategy I use to control
for the spatial correlation is to include urban population density in neighboring areas, which
is an example of the second approach.

I divide the process of creating spatial variables while controlling for spatial correlation
into four steps. First, I use GIS to help estimate the shortest geodesic distances between
settlements and regions’ boundaries. Second, I use 25 miles from regions’ neighboring areas
and aggregate population estimates of cities in these areas. Third, I calculate regional land
area. Lastly, [ obtain urban population density in neighboring areas by dividing the aggregate
population estimates of cities by regional land area.

The first step is done in Section 2.2.2 by using the ArcGIS tool of Generate Near Table,
through which T obtain shortest distances of settlements from regions’ boundaries. The
regional area in step three is the same as the one in Section 2.2.2. Therefore, the only thing
I need to do is aggregate population estimates of settlements conditional on the settlements
within 25 miles from boundaries of each region and divide the total numbers by the land
area. This can be done in Stata.

Alternatively, one can identify cities in neighboring areas by using the ArcGIS tool of
Buffer. This tool helps define neighborhoods around regions by specifying a 25-miles buffer
around existing regions.

I illustrate the process again in Figure 2.9. For an imaginary region colored in yellow,
[ use 25 miles from its boundaries as the region’s neighborhood (presented by green area).

Instead of creating a 25-miles buffer around the region and looking at settlements within it,

22



I apply the ArcGIS tool of Generate Near Table to output a table identifies settlements
within 25 miles from the region’s boundaries (two red points). I load the table in Stata and
obtain an urban population of the region by summing population estimates in the two red
settlements. At last, I divide the urban population in neighboring areas by land area of the

region.

O

Figure 2.9: Defining Neighboring Areas

Note: This figure gives an example of how to define neighboring areas of an imaginary region in yellow.
Areas in green are the neighboring areas of the region using 25 miles from the region’s boundary. For the

five locations of cities, the two in red are considered cities in the neighboring areas.

Projection and Distance Calculation

When calculating distances in meters and areas in square meters, one needs to project the
spherical surface of the Earth onto a plane. There are numerous ways to do that; however,
each type of projection introduces some specific distortions in calculation. Therefore, one
should use the one that creates the least distortions. There are three points to note when
we project coordinate systems. First, we need to ensure that all layers in performing the
calculation are in the same coordinate system. 2) When spatial units have small areas, such
as US states or Japanese prefectures, the Universal Transverse Mercator (UTM) projection
is usually a good option bringing the least distortion in any dimension. 3) Maps associated
with different projections have different looks. However, in ArcGIS, the visual output follows
the projection of the first layer. Therefore, one should always check the projection of each
layer by looking at its properties.

The best way that T am aware of to calculate geodesic distance is to use “globdist” .ado

directly utilizing coordinates of locations. In my study, for example, I often need to calculate
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