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In this paper, I will show how applying a spatially explicit context to an existing 

environmental health surveillance framework is vital for more complete surveillance of 

disease, and for disease prevention and intervention strategies. As a case study to test 

the viability of a spatial approach to this existing framework, the risk of human exposure 

to Lyme disease will be estimated. This spatially explicit framework divides the 

surveillance process into three components: hazard surveillance, exposure surveillance, 

and outcome surveillance. The components will be used both collectively and 

individually, to assess exposure risk to infected ticks. By utilizing all surveillance 

components, I will identify different areas of risk which would not have been identified 

otherwise. Hazard surveillance uses maximum entropy modeling and geographically 

weighted regression analysis to create spatial models that predict the geographic 

distribution of ticks in Texas. Exposure surveillance uses GIS methods to estimate the 

risk of human exposures to infected ticks, resulting in a map that predicts the likelihood 

of human-tick interactions across Texas, using LandScan 2008TM population data. 

Lastly, outcome surveillance uses kernel density estimation-based methods to describe 

and analyze the spatial patterns of tick-borne diseases, which results in a continuous 

map that reflects disease rates based on population location. Data for this study was 

obtained from the Texas Department of Health Services and the University of North 

Texas Health Science Center. The data includes disease data on Lyme disease from 



2004-2008, and the tick distribution estimates are based on field collections across 

Texas from 2004-2008. 
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CHAPTER 1 

INTRODUCTION 

Environmental Public Health Surveillance Framework 

Several factors must be taken into consideration when performing environmental 

public health surveillance. According to Thacker et al. (1996), it is important to bring 

together hazard, exposure, and outcome surveillance in order to create a more 

complete and effective environmental public health surveillance study. Hazard 

surveillance tracks the agent in the environment; exposure surveillance identifies the 

contact between the agent and people; outcome surveillance is the observed number of 

cases of clinically apparent symptoms due to the exposure to some agent. The 

importance of this framework is that it provides a guideline, with a public health 

perspective and an epidemiologic basis, for performing environmental public health 

surveillance 

Study Objective & Research Questions 

Although the framework proposed by Thacker et al. (1996) provides a guideline 

for environmental health research, it does not explicitly address the geographical 

context of each component. Although it is assumed that a spatial context can easily be 

applied to this framework or to each of its individual components, efforts towards 

integrating it within a spatially explicit framework have been limited. This research 

shows that the addition of a spatial component enhances the disease prediction and 

surveillance capabilities of the framework, thereby improving its utility for environmental 

health research. The specific research questions answered by this thesis are as follows: 
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1. Does implementing a spatially explicit context to the environmental health 

surveillance framework provide a more valuable way of performing environmental 

health surveillance? 

2. By using Lyme disease in Texas as a case study, will using a spatially explicit 

environmental health surveillance framework provide valuable information about 

disease prevalence and exposure risk, and potential geographically-oriented 

intervention and prevention strategies? 

The addition of a spatial context to the public health surveillance framework is 

addressed in this study, and a proof-of-concept will be performed. Specifically, I 

examine Lyme disease in Texas as a case study, and apply a spatially explicit 

environmental public health surveillance framework. Texas is an area that may not be 

as heavily burdened with Lyme disease as the northeast, but is one that has not been 

extensively investigated. This study will extend the knowledge of Lyme disease into a 

new area using GIS, and will look at ecological variables to address the lack of 

knowledge of the distributions of ticks in Texas at a higher resolution. 

Thesis Contributions 

The contributions from this thesis are on two fronts. One front demonstrates that 

adding a spatially explicit context to an environmental health surveillance framework 

allows for more well-rounded studies. Instead of tackling an environmental health 

problem from one direction, this study shows how different results may arise if an 

exposure assessment is approached both by hazard, and outcome surveillance. If the 

study had only assessed exposure risk by disease presence, or agent presence, crucial 

information may have been missed. The second front reveals spatial information on the 
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patterns of Lyme disease and the distribution of the vector Ixodes scapularis at a level 

that has not previously been performed. Information about the prevalence of Lyme 

disease in an area would inform doctors to be more aware and attentive when 

diagnosing cases with symptoms similar to Lyme disease. The contributions from this 

thesis could potentially allow collaboration between public health entities to devise more 

efficient and effective Lyme disease intervention and prevention strategies. 
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CHAPTER 2 

LITERATURE REVIEW 

It is important to know where the agent exists in the environment, where 

exposure between the agent and the population occurs, and where the burden of the 

agent on the population is most significant. There are several considerations to be 

made when fully using all aspects of a spatially explicit framework; the data used, the 

questions asked, and the statistics applied all play a role in how well the study 

addresses an environmental health problem (Elliot & Wartenberg 2004). 

Lyme Disease Within Texas 

In the United States, Lyme disease is the most common vector-borne disease 

with over 20,000 confirmed new cases reported each year (Centers for Disease Control 

2007). The black-legged tick, Ixodes scapularis, is the primary vector of Borrelia 

burgdorferi, the bacteria that causes Lyme disease in humans (Dennis et al. 1998). The 

impact of Lyme disease has been researched extensively in highly affected areas, such 

as the northeastern United States. The high disease rates, as well as the environmental 

suitability for its tick vectors in these areas, warrant such concern. In 2008 alone, New 

Hampshire and Delaware saw the highest rates of Lyme disease at 92.0 and 88.4 cases 

per 100,000 people, respectively, up from 17.4 and 40.8 per 100,000 in 2004. The 

national rate was 9.4 per 100,000 in 2008 (DVBID 2010). The presence of Lyme 

disease in a population presents both an epidemiological and economic burden due to 

the high cost of diagnosis and treatment. In a study performed in eastern Maryland, the 

average expected cost related to Lyme disease was $1,965 per patient, in year 2000 

dollars (Zhang et al. 2006).  
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The associated factors that drive Lyme disease in Texas are not known. Due to 

its low prevalence, doctors across Texas may not be trained in identifying Lyme 

disease, and possible underreporting may be occurring. Figure 2-1 shows the trend of 

Lyme disease in Texas from 2000-2009. Note that beginning in 2008, both probable and 

confirmed cases will be used to calculate case totals. Also, the case definition for Lyme 

disease changed in 2009, and allows more probable cases to be designated as 

confirmed cases, or other cases that would not have been previously designated as 

confirmed or probable. For this reason, we see an almost two-fold increase of cases 

from 2008 to 2009. 

 

Figure 2-1: Trend of Lyme disease in Texas, 2000-2009. *Totals 2008 and after include 
number of probable cases and number of confirmed cases. **Case definition change. 

Also, the distributions of ticks that are vectors for disease have not been 

investigated at a high resolution in Texas. Effective surveillance of Lyme disease in a 

geographic context is necessary to better understand its driving forces. Understanding 
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the spread of Lyme disease and the distribution of I. scapularis in Texas may help 

outline areas of increased risk of exposure to B. burgdorferi. Prevention and control 

measures could follow this study to mitigate the risk of Lyme disease, and possibly 

other tick-borne diseases, in Texas. The integration of a spatial context to the 

environmental public health framework developed by Thacker et al. (1996) is an 

enhancement to the framework, and demonstrates the importance of the 

implementation of geographic context in environmental health studies. 

Environmental Health Studies 

Many environmental health studies exist that utilize the theories developed by 

Thacker et al. (1996), or something similar. The surveillance approaches outlined by 

Thacker et al. (1996) are identified and highlighted in a review by Nuckols et al. (2004). 

The framework developed by Thacker et al. (1996) is not directly mentioned, although 

Nuckols et al. (2004) identifies several studies that perform exposure assessments 

using a GIS that addresses at least one of the factors stated in the public health 

surveillance framework. The review asserts that utilizing GIS and geocoded health data 

is beneficial for exposure risk assessments. Each study, however, is focused on the 

exposure assessment as the end goal, and does not directly utilize other surveillance 

components, which could ultimately benefit the understanding of the research question. 

Another study by Tiwari (2008) focuses on each surveillance component 

individually, and does not link hazard, exposure, and outcome surveillance. The public 

health surveillance framework is the basis of a web-based GIS model developed by 

Tiwari (2008). Each surveillance component, e.g. agent, exposure, and outcome, is 

addressed spatially, although they are treated individually. More wieldy results could be 
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had if the components were utilized together. This study will attempt to emphasize the 

importance of utilizing and linking hazard, exposure, and outcome surveillance data 

together in a spatially explicit environmental health surveillance framework, and 

demonstrate how beneficial and relevant the output can be for public health intervention 

and prevention strategies. 

Hazard Surveillance 

Within the context of this vector-borne disease case-study, a hazard surveillance 

study is considered any study that focuses on identifying the possible distribution of the 

vector in question. Because it is inherent that the presence of I. scapularis equals 

disease risk, it is important to know where the tick exists. Like any other creature, ticks 

have certain environmental requirements that create a suitable habitat for its existence. 

In short, to predict the tick’s distribution, we have to relate the tick’s occurrence in the 

environment, through observation, to its environmental requirements (Guisan & 

Zimmermann 2000). We investigate previous studies to see what environmental 

variables are indicative of I. scapularis presence. 

Daniels et al. (1998) suggested that surveillance of the distribution of ticks in New 

York is critical to understand the spread of Lyme disease and identify and control areas 

of greatest risk. In a study in Baltimore, the residences of Lyme disease cases were 

mapped against the environmental make-up surrounding the residences (Glass et al. 

1995). This was done to determine what are environmental variables associated with 

Lyme disease. Because of time and money, the study focused on these environmental 

variables to determine the associated risk of Lyme disease exposure, or where people 

can be more vulnerable to exposure to infected ticks. The results indicated that 
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residential areas that are near forested areas, and sit on certain soils, correlate with 

areas of high Lyme prevalence, which are areas suitable for ticks. What this says is that 

the ticks that spread Lyme are more likely to live in forested areas, and prefer specific 

soils. Somewhat of a similar approach, Jensen et al. (2000) chose to observe tick 

prevalence in Denmark forests as an indirect measure of risk. Tick prevalence was 

measured based on forest cover, specific soil types, and deer abundance. Deer serve 

as hosts for the tick, and are a reservoir for Borrelia burgdorferi. After sampling the area 

for ticks, tick presence was correlated with soil types that have higher water capacity, as 

well as areas abundant with deer. 

Guerra et al. (2002) created a predictive risk map of environmental suitability for 

I. scapularis in the north-central United States, based on environmental parameters. A 

positive relationship exists between the presence of I. scapularis and oak-dominated 

forests in well-drained soils, or soils that have medium water capacity. A study 

performed by Brownstein et al. (2003) predicts the distribution of I. scapularis, and 

shows that maximum, minimum, and mean temperature, and vapor pressure to be 

highly indicative of habitat suitability. These relationships were used to create a map of 

I. scapularis habitat suitability across the entire United States, using a spatial resolution 

of 0.5 degrees, or approximately 55 kilometers. 

What these studies show is that there are specific environmental parameters that 

have been studied to be indicative of tick presence. Keeping time and data limitations, 

as well as study goals in mind, we must choose a modeling method to predict the 

distribution of I. scapularis in Texas. A possible avenue is Maxent, a maximum-entropy 

modeling technique, that works well with limited, presence-only datasets, and quickly 



 

9 
 

processes data to create probability distributions for species across a geography 

(Phillips et al. 2006). In summary, Maxent approximates the distribution that is closest to 

uniform, within the constraints of the geography and the relationships between the 

occurrence data and the environmental data (Phillips et al. 2006). Essentially, we 

estimate environmental suitability based on the locations of tick occurrence. The model 

itself computes an area under the curve (AUC) value, which is a prediction on how well 

the model compares to reality, on a scale from 0 to 1, 1 being a perfect prediction. This 

AUC value, however, may not be sufficient, or supply enough validation for the model. 

As a way to increase our confidence, a comparison model can be utilized, such as a 

geographically weighted regression (GWR) method.  

To analyze the spatial relationship between the dependent variable and the 

independent variables, and how the relationship differs across geographic space, we 

utilize a GWR method (Fotheringham et al. 2002).Utilizing GWR as a modeling method 

would yield a map of the predicted presence of I. scapularis, which could be compared 

to the Maxent results. A chi-squared goodness of fit test could be used to determine 

how close to reality the GWR predicted against actual observation data. With the 

knowledge of previous studies, and implementing these modeling techniques, it is viable 

to estimate the distribution of I. scapularis in Texas. 

Exposure Surveillance 

Within the public health surveillance framework, possibly the most difficult 

component to calculate is exposure surveillance, or where the exposure assessment is 

performed. There are many approaches to this problem, including performing an agent-

based study, incidence-based study, or both. In the case of this study, both approaches 
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will be utilized. An agent-based approach assesses exposure risk based on the 

presence and location of the agent, in our case the ticks; an incidence-based approach 

assesses exposure risk based on the distribution of the incidence of disease, in our 

case Lyme disease incidence. This translates to an increased exposure risk due to the 

suitability of the environment to sustain ticks, or an increased exposure risk due to the 

increased incidence of an apparent ongoing transmission of Lyme disease in a 

geographic area. For example, the results from the maximum-entropy model, developed 

by Philips et al. (2006), of the distribution of I. scapularis can be an indication of 

probability of exposure to this tick.  

Zeman (1997) defined risk areas for tick-borne encephalitis (TBE) and Lyme 

borreliosis in parts of the Czech Republic based on the distribution of disease cases 

throughout the region. The density of the population at risk was measured by analyzing 

the pattern of the residences of disease patients versus the population location. Also, 

this model of risk was compared to the presence of infected ticks in the region, by field 

measurements, to examine the distance decay between locations of high disease 

incidence and areas of infected ticks. This study utilizes kernel smoothing techniques, 

as well as point pattern analysis, to compute the incidence-based risk of disease, and 

compares this to presence of infected ticks as a validation. 

A study in California identified the spatial patterns of Lyme disease risk by 

identifying the relationship between the locations of disease, and locations that 

presented an ecological risk of Lyme disease (Eisen et al. 2006). In other words, it is a 

combination of agent-based and incidence-based risk assessment. The exposure 

assessment is calculated by estimating the areas of increased Lyme disease risk based 
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on ecological factors associated with tick presence. This is then tested against the 

distribution of Lyme disease incidence, which is an indication of relative risk, to 

determine areas of highest combined risk. 

Incidence-based exposure risk assessments come with some limitations. It is 

difficult to determine whether the location of manifested Lyme disease symptoms is the 

same as the location of exposure to an infected tick (Kitron & Kazmierczak 1997). It is 

important to consider this factor when calculating disease. The study by Glass et al. 

(1995) also serves as an example as a way to determine if locations of Lyme disease 

incidence could have been caused by exposure to an infected tick within a close 

proximity of a Lyme disease patient’s residence. This study will compare both 

approaches, but to determine which is more effective in outlining actual risk, a field 

study for ticks with GPS localities must occur, and residence-level case data must be 

acquired, both of which are not available for this study. 

Outcome Surveillance 

In many disease studies, including Lyme disease, incidence maps are displayed 

using aggregated data at coarse spatial scales, because of availability, such as at the 

county- and zip code-level (Kitron & Kazmierczak 1997, Eisen et al. 2006). Although 

choropleth maps are useful in outlining spatial patterns that could otherwise go 

unnoticed, they are created using data that is aggregated to small areas that often have 

little to do with the disease under investigation. Additionally, data that is aggregated to 

small areas is subject to the modifiable areal unit problem – the shape and scale of the 

boundaries of the small areas that are used to create a map can influence the 

geographic patterns that are observed (Dark et al. 2007). Rates of disease outcomes 
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computed for small or sparsely populated areas are also known to be unstable because 

of the small numbers problem – in that the addition or deletion of small numbers to the 

case and/or control counts within that region can drastically change the estimated 

disease rate.  

In order to reduce the influence of the small numbers problem, it is necessary to 

“smooth” the disease data using a combination of GIS and kernel density estimation 

methods. The spatially adaptive filters method addresses the small numbers problem by 

computing disease estimates for regions that are smoothed using kernels or spatial 

filters of varying sizes (Tiwari & Rushton 2005). The size of the kernels or spatial filters 

depends on the density of the underlying population. Large filters are used in sparsely 

populated areas and smaller filters are used in densely populated areas. Larger filters 

provide more smoothing, but also result in loss of geographic detail whereas smaller 

filters provide greater geographic detail. The adaptive filter method balances this need 

for smoothing with the need to maintain geographic resolution. This method is 

implemented in a web-based GIS application called WebDMAP to map the disease 

incidence data (Tiwari 2009). This method for mapping will be investigated as to 

whether or not it is useful in mapping our Lyme disease incidence data. 
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CHAPTER 3 

DATA AND METHODOLOGY 

One of the challenges of disease surveillance is data availability and quality. The 

study area, however large, is divided into smaller areal units, including county-level, zip 

code-level, or finer-level data. Conducting studies at small geographic scales requires 

quality data at that scale that is geographically referenced (Elliot & Wartenberg 2004). 

Following the public health surveillance framework developed by Thacker et al. (1996) 

as a model, we will perform hazard, exposure, and outcome surveillance on Lyme 

disease in Texas. For this study, outcome surveillance will consist of mapping the 

distribution of Lyme disease to determine areas of high or low disease prevalence; 

hazard surveillance will consist of predicting the distribution of I. scapularis; exposure 

surveillance will be an assessment of exposure risk of infected I. scapularis ticks, based 

on tick presence. The methodology of the case study will be discussed in more detail 

later in the section. From a public health perspective, the results of each surveillance 

component can be compared against each other in order to develop relevant 

intervention and prevention strategies. This approach may be applied by public health 

officials for effective surveillance.
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Figure 3-1: A flowchart showing a possible decision-making process when performing 
spatially explicit environmental health surveillance.

Figure 3-1 shows the logic used for this study, in performing a spatially explicit 

environmental health surveillance study on Lyme disease and the vector I. scapularis in 

Texas. Following this flowchart allows us to better understand the geographic patterns 

of Lyme disease and the vector’s distribution from multiple points of view, and the forces 

that drive these patterns. 

Hazard Surveillance 

This study focuses on the tick Ixodes scapularis. The data used was generated 

between 2004 and 2008 from submissions to the Texas Department of State Health 

Services (TX DSHS) that have been aggregated to the zip-code level. Molecular 

screening for tick-borne pathogens was performed by the University of North Texas 

Health Science Center (Williamson et al. 2010). Through these efforts, 76 counts of I. 

scapularis presence have been recorded for Texas. Because these ticks are 
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aggregated to the zip code level, identifying the environmental variables that influence 

tick distribution is problematic. Scaling environmental variables up to the zip code level 

may over-generalize some variables, especially in larger zip codes—thirty have an area 

larger than Rhode Island. To address this problem, we will scale the tick data down to a 

1000-meter resolution continuous map, or a map that is pixel-based rather than vector-

based, this process is explained later in this section. A thousand meter resolution was 

chosen partly because of data availability and computing power, as well as for the fact 

that a common smaller scale like 30-meters would be too fine for a study area the size 

of Texas, and would require many more assumptions. 

 Maxent, the maximum-entropy modeling method examined previously, is utilized 

to estimate the geographic distribution of I. scapularis (Phillips et al. 2006). The 

environmental parameters that are used are shown in Table 3-1 (National Elevation 

Dataset 2010; WorldClim.org 2005; PRISM Climate Group 2009; National Land Cover 

Dataset 2009; Soil Survey Geographic Database 2009). These parameters were 

chosen based on previous studies, outlined in the literature review section of the paper, 

which demonstrated key ecological variables that were indicative of I. scapularis 

presence. 
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Table 3-1: Data, Sources, and Purpose for Usage. 

Data Source Purpose 
Elevation National Elevation Dataset Determine if elevation is a 

factor of tick presence in 
Texas 

Temperatures WorldClim.org Ticks sensitive to 
temperature extremes 

Precipitation PRISM Climate Group Tick presence is dependent 
on moisture availability 

Land Use/Land Cover National Land Cover 
Dataset 

Forest cover relates to tick 
suitability 

Soil Texture Soil Survey Geographic 
Database 

Soil texture influences 
moisture content 

One of the caveats of using Maxent is that we currently are using aggregated tick 

data, while Maxent requires point data. For this study, the tick data will be converted to 

points in order to utilize the data in Maxent. The tick data is randomly distributed within 

its designated zip code, and run in Maxent along with the environmental variables. In 

order to compensate for environmental heterogeneity across the zip codes, this 

procedure is performed thirty times. The thirty outputs are averaged. The resulting map 

provides the probability of the suitability for I. scapularis across Texas, and is shown in 

Figure 4-3. The performance of the model is characterized by the area under the curve 

(AUC) value of the receiver operating characteristic (ROC) curve, ranging from 0-1, and 

is calculated by the model itself (Phillips et al. 2004). An ROC curve is shown in Figure 

4-5.  

Additionally, the model is compared against the local spatial statistical technique, 

geographically weighted regression (GWR), which is explained in the literature review 

section. The same ecological variables will be used for GWR as was for the maximum 

entropy model, but must be aggregated to the zip code level because the number of 

pixels in a continuous map is enormous compared to the number of actual data points. 
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The raster data is summarized by zip code in ESRI’s ArcMap, yielding mean 

temperature, mean precipitation, percentage of forest cover, and so forth, by zip code. 

The results of the GWR predictions are mapped, as well as the results of a chi-square 

goodness-of-fit test. Running a goodness of fit test will indicate how well the model 

predicted against observed data. Comparing the results from the maximum-entropy 

model and GWR will give an indication of how close the maximum-entropy model 

predicted close to reality, with the data available. 

By mapping the distribution of I. scapularis, something which has not been done 

at this scale before, we can perform an exposure risk assessment based on the location 

of these ticks. If a population lives in the areas that have increased probability of tick 

suitability, then their risk is inherently increased. This approach can be applied for a 

multitude of tick species, and vector-borne diseases. 

Exposure Surveillance 

For this section, we will use two methods. First we will examine the overlap 

between the Lyme disease rate and the areas with the highest probability of estimated 

tick suitability. This approach highlights areas of high tick suitability and disease 

prevalence. Results will indicate that these areas could be an environment of 

continuous exposure risk because of residency near suitable habitats for the ticks. 

Areas that are highly suitable for tick presence, and have Lyme disease prevalence 

could be targeted using intervention and prevention strategies. The next approach is an 

exposure risk assessment based solely on the distribution of infected ticks in relation to 

the general population. 
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 Exposure surveillance is not directly measured, as data on the reported places 

of infection does not yet exist, and residence locations of infected persons are 

aggregated to the zip code level. To accommodate for this lack of data, exposure risk 

will be calculated by multiplying the infection rate of I. scapularis with B. burgdorferi by 

the estimated distribution of I. scapularis across Texas. This results in the estimated 

distribution of infected I. scapularis ticks. Multiplying this distribution of infected ticks by 

the number of people per pixel, results in a risk map of infected I. scapularis exposure 

per person, per pixel. Note: the population data, shown in Figure 3-3, used in this 

procedure is obtained from Oak Ridge National Laboratory, at a resolution of 30-arc 

seconds, or approximately 1,000 meters, (LandScan 2008TM). Figure 3-2 illustrates the 

process of calculating agent-based exposure risk.

 

Figure 3-2: The process in which the agent-based exposure risk assessment is 
performed.

 

Tick 
distribution 

map 

Infection 
rate

Population 
map

Risk of 
infected 

persons per 
pixel



 

19 
 

 

Figure 3-3: The estimated 2008 population of Texas. Source: LandScan 2008TM. 
ORNL, UT-Batelle, LLC. 

The goal of our exposure surveillance is to produce an agent-based risk map i.e. 

a risk map based on the location of I. scapularis. We then compare the difference 

between the agent-based risk map to the smoothed Lyme disease map. An exposure 

risk map will allow us to identify areas of greater risk of exposure to I. scapularis ticks 

infected with the bacteria B. burgdorferi. Specific populations can be warned about their 
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increased risk of coming into contact with infected ticks, and so their behavior can be 

modified to decrease that risk of contact. 

Outcome Surveillance 

The component of this study that involves outcome surveillance is defined as the 

identification and surveillance of Lyme disease cases, which are tracked by the Texas 

DSHS, and are aggregated to the zip-code level for the study period 2004-2008. This 

outcome data will be smoothly mapped in order to clarify the patterns of Lyme disease 

in the population using a kernel density estimation method (Tiwari & Rushton 2005). A 

regular grid of points will be created across Texas. Each grid point falls near zip code 

centroids that have population data and case data for the zip code. A disease rate is 

calculated by filter that grows in size until it reaches a predefined population threshold, 

in this case 10,000. When the filter has a total of 10,000 people, a disease rate is 

calculated at that grid point based on the number of disease cases found within the 

filter. This is performed on all grid points, and each grid point has a disease rate 

attributed to it. To create a continuous map, the grid points are interpolated using the 

Inverse Distance Weighted method, where the calculated values are dependent on the 

points’ distance from one another across the geography (Shepard 1968).  

The Lyme disease cases of the zip codes are input as the case data, while the 

populations of the zip codes are the control data, and regular 10 mile grid is used. The 

case data are the case locations and a count of the total number of human disease 

cases at that location. The control data contains the locations the population, and the 

total population at that location. The case and control data use the zip code as the 

identifier, and the zip code centroid as the X-Y coordinate point. The data are uploaded 
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to WebDMAP, where disease rates are computed using the spatially adaptive filters 

method (Tiwari 2009). In this study, the population threshold that is used to determine 

the size of the spatial filters is set to 10,000. The resulting map is a smoothed 

representation of the burdens of Lyme disease in Texas. 

A smoothed representation of Lyme disease in Texas will allow researchers to 

identify areas of high or low disease burden. Public health entities can focus their 

intervention and prevention strategies in specific locations, outlined by the smoothed 

map. 
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CHAPTER 4 

RESULTS 

Outcome Surveillance 

Figure 4-1presents the smoothed map of Lyme disease cases in Texas. It 

indicates that the highest burdens occur in central and southern Texas, outside of the 

most populous cities. This map also indicates incidence-based risk, or risk measured on 

the occurrence of disease. The rates are based on the cumulative total of 437 Lyme 

disease cases from 2004-2008. Lyme disease incidence in Texas is low, but using the 

total incidence from 2004-2008 allows us to see the areas that are more heavily 

burdened. Based on this data collected, the state rate during that time period is 1.82 per 

100,000. 

Hazard Surveillance 

Figure 4-2 shows the Maxent output of the estimated distribution of Ixodes 

scapularis, based on the probable suitability of the environment, and on the presence of 

76 ticks. The areas of highest suitability occur in eastern and northeastern Texas. When 

the highest rates in Figure 4-1 are compared to the highest areas of suitability in Figure 

4-2, it is apparent that they mostly occur in opposite locations in Texas. Possible 

reasons for this, as well as some caveats associated with this mapping procedure, will 

be discussed later.
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Figure 4-1: Rates of Lyme disease based on cumulative cases from 2004-2008, 
standardized by the 2007 population.
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Figure 4-2: Estimated distribution of Ixodes scapularis, based on probable suitability. 

The average area under the curve (AUC) number of the map is 0.92, which is the 

probability that if you randomly selected a pixel, the pixel would be correctly classified 

by the model as being positive or negative for occurrence of ticks (Phillips et al. 2004). 

A high AUC does not necessarily mean that the output is valid, rather that the model 

predicted the tick distribution well according to the available data. Figure 4-3 shows the 
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receiver operating characteristic (ROC) curve, along with the test AUC value, generated 

by one of the Maxent outputs. This graph demonstrates the test data used performed 

nearly as equally as well as the training data in estimating the probability of habitat 

suitability for I. scapularis. For more information on how the ROC curve is calculated, 

and more information on the AUC value, see Phillips et al. (2004).

 

Figure 4-3: Receiver operating characteristic (ROC) curve and area under the curve 
(AUC) values.

 

As a measure of confidence, we utilize the geographically weighted regression 

(GWR) model to compare the results of the maximum entropy model. Figure 4-4 shows 

the results of running GWR on the zip code level tick data; the map on the left in Figure 

4-4 shows the distribution of predicted tick locations, classified by standard deviation. 

Standard deviation is used to outline the distribution of these ticks in Texas, and identify 
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areas with higher, or lower, estimations. Results from running a chi-square goodness-

of-fit test, which measures the distance between what is predicted and what is 

observed, or how well the model predicted reality, is shown on the right in Figure 4-4. 

The chi-square test outlines areas of over-prediction, especially a small cluster in east 

Texas. 

 

Figure 4-4: Results from running geographically weighted regression (GWR). The map 
on the left shows the distribution of predicted tick occurrences. The map on the right 
tests model performance, based on a chi-square goodness of fit test.

 
Because of the favorable results from the chi-square test, we continue to use the 

maximum entropy results to calculate risk based on the presence of ticks.  
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Exposure Surveillance 

In this section, we approach exposure risk in two different manners. One as an 

observation of the overlap of high tick suitability, and disease incidence, and second, 

the exposure risk associated by living in area with high infected tick suitability. Figure 4-

5 shows the result of overlapping the highest quantile of the estimated tick suitability 

map, and the Lyme disease smoothed map. The highest quantile of the estimated 

suitability map came to mean having a 40% or higher probability for suitability. So the 

highlighted areas in Figure 4-5 indicate areas with high tick suitability and incidence of 

Lyme disease, which could be considered areas of higher risk, by observation. Some 

clusters exist outside of urban centers, including Austin, Houston, and the Dallas/Fort 

Worth area. Note that the clusters occur in the central and eastern portions of Texas. 

This is due to the fact that areas with higher tick suitability occur in east Texas. This 

map could further assist public health entities to locate areas of higher exposure risk. 
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Figure 4-5: The overlap between areas of high tick suitability (>40%) and areas with 
Lyme disease prevalence. 

 

Figure 4-6 shows the result of calculating the risk of Lyme disease, based on the 

estimated distribution of I. scapularis in Texas for every 100,000 people. For example, a 

pixel with a value of 110 would indicate that for every 100,000 people that passed 

through that pixel, up to 110 people could be exposed to an infected I. scapularis tick. 
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The assumption is that every person that passes through the pixel has equal chance of 

coming into contact with an infected tick. Although this assumption is unrealistic, it 

serves as a simplified basis for this calculation. This does not mean, however, that there 

are 110 out of 100,000 people infected. It is a designated measure of potential degree 

of exposure risk, or a scale of exposure risk. Note the locations of highest risk, as well 

as the maximum incidence rates, in comparison to Figure 4-2. Because the results of 

the agent-based risk map are based on the distribution of I. scapularis, it naturally 

follows the pattern of the tick’s distribution. Significance of the differences between the 

two maps will be discussed later. The agent-based risk of Lyme disease as a scale from 

0-1 can be calculated by dividing the distribution by 100,000. This would be the potential 

of one person being exposed to I. scapularis infected with B. burgdorferi. In the next 

section, we will discuss the significance of our results.
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Figure 4-6: Agent-based risk map of Lyme disease, multiplied by a population of 
100,000. Based on the cumulative number of ticks collected from 2004-2008 and the 
population per pixel. Source: LandScan 2008TM, ORNL, UT-Battelle, LLC. 
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CHAPTER 5 

DISCUSSION 

The two research questions outlined earlier in the paper are answered by this 

study. By using Lyme disease as a case-study, it is shown that implementing a spatially 

explicit context to an existing environmental health surveillance framework allows for a 

more well-rounded surveillance study. Aspects of Lyme disease, and one of its vectors, 

in Texas are uncovered, which might not have been considered previously. Many 

studies assess exposure risk based on one surveillance component or another, while 

this study suggests that considering all the surveillance components is necessary to 

appropriately understand the patterns of disease, and the potential risk associated with 

it. By comparing the smoothed disease map to the tick suitability map, we noted the 

geographic dissimilarity between the two. After overlapping the two maps, we are able 

to outline the areas that suffer both from Lyme disease cases and high tick suitability. 

These are areas of concern that should be monitored and analyzed closely to observe if 

these are indeed areas of increased risk.  

When calculating the risk of exposure to an infected tick, based on tick presence 

and population location, we see the continuing pattern of actual Lyme disease cases 

more prevalent in central to western Texas, while the calculated areas of increased risk 

are located in the eastern portions of Texas. Because the exposure risk is based on tick 

presence, it naturally follows the estimated tick distribution. We must continue taking 

more data, both on tick locations and disease cases, to understand why this is so. It is 

possible that it is a fluke that has occurred during the data collection period, or an error 

due to the data collection methods, or the stringent case definitions previously used by 
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the CDC. The importance of these findings is that if we had only taken one approach, 

rather than all available approaches, there would have been a high number of 

observations and considerations that would not have been made. Now that it is shown 

that the estimated tick probability differs from the disease prevalence, many more 

questions can be asked that could not have been asked without taking different 

approaches to answer the question of Lyme disease in Texas. By applying a spatial 

context to the environmental health surveillance framework, we receive more intuitive 

and influential findings that allow for more confident and specific disease intervention 

and prevention strategies. 

This study hopes to guide and encourage future environmental health 

surveillance studies to apply a spatially explicit context to all the surveillance 

components in order to create a more complete study. In this way, the findings will be 

more useful in determining what strategies need to be used in certain areas with higher 

prevalence of disease or higher risk of exposure to an infected tick. In the next section, 

we will detail some limitations, and some recommendations for this and future studies. 

Limitations and Recommendations 

Because of the lack of consistent data, both as a result of inadequate field 

sampling and possible misreporting of Lyme disease, these results cannot be 

considered entirely accurate or valid. This study serves as a proof-of-concept model for 

adding a spatially explicit context to a well-established environmental health 

surveillance framework, and further reinforces the importance of using geographic 

information science in environmental health studies. A multi-disciplinary approach 

involving spatial epidemiology, environmental science, and medical geography, this 
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case study attempts to achieve the goal of understanding the burdens of Lyme disease 

in Texas. 

When analyzing the smoothed Lyme incidence map and the estimated tick 

distributions, it should be noted that highly urbanized areas coincide with areas of high 

tick suitability, according to Figure 4-2, while the smoothed Lyme map shows incidence 

to occur outside of urban centers (Figure 4-1). Part of the explanation is that Lyme 

disease cases are documented by the zip code of residence, and not by the location of 

exposure to Ixodes scapularis. At this point, it is not known what could be the reason 

why there is such a disparity between the two distributions, although future studies 

could examine, for example, land cover in relationship to residences of Lyme disease 

cases, or locations of state parks. Populations are mobile throughout this geography, 

and are not limited by their zip code boundaries. Also, there are nearly 90 state parks in 

Texas, which are frequented by many people, and are located in areas that could be 

suitable for Ixodes scapularis presence. A survey by the Texas Parks & Wildlife (2009) 

indicated that 76% of visitors have a medium income of over $40,000, an average age 

of 47, and 77% are from urban areas. If the data becomes available, it would be 

interesting to compare the demographics of park visitors to that of Lyme disease cases. 

There are a multitude of conjectures that could be made regarding the disparity of Lyme 

incidence and tick distribution. 

Although the geographically weighted regression (GWR) results in Figure 4-4 

showed a promising degree of confidence in the results from the maximum entropy 

model, tick field surveys should be the next step to not only confirm the results of the 

tick distribution map, but to also improve them. Scaling zip code data down to point 
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data, as done in this study, is not realistic or practical, and creates problems; the data 

was scaled down to test the usefulness of Maxent with our limited, low-count, presence-

only tick data. With finer scale GPS data, the ability to add control points, or absence 

data, as well as randomly sampling the study area becomes available. Also, this allows 

for statistical significance testing to be done on the models, statistically validating the 

confidence that the results are correct and not due to random chance, which is a caveat 

to the current study. This maximum entropy model can also be applied to other tick 

species as well, known to be vectors of disease, such as Rocky Mountain Spotted 

Fever, or Ehrlichiosis.  

Agent-based risk maps are useful in outlining areas that could increase the risk 

of exposure to a hazard. The estimated tick distribution map in Figure 4-2 outlines areas 

of suitability for I. scapularis to be present, which is a measure of risk itself. Even though 

populations are mobile, they cannot feasibly traverse the entire state of Texas, so the 

usefulness of the agent-based risk map produced in Figure 4-6 is that it outlines 

populations who are at greatest risk of exposure to the vector. This agent-based risk 

map serves as information to the public; people in the high-risk areas should take 

precautionary measures when accessing recreational parks, or working on their ranch, 

for example. 

Conclusion 

By implementing a spatially explicit context to an existing environmental health 

surveillance framework, and utilizing hazard, exposure, and outcome surveillance as a 

whole, rather than parts of a whole, it has been possible to examine the burdens of 

Lyme disease in Texas. Even though Texas is not heavily burdened with the disease 
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itself, Lyme disease has not been previously investigated in great detail, nor has the 

distribution of I. scapularis been estimated and mapped. Although the results cannot be 

held with a high degree of confidence because of insufficient data, the concept of a 

spatially explicit environmental health surveillance framework is realistic, practical, and 

practicable. The distribution of the agent in question was predicted, the current 

distribution of Lyme disease incidence was mapped, and an exposure assessment was 

performed based on these findings. 

It is the hope of this study that the spatially explicit framework can be applied to 

many environmental health science studies; with each study, the spatially explicit 

framework can definitely be improved upon. The spatially explicit model provides a new 

dimension that should be requisite for environmental health science. By adding the 

dimension of space to the problem, it allows investigators to discover more meaningful 

results that can be applied to public health intervention and prevention strategies. 
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National Land-Cover Dataset (NCLD) 

http://www.epa.gov/esd/uwr_browser/pages/uwr_metadata_nlcd.htm  

Identification_Information: 
Citation: 
Citation_Information: 
Originator: U.S. Environmental Protection Agency 
Originator: U. S. Geological Survey 
Title: National Land-Cover Dataset 
Geospatial_Data_Presentation_Form: raster digital data 
Online_Linkage: N\A 
Description: 
Abstract: 
The NLCD data are derived from 30-meter Landsat Thematic Mapper (TM) data 
and has a consistent land cover data layer for the entire U.S. There are 21 
possible land cover classes represented.  
Purpose: Ozark land-cover analysis 
Supplemental_Information: 
This land cover data set was produced as part of a cooperative project between 
the U.S. Geological Survey (USGS) and the U.S. Environmental Protection 
Agency (USEPA) to produce a consistent, land cover data layer for the 
conterminous U.S. based on 30-meter Landsat Thematic Mapper (TM) data. 
National Land Cover Data (NLCD) was developed from TM data acquired by the 
Multi-resolution Land Characterization (MRLC) Consortium. The MRLC 
Consortium is a partnership of federal agencies that produce or use land cover 
data. Partners include the USGS (National Mapping, Biological Resources, and 
Water Resources Divisions), USEPA, the U.S. Forest Service, and the National 
Oceanic and Atmospheric Administration.  
21-Class National Land Cover Data Key: 
NOTE: All Classes May NOT Be Represented in a specific state data set. 
The class number represents the digital value of the class in the data set. 
  
NLCD Land Cover Classification System Key - Rev. July 20, 1999 
  
Water 
11 Open Water 
12 Perennial Ice/Snow 
  
Developed 
21 Low Intensity Residential 
22 High Intensity Residential 
23 Commercial/Industrial/Transportation 
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Barren 
31 Bare Rock/Sand/Clay 
32 Quarries/Strip Mines/Gravel Pits 
33 Transitional 
  
Forested Upland  
41 Deciduous Forest 
42 Evergreen Forest 
43 Mixed Forest 
  
Shrubland 
51 Shrubland 
  
Non-natural Woody 
61 Orchards/Vineyards/Other  
  
Herbaceous Upland  
71 Grasslands/Herbaceous 
  
Herbaceous Planted/Cultivated 
81 Pasture/Hay 
82 Row Crops 
83 Small Grains 
84 Fallow 
85 Urban/Recreational Grasses 
  
Wetlands 
91 Woody Wetlands 
92 Emergent Herbaceous Wetlands 
  
NLCD Land Cover Classification System Land Cover Class Definitions 
  
Water - All areas of open water or permanent ice/snow cover. 
  
11.  Open Water - All areas of open water; typically 25 percent or greater 
cover of water (per pixel).  
  
12.  Perennial Ice/Snow - All areas characterized by year-long cover of ice 
and/or snow. 
  
Developed - Areas characterized by a high percentage (30 percent or greater) 
of constructed materials  (e.g. asphalt, concrete, buildings, etc). 
  
21.  Low Intensity Residential - Includes areas with a mixture of constructed 
materials and vegetation.  Constructed materials account for 30-80 percent of 
the cover. Vegetation may account for 20 to 70 percent of the cover.  These 
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areas most commonly include single-family housing units.  Population 
densities will be lower than in high intensity residential areas. 
  
22.  High Intensity Residential - Includes highly developed areas where 
people reside in high numbers.  Examples include apartment complexes and 
row houses.  Vegetation accounts for less than 20 percent of the cover.  
Constructed materials account for 80 to100 percent of the cover.  
  
23. Commercial/Industrial/Transportation - Includes infrastructure (e.g. 
roads, railroads, etc.) and all highly developed areas not classified as High  
Intensity Residential. 
  
Barren - Areas characterized by bare rock, gravel, sand, silt, clay, or other 
earthen material, with little or no "green" vegetation present regardless  of its 
inherent ability to support life. Vegetation, if present, is more widely spaced 
and scrubby than that in the "green" vegetated categories; lichen cover may be 
extensive.  
  
31.  Bare Rock/Sand/Clay - Perennially barren areas of bedrock, desert  
pavement, scarps, talus, slides, volcanic material, glacial debris, beaches, and 
other accumulations of earthen material. 
  
32.  Quarries/Strip Mines/Gravel Pits - Areas of extractive mining activities 
with significant surface expression. 
  
33.  Transitional - Areas of sparse vegetative cover (less than 25 percent of 
cover) that are dynamically changing from one land cover to another, often 
because of land use activities.  Examples include forest clearcuts, a transition 
phase between forest and agricultural land, the temporary clearing of 
vegetation, and changes due to natural causes (e.g. fire, flood, etc.). 
  
Forested Upland  - Areas characterized by tree cover (natural or semi-natural 
woody vegetation, generally greater than 6 meters tall); tree canopy accounts 
for 25-100 percent of the cover. 
  
41.  Deciduous Forest - Areas dominated by trees where 75 percent or more 
of the tree species shed foliage simultaneously in response to seasonal 
change. 
  
42.  Evergreen Forest - Areas dominated by trees where 75 percent or more of 
the tree species maintain their leaves all year.  Canopy is never without green 
foliage. 
  
43.  Mixed Forest - Areas dominated by trees where neither deciduous nor 
evergreen species represent more than 75 percent of the cover present.  
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Shrubland - Areas characterized by natural or semi-natural woody vegetation 
with aerial stems, generally less than 6 meters  tall,  with individuals or 
clumps not touching to interlocking.   Both evergreen and deciduous species 
of  true shrubs, young trees, and trees or shrubs  that are small or stunted 
because of environmental conditions are included.  
  
51.  Shrubland - Areas dominated by shrubs; shrub canopy accounts for 
25-100 percent of the cover.  Shrub cover is generally greater than 25 percent 
when tree cover is less than 25 percent.  Shrub cover may be less than 25 
percent in cases when the cover of other life forms (e.g. herbaceous or tree) is 
less than 25 percent and shrubs cover exceeds the cover of the other life 
forms. 
  
Non-natural Woody - Areas dominated by non-natural woody vegetation; 
non-natural woody vegetative canopy accounts for 25-100 percent of the 
cover.   The non-natural woody classification is subject to the availability of 
sufficient ancillary data to differentiate non-natural woody vegetation from  
natural woody vegetation.  
  
61.  Orchards/Vineyards/Other - Orchards, vineyards, and other areas planted 
or maintained for the production of fruits, nuts, berries, or ornamentals.  
  
Herbaceous Upland - Upland areas characterized by natural or semi-natural 
herbaceous vegetation; herbaceous vegetation accounts for 75-100 percent of 
the cover. 
  
71.  Grasslands/Herbaceous - Areas dominated by upland grasses and forbs.  
In rare cases, herbaceous cover is less than 25 percent, but exceeds the 
combined cover of the woody species present.  These areas are not subject to 
intensive management, but they are often utilized for  grazing. 
  
Planted/Cultivated - Areas characterized by herbaceous vegetation that 
 
has been planted or is intensively managed for the production of food, feed, 
or fiber; or is maintained in developed settings for specific purposes.  
Herbaceous vegetation accounts for 75-100 percent of the cover.   
  
81.  Pasture/Hay - Areas of grasses, legumes, or grass-legume  mixtures 
planted for livestock grazing or the production of seed or hay crops.  
  
82. Row Crops - Areas used for the production of crops, such as corn, 
soybeans, vegetables, tobacco, and cotton.  
  
83.  Small Grains - Areas used for the production of graminoid crops such as 
wheat, barley, oats, and rice. 
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84.  Fallow - Areas used for the production of crops that are temporarily 
barren or with sparse  vegetative cover as a result of  being tilled in a 
management practice that incorporates prescribed alternation between 
cropping and tillage. 
  
85.  Urban/Recreational Grasses - Vegetation (primarily grasses) planted in 
developed settings for recreation, erosion control, or aesthetic purposes.  
Examples include parks, lawns, golf courses, airport grasses, and industrial 
site grasses.  
  
Wetlands - Areas where the soil or substrate is periodically saturated with or 
covered with water as defined by Cowardin et al.       
  
91.  Woody Wetlands - Areas where forest or shrubland vegetation accounts 
for 25-100 percent of the cover and  the soil or substrate is periodically 
saturated with or covered with water.         
  
92.  Emergent Herbaceous Wetlands - Areas where perennial herbaceous  
vegetation accounts for 75-100 percent of the cover and the soil or substrate 
is periodically saturated with or covered with water.      
General Procedures  
Land Cover Characterization:  
The project is being carried out on the basis of 10 Federal Regions that make up 
the conterminous United States; each region is comprised of multiple states; 
each region is processed in subregional units that are limited to the area covered 
by no more than 18 Landsat TM scenes. The general NLCD procedure is to: (1) 
mosaic subregional TM scenes and classify them using an unsupervised 
clustering algorithm, (2) interpret and label the clusters/classes using aerial 
photographs as reference data, (3) resolve the labeling of confused 
clusters/classes using the appropriate ancillary data source(s), and (4) 
incorporate land cover information from other data sets and perform manual edits 
to augment and refine the "basic" classification developed above.  
 
Two seasonally distinct TM mosaics are produced, a leaves-on version (summer) 
and a leaves-off (spring/fall) version. TM bands 3 4 5 and 7 are mosaicked for 
both the leaves-on and leaves-off versions. For mosaicking purposes, a base 
scene is selected for each mosaic and the other scenes are adjusted to mimic 
spectral properties of the base scene using histogram matching in regions of 
spatial overlap.  
 
Following mosaicking, either the leaves-off version or leaves-on version is 
selected to be the "base" for the land cover mapping process. The 4 TM bands of 
the "base" mosaic are clustered to produce a single 100-class image using an 
unsupervised clustering algorithm. Each of the spectrally distinct clusters/classes 
is then assigned to one or more Anderson level 1 and 2 land cover classes using 
National High Altitude Photography program (NHAP) and National Aerial 
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Photography program (NAPP) aerial photographs as a reference. Almost 
invariably, individual spectral clusters/classes are confused between two or more 
land cover classes.  
 
Separation of the confused spectral clusters/classes into appropriate NLCD class 
is accomplished using ancillary data layers. Standard ancillary data layers 
include: the "non-base" mosaic TM bands and 100-class cluster image; derived 
TM normalized vegetation index (NDVI), various TM band ratios, TM date bands; 
3-arc second Digital Terrain Elevation Data (DTED) and derived slope, aspect 
and shaded relief; population and housing density data; USGS land use and land 
cover (LUDA); and National Wetlands Inventory (NWI) data if available. Other 
ancillary data sources may include soils data, unique state or regional land cover 
data sets, or data from other federal programs such as the National Gap Analysis 
Program (GAP) of the USGS Biological Resources Division (BRD). For a given 
confused spectral cluster/class, digital values of the various ancillary data layers 
are compared to determine: (1) which data layers are the most effective for 
splitting the confused cluster/class into the appropriate NLCD class, and (2) the 
appropriate layer thresholds for making the split(s). Models are then developed 
using one to several ancillary data layers to split the confused cluster/class into 
the NLCD class. For example, a population density threshold is used to separate 
high-intensity residential areas from commercial/industrial/transportation. Or a 
cluster/class might be confused between row crop and grasslands. To split this 
particular cluster/class, a TM NDVI threshold might be identified and used with 
an elevation threshold in a class-splitting model to make the appropriate NLCD 
class assignments. A purely spectral example is using the temporally opposite 
TM layers to discriminate confused cluster/classes such as hay pasture vs. row 
crops and deciduous forests vs. evergreen forests; simple thresholds that 
contrast the seasonal differences in vegetation between leaves-on vs. leaves-off.  
 
Not all cluster/class confusion can be successfully modeled out. Certain classes 
such as urban/recreational grasses or quarries/strip mines/gravel pits that are not 
spectrally unique require manual editing. These class features are typically 
visually identified and then reclassified using on-screen digitizing and recoding. 
Other classes such as wetlands require the use of specific data sets such as 
NWI to provide the most accurate classification. Areas lacking NWI data are 
typically subset out and modeling is used to estimate wetlands in these localized 
areas. The final NLCD product results from the classification (interpretation and 
labeling) of the 100-class "base"cluster mosaic using both automated and 
manual processes, incorporating both spectral and conditional data layers. For a 
more detailed explanation please see Vogelmann, J.E., Sohl, T., and Howard, 
S.M., 1998, and Vogelmann, J.E., Sohl, T., Campbell, P.V., and Shaw, D.M., 
1998. 
 
Accuracy Assessment:  
An accuracy assessment is done on all NLCD on a Federal Region basis 
following a revision cycle that incorporates feedback from MRLC Consortium 
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partners and affiliated users. The accuracy assessments are conducted by 
private sector vendors under contract to the USEPA. A protocol has been 
established by the USGS and USEPA that incorporates a two-stage, 
geographically stratified cluster sampling plan (Zhu et al. 1999) utilizing National 
Aerial Photography Program (NAPP) photographs as the sampling frame and the 
basic sampling unit. In this design a NAPP photograph is defined as a 1st stage 
or primary sampling unit (PSU), and a sampled pixel within each PSU is treated 
as a 2nd stage or secondary sampling unit (SSU).  
 
PSU's are selected from a sampling grid based on NAPP flight-lines and photo 
centers, each grid cell measures 15' X 15' (minutes of latitude/longitude) and 
consists of 32 NHAP photographs. A geographically stratified random sampling is 
performed with 1 NAPP photo being randomly selected from each cell 
(geographic strata), if a sampled photo falls outside of the regional boundary it is 
not used. Second stage sampling is accomplished by selecting SSU's (pixels) 
within each PSU (NAPP photo) to provide the actual locations for the reference 
land cover classification.  
 
The SSU's are manually interpreted and misclassification errors are estimated 
and described using a traditional error matrix as well as a number of other 
important measures including the overall proportion of pixels correctly classified, 
user's and producer's accuracies, and omission and commission error 
probabilities.  
 
Discussion:  
While we believe that the approach taken has yielded a very good general land 
cover classification product for a large region, it is important to indicate to the 
user where there might be some potential problems. The biggest concerns are 
listed below:  
 
1) Some of the TM data sets are not temporally ideal. Leaves-off data sets are 
heavily relied upon for discriminating between hay/pasture and row crop, and 
also for discriminating between forest classes. The success of discriminating 
between these classes using leaves-off data sets hinges on the time of data 
acquisition. When hay/pasture areas are non-green, they are not easily 
distinguishable from other agricultural areas using remotely sensed data. 
However, there is a temporal window during which hay and pasture areas green 
up before most other vegetation (excluding evergreens, which have different 
spectral properties); during this window these areas are easily distinguishable 
from other crop areas. The discrimination between hay/pasture and deciduous 
forest is likewise optimized by selecting data in a temporal window where 
deciduous vegetation has yet to leaf out. It is difficult to acquire a single-date of 
imagery (leaves-on or leaves-off) that adequately differentiates between both 
deciduous/hay and pasture and hay-pasture/row crop.  
 
2) The data sets used cover a range of years (see data sources), and changes 
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that have taken place across the landscape over the time period may not have 
been captured. While this is not viewed as a major problem for most classes, it is 
possible that some land cover features change more rapidly than might be 
expected (e.g. hay one year, row crop the next).  
 
3) Wetlands classes are extremely difficult to extract from Landsat TM spectral 
information alone. The use of ancillary information such as National Wetlands 
Inventory (NWI) data is highly desirable. We relied on GAP, LUDA, or proximity 
to streams and rivers as well as spectral data to delineate wetlands in areas 
without NWI data.  
 
4) Separation of natural grass and shrub is problematic. Areas observed on the 
ground to be shrub or grass are not always distinguishable spectrally. Likewise, 
there was often disagreement between LUDA and GAP on these classes.  
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Time_Period_of_Content: 
Time_Period_Information: 
Single_Date/Time: 
Calendar_Date: unknown 
Currentness_Reference: publication date 
Status: 
Progress: Complete 
Maintenance_and_Update_Frequency: Unknown 
Spatial_Domain: 
Bounding_Coordinates: 
West_Bounding_Coordinate: -94.401384 
East_Bounding_Coordinate: -88.965222 
North_Bounding_Coordinate: 38.034307 
South_Bounding_Coordinate: 33.599646 
Keywords: 
Theme: 
Theme_Keyword_Thesaurus: None 
Theme_Keyword: Upper White River 
Theme_Keyword: UWR 
Theme_Keyword: Ozark 
Theme_Keyword: National Land Cover Data 
Theme_Keyword: NLCD 
Access_Constraints: None 
Use_Constraints: None 
Native_Data_Set_Environment: 
Microsoft Windows XP Version 5.1 (Build 2600) Service Pack 2; ESRI 
ArcCatalog 9.2.1.1332  

 
 
Data_Quality_Information: 

Attribute_Accuracy: 
Attribute_Accuracy_Report: Not presently available 
Logical_Consistency_Report: Not presently available 
Completeness_Report: Not presently available 
Positional_Accuracy: 
Horizontal_Positional_Accuracy: 
Horizontal_Positional_Accuracy_Report: Not presently available 
Vertical_Positional_Accuracy: 
Vertical_Positional_Accuracy_Report: Not presently available 
Lineage: 
Process_Step: 
Process_Description: 
The NLCD grids for all states encompassing the study area were merged and 
then clipped to the study area 5-km buffer boundary.  
Process_Contact: 
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Contact_Information: 
Contact_Person_Primary: 
Contact_Person: Ed Evanson 
Contact_Organization: Lockheed Martin Information Technology 
Contact_Address: 
Address_Type: mailing address 
Contact_Electronic_Mail_Address: eevanson@lmepo.com 
Cloud_Cover: N/A 

  
 
Spatial_Data_Organization_Information: 

Direct_Spatial_Reference_Method: Raster 
Point_and_Vector_Object_Information: 
SDTS_Terms_Description: 
SDTS_Point_and_Vector_Object_Type: Complete chain 
Point_and_Vector_Object_Count: 12847 
SDTS_Terms_Description: 
SDTS_Point_and_Vector_Object_Type: Label point 
Point_and_Vector_Object_Count: 4621 
SDTS_Terms_Description: 
SDTS_Point_and_Vector_Object_Type: GT-polygon composed of chains 
Point_and_Vector_Object_Count: 4621 
SDTS_Terms_Description: 
SDTS_Point_and_Vector_Object_Type: Point 
Point_and_Vector_Object_Count: 4 
Raster_Object_Information: 
Raster_Object_Type: Grid Cell 
Row_Count: 16177 
Column_Count: 15916 
Vertical_Count: 1 

  
 
Spatial_Reference_Information: 

Horizontal_Coordinate_System_Definition: 
Planar: 
Grid_Coordinate_System: 
Grid_Coordinate_System_Name: Universal Transverse Mercator 
Universal_Transverse_Mercator: 
UTM_Zone_Number: 15 
Transverse_Mercator: 
Scale_Factor_at_Central_Meridian: 0.999600 
Longitude_of_Central_Meridian: -93.000000 
Latitude_of_Projection_Origin: 0.000000 
False_Easting: 500000.000000 
False_Northing: 0.000000 
Planar_Coordinate_Information: 
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Planar_Coordinate_Encoding_Method: row and column 
Coordinate_Representation: 
Abscissa_Resolution: 30.000000 
Ordinate_Resolution: 30.000000 
Planar_Distance_Units: meters 
Geodetic_Model: 
Horizontal_Datum_Name: North American Datum of 1983 
Ellipsoid_Name: Geodetic Reference System 80 
Semi-major_Axis: 6378137.000000 
Denominator_of_Flattening_Ratio: 298.257222 

  
 
Entity_and_Attribute_Information: 

Detailed_Description: 
Entity_Type: 
Entity_Type_Label: sanlcdu15.vat 
Attribute: 
Attribute_Label: Count 
Attribute: 
Attribute_Label: Rowid 
Attribute_Definition: Internal feature number. 
Attribute_Definition_Source: ESRI 
Attribute_Domain_Values: 
Unrepresentable_Domain: 
Sequential unique whole numbers that are automatically generated.  
Attribute: 
Attribute_Label: Value 
Attribute: 
Attribute_Label: VALUE 
Attribute: 
Attribute_Label: COUNT 

  
 
Distribution_Information: 

Distributor: 
Contact_Information: 
Contact_Person_Primary: 
Contact_Person: Ricardo D. Lopez, Ph.D. 
Contact_Organization: U.S. Environmental Protection Agency 
Contact_Address: 
Address_Type: mailing address 
Contact_Electronic_Mail_Address: lopez.ricardo@epa.gov 
Resource_Description: Downloadable Data 
Standard_Order_Process: 
Digital_Form: 
Digital_Transfer_Information: 
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Transfer_Size: 15.084 
  
 
Metadata_Reference_Information: 

Metadata_Date: 20070205 
Metadata_Contact: 
Contact_Information: 
Contact_Person_Primary: 
Contact_Person: Ed Evanson 
Contact_Organization: Lockheed Martin Information Technology 
Contact_Address: 
Address_Type: mailing address 
Address: 1050 E. Flamingo Rd. 
City: Las Vegas 
State_or_Province: NV 
Postal_Code: 89119 
Country: United States 
Contact_Voice_Telephone: (702) 897-3208 
Contact_Electronic_Mail_Address: eevanson@lmepo.com 
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial 
Metadata 
Metadata_Standard_Version: FGDC-STD-001-1998 
Metadata_Time_Convention: local time 
Metadata_Extensions: 
Online_Linkage: www.esri.com/metadata/esriprof80.html  
Profile_Name: ESRI Metadata Profile 

  
  

http://www.esri.com/metadata/esriprof80.html�
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Soils Survey Geographic (SSURGO) Database for Anderson County, Texas (Example) 
 

Identification_Information:  
Citation:  
Citation_Information:  
Originator:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Publication_Date: 20091026 
Title:  
Soil Survey Geographic (SSURGO) database for Anderson County, Texas  
Publication_Information:  
Publication_Place: Fort Worth, Texas 
Publisher:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Other_Citation_Details: tx001 
Online_Linkage: URL:<http://www.ftw.nrcs.usda.gov/ssur_data.html> 
Description:  
Abstract:  
This data set is a digital soil survey and generally is the most detailed level of soil 
geographic data developed by the National Cooperative Soil Survey. The 
information was prepared by digitizing maps, by compiling information onto a 
planimetric correct base and digitizing, or by revising digitized maps using 
remotely sensed and other information.  

This data set consists of georeferenced digital map data and computerized 
attribute data. The map data are in a soil survey area extent format and include a 
detailed, field verified inventory of soils and miscellaneous areas that normally 
occur in a repeatable pattern on the landscape and that can be cartographically 
shown at the scale mapped. A special soil features layer (point and line features) 
is optional. This layer displays the location of features too small to delineate at 
the mapping scale, but they are large enough and contrasting enough to 
significantly influence use and management. The soil map units are linked to 
attributes in the National Soil Information System relational database, which 
gives the proportionate extent of the component soils and their properties.  

Purpose:  
SSURGO depicts information about the kinds and distribution of soils on the 
landscape. The soil map and data used in the SSURGO product were prepared 
by soil scientists as part of the National Cooperative Soil Survey.  
Supplemental_Information:  
Digital versions of hydrography, cultural features, and other associated layers 
that are not part of the SSURGO data set may be available from the primary 
organization listed in the Point of Contact.  
Time_Period_of_Content:  
Time_Period_Information:  
Range_of_Dates/Times:  

http://www.ftw.nrcs.usda.gov/ssur_data.html�
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Beginning_Date: 20030626 
Ending_Date: 20091026 
Currentness_Reference: publication date 
Status:  
Progress: Complete 
Maintenance_and_Update_Frequency: As needed 
Spatial_Domain:  
Bounding_Coordinates:  
West_Bounding_Coordinate: -96.065 
East_Bounding_Coordinate: -95.259 
North_Bounding_Coordinate: 32.084 
South_Bounding_Coordinate: 31.505 
Keywords:  
Theme:  
Theme_Keyword_Thesaurus: None 
Theme_Keyword: soil survey 
Theme_Keyword: soils 
Theme_Keyword: Soil Survey Geographic 
Theme_Keyword: SSURGO 
Place:  
Place_Keyword_Thesaurus: USGS Geographic Names Information System 
(GNIS) 
Place_Keyword: Texas 
Place_Keyword: Anderson County 
Place_Keyword: Augusta Quadrangle 
Place_Keyword: Berryville Quadrangle 
Place_Keyword: Blackfoot Quadrangle 
Place_Keyword: Butler Quadrangle 
Place_Keyword: Cayuga Quadrangle 
Place_Keyword: Coon Creek Lake Quadrangle 
Place_Keyword: Creslenn Ranch Quadrangle 
Place_Keyword: Cross Roads Quadrangle 
Place_Keyword: Denson Springs Quadrangle 
Place_Keyword: Elkhart Creek Quadrangle 
Place_Keyword: Indian Lake Quadrangle 
Place_Keyword: La Rue Quadrangle 
Place_Keyword: Long Lake Quadrangle 
Place_Keyword: Maydelle Quadrangle 
Place_Keyword: Neches Quadrangle 
Place_Keyword: Northeast Palestine Quadrangle 
Place_Keyword: Northwest Palestine Quadrangle 
Place_Keyword: Oakwood Quadrangle 
Place_Keyword: Percilla Quadrangle 
Place_Keyword: Pert Quadrangle 
Place_Keyword: Poynor Quadrangle 
Place_Keyword: Roustabout Camp Quadrangle 
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Place_Keyword: Slocum Quadrangle 
Place_Keyword: Southeast Palestine Quadrangle 
Place_Keyword: Southwest Palestine Quadrangle 
Place_Keyword: Tennessee Colony Quadrangle 
Place_Keyword: Todd City Quadrangle 
Place_Keyword: Wilkerson Mountain Quadrangle 
Place_Keyword: Yard Quadrangle 
Place_Keyword: Young Quadrangle 
Access_Constraints: None 
Use_Constraints:  
The U.S. Department of Agriculture, Natural Resources Conservation Service, 
should be acknowledged as the data source in products derived from these data.  

This data set is not designed for use as a primary regulatory tool in permitting or 
citing decisions, but may be used as a reference source. This is public 
information and may be interpreted by organizations, agencies, units of 
government, or others based on needs; however, they are responsible for the 
appropriate application. Federal, State, or local regulatory bodies are not to 
reassign to the Natural Resources Conservation Service any authority for the 
decisions that they make. The Natural Resources Conservation Service will not 
perform any evaluations of these maps for purposes related solely to State or 
local regulatory programs.  

Photographic or digital enlargement of these maps to scales greater than at 
which they were originally mapped can cause misinterpretation of the data. If 
enlarged, maps do not show the small areas of contrasting soils that could have 
been shown at a larger scale. The depicted soil boundaries, interpretations, and 
analysis derived from them do not eliminate the need for onsite sampling, testing, 
and detailed study of specific sites for intensive uses. Thus, these data and their 
interpretations are intended for planning purposes only. Digital data files are 
periodically updated. Files are dated, and users are responsible for obtaining the 
latest version of the data.  

Point_of_Contact:  
Contact_Information:  
Contact_Organization_Primary:  
Contact_Organization:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Contact_Position: State Soil Scientist 
Contact_Address:  
Address_Type: mailing address 
Address: USDA-NRCS 
Address: 101 South Main Street 
Address: W. R. Poage Federal Building 
Address: 101 South Main Street 
City: Temple 
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State_or_Province: TX 
Postal_Code: 76501 
Contact_Voice_Telephone: 254-742-9830 
Contact_TDD/TTY_Telephone: 800-877-8339 
Contact_Facsimile_Telephone: 254-742-9859 
Contact_Electronic_Mail_Address: dennis.williamson@tx.usda.gov 

 
Data_Quality_Information:  

Attribute_Accuracy:  
Attribute_Accuracy_Report:  
Attribute accuracy is tested by manual comparison of the source with hard copy 
plots and/or symbolized display of the map data on an interactive computer 
graphic system. Selected attributes that cannot be visually verified on plots or on 
screen are interactively queried and verified on screen. In addition, the attributes 
are tested against a master set of valid attributes. All attribute data conform to 
the attribute codes in the signed classification and correlation document and 
amendment(s).  
Logical_Consistency_Report:  
Certain node/geometry and topology GT-polygon/chain relationships are 
collected or generated to satisfy topological requirements (the GT-polygon 
corresponds to the soil delineation). Some of these requirements include: chains 
must begin and end at nodes, chains must connect to each other at nodes, 
chains do not extend through nodes, left and right GT-polygons are defined for 
each chain element and are consistent throughout, and the chains representing 
the limits of the file are free of gaps. The tests of logical consistency are 
performed using vendor software. All internal polygons are tested for closure with 
vendor software and are checked on hard copy plots. All data are checked for 
common soil lines (i.e., adjacent polygons with the same label). Edge locations 
generally do not deviate from centerline to centerline by more than 0.01 inch. The 
feature edges and descriptive attributes of the quadrangles in the Anderson 
County, Texas, Soil Survey match with the quadrangles in the adjacent 
Freestone County, Texas Soil Survey, Houston County, Texas Soil Survey, and 
the Leon County, Texas Soil Survey. The feature labels do not match.  
Completeness_Report:  
A map unit is a collection of areas defined and named in terms of their soil 
components or miscellaneous areas or both. Each map unit differs in some 
respect from all others in a survey area and each map unit has a symbol that 
uniquely identifies the map unit on a soil map. Each individual area, point, or line 
so identified on the map is a delineation.  

Soil Scientists identify small areas of soils or miscellaneous areas that have 
properties and behavior significantly different than the named soils in the 
surrounding map unit. These minor components may be indicated as special 
features. If they have a minimal effect on use and management, or could not be 
precisely located, they may not be indicated on the map.  
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A map unit has specified kinds of soils or miscellaneous areas (map unit 
components), each with a designated range in proportionate extent. Map units 
include one or more kinds of soil or miscellaneous area. Miscellaneous areas are 
areas that have little or no recognizable soil.  

Specific National Cooperative Soil Survey standards and procedures were used 
in the classification of soils, design and name of map units, and location of 
special soil features. These standards are outlined in Agricultural Handbook 18, 
Soil Survey Manual, 1993, USDA, NRCS; Agricultural Handbook 436, Soil 
Taxonomy, 1995, USDA, NRCS; and all Amendments; Keys to Soil Taxonomy, 
(current issue) USDA, NRCS; National Soil Survey Handbook, title 430-
VI,(current issue) USDA, NRCS.  

The actual composition and interpretive purity of the map unit delineations were 
based on data collected by scientists during the course of preparing the soil 
maps. Adherence to National Cooperative Soil Survey standards and procedures 
is based on peer review, quality control, and quality assurance. Quality control is 
outlined in the memorandum of understanding for the soil survey area and in 
documents that reside with the Natural Resources Conservation Service state 
soil scientist. Four kinds of map units are used in soil surveys: consociations, 
complexes, associations, and undifferentiated groups.  

Consociations - Consociations are named for the dominant soil. In a 
consociation, delineated areas use a single name from the dominant component 
in the map unit. Dissimilar components are minor in extent. The soil component 
in a consociation may be identified at any taxonomic level. Soil series is the 
lowest taxonomic level. A consociation that is named as a miscellaneous area is 
dominantly that kind of area and minor components do not significantly affect the 
use of the map unit. The total amount of dissimilar inclusions of other 
components in a map unit generally does not exceed about 15 percent if limiting 
and 25 percent if nonlimiting. A single component of a dissimilar limiting inclusion 
generally does not exceed 10 percent if very contrasting.  

Complexes and associations - Complexes and associations consist of two or 
more dissimilar components that occur in a regularly repeating pattern. The total 
amount of other dissimilar components is minor extent. The following arbitrary 
rule determines whether complex or association is used in the name. The major 
components of an association can be separated at the scale of mapping. In 
either case, because the major components are sufficiently different in 
morphology or behavior, the map unit cannot be called a consociation. In each 
delineation of a complex or an association, each major component is normally 
present though their proportions may vary appreciably from one delineation to 
another. The total amount of inclusions in a map unit that are dissimilar to any of 
the major components does not exceed 15 percent if limiting and 25 percent if 
nonlimiting. A single kind of dissimilar limiting inclusion usually does not exceed 
10 percent.  
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Undifferentiated groups - Undifferentiated groups consist of two or more 
components that are not consistently associated geographically and, therefore, 
do not always occur together in the same map delineation. These components 
are included in the same named map unit because their use and management 
are the same or very similar for common uses. Generally they are grouped 
together because some common feature, such as steepness, stoniness, or 
flooding, determines their use and management. If two or more additional map 
units would serve no useful purpose, they may be included in the same unit. 
Each delineation has at least one of the major components, and some may have 
all of them. The same principles regarding the proportion of minor components 
that apply to consociations also apply to undifferentiated groups. The same 
principles regarding proportion of inclusion apply to undifferentiated groups as to 
consociations.  

Minimum documentation consists of three complete soil profile descriptions that 
are collected for each soil added to the legend, one additional per 3,000 acres 
mapped; three 10 observation transects for each map unit, one additional 10 
point transect per 3,000 acres.  

A defined standard or level of confidence in the interpretive purity of the map unit 
delineations is attained by adjusting the kind and intensity of field investigations. 
Field investigations and data collection are carried out in sufficient detail to name 
map units and to identify accurately and consistently areas of about 10 acres.  

Positional_Accuracy:  
Horizontal_Positional_Accuracy:  
Horizontal_Positional_Accuracy_Report:  
The accuracy of these digital data is based upon their compilation to base maps 
that meet National Map Accuracy Standards at a scale of 1 inch equals 1,000 
feet. The difference in positional accuracy between the soil boundaries and 
special soil features locations in the field and their digitized map locations is 
unknown. The locational accuracy of soil delineations on the ground varies with 
the transition between map units.  

For example, on long gently sloping landscapes the transition occurs gradually 
over many feet. Where landscapes change abruptly from steep to level, the 
transition will be very narrow. Soil delineation boundaries and special soil 
features generally were digitized within 0.01 inch of their locations on the 
digitizing source. The digital map elements are edge matched between data sets. 
The data along each quadrangle edge are matched against the data for the 
adjacent quadrangle. Edge locations generally do not deviate from centerline to 
centerline by more than 0.01 inch.  

Lineage:  
Source_Information:  
Source_Citation:  
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Citation_Information:  
Originator: U.S. Department of Agriculture, Soil Conservation Service 
Publication_Date: 1975 
Title: Soil Survey of Anderson County, Texas 
Publication_Information:  
Publication_Place: Washington, D.C. 
Publisher: U.S. Government Printing Office 
Source_Scale_Denominator: 20000 
Type_of_Source_Media: paper 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 2004 
Source_Currentness_Reference: publication date 
Source_Citation_Abbreviation: SCS1 
Source_Contribution:  
source of soil map unit delineations and soil symbols  
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Publication_Date: unpublished material 
Title: publication annotation overlays 
Geospatial_Data_Presentation_Form: map 
Source_Scale_Denominator: 20000 
Type_of_Source_Media: stable-base material 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 1998 
Source_Currentness_Reference: 1998 
Source_Citation_Abbreviation: NRCS1 
Source_Contribution:  
final publication negatives used to develop ratioed soil survey film positives  
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Publication_Date: unpublished material 
Title:  
ratioed soil survey film positives of publication annotation overlays  
Geospatial_Data_Presentation_Form: remote sensing image 
Source_Scale_Denominator: 24000 
Type_of_Source_Media: stable base material 
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Source_Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 2003 
Source_Currentness_Reference: 2003 
Source_Citation_Abbreviation: NRCS2 
Source_Contribution:  
source of soil map unit delineations, soil symbols, and special soil features  
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Publication_Date: unpublished material 
Title: multiple 7.5 minute orthophotographs 
Geospatial_Data_Presentation_Form: remote sensing image 
Source_Scale_Denominator: 24000 
Type_of_Source_Media: stable-base material 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 2003 
Source_Currentness_Reference: 2003 
Source_Citation_Abbreviation: NRCS3 
Source_Contribution: compilation base 
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Publication_Date: unpublished material 
Title: annotated stable-base overlays 
Geospatial_Data_Presentation_Form: map 
Source_Scale_Denominator: 24000 
Type_of_Source_Media: stable-base material 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 2003 
Source_Currentness_Reference: 2003 
Source_Citation_Abbreviation: NRCS4 
Source_Contribution: source material for scanning 
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator:  
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U.S. Department of Agriculture, Natural Resources Conservation Service  
Publication_Date: 2002 
Title:  
Soil Survey Geographic (SSURGO) database for Anderson County, Texas  
Geospatial_Data_Presentation_Form: map 
Publication_Information:  
Publication_Place: Fort Worth, Texas 
Publisher:  
U.S. Department of Agriculture, Natural Resources Conservation Service, 
National Cartography and Geospatial Center  
Type_of_Source_Media: online 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 2004 
Source_Currentness_Reference: 2004 
Source_Citation_Abbreviation: NRCS5 
Source_Contribution: SSURGO data used in reevaluation of data 
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Publication_Date: 2004 
Title: National Soil Information System (NASIS) data base 
Geospatial_Data_Presentation_Form: tabular digital data 
Publication_Information:  
Publication_Place: Fort Collins, Colorado 
Publisher:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Type_of_Source_Media: database 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Range_of_Dates/Times:  
Beginning_Date: 2004 
Ending_Date: 2004 
Source_Currentness_Reference: publication date 
Source_Citation_Abbreviation: NASIS 
Source_Contribution: attribute (tabular) information 
Process_Step:  
Process_Description:  
The Anderson County, Texas Soil Survey was initiated in 1967 at 1:20,000 scale. 
The classification and map unit names were finalized at the final correlation in 
1970. An evaluation was made of the soil survey in 2002. It was determined that 
the soil map unit delineations were accurate. Five additional map units were 
added to the soil survey. The change was made to reflect present day soil survey 
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concepts, soil classification, and soil interpretations. Amendments to the 
correlation document reflecting these changes are on file at the NRCS Texas 
State Office. The additional map units are as follows:  

DAM----Dams GP-----Gravel Pits OW-----Oil Wasteland QU-----Quarries W------
Water  

Source_Used_Citation_Abbreviation: SCS1 
Process_Date: 2002 
Process_Step:  
Process_Description:  
The final publication negatives were used to develop ratioed soil survey film 
positives. Soil map unit delineations were manually recompiled from the soil 
survey film positives (scale: 24,000) to 4 mil. annotated stable-base overlays that 
were registered to multiple 7.5 minute orthophotographs.  
Source_Used_Citation_Abbreviation: SCS1, NRCS1, NRCS2, NRCS3, NRCS4 
Process_Date: 2003 
Process_Step:  
Process_Description:  
During the map compilation quality review an evaluation was made of the map 
unit joins for surrounding soil surveys by a soil data quality specialist.  
Source_Used_Citation_Abbreviation: SCS1, NRCS2, NRCS3, NRCS4 
Process_Date: 2003 
Process_Step:  
Process_Description:  
The annotated overlays were raster scanned on a SCANGRAPHICS CF 500 
Scanner at a resolution of 300 dpi. The soil area features and special soil 
features were processed in LT4X Version 4.11. The soil processing consisted of 
raster editing, map neat line development, labeling, edge matching and vector 
conversion. The soil area features and special soil features were written to Digital 
Line Graph Optional format in LT4X. Digitizing and quality control were done by 
the geographic information system specialists and cartographic technicians at the 
Temple Texas Digitizing and Certification Center.  
Source_Used_Citation_Abbreviation: SCS1, NRCS4 
Process_Date: 2003 
Process_Step:  
Process_Description:  
The Temple Texas Digitizing and Certification Center imported the soil area 
features and special soil features DLGs into ARC/INFO 7.2.1. The 7.5 minute 
quadrangles for each coverage were merged together into a soil survey area and 
additional editing was performed. The coverages were edge matched to existing 
SSURGO data. New DLGs reflecting these changes were written with ARC/INFO 
7.2.1.  
Source_Used_Citation_Abbreviation: SCS1, NRCS4 
Process_Date: 2003 
Process_Step:  



 

59 
 

Process_Description:  
The DLG-3 Optional format files were evaluated with the October 1998 
ARC/INFO SSURGO Evaluation AMLs provided by the U.S. Department of 
Agriculture, Natural Resources Conservation Service, National Cartography and 
Geospatial Center, Fort Worth, Texas. Upon successful completion of the 
SSURGO Evaluation, the DLGs were processed with the October 1998 archiving 
AMLs provided by the National Cartography and Geospatial Center, Fort Worth, 
Texas.  
Source_Used_Citation_Abbreviation: NRCS4 
Process_Date: 2003 
Process_Step:  
Process_Description:  
The spatial data has been revised along the county boundary. The soil survey 
area coverage was evaluated with the December 2003 ARC/INFO SSURGO 
Evaluation AMLs provided by the U.S. Department of Agriculture, Natural 
Resources Conservation Service, National Cartography and Geospatial Center, 
Fort Worth, Texas. Upon successful completion of the SSURGO Evaluation, the 
soil survey area coverage was processed with the December 2003 archiving 
AMLs provided by the National Cartography and Geospatial Center, Fort Worth, 
Texas.  
Source_Used_Citation_Abbreviation: NRCS5 
Process_Date: 2004 
Process_Step:  
Process_Description:  
The National Soil Information System database was developed by the Natural 
Resources Conservation Service soil scientists according to national standards.  
Source_Used_Citation_Abbreviation: NRCS5 
Process_Date: 2004 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate, 
upon completion of data quality verification, determined that the tabular data 
should be released for official use. A selected set of map units and components 
in the soil survey legend was copied to a staging database, and rating values for 
selected interpretations were generated. The list of selected interpretations is 
stored in the database table named sainterp.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20041115 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate 
verified that the labels on the digitized soil map units link to map units in the 
tabular database, and certified the joined data sets for release to the Soil Data 
Warehouse. A system assigned version number and date stamp were added and 
the data were copied to the data warehouse. The tabular data for the map units 
and components were extracted from the data warehouse and reformatted into 
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the soil data delivery data model, then stored in the Soil Data Mart. The spatial 
data were copied to the Soil Data Mart without change.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20041115 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate, 
upon completion of data quality verification, determined that the tabular data 
should be released for official use. A selected set of map units and components 
in the soil survey legend was copied to a staging database, and rating values for 
selected interpretations were generated. The list of selected interpretations is 
stored in the database table named sainterp.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20050913 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate 
verified that the labels on the digitized soil map units link to map units in the 
tabular database, and certified the joined data sets for release to the Soil Data 
Warehouse. A system assigned version number and date stamp were added and 
the data were copied to the data warehouse. The local interpretations were 
renamed, fully documented, and debugged. The component.albedo_dry_r data 
element was populated. A correlation amendment was executed by the MLRA 9 
Office and this action changed some of the map unit names and component 
names. The tabular data for the map units and components were extracted from 
the Soil Data Warehouse and reformatted into the soil data delivery data model, 
then stored in the Soil Data Mart. The spatial data were copied to the Soil Data 
Mart without change.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20050914 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate, 
upon completion of data quality verification, determined that the tabular data 
should be released for official use. A selected set of map units and components 
in the soil survey legend was copied to a staging database, and rating values for 
selected interpretations were generated. The list of selected interpretations is 
stored in the database table named sainterp.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20051218 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate 
verified that the labels on the digitized soil map units link to map units in the 
tabular database, and certified the joined data sets for release to the Soil Data 
Warehouse. A system assigned version number and date stamp were added and 
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the data were copied to the data warehouse. The tabular data for the map units 
and components were extracted from the data warehouse and reformatted into 
the soil data delivery data model, then stored in the Soil Data Mart. The data 
elements used as criteria to generate the National Hydric Soil List have been 
populated. Component names for miscellaneous areas were validated and 
edited, where appropriate, in order to comply with National Soil Survey 
Handbook (NSSH) guidelines and NSSH Exhibit 627-1. Minor component names 
have been edited, where appropriate, in order to comply with guidelines in the 
NSSH. The local phase field has been used to store component phase 
information that was populated as part of the component name in the past. The 
military interpretations have been renamed with (DOD) rather than (TX) at the 
end of each rule name. The spatial data were copied to the Soil Data Mart 
without change.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20051219 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate, 
upon completion of data quality verification, determined that the tabular data 
should be released for official use. A selected set of map units and components 
in the soil survey legend was copied to a staging database, and rating values for 
selected interpretations were generated. The list of selected interpretations is 
stored in the database table named sainterp.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20051228 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate 
verified that the labels on the digitized soil map units link to map units in the 
tabular database, and certified the joined data sets for release to the Soil Data 
Warehouse. A system assigned version number and date stamp were added and 
the data were copied to the data warehouse. The tabular data for the map units 
and components were extracted from the data warehouse and reformatted into 
the soil data delivery data model, then stored in the Soil Data Mart. Some 
missing data elements used as criteria to generate the National Hydric Soil List 
were populated. The spatial data were copied to the Soil Data Mart without 
change.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20051228 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate, 
upon completion of data quality verification, determined that the tabular data 
should be released for official use. A selected set of map units and components 
in the soil survey legend was copied to a staging database, and rating values for 
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selected interpretations were generated. The list of selected interpretations is 
stored in the database table named sainterp.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20060711 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate 
verified that the labels on the digitized soil map units link to map units in the 
tabular database, and certified the joined data sets for release to the Soil Data 
Warehouse. A system assigned version number and date stamp were added and 
the data were copied to the data warehouse. The tabular data for the map units 
and components were extracted from the data warehouse and reformatted into 
the soil data delivery data model, then stored in the Soil Data Mart. The spatial 
data were copied to the Soil Data Mart without change.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20060711 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate, 
upon completion of data quality verification, determined that the tabular data 
should be released for official use. A selected set of map units and components 
in the soil survey legend was copied to a staging database, and rating values for 
selected interpretations were generated. The list of selected interpretations is 
stored in the database table named sainterp.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20070102 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate 
verified that the labels on the digitized soil map units link to map units in the 
tabular database, and certified the joined data sets for release to the Soil Data 
Warehouse. A system assigned version number and date stamp were added and 
the data were copied to the data warehouse. The tabular data for the map units 
and components were extracted from the data warehouse and reformatted into 
the soil data delivery data model, then stored in the Soil Data Mart. The spatial 
data were copied to the Soil Data Mart without change.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20070102 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate, 
upon completion of data quality verification, determined that the tabular data 
should be released for official use. A selected set of map units and components 
in the soil survey legend was copied to a staging database, and rating values for 
selected interpretations were generated. The list of selected interpretations is 
stored in the database table named sainterp.  
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Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20091023 
Process_Step:  
Process_Description:  
The Natural Resources Conservation Service State Soil Scientist or delegate 
verified that the labels on the digitized soil map units link to map units in the 
tabular database, and certified the joined data sets for release to the Soil Data 
Warehouse. A system assigned version number and date stamp were added and 
the data were copied to the data warehouse. The tabular data for the map units 
and components were extracted from the data warehouse and reformatted into 
the soil data delivery data model, then stored in the Soil Data Mart. The spatial 
data were copied to the Soil Data Mart without change.  
Source_Used_Citation_Abbreviation: NASIS 
Process_Date: 20091026 

 
Spatial_Data_Organization_Information:  

Direct_Spatial_Reference_Method: Vector 
 
Spatial_Reference_Information:  

Horizontal_Coordinate_System_Definition:  
Geographic:  
Latitude_Resolution: 0.0000001 
Longitude_Resolution: 0.0000001 
Geographic_Coordinate_Units: decimal degrees 
Geodetic_Model:  
Horizontal_Datum_Name: North American Datum of 1983 
Ellipsoid_Name: Geodetic Reference System 80 
Semi-major_Axis: 6378137.0 
Denominator_of_Flattening_Ratio: 298.257 

 
Entity_and_Attribute_Information:  

Detailed_Description:  
Entity_Type:  
Entity_Type_Label: Special Soil Features 
Entity_Type_Definition:  
Special Soil Features represent soil, miscellaneous area, or landform features 
that are too small to be digitized as soil delineations (area features).  
Entity_Type_Definition_Source: Agricultural Handbook 18, Soil Survey Manual, 
1993, USDA, SCS. 
Attribute:  
Attribute_Label: Special Soil Features Codes 
Attribute_Definition:  
Special Soil Features labels represent specific Special Soil Features. These 
features are identified with a descriptive label. The label is assigned to the point 
or line assigned to represent the feature on maps.  
Attribute_Definition_Source:  
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Agricultural Handbook 18, Soil Survey Manual, 1993, USDA, SCS; National Soil 
Survey Handbook, Title 430-VI, part 647 (current issue), USDA, NRCS.  
Attribute_Domain_Values:  
Codeset_Domain:  
Codeset_Name:  
Classification and Correlation of the Soils of Anderson County, Texas  
Codeset_Source:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Overview_Description:  
Entity_and_Attribute_Overview:  
Map Unit Delineations are closed polygons that may be dominated by a single 
soil or miscellaneous area component plus allowable similar or dissimilar soils, or 
they can be geographic mixtures of groups of soils or soils and miscellaneous 
areas.  

The map unit symbol uniquely identifies each closed map unit delineation. Each 
symbol corresponds to a map unit name. The map unit key is used to link to 
information in the National Soil Information System tables.  

Map Unit Delineations are described by the National Soil Information System 
database. This attribute database gives the proportionate extent of the 
component soils and the properties for each soil. The database contains both 
estimated and measured data on the physical and chemical soil properties and 
soil interpretations for engineering, water management, recreation, agronomic, 
woodland, range, and wildlife uses of the soil.  

The National Soil Information System database contains static metadata. It 
documents the data structure and includes such information as what tables, 
columns, indexes, and relationships are defined as well as a variety of attributes 
of each of these database objects. Attributes include table and column 
descriptions and detailed domain information.  

The National Soil Information System database also contains a distribution 
metadata. It records the criteria used for selecting map units and components for 
inclusion in the set of distributed data.  

Special features are described in the feature table. It includes an area symbol, 
feature label, feature name, and feature description for each special and ad hoc 
feature in the survey area.  

Entity_and_Attribute_Detail_Citation:  
Soil Taxonomy: A basic system of soil classification for making and interpreting 
soil surveys. Agricultural Handbook 436, 1999, USDA, SCS.  

Keys to Soil Taxonomy (current issue), USDA, SCS.  
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National Soil Survey Handbook, Title 430-VI, part 647 (current issue), USDA, 
NRCS.  

Agricultural Handbook 18, Soil Survey Manual, 1993, USDA, SCS.  

 
Distribution_Information:  

Distributor:  
Contact_Information:  
Contact_Organization_Primary:  
Contact_Organization:  
U.S. Department of Agriculture, Natural Resources Conservation Service, 
National Cartography and Geospatial Center  
Contact_Address:  
Address_Type: mailing and physical address 
Address: 501 West Felix Street, Building 23, P.O. Box 6567 
City: Fort Worth 
State_or_Province: Texas 
Postal_Code: 76115 
Contact_Voice_Telephone: 800 672 5559 
Contact_TDD/TTY_Telephone: 202 720 2600 
Contact_Facsimile_Telephone: 817 509 3469 
Resource_Description: Anderson County, Texas SSURGO 
Distribution_Liability:  
Although these data have been processed successfully on a computer system at 
the U.S. Department of Agriculture, no warranty expressed or implied is made by 
the Agency regarding the utility of the data on any other system, nor shall the act 
of distribution constitute any such warranty. The U.S. Department of Agriculture 
will warrant the delivery of this product in computer readable format, and will offer 
appropriate adjustment of credit when the product is determined unreadable by 
correctly adjusted computer input peripherals, or when the physical medium is 
delivered in damaged condition. Request for adjustment of credit must be made 
within 90 days from the date of this shipment from the ordering site.  

The U.S. Department of Agriculture, nor any of its agencies are liable for misuse 
of the data, for damage, for transmission of viruses, or for computer 
contamination through the distribution of these data sets. The U.S. Department of 
Agriculture (USDA) prohibits discrimination in all its programs and activities on 
the basis of race, color, national origin, sex, religion, age, disability, political 
beliefs, sexual orientation, or marital or family status. (Not all prohibited bases 
apply to all programs.)  

Standard_Order_Process:  
Digital_Form:  
Digital_Transfer_Information:  
Format_Name: ARC/INFO coverage 
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Format_Information_Content: spatial 
Transfer_Size: 17.3 
Digital_Transfer_Option:  
Offline_Option:  
Offline_Media: CD-ROM 
Recording_Format: ISO 9660 Level 2 
Digital_Form:  
Digital_Transfer_Information:  
Format_Name: ArcView shapefile 
Format_Information_Content: spatial 
Transfer_Size: 22.4 
Digital_Transfer_Option:  
Offline_Option:  
Offline_Media: CD-ROM 
Recording_Format: ISO 9660 Level 2 
Digital_Form:  
Digital_Transfer_Information:  
Format_Name: ASCII 
Format_Information_Content: keys and attributes 
Transfer_Size: 1.9 
Digital_Transfer_Option:  
Offline_Option:  
Offline_Media: CD-ROM 
Recording_Format: ISO 9660 Level 2 
Fees:  
The charge is $50 for a CD-ROM that contains one or more data sets. A data set 
is one soil survey area that includes both spatial and attribute data.  
Ordering_Instructions:  
Call or write to organizations listed under Distributor. Spatial line data and 
locations of special feature symbols are in ARC/INFO coverage and export 
formats, and ArcView shapefile format. The National Soil Information System 
attribute soil data are available in variable length, pipe delimited, ASCII file 
format.  
Turnaround: 10 working days 

 
Metadata_Reference_Information:  

Metadata_Date: 20091026 
Metadata_Contact:  
Contact_Information:  
Contact_Organization_Primary:  
Contact_Organization:  
U.S. Department of Agriculture, Natural Resources Conservation Service  
Contact_Position: State Soil Scientist 
Contact_Address:  
Address_Type: mailing address 
Address: USDA-NRCS 
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Address: 101 South Main Street 
Address: W. R. Poage Federal Building 
Address: 101 South Main Street 
City: Temple 
State_or_Province: TX 
Postal_Code: 76501 
Contact_Voice_Telephone: 254-742-9830 
Contact_TDD/TTY_Telephone: 800-877-8339 
Contact_Facsimile_Telephone: 254-742-9859 
Contact_Electronic_Mail_Address: dennis.williamson@tx.usda.gov 
Metadata_Standard_Name: Content Standard for Digital Geospatial Metadata 
Metadata_Standard_Version: FGDC-STD-001-1998 
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Near-Real-Time Monthly High-Resolution Precipitation Climate Data Set for the 
Conterminous United States 

(PRISM Climate Group) 
 

Identification_Information:  
Citation:  
Citation_Information:  
Originator:  
Chris Daly, Wayne Gibson, Matthew Doggett, and Joeseph Smith of the Spatial 
Climate Analysis Service at Oregon State University  
Originator:  
George Taylor of the Oregon Climate Service at Oregon State University  
Publication_Date: Updated Monthly 
Title:  
Near-Real-Time Monthly High-Resolution Precipitation Climate Data Set for the 
Conterminous United States  
Geospatial_Data_Presentation_Form: raster digital data 
Publication_Information:  
Publication_Place: Corvallis, Oregon, USA 
Publisher: Spatial Climate Analysis Service, Oregon State University 
Online_Linkage: <http://prismclimate.org> 
Description:  
Abstract:  
Spatially distributed monthly and annual precipitation. Each file represents 1 
month of 1 year for the period January 1997 to the present. Distribution of the 
point measurements to a spatial grid was accomplished using the PRISM model, 
developed by Christopher Daly, Director, Spatial Climate Analysis Service, 
Oregon State University. Care should be taken in estimating precipitation values 
at any single point on the map. Precipitation estimated for each grid cell is an 
average over the entire area of that cell; thus, point precipitation can be 
estimated at a spatial precision no better than half the resolution of a cell. For 
example, the precipitation data were distributed at a resolution of approximately 
4km. Therefore, point precipitation can be estimated at a spatial precision no 
better than 2km. However, the overall distribution of precipitation features is 
thought to be accurate. For further information, the online PRISM homepage can 
be found at <URL:http://prismclimate.org>.  
Purpose:  
Display and/or analyses requiring spatially distributed monthly or annual 
precipitation for the period 1997-Present.  
Supplemental_Information:  
There are many methods of interpolating precipitation from monitoring stations to 
grid points. Some provide estimates of acceptable accuracy in flat terrain, but few 
have been able to adequately explain the extreme, complex variations in 
precipitation that occur in mountainous regions. Significant progress in this area 
has been achieved through the development of PRISM (Parameter-elevation 
Regressions on Independent Slopes Model). PRISM is an analytical model that 

http://prismclimate.org/�
http://prismclimate.org/�
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uses point data and a digital elevation model (DEM) to generate gridded 
estimates of monthly and annual precipitation (as well as other climatic 
parameters). PRISM is well suited to regions with mountainous terrain, because 
it incorporates a conceptual framework that addresses the spatial scale and 
pattern of orographic precipitation. Precipitation was modeled monthly. For this 
application, PRISM was parameterized to use existing 1971-2000 mean monthly 
precipitation grids as the predictor grids in the interpolation. The PRISM 
weighting functions for distance, "elevation" (now the 1971-2000 climatology), 
topographic facet, atmospheric layer, orographic effectiveness, and coastal 
proximity were all retained. This allowed observed deviations from normal to be 
interpolated with sensitivity to physiographic factors. An annual grid was 
produced by summing the monthly grids.  
Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: Single Month 
Currentness_Reference: Month and year for which point observations were taken 
Status:  
Progress: Ongoing 
Maintenance_and_Update_Frequency: Monthly 
Spatial_Domain:  
Bounding_Coordinates:  
West_Bounding_Coordinate: -125.020833333333 
East_Bounding_Coordinate: -66.47916757 
North_Bounding_Coordinate: 49.93750000 
South_Bounding_Coordinate: 24.06250000000 
Keywords:  
Theme:  
Theme_Keyword_Thesaurus: None 
Theme_Keyword: raster data 
Theme_Keyword: precipitation 
Theme_Keyword: grid cell 
Place:  
Place_Keyword_Thesaurus: None 
Place_Keyword: Conterminous USA 
Place_Keyword: CONUS 
Access_Constraints: n/a, no restrictions apply 
Use_Constraints:  
Acknowledgement of the following agencies in products derived from these data: 
USDA Forest Service (USFS), National Oceanic and Atmospheric Administration 
(NOAA), National Aeronautics and Space Administration (NASA), National 
Climatic Data Center (NCDC), National Center for Atmospheric Research 
(NCAR), PRISM Model, and the Spatial Climate Analysis Service (SCAS) and 
the Oregon Climate Service (OCS) at Oregon State University.  
Point_of_Contact:  
Contact_Information:  
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Contact_Person_Primary:  
Contact_Person: George Taylor 
Contact_Organization: Spatial Climate Analysis Service 
Contact_Address:  
Address_Type: mailing address 
Address: 316 Strand Ag Hall 
Address: Oregon State University 
City: Corvallis 
State_or_Province: OR 
Postal_Code: 97331-2209 
Country: USA 
Contact_Voice_Telephone: (541) 737-5705 
Contact_Facsimile_Telephone: (541) 737-5710 
Contact_Electronic_Mail_Address: taylor@coas.oregonstate.edu 
Security_Information:  
Security_Classification_System: None 
Security_Classification: Unclassified 
Security_Handling_Description: None 
Native_Data_Set_Environment:  
Microsoft Windows 2000 Version 5.0 (Build 2195) Service Pack 4; ESRI 
ArcCatalog 8.3.0.800  

 
Data_Quality_Information:  

Logical_Consistency_Report:  
All ground based observations were passed through QA/QC procedures 
developed at the Spatial Climate Analysis Service at Oregon State University. 
For further information, see <URL:http://prismclimate.org>  
Completeness_Report:  
Point estimates of monthly precipitation originated from the following sources: 
National Weather Service Cooperative (COOP) stations, 2) Natural Resources 
Conservation Service (NRCS) SNOTEL, and 3) local networks  
Positional_Accuracy:  
Horizontal_Positional_Accuracy:  
Horizontal_Positional_Accuracy_Report:  
Accuracy of this data set is based on the original specification of the Defense 
Mapping Agency (DMA) 1 degree digital elevation models (DEM). The stated 
accuracy of the original DEMs are 130 m circular error with 90% probability.  
Quantitative_Horizontal_Positional_Accuracy_Assessment:  
Horizontal_Positional_Accuracy_Value: 130 m with 90% 
Horizontal_Positional_Accuracy_Explanation: The broad DMA production 
objective for 1-degree DEM's. 
Lineage:  
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator: National Climatic Data Center (NCDC) 

http://prismclimate.org/�


 

71 
 

Publication_Date: 2001 
Title: Summary of the Day Cooperative (SOD) Data Set. 
Series_Information:  
Series_Name: TD3200 
Publication_Information:  
Publication_Place: Asheville, NC, USA 
Publisher: National Climatic Data Center 
Type_of_Source_Media: digital files 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Range_of_Dates/Times:  
Beginning_Date: 199701 
Ending_Date: Present 
Source_Currentness_Reference: ground condition 
Source_Citation_Abbreviation: Summary of the Day 
Source_Contribution: Location and values of known daily precipitation 
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator: Natural Resources Conservation Service 
Publication_Date: Ongoing 
Title:  
Cooperative Snow Survey Data of Federal -State - Private Cooperative Snow 
Surveys  
Series_Information:  
Series_Name:  
Cooperative Snow Survey Data of Federal - State - Private Cooperative Snow 
Surveys  
Issue_Identification: Annual issue for Western 
Publication_Information:  
Publication_Place: Portland, OR, USA 
Publisher:  
Natural Resources Conservation Service, Water and Climate Center  
Type_of_Source_Media: digital files, paper reports, online 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Range_of_Dates/Times:  
Beginning_Date: 1979 
Ending_Date: Current 
Source_Currentness_Reference: ground condition 
Source_Citation_Abbreviation: SNOTEL (SNOwpack TELemetry) 
Source_Contribution: Location and values of known daily precipitation 
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator:  
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Natural Resources Conservation Service, Water and Climate Center  
Publication_Date: Unpublished material 
Title: Local Precipitation monitoring networks 
Type_of_Source_Media: digital files 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Range_of_Dates/Times:  
Beginning_Date: 1997 
Ending_Date: Current 
Source_Currentness_Reference: ground condition 
Source_Citation_Abbreviation: LOCAL 
Source_Contribution: Location and values of known daily precipitation 
Source_Information:  
Source_Citation:  
Citation_Information:  
Originator: Spatial Climate Analysis Service 
Originator: Oregon State University 
Publication_Date: 2002 
Title:  
2.5-arc minute 1971-2000 mean monthly precipitation grids for the conterminous 
United States  
Geospatial_Data_Presentation_Form: raster digital data 
Online_Linkage: <http://prismclimate.org> 
Type_of_Source_Media: digital files 
Source_Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 2002 
Source_Currentness_Reference: publication date 
Source_Citation_Abbreviation: PRISM 
Source_Contribution:  
Gridded long-term climate input to PRISM model for estimation of precipitation 
between known points.  
Source_Information:  
Source_Citation:  
Citation_Information:  
Publication_Date: 2004 
Title: ASSAY QC 
Publication_Information:  
Publication_Place: Corvallis, OR 
Publisher: Spatial Climate Analysis Service 
Type_of_Source_Media: proprietary software 
Source_Citation_Abbreviation: ASSAY Monthly QC 
Source_Contribution:  
ASSAY QC is a knowledge-based interpolation system that makes jackknifed 
predictions (i.e. predictions without the observation at the location in question) at 

http://prismclimate.org/�
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individual locations in space using an underlying climate grid and observations 
from surrounding stations. ASSAY QC is a modified version of PRISM which is 
unique in that it incorporates expert knowledge of rain shadows, temperature 
inversions, coastal effects, and more. Predicted values are then compared to the 
actual observations using empirical relationships to determine whether the 
observation is an outlier.  
Process_Step:  
Process_Description:  
It is beyond the scope of this metadata to document the processes involved in 
generating spatially gridded precipitation using the PRISM model. However, the 
processes are documented in numerous conference proceedings and journal 
articles. The references can be found online at  

<URL:http://prismclimate.org>  

Process_Date: 200207 
 
Spatial_Data_Organization_Information:  

Direct_Spatial_Reference_Method: Raster 
Raster_Object_Information:  
Raster_Object_Type: Grid Cell 
Row_Count: 621 
Column_Count: 1405 
Vertical_Count: 1 

 
Spatial_Reference_Information:  

Horizontal_Coordinate_System_Definition:  
Geographic:  
Latitude_Resolution: .04166666666 
Longitude_Resolution: .04166666666 
Geographic_Coordinate_Units: Decimal degrees 
Planar:  
Planar_Coordinate_Information:  
Planar_Coordinate_Encoding_Method: row and column 
Coordinate_Representation:  
Abscissa_Resolution: 0.041667 
Ordinate_Resolution: 0.041667 
Geodetic_Model:  
Horizontal_Datum_Name: World Geodetic Spheroid 1972 (WGS72) 
Ellipsoid_Name: WGS72 
Semi-major_Axis: 6378135.0 
Denominator_of_Flattening_Ratio: 298.26 

 
Entity_and_Attribute_Information:  

Detailed_Description:  
Entity_Type:  

http://prismclimate.org/�
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Entity_Type_Label: Precipitation 
Entity_Type_Definition: ASCII values 
Entity_Type_Definition_Source: Self-evident 
Attribute:  
Attribute_Label: Value 
Attribute_Definition: Monthly Precipitation amount 
Attribute_Domain_Values:  
Enumerated_Domain:  
Enumerated_Domain_Value: -9999 
Enumerated_Domain_Value_Definition: No Data 
Attribute_Domain_Values:  
Range_Domain:  
Attribute_Units_of_Measure: mm*100 
Attribute_Measurement_Resolution: Hundredths of millimeters 
Overview_Description:  
Entity_and_Attribute_Overview:  
To convert to real values, divide the integer gridcell values by 100.  

 
Distribution_Information:  

Distributor:  
Contact_Information:  
Contact_Organization_Primary:  
Contact_Organization: Spatial Climate Analysis Service 
Contact_Person: George Taylor 
Contact_Address:  
Address_Type: mailing address 
Address: Spatial Climate Analysis Service 
Address: 316 Strand Ag Hall 
Address: Oregon State University 
City: Corvallis 
State_or_Province: OR 
Postal_Code: 97331 
Country: USA 
Contact_Voice_Telephone: 541-737-5705 
Contact_Facsimile_Telephone: 541-737-5710 
Contact_Electronic_Mail_Address: taylor@coas.oregonstate.edu 
Resource_Description: Downloadable Data 
Distribution_Liability:  
This digital data set publication was prepared by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, expressed or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness, or misuse of 
the data, or for damage, transmission of viruses or computer contamination 
through the distribution of these data sets or for the usefulness of any 
information, apparatus, product, or process disclosed in this report, or represents 
that its use would not infringe privately owned rights. Reference therein to any 
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specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. Any views and opinions of authors expressed herein do not 
necessarily state or reflect those!  
Standard_Order_Process:  
Digital_Form:  
Digital_Transfer_Information:  
Format_Name: ASCII 
Format_Specification: Gzipped ArcInfo ASCII GRID 
Transfer_Size: Approx 1 MB 
Digital_Transfer_Option:  
Online_Option:  
Computer_Contact_Information:  
Network_Address:  
Network_Resource_Name: <http://prismclimate.org/pub/prism/us/grids/ppt> 

 
Metadata_Reference_Information:  

Metadata_Date: 20040617 
Metadata_Contact:  
Contact_Information:  
Contact_Person_Primary:  
Contact_Person: Wayne Gibson 
Contact_Organization: Spatial Climate Analysis Service 
Contact_Address:  
Address_Type: mailing address 
Address:  
Strand Ag Hall 326, Spatial Climate Analysis Service, Oregon State University  
City: Corvallis 
State_or_Province: OR 
Postal_Code: 97331-2209 
Country: USA 
Contact_Voice_Telephone: (541) 737-5696 
Contact_Facsimile_Telephone: (541) 737-5710 
Contact_Electronic_Mail_Address: gibson@coas.oregonstate.edu 
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial 
Metadata 
Metadata_Standard_Version: FGDC-STD-001-1998 
Metadata_Time_Convention: local time 
Metadata_Security_Information:  
Metadata_Security_Classification_System: None 
Metadata_Security_Classification: Unclassified 
Metadata_Security_Handling_Description: None 
Metadata_Extensions:  
Online_Linkage: <http://www.esri.com/metadata/esriprof80.html> 
Profile_Name: ESRI Metadata Profile  

http://prismclimate.org/pub/prism/us/grids/ppt�
http://www.esri.com/metadata/esriprof80.html�
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National Elevation Dataset 
 

Identification_Information:  
Citation:  
Citation_Information:  
Originator: U.S. Geological Survey (USGS), EROS Data Center  
Publication_Date: 1999  
Title: National Elevation Dataset  
Edition: 1  
Geospatial_Data_Presentation_Form: raster digital data  
Publication_Information:  
Publication_Place: Sioux Falls, SD  
Publisher: U.S. Geological Survey  
Online_Linkage: <http://ned.usgs.gov/>  
Description:  
Abstract:  
The U.S. Geological Survey has developed a National Elevation Dataset (NED). 
The NED is a seamless mosaic of best-available elevation data. The 7.5-minute 
elevation data for the conterminous United States are the primary initial source 
data. In addition to the availability of complete 7.5-minute data, efficient 
processing methods were developed to filter production artifacts in the existing 
data, convert to the NAD83 datum, edge-match, and fill slivers of missing data at 
quadrangle seams. One of the effects of the NED processing steps is a much-
improved base of elevation data for calculating slope and hydrologic derivatives. 
The specifications for the NED 1 arc second and 1/3 arc second data are: 
Geographic coordinate system Horizontal datum of NAD83, except for AK which 
is NAD27 Vertical datum of NAVD88, except for AK which is NAVD29 Z units of 
meters  
Purpose:  
Geospatial elevation data are utilized by the scientific and resource management 
communities for global change research, hydrologic modeling, resource 
monitoring, mapping, and visualization applications.  
Supplemental_Information:  
(Source DEM information)  
Time_Period_of_Content:  
Time_Period_Information:  
Range_of_Dates/Times:  
Beginning_Date: 19990201  
Ending_Date: Unknown  
Currentness_Reference: publication date  
Status:  
Progress: In work  
Maintenance_and_Update_Frequency: As needed  
Spatial_Domain:  
Bounding_Coordinates:  
Keywords:  

http://ned.usgs.gov/�


 

77 
 

Theme:  
Theme_Keyword_Thesaurus: GCMD Parameter Keywords  
Theme_Keyword: EARTH SCIENCE  
Theme_Keyword: LAND SURFACE  
Theme_Keyword: TOPOGRAPHY  
Theme_Keyword: LANDFORMS  
Theme_Keyword: TERRAIN ELEVATION  
Theme_Keyword: 1-DEGREE DEM  
Theme_Keyword: 2-ARC-SECOND DEM  
Theme_Keyword: 7.5-MINUTE DEM  
Theme_Keyword: CARTOGRAPHY  
Theme_Keyword: DEM  
Theme_Keyword: DIGITAL ELEVATION MODEL  
Theme_Keyword: DIGITAL MAPPING  
Theme_Keyword: EDC  
Theme_Keyword: EROS  
Theme_Keyword: GEODATA  
Theme_Keyword: GIS  
Theme_Keyword: MAPPING  
Theme_Keyword: RASTER  
Theme_Keyword: USGS  
Place:  
Place_Keyword_Thesaurus: GCMD Location Keywords  
Place_Keyword: NORTH AMERICA  
Place_Keyword: UNITED STATES  
Place_Keyword: UNITED STATES OF AMERICA  
Access_Constraints: None  
Use_Constraints:  
None. Acknowledgement of the originating agencies would be appreciated in 
products derived from these data.  

 
Spatial_Data_Organization_Information:  

Direct_Spatial_Reference_Method: Raster  
 
Distribution_Information:  

Distributor:  
Contact_Information:  
Contact_Person_Primary:  
Contact_Person: Customer Services Representative  
Contact_Organization: EROS Data Center  
Contact_Address:  
Address_Type: mailing and physical address  
Address:  
U.S. Geological Survey EROS Data Center  
City: Sioux Falls  
State_or_Province: SD  
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Postal_Code: 57198  
Country: USA  
Contact_Voice_Telephone: 605-594-6151  
Contact_Facsimile_Telephone: 605-594-6589  
Contact_Electronic_Mail_Address: custserv@edcmail.cr.usgs.gov  
Resource_Description: National Elevation Dataset (NED)  
Distribution_Liability:  
Although these data have been processed successfully on a computer system at 
the U.S. Geological Survey, EROS Data Center, no warranty expressed or 
implied is made by either regarding the utility of the data on any system, nor shall 
the act of distribution constitute any such warranty. The USGS will warrant the 
delivery of this product in computer-readable format and will offer appropriate 
adjustment of credit when the product is determined unreadable by correctly 
adjusted computer peripherals, or when the physical medium is delivered in 
damaged condition. Requests for adjustments of credit must be made within 90 
days from the date of this shipment from the ordering site.  

 
Metadata_Reference_Information:  

Metadata_Date: 19990211  
Metadata_Contact:  
Contact_Information:  
Contact_Person_Primary:  
Contact_Person: Customer Services Representative  
Contact_Organization: EROS Data Center  
Contact_Address:  
Address_Type: mailing and physical address  
Address:  
U.S. Geological Survey EROS Data Center  

City: Sioux Falls  
State_or_Province: SD  
Postal_Code: 57198  
Country: USA  
Contact_Voice_Telephone: 605-594-6151  
Contact_Facsimile_Telephone: 605-594-6589  
Contact_Electronic_Mail_Address: custserv@edcmail.cr.usgs.gov  
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata  
Metadata_Standard_Version: FGDC-STD-001-1998  
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LandScanTM Documentation** 
 
**Available from LandScanTM website, copied here for convenience 
http://www.ornl.gov/sci/landscan/landscanCommon/landscan_documentation.html 
 
Source: LandScan 2008TM, ORNL, UT-Battelle, LLC 
 
LandScan Documentation 
 
Summary 
 
Using an innovative approach with Geographic Information System and Remote 
Sensing, Oak Ridge National Laboratory’s (ORNL) LandScan population distribution 
database is a community standard for global population distribution. The LandScan 
model, an R&D 100 Award Winner, uses spatial data and imagery analysis technologies 
and a multi-variable dasymetric modeling approach to disaggregate census counts 
within an administrative boundary. Since no single population distribution model can 
account for the differences in spatial data availability, quality, scale, and accuracy as 
well as the differences in cultural settlement practices, LandScan population distribution 
models are tailored to match the data conditions and geographical nature of each 
individual country and region. Annual improvements to the population distribution data 
are made using new spatial data, imagery, census information, and algorithm 
improvements. High resolution imagery is used to refine population distributions and 
correct spatial data errors. Imagery analysis includes novel image processing 
algorithms developed at ORNL to exploit high resolution imagery using high-
performance computers. In addition, modifications derived from manual image 
interpretations are integrated into the population distribution algorithms. 
 
Data Description 
 
Format and extent: The data is distributed in both an ESRI grid format and an ESRI 
binary raster format. The dataset has 20,880 rows and 43,200 columns covering North 
84 degrees to South 90 degrees and West 180 degrees to East 180 degrees. 
 
Data values: The values of the cells are integer population counts representing an 
average, or ambient, population distribution.  An ambient population integrates diurnal 
movements and collective travel habits into a single measure (Dobson et al. 2000). 
Since natural or man made emergencies may occur at any time of the day, the goal of 
the LandScan model is to develop a population distribution surface in totality, not just 
the locations of where people sleep.  Because of this ambient nature, care should be 
taken with direct comparisons of LandScan data with other population distribution 
surfaces. 
 
Resolution and Coordinate System:  The dataset has a spatial resolution of 30 arc-
seconds and is output in a geographical coordinate system - World Geodetic System 
(WGS) 84 datum. The 30 arc-second cell, or 0.008333333 decimal degrees, represents 
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approximately 1 km2 near the equator. Since the data is in a spherical coordinate 
system, cell width decreases in a relationship that varies with the cosine of the latitude 
of the cell. Thus a cell at 60 degrees latitude would have a width that is half that of a cell 
at the equator (cos60 = 0.5). The height of the cells does not vary. The values of the 
cells are integer population counts, not population density, since the cells vary in size. 
Population counts are normalized to sum to each sub-national administrative unit 
estimate. For this reason, projecting the data in a raster format to a different coordinate 
system (including on-the-fly projections) will result in a re-sampling of the data and the 
integrity of normalized population counts will be compromised. Also prior to all spatial 
analysis, users should ensure that extents are set to an exact multiple of the cell size 
(for example 35.25, 35.50, 35.0) to avoid “shifting” of the dataset. 
 
Data Revisions: The database is updated annually by incorporating new spatial data 
and imagery analysis into the distribution algorithms. Comparing different versions of 
the dataset on a cell to cell basis may result in misleading conclusions. Some of the 
differences between LandScan dataset versions are due to recently developed urban or 
suburban expansion. However, there are many cases where a village identified with 
high resolution imagery may have existed for years, but was either not represented or 
was identified in an incorrect location in various spatial data products.  
 
General methodology 
 
The LandScan global population distribution models are a multi-layered, dasymetric, 
spatial modeling approach that is also referred to as a “smart interpolation” technique. In 
dasymetric mapping, a source layer is converted to a surface and an ancillary data layer 
is added to the surface with a weighting scheme applied to cells coinciding with 
identified or derived density level values in the ancillary data. In the LandScan models, 
the typical dasymetric modeling is improved by integrating and employing multiple 
ancillary or indicator data layers. The modeling process uses sub-national level census 
counts for each country and primary geospatial input or ancillary datasets, including 
land cover, roads, slope, urban areas, village locations, and high resolution imagery 
analysis; all of which are key indicators of population distribution. Based upon the 
spatial data and the socioeconomic and cultural understanding of an area, cells are 
preferentially weighted for the possible occurrence of population during a day. Within 
each country, the population distribution model calculates a “likelihood” coefficient for 
each cell and applies the coefficients to the census counts, which are employed as 
control totals for appropriate areas. The total population for that area is then allocated to 
each cell proportionally to the calculated population coefficient. The resultant population 
count is an ambient or average day/night population count.  
 
Positional or attribute errors and anomalies are to be anticipated in large volumes of 
disparate spatial data. The LandScan methodology includes a manual verification and 
modification process to improve the spatial precision and relative magnitude of the 
population distribution.  Imagery analysts identify obvious population distribution errors 
and create an additional spatial data layer of population likelihood coefficient 
modifications to correct or mitigate input data anomalies.  Output cells are converted to 
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points with an attribute field for the cell modification values. Many modifications are 
made to urban areas and urban extents. Derived land cover data often do not reveal 
urban properties such as building densities or building heights that can be readily 
inferred with visual inspection using high resolution imagery. Manual corrections to the 
likelihood coefficient file using high resolution imagery are made for each country as 
time and budget constraints allow.   
 
Input data 
 
The LandScan dataset was first produced in 1998 as an improved resolution global 
population distribution database for estimating populations at risk. The original 
LandScan algorithms integrated globally consistent, but relatively coarse, spatial data. 
The input data for each nation or region were assigned customized weighting factors in 
a spatial model to characterize diverse settlement patterns. The last decade has seen 
significant growth of global spatial data and a tremendous increase in the volume of 
high resolution satellite imagery. These data and imagery present an opportunity to 
improve the spatial fidelity of annual data releases.  However, the production of new 
spatial data is often fragmented, and the LandScan algorithms must account for 
disparate input data resolutions and temporal incongruities. Selected spatial data layers 
used in the LandScan modeling process are listed in table 1. 
 
Census Information:  The models use annual mid-year sub-national population 
estimates from the Geographic Studies Branch, US Bureau of Census to allocate 
population counts within administrative units. Intermittent populations such as temporary 
scientific researchers, some military outposts, or tourists are not included in these 
estimates. These mid-year estimates may not reflect seasonal migrations, internally 
displaced persons (IDP’s), or refugee movements since the last official census 
conducted by a country.  
 
Administrative Boundaries: Accurate administrative boundary attributes are essential to 
the LandScan models since the population projections from Census are joined to the 
boundaries which act as spatial controls for the population totals. Each year the models 
incorporate administrative boundary changes, refine the spatial precision of international 
and sub-national administrative boundaries, and reconcile temporal census information 
and administrative boundary inconsistencies. The administrative unit level by which the 
census data is distributed varies considerably in size and spatial precision from country 
to country.  The number of administrative units per nation and spatial fidelity of the 
boundaries are considered in the model parameterization process. Nations with few, but 
very large administrative areas require different weights in the model parameters to 
allocate representative populations to their appropriate locations.  Generally, smaller 
administrative boundaries lead to better population distribution – if the boundaries are 
spatially accurate. However, small administrative areas that are poorly geo-referenced 
or spatially characterized actually induce population distribution errors.  To mitigate 
these errors, where possible, analysts will merge poor sub-province boundaries to the 
province level and distribute the entire province population according to the population 
likelihood locations determined by the model rather than constrict population 
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distributions to incorrect locations.  Very small administrative or enumeration areas 
equivalent to US census blocks or block groups have unintended consequences for 
modeling an ambient population.  Since the populations associated with census tables 
are places of residence, commercial and industrial areas may have zero or very low 
populations associated with them. Thus the output would be reflective of a residential 
only population distribution instead of an ambient population distribution. 
 
Land Cover: Accurate land cover data is an integral component of the population 
distribution models. The land cover data used by the model represents an assemblage 
of diverse spatial data sources of assorted resolutions.  Data from the National 
Geospatial-Intelligence Agency (NGA), federal producers of land cover data such as 
USGS, NASA, and NOAA, and other federal agencies, selected international sources, 
and land cover produced through ORNL imagery analysis are all incorporated into the 
final land cover database.  Much of the world’s land cover has been processed using 30 
meter or higher resolution imagery. Very high resolution imagery (~1 meter) is 
processed at ORNL using novel image processing algorithms and high-performance 
computers to delineate and update developed areas. These modifications are 
incorporated into a global land cover database. Analysts assign relative weights to each 
land cover type based upon the region’s cultural settlement patterns and agricultural 
intensity practices, and employ these weights in calculating the probability coefficient for 
each cell. 
 
Other Spatial Data: Elevation and slope are also important indicators of population 
distribution potential. Although on occasion humans will frequent the very highest 
elevations on the planet, there are elevation levels above which consistent habitation is 
impractical. Likewise, very steep slopes inhibit settlements, agriculture, and industrial 
development – the most likely areas of ambient population distribution. Various vector 
data layers used in the modeling algorithms include roads, populated areas (urban 
boundaries), and populated points (towns and villages). Each data layer serves as an 
indicator of likely population locations. Analysts must reconcile spatial inconsistencies 
due to data scale, accuracy and currency for each data layer to coincide with the local 
settlement characteristics. 
 
Coastlines: Because of their intricate spatial patterns, coastlines require very high 
resolution to represent coastal features accurately.  Since many coastal areas are 
dynamic landscapes, shorelines change and coastal islands may grow, shift positions, 
or disappear entirely. Popular coastline databases may intersect current land features 
thereby potentially missing populated areas.  For this reason, the LandScan models 
extend all coastal boundaries several kilometers seaward to ensure all shore and small 
island features are encapsulated within an administrative unit boundary. Instead of a 
vector shoreline, the land cover data and high resolution imagery are used to capture 
the populated areas along the shore. 
 
Imagery: High resolution imagery is employed in every phase of the LandScan 
population distribution modeling process. At the outset high resolution imagery is used 
to identify settlement patterns and building characteristics. Imagery is used to evaluate 
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the accuracy and precision of the different spatial data layers used in the models as well 
as to adapt the weighting factor for each layer in the model algorithms. Preliminary 
model output is superimposed on high resolution imagery to verify relative population 
distributions and magnitude. As new spatial data are received, iterative modifications to 
variable weights in the likelihood coefficient file are made and the distribution algorithms 
are re-calculated. Additionally, high resolution imagery is used to create or modify 
existing spatial data layers, especially to update or refine the land cover data related to 
urban boundary delineations. To speed processing of vast image archives, an 
automated urban boundary delineation algorithm based on texture and edge information 
extracted from high-resolution images is being developed. 
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TABLE 1 
Geospatial Data Product Map Scale/Spatial Resolution Source 
Tabular Data     
Census Information Sub-national US Bureau of 

Census 
City Populations   Various 
Vector Data     
VMAP Level 1 1:250,000 NGA 
VMAP Level 2 1:100,000-1:50,000 NGA 
Urban Vector Smart Map 
(UVMAP) 

1:25,000-1:5,000 NGA 

Administrative Boundaries Varies Varies 
Raster Data     
Shuttle Radar Topography 
Mission (SRTM) Level 1 

3 arc seconds NGA 

SRTM Level 2 1 arc seconds NGA 
Digital Terrain Elevation Data 
(DTED) Level 1  

3 arc seconds NGA 

DTED Level 2 1 arc seconds NGA 
Compressed ARC Digitized 
Raster Graphics (CADRG) 

1:5,000,000-1:10,000 NGA 

GeoCover Land Cover Data 30m (Landsat  Thematic Mapper  
based) 

MDA Federal 

Coastal Change Analysis 
Program (CCAP) Land Cover  

30m (Landsat Thematic Mapper 
based), 20m (SPOT based)  US only 

NOAA 

National Land Cover Database 
(NLCD) Data  

30m (Landsat  Thematic Mapper  
based) 
US only 

USGS 

Moderate Resolution Imaging 
Sensor (MODIS) 

1km NASA 

Imagery     
Controlled Image Base (CIB01 
and CIB05) 

1m, 5m  NGA 

QuickBird  Panchromatic = 0.6-0.7, Multispectral Digital Globe 
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2.4-2.8m  
IKONOS  Panchromatic = 0.82m, Multispectral 

= 4.0m 
GEOEYE 
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