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Introduction 

 

In a lot of scientific papers, we can see that a correlation is made between land cover and 

population characteristics. It has been a preoccupation for several scientists for a few 

decades. This correlation is namely important for several environmental aspects. For 

example, land imperviousness that is induced by urbanization can have harmful impacts on 

water runoff, especially when it is combined to climate change problems. The conservation 

of this ratio can be essential to the equilibrium of the water resources of the area. For 

example Urich, Bach et al. [2015] studied the way that urbanization and climate change can 

affect the runoff of the city, and, by examining different scenarios, gave some ideas of the 

way the problem could be reduced.  

I am currently a research assistant and am studying the effect of population change in urban 

areas on water infrastructures and sanitation systems. So, my first idea for this final project 

was to find a correlation between changes in the structure of a city and its water supplies. To 

do so, I wanted to pick a city that is growing, and look at the population and infrastructure 

characteristics, to find a link between some of these characteristics and its water supplies. 

The Travis County was a good fit, as seen in figures 1 and 2. 

 

Figure 1: National Land Cover Database 2006-2011 Percent Developed Imperviousness 

Change in Texas 

The red dots 

correspond to 

areas where the 

percent developed 

imperviousness 

changes between 

2006 and 2011.  

 

The upper red 

zone corresponds 

to Austin and its 

agglomeration in 

which is located 

the Travis county. 
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Figure 2: National Land Cover Database 2006-2011 Percent Developed Imperviousness 

Change in the Travis County 

   

This was actually a lot to do and I decided to focus on the effect of population and urban 

infrastructures on land cover characteristics of the area. 

 

Data collection 

 Land cover data 

The land cover data I used were taken from the National Land Cover Database (NLCD). The 

available databases were 1992, 2001, 2006 and 2011 databases (it would then be interesting 

to use my model to predict the 2015 data for example). In these databases, I could find the 

land cover distribution in the Travis County, where each value corresponds to a land cover 

characteristic (e.g. ‘highly urbanized’, ‘open water’,…). This land cover reparation is 

represented on figure 3. 
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Figure 3: NLCD 2011 Land cover in the Travis County 

 

The red values 

correspond to 

the urbanized 

areas. 

 

 

 

 

 

 

 

 

I also found the percent imperviousness for each 30m*30m raster cell of the county, this 

value is the value I actually used for my model, because I assumed that this was the value I 

could actually model, using the population and urban infrastructure characteristics. 

 

 Block Groups data 

A block group is small subdivision of a Census tract, which is a subdivision of a County. There 

are 220,000 census block groups in the United States 

I could download these block group polygon coordinates from the American Census Bureau. 

This gives a table like Table 1, and can be visualized on Figure 4.  

The unique number of each block group is the GeoID. For example, the first line of the 

previous Table 1 corresponds to the GeoID: 48 453 000305 3 

48: Texas 

453: Travis County 

000305: Census tract 

3: the block group number inside the 000305 census tract 
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Sources: Esri, HERE, DeLorme, Intermap, increment P Corp.,

GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster
NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors,

and the GIS User Community
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Table 1: Block Groups characteristics 

 

 

Figure 4 : Block groups in the Travis County 
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Population data 

The greatest source of data about population in the United States seems to be the American 

Community Survey from the American Census Bureau. 

The only American Community Survey data that are available on the Census Bureau website 

at a block group level are the 2013 and 2012 five years estimates. The reason is that a block 

group is so small that they need time to have enough population information to be precise. 

So I decided to build my land cover model for the Travis County using the 2011 National Land 

Cover Database and the American Community Survey 2013 five years estimates. 

I downloaded several different population characteristics for each Block Group from this 

database, for example: 

- total population 

- median household income 

- mean age 

- number of person per housing 

- number of housing units 

 

Data pre-processing 

To use all these data, I had to pre-process them. I mainly created a giant table in which each 

line corresponds to a block group, with all the interesting population and land cover 

characteristics. 

1) I joined the interesting population data to Travis County Block groups 

2) I used the Spatial Analysis tool Zonal statistics as Table to create a table that gives the 

mean percent imperviousness for each GeoID (i.e. for each Block Group). The two 

next pictures show the way I used the tool and the result. In the table, MEAN is the 

mean percent imperviousness for each block group. 

 

I could then obtain several maps (some of them are shown in Figure 5 to 8). And it enabled 

me to assume the population factors that were the most important for the percentage of 

imperviousness for each group. 

I finally assumed that the percentage of imperviousness in each block was a function of: 

- the total population per km2 

-  the median income 

- the number of housings per km2 
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Figure 5 : percent imperviousness in the Travis County 

 

 

 

 

 

 

 

Sources: Esri, HERE, DeLorme, Intermap, increment P Corp.,

GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster
NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors,

and the GIS User Community
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Figure 6 : population per km2 

 

 

 

 

 

 

 

Sources: Esri, HERE, DeLorme, Intermap, increment P Corp.,

GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster
NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors,

and the GIS User Community
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Figure 7: median annual household income 

 

 

 

 

Sources: Esri, HERE, DeLorme, Intermap, increment P Corp.,

GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster
NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors,

and the GIS User Community
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Figure 8: Number of housings per km2 

 

 

 

 

Sources: Esri, HERE, DeLorme, Intermap, increment P Corp.,

GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster
NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors,

and the GIS User Community
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Land cover modeling 

After having obtain all these data and having chosen the parameters that I wanted to use to 

model the percent imperviousness in each block group, I could finally run my model. 

I first wanted to use the Geographically Weighted Regression tool from Spatial Statistics: 

mathematical model for 2011: 

 

Figure 9: illustration taken from Arcmap help and Geographically Weighted Regression tool 

 

I could then found a relation: b0 + b1*population per km2+ b2* housing units per km2 + 

b3*median annual income per housing = number of impervious cells 

 But I did not manage to run this tool correctly since I always had a “Background processing 

error”. 

However, I used the solver after having exported the data, and the values that best fit for b0, 

b1, b2 and b3 are: 

b0 1.999841 

b1 0.000135 

b2 0.000106 

b3 0.000251 
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Final considerations 

By comparing the values that are theoretically found using my model, and the real values, I 

concluded that my model was coherent but not precise at all: there is a margin of error with 

this model of about 40%, which is a lot. 

To reduce this problem, I could try to use a more complex formula, or run this model for 

more counties. for example by adding the Bexar county that corresponds to the urbanized 

areas of San Antonio. 


