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    Abstract 

 
This study is based on Louis C. Peltier’s 1950 study “The Geographic Cycle in 

Periglacial Regions as it is Related to Climatic Geomorphology” published in the 

Association of American Geographers (AAG) and uses graphs that define the Chemical 

Weathering, Frost Action, Weathering Regions, Pluvial Erosion, Mass Movement, Wind 

Action and Morphogenetic Regions based on Mean Annual Temperature and Mean 

Annual Precipitation.  The goal of this study is to create maps of the continental United 

States for each of Peltier’s graphs.  The data for this project is from the United States 

Department of Agriculture’s (USDA) Natural Resources Conservation Service (NRCS) 

and is in PRISM data for the time period 1961-1990.  The ASCII raster text format 

covers the lower forty-eight States.  The raster files are processed using a complex 

methodology that employs GIS, Excel, Word, TextPad and WordPad to derive the new 

raster images.  The resulting maps are used to illustrate the weathering, erosion and 

climatic processes occurring within the continental United States per Peltier’s graphs. 
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Paper Body 

 

   Introduction: 
 

Louis Peltier’s 1950 study “The Geographic Cycle in Periglacial Regions as it is 

Related to Climatic Geomorphology” (Peltier 1950) in the Annals of the Association of 

American Geographers (AAG) is still considered the best source for describing the 

weathering process.  Geology, Geomorphology and other related textbooks still use his 

graphs and definitions to explain the complex processes constantly occurring on the 

Earths surface.  Although the Weathering Regions graph in Figure 1 is the most often 

used in these texts, the other graphs are important for the geologic phenomena they are 

describing.  

 

 
Figure 1: Weathering Graph from Louis C. Peltier. 

 

Weathering is defined as the “break down or alteration of rock in its natural or 

original position at or near the Earth’s surface through physical, chemical and biological 

processes induced or modified by wind, water, and climate” (Reiche 1950) and it has 

shaped every portion of the earth from its highest peaks to the lowest valleys.  The two 

variables that define weathering are the Mean Annual Temperature and the Mean Annual 

Precipitation.  Together, these two variables can be used to define a regions weathering 

type.  Peltier defined seven graphs using these two variables that described different types 

of weathering phenomena, they are Chemical Weathering, Frost Action, Weathering 
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Regions, Pluvial Erosion, Mass Movement, Wind Action and Morphogenetic Regions.  

Figures 2 and 3 shows the actual graphs from Peltier’s paper and contain a brief 

description of each of the graphs to better understand the role each graph plays in the 

weathering process as it is described in Peltier’s paper: 

 

Chemical Weathering occurs where water and high temperatures allow for 

chemical reactions to take place.  The graph is designed by ranking the wettest 

and warmest areas as the areas where the most chemical weathering is taking 

place to the colder and drier areas, which contain less chemical reactions.   

 

Frost Action can also be termed as the Mechanical Weathering graph since it 

captures the areas where lack of high temperatures lend to more mechanical 

weathering than chemical weathering.  The graph defines where there are 

significant amounts of precipitation and the freezing point is breeched often.   This 

allows for freeze and refreeze, thus breaking down rock formations by mechanical 

means, i.e. rubbing, grinding and grating actions.  The Frost Action graph takes 

into account the areas where the mean annual temperature and precipitation are 

causing this effect, thus causing the most mechanical weathering.  The increasing 

temperature and increasing precipitation until the temperature is too high to allow 

for sufficient freeze thaw cycles to cause the mechanical weathering to take place 

define the other gradual regions.   

 

The Weathering Regions graph, also shown in Figure 1, is a combination of the 

Chemical Weathering and Frost Action graphs.  These two graphs when combined 

create the Weathering Regions since each is at the opposite spectrum of the 

Temperature means.   

 

Pluvial Erosion is the amount of erosion that is caused by higher precipitation 

amounts over a given area.  The regions of the pluvial erosion graph are perhaps 

the most confusing, since the areas with the greatest amount of precipitation and 

temperature are considered minimal compared to lower precipitation and 

temperature.  Perhaps Peltier was taking into account the vegetation that occurs 
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when you have high temperatures and large amounts of precipitation, namely 

tropical forests, which reduce pluvial erosion with all the plant matter and root 

systems.  Peltier may have considered these areas as having as much or less 

pluvial erosion as areas where precipitation was very low on an annual basis.   

 

 
Figure 2: Peltier’s 6 graphs (not including the Morphogenetic). 

 

Mass Movement is defined as areas where steep slopes and high annual 

precipitation cause the loosening and falling of large amounts of material.  The 

graph is indicative of these areas of great amounts of rainfall and precipitation and 

also of lower temperatures, where the freeze thaw cycle has less of an effect, and 

of higher precipitation.  Where the amount of precipitation is minimal, there is 

little mass movement occurring.   

 

Wind Action is defined as areas where wind action, also considered mechanical 

weathering, by means of high wind speeds due to lack of precipitation or of high 
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enough precipitation, and therefore a lack of vegetation to reduce wind speeds.  

The graph defines high annual temperature and precipitation as having less wind 

action due to high amounts of vegetation and moist soils, while low temperatures 

and areas with low precipitation are considered more vulnerable to wind action.   

 

 
Figure 3: Peltier’s Morphogenetic Regions graph. 

 

Finally, the Morphogenetic Regions graph, which is more of a climatic and 

vegetative classification than a weathering graph, illustrates the various climate 

regimes that the temperature and precipitation annual means can describe.  The 

actions of plants and the animals they support can have an affect on the 

weathering of any particular location to a lesser degree.  The classifications for the 

Morphogenetic Regions are:  

Selva – Wet and hot annually 

Maritime – Wet and warm annually 

Moderate – Less precipitation but still warm 

Savanna – Lower amounts of precipitation but temperatures range from 

low to high annually 

Semi-Arid – Low precipitation amounts and warm to hot 

Arid – Very little precipitation and hot 

Boreal – Warm but cycles between freeze-thaw cycle and enough 

precipitation to nurture hardy vegetation 

Periglacial – Freeze-thaw cycle is dominant and occurs often, and 
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Glacial – Freeze-thaw cycle less effective since temperatures stay very low 

year round. 

 

Although these graphs seem to define the different characteristics of the 

weathering process, the fact is that weathering in all its forms is happening in various 

stages at most locations simultaneously.  For example, the mountains of the mid-

continents do not lack in pluvial erosion simply because rain falls seldom on the leeward 

side, but rather the amount of pluvial erosion is reduced while wind action and frost 

action causes more of the weathering.  There is then a balance between these various 

weathering processes that are occurring at different levels and at different times of the 

season, and Peltier’s graphs are a simple but effective means of defining these processes.  

Therefore the goal of this study was to apply Peltier’s graphs to real world data and 

generate maps of where each of these processes occurs for the time period that the data 

collected represents.   

 

   Literature Review: 
 

Peltier’s “The Geographic Cycle in Periglacial Regions as it is Related to Climatic 

Geomorphology” AAG 1950 work is the focus of this work. Peltier’s paper is a standard 

that is still used today to describe the weathering processes of the Earth.  The focus of his 

paper was on the different types of weathering and erosion that are occurring due to the 

amounts of rainfall and temperature (Peltier 1950).  Most Geologic, Geomorphologic and 

other technical papers and books deal with weathering as a basis for understanding 

erosion and erosion processes, but not in any strong detail, and they often refer to 

Peltier’s 1950 paper as a basis for explaining the weathering process.   

Nikolai Mikhailovich Strakhov’s “Principles of Lithogenesis” (Strakhov 1967) is 

a very in depth study on the formation and complex nature of surface geology, 

specifically the soil and rock structures.  Strakhov’s book studies at length the process 

involving weathering and includes a general map of the weathering regions of the earth.  

However, the maps scale is very small and it does not clearly demarcate the regions 

boundaries but instead provides a general classification of where the processes, Chemical 
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and Mechanical, of Weathering are occurring.  Strakhov’s map was the only example of a 

weathering map found. 

Technical and academic papers exist that are related to weathering, but they are 

localized and niche specific.  An example is a paper written on weathering “Northern 

Weathering Rates; Clues from the Mackenzie River Basin, Canada” by Gaillardet, J. 

Millot, R. and Dupre, B., which discusses the rates of weathering in the high arctic 

latitudes and examines specific examples found in Canada’s Mackenzie River basin 

(Gaillardet 2002).  Although this was a very good paper that examined the weathering 

rates in the high latitude of Canada, this study did not approach the scale or the breadth of 

the goals of this paper.  Another example along these same lines is “The Role of Thermal 

Stress Fatigue in the Breakdown of Rock in Cold Regions” by Kevin Hall.  This study 

examines the role of thermal stress fatigue in geomorphological studies in great detail 

with examinations of formulas to represent the thermal stress fatigue occurring in the 

geology (Hall 1999).  Again, this paper was highly technical but narrow in scope when it 

comes to studying the Weathering process, only covering the frigid Polar Regions.  These 

are just a couple of examples of the types of papers found that were relevant for this 

study, but are not exactly what was needed for reference material.   

This author performed a similar study on this subject.  The data used for this 

project came from Wernstedt’s World Climate Data (Wernstedt 1972).  A quick overview 

of this project is that it took data points from Wernstedt’s book, which was in tabular 

format, selected out points by looking for completeness of data.  The factors were:  

location (latitude and longitude, state and city), availability of data (both precipitation and 

temperature) and length of time of observation (only the stations whose data was greater 

than 35 years was taken, with a few exceptions due to lack of coverage, to account for 

only the longest periods of data collection).  The resulting data table was in Excel format 

and was exported to a DBF, or database file, and imported into ArcView 3.2.  Included in 

the data was a Latitude and Longitude, in Decimal Degrees, for the point locations.  The 

points were then created in ESRI ArcView 3.2 GIS to form a shapefile of 747 points.  

This point file was then analyzed and manually coded per Peltier’s Weathering graph to 

describe the type of weathering associated with its data.  The resulting point file had a 

classification built in it that explained the weathering process for that location.  A 

polygon shapefile of the continental United States was built around this point file by 
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interpolating between the points and resulted in a polygon shapefile that showed the 

Weathering Regions of the continental United States. 
 

 
Figure 4: Map of the Theoretical Weathering Regions of the 

Continental United States using Wernstedt’s World Climate Data. 

 

The map in Figure 4 shows the result of this study.  What is not included is how 

there are large areas of non-coverage due to lack of data.  The data collection points of 

Wernstedt’s work involved locations where people were available to collect the data.  

Unfortunately, there are large areas across the United States, especially in the central and 

western United States, where there is little or no population to perform this function. The 

result is a conglomerate of data that is very tightly woven in the Eastern US while areas in 

the West and Central US that are often left devoid of data.  Beyond this is the fact that the 

data gathered was for undisclosed time periods, so the data can be over long periods of 

time, but the possibility exists that there are 747 different periods of time reflected in the 

data table.  Overall, the final map seems to be somewhat accurate and probably displays 

to a greater degree the basic areas of coverage of the types of weathering occurring in the 

United States of America’s lower forty-eight states (Fowler 2003). 
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The result of the Literature Review is a lack of literature on the weathering 

process in the same goal oriented way that this study is conducted.  New techniques and 

methodologies were needed to accomplish the goals of this study.  

 

Study 
 

  Study Area: 
 

 The study area will be confined to the continental United States.  The reason is 

simple, this was the only data that was available for this study.  The base data used for 

this study is divided into cells that will approximate the total land area but will overlie 

certain areas of water that are within and around the continental United States and will 

extend out into the oceans, gulfs, lakes and other large bodies of water.  Due to the nature 

of the raster data, these will be included in the analysis since they are included in the base 

data for the study. 

 

   Data: 

 
The main sources of data are the PRISM (Parameter-elevation Regressions on 

Independent Slopes Model) datasets for the Mean Annual Temperature and Mean Annual 

Precipitation, obtained from the Natural Resources Conservation Service (NRCS), a 

department of the United States Department of Agriculture (USDA).   
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Figure 5: Raster map of the PRISM Mean Annual Precipitation from 1961 to 1990. 

 

PRISM is a hybrid statistical-geographic approach to mapping climate and is 

produced using point measurements of climate data and a digital elevation model (DEM) 

as the base file and to save the estimated annual elements.  The datasets are from the 

period 1961 to 1990 and are the result of compilations of data from the NRCS PRISM 

data model.  The raster cells are projected in the geographic projection of decimal degrees 

and are approximately 4km horizontally.  The data was obtained in two ASCII text files 

from the USDA NRCS.  The files were imported into ArcMap using the ArcToolbox 

function Import to Raster, sub function ASCII to Grid to create the raster file.  The format 

the files are obtained in is precipitation in millimeters (mm) * 100 and the temperature is 

in degrees Celsius (C) * 100 per the metadata.   
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Figure 6: Raster map of the PRISM Mean Annual Temperature from 1961 to 1990. 

 

 

   Methodology: 
 

The goal of this study is to derive a new raster data file, which is an ASCII text 

file, which will reflect the data processed from the two input files, the Mean Annual 

Temperature and the Mean Annual Precipitation using Peltier’s graphs to produce output 

raster files in ASCII text format.  This was no small feat.  The formats of the text files 

were in whole numbers and in the wrong measurement scale, Metric instead of English, to 

be used with Peltier’s graphs.  There were just less than 1 million data points for each file.  

How to perform the task at hand was not easily found.  There was no software programs 

found that could perform the task.  The idea of creating a program was investigated, but 

was dismissed since the time limits for doing this study and for developing and testing a 

program simply did not exist.  How could this study be done without expending huge 

amounts of money, time and effort?  

A basic approach was decided upon to keep the job free of complex and time-

consuming processes.  An analysis of the job revealed that the desired result of processing 
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the data was to develop a Cartesian coordinate system graph using the Temperature and 

Precipitation data as the X and Y scales, respectively, to get a point value for each cell.  

The point would then need to be selected out according to the different “zones” of data 

per the graphs and then would recode the point according to the “zone” the coordinate fell 

into.  The results would be saved as a new file and a new raster file would be created that 

was an exact replica of the original in format and spatial coverage but would contain data 

extracted from the graph and replacing the original values of the temperature and 

precipitation data.   

Environmental Systems Research Institute (ESRI) software was discovered to 

have the ability to perform this function.  The ArcView program could import a database 

file (dbf) table and assign coordinates by adding the dbf table and then performing an 

Add Event Theme function and assign the Precipitation data to the X field and the 

Temperature to the Y field.  This would create a point shapefile that contained the 

location of each value in a Cartesian coordinate system and contain an attribute table that 

could be edited and exported to create the new tables.  The ArcView program could then 

be used to develop the graphs by performing measurements of the original graphs to 

“map” out the outlines of each of the charts.  The resulting points derived from the 

coordinates from the graphs would then be used to “cut up” a polygon to represent each 

of the seven graphs.  The polygon shapefile would then be coded by zone within the new 

polygons, and a Select By function performed to select all the points that fell within each 

zone.  The point file could be coded in the attribute table.  The resulting shapefiles dbf 

file would then be exported back to a word processing software package and the format of 

the original raster ASCII file would be recreated and saved.  The new ASCII text file 

would then be imported into ArcMap as a Grid and the new file would display the results 

of processing for each of Peltier’s graphs.   

All seven graphs would be processed this way to create the Grids that would 

represent Peltier’s graphs, resulting in a map for each graph of the United States of 

America’s lower forty-eight states.  The plan was realized and work began. 

 

   Processing: 
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Reality is never what you think it will be.  The problems began immediately 

following the realization of the plan.  The first step was to take the ASCII text files and to 

create a table from them.  The files were in space-delimited format, which precludes 

importing into tables.  The spaces needed to be turned into manual carriage returns to 

create one column.  Using Microsoft’s Word program, a Find and Replace function was 

initiated that found each character space and replaced it with a Manual Line Break, or 

Carriage Return.  The resulting file was then saved as a text file.   

The second step was to import the file into Microsoft’s Excel, a spreadsheet 

program, and to save it as a dbf.  However, Excel can only handle about 65,000 records in 

a column per file.  The text files contained almost a million records.  It was decided to 

create multiple text files from the original file and to number them sequentially to retain 

the order.  To verify an even distribution of values from file to file, it was found that at 

10-point font in New Courier, there were 57 entries per page, and 1,140 pages equated to 

64,980 records.  This equaled a total of 15 (64,980 * 15 = 974,700 records, but the total 

number of records was less than this, the fifteenth file contained the remainder of the data 

points) Excel files for each file, Mean Annual Temperature and Mean Annual 

Precipitation.  The new files were created and numbered sequentially to be recombined at 

a later point to keep the cohesive order of the data.  Once the 15 files were created in 

Word, the text files were imported into Excel.  In Excel, the temperature and precipitation 

data were aligned in two columns for each Excel file and the numbered files were saved 

again in sequential order as Excel files. 

The third step involved processing the data back into the original format then 

performing calculations to convert the data into the English Standard system because that 

is the system the graphs used.  The first step was to change the data from its ASCII text 

values to the original data it represented, which entailed dividing both files by 100, thus 

moving the decimal place two places to the left, the correct position for data accuracy per 

the metadata.  Next, the data was transferred into the English Standard system.  The 

temperature data was converted from Celsius to Fahrenheit using the formula F = C + 32 

* (9/5); and the precipitation data from millimeters to inches using the formula 1 inch = 

25.4 mm.  Here it is important to note that there are No Data values stored within the 

raster files, either –999 or –9999, and Manual Line Breaks, which were interpreted as 0’s 

when the tables were created from the text files, that were used to provide a matrix for the 
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raster ASCII files instead of one continuous line of data.  These were also processed as 

the rest of the data was, but the results fell outside the bounds or on the boundary of the 

polygons since the Cartesian graph have quadrants and the data all fell within the 

positive–positive quadrant.  Once all the files were processed the original data and the 

working data was removed leaving only the Temperature in Fahrenheit and the 

Precipitation in Inches.  All 15 files were saved as database files (dbf).  One problem 

encountered was the mismatch of 164 data points from the PRISM data sets; the 

Temperature file held valid data while the Precipitation file held No Data values at these 

164 locations.  The solution was to save the 164 data points as No Data values since the 

points could not be interpreted for the graphs without one of the two data points. 

 

 
Figure 7: Plot of the actual data dispersion from processing the Temperature and Precipitation data. 

Notice the outliers and other data points included in the data matrix. 

 

The fourth step involved opening the dbf files in ArcView.  Once they were all 

opened, the process of creating point files from each dbf file began.  By going to the 

Views and opening a view, then selecting the File Dropdown menu View, then choosing 

the Add Event Theme, each table was chosen and then the X field was given as the 

precipitation and the Y field was the temperature, a point file was created.  This point file 

was saved as a new Shapefile and named Twr-table-#, where the # is the tables’ id 1 
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through 15.  Once all 15 files were saved as Shapefiles, then the next step involved 

mapping the original graphs.  Each graph was plotted by X and Y coordinates, still using 

the same convention of X=Precipitation and Y=Temperature, and an Excel table was 

created to represent the points that defined the outlines of the regions.  The file was saved 

as a dbf file and imported and added as the other files were to create a new point file.  A 

polygon that captured all of the data points, which unfortunately contained a great many 

“out of bounds” points that did not fall within Peltier’s graph due to high precipitation 

values, was created.  This polygon was then saved for each graph and then it was edited 

and cut according to the points that were created to find the outlines for each graph.  In 

this manner, all the graphs were transferred into polygon shapefile format and each zone 

was coded and named in its attribute table.   

 

 
Figure 8: Peltier’s Weathering graph, same graph as in Figure 1, with the different zones color coded.   

The data points would be processed using this graphic polygon to recode each point depending on where it fell. 

 

The fifth step was the most critical since it involved coding each of the points 

according to the zone of the polygon it fell into, thus coding the new raster file.  The 

ArcView program has a GeoProcessing function called Assign data by location, also 

known as a Spatial Join, which enables each point file to be selected by its location on a 

polygon and the related shapefiles table, is selected by location and is added to the point 

files attribute table.  Once that is done, the related attribute field, such as the CW for 

Chemical Weathering column, is coded by that value, in this case as 1=Weak, 

2=Moderate, 3=Strong Chemical Weathering and 77=Outlier (any points that fell outside 
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of the bounds of Peltier’s original graph were coded as 77 for all the files), and by 

performing a map calculation and copying the field value from the graph table to the 

point file table, in this case the CW column.  All 15 tables for each of the seven graphs 

were processed and saved in this manner to build the tables for exporting into the final 

ASCII raster file format.  It is a good idea to point out that the reason the files cohesion 

was never in danger is because the Word, Excel and ArcView programs have built in 

ordering systems to keep data in its proper place.  As long as no additions or deletions 

occurred, the data was never corrupted.   

 

 
Figure 9: The Weathering points classified after being recoded. 

 

The sixth step was to export the data from the dbf files and to rebuild the original 

ASCII raster file format.  The Excel program was used to open each table and copy, in 

sequential order, the newly derived data into TextPad.  All seven tables were recreated in 

this manner.  The TextPad program was then used to record a Macro and run a Multi-

Macro.  The Macro was the command END then DELETE then SPACE-BAR, which was 

used to remove all the Manual Line Breaks and to add character space.  The 0’s were 

replaced with returns in Word to recreate the matrix of the original ASCII raster files.  

The coordinate, row and column and No Data values from the original file were placed at 

the beginning of the file and the file was completed.  Finally, the data files were verified 

using searches and manual quick checks.  At every step in this study, the work was 

checked and rechecked to verify the accuracy of the results. 
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The final step was to import the new ASCII raster files into ArcMap to view the 

results.  Importing the ASCII raster text file using the ArcToolbox function Import to 

Raster, sub function ASCII to Grid to create the raster file.  Then each file was opened in 

ArcMap, and the results were perfect, from a data processing standpoint.  No errors 

occurred and the images seemed to reflect the makeup of each of the graphs. 

    

   Analyze Results: 

 

 
Figure 10: The Weathering Regions map results from the processing of Peltier’s graph. 

 

The resulting raster Grids show the outcome of all the processing and rebuilding 

(see Appendix A for all seven maps of Peltier’s Graphs with its corresponding graph).  

Peltier’s graphs are transformed from rigid mathematical Cartesian coordinates to 

spatially represent different types of weathering, erosion and climate areas of the 

continental United States of America.  The study was a success, if only for using the 

graphs that Peltier had created in his paper and creating the Chemical Weathering, Frost 

Action, Weathering Regions, Pluvial Erosion, Mass Movement, Wind Action and 

Morphogenetic Regions maps.  A short review each map follows: 
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Chemical Weathering:  The map does seem to pick out the areas that are defined as 

having higher amounts of Chemical Weathering due to higher temperatures and rainfall. 

 

Frost Action:  This map is rather boring since all the cells except one were classified as 

insignificant.  This does not reduce the applicability of the freeze-thaw cycle, it just 

shows that within the US this is not a weathering factor. 

 

Weathering Regions:  Since this map is a combination of Chemical Weathering and Frost 

Action, the results are anticlimactic.  This is due to the Frost Action having little effect on 

the results of the map.  This is also a result of the mid-latitude location of the US, but 

again this does not reduce the applicability of the results. 

 

Pluvial Erosion:  Areas where rainfall is causing erosion are spread out rather evenly 

across the US, but the odd thing is that the areas with the most rainfall seem to lack in 

rainfall erosion, as was mentioned in the graphs comments.  This seems almost 

contradictory unless Peltier was considering heavy vegetative growth as a reduction to 

pluvial erosion. 

 

Mass Movement:  This is one of the more interesting maps, since the only areas that show 

high amounts of mass movement are located in areas with steep mountains and heavy 

rainfall.  It is interesting that the graph actually was able to select these locations out. 

 

Wind Action: The map is very interesting since it does seem to locate the areas where 

wind would be one of the more dominant weathering forces.  The plains and the deserts 

are the areas where this is occurring and the map shows this very well. 

 

Morphogenetic Regions:  Fascinating map that bases climatic delineations upon rainfall 

and temperature and it seems to have done an excellent job.  The regions are clearly 

defined and fit well with what is actually occurring.  This is definitely a very enlightening 

map. 
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Although the maps are interesting in their appearance, they are all variations on 

the same theme.  The data points did not change, but the graphs that selected out the 

points did, so the results are just different classifications of the data.  The results in some 

of the maps, like the Chemical Weathering and the Weathering, are basically the same 

since the Frost Action map had no influence on the results because the data was 

insignificant.  However, the maps are still very interesting and do show that this sort of 

analysis does lend credence to Peltier’s graphs since they did an excellent job of selecting 

the areas where the various weathering, erosional and climatic occurrences were. 

However, there are new questions that arise from this paper.  The most obvious is 

why are there outliers from Peltier’s graph?  Or conversely, why was a line from the 

freezing point at zero inches of precipitation to a point of 80 degrees Fahrenheit and 90 

inches of Rainfall created on the graphs?  This barrier is breached about 4,200 times by 

using the PRISM data.  There are amounts of rainfall in the PRISM data that reach 279.85 

inches of rain.  Obviously this is an extremely high amount of rainfall, but all of the areas 

that fall within this outliers zone are in mountainous regions and are on the windward 

side, so orographic rainfall in those high amounts are possible.  Again, the PRISM data 

sets are derived values based on real world collections of data as well as interpolations.  

In other words, the data is not actually collected, but interpreted through scientific means 

that can be defended, so the data should be valid.  Although these 4,200 points represent 

less than half of one percent of the total records for the files, they should be valid data 

points and therefore classified as such.  The question still remains if these graphs are 

accurate, and even Peltier himself noted in his paper that his graphs might need to be 

adjusted where found in error or for other reasons. 

Additionally, the results from this project and the previous project that involved 

Wernstedt’s data are somewhat similar.  This is understandable since both were created 

from the same graph and should therefore be similar.  However, there are major 

differences.  The Strong Chemical Weathering is much more widespread in Wernstedt’s 

data map, covering the whole of the Southeastern United States, while the areas in the 

PRISM data map of the Strong Chemical Weathering is isolated to the Gulf Coast around 

Louisiana, Mississippi, Alabama and Florida with sporadic pockets north of these areas.  

There is also no Slight Mechanical Weathering occurring in the PRISM data map, but 

there is a large amount occurring in Wernstedt’s data map in Minnesota, Wisconsin, and 
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the upper peninsula of Michigan, Maine and northern New York.  Aside from the 

obvious, that the maps sources and processing were completely different, these maps 

should have been more similar than dissimilar.  The main difference besides the source 

and processing type is the time periods the data was collected from.  The Wernstedt data 

was a culmination of data from well over one hundred years ago to the 1960’s, while 

Peltier’s maps were time specific to 1961 to 1990.  There is no way at this point to be 

completely certain, since the data was so different for the two studies, but it seems that 

the temporal aspect was the major difference between these two maps.  The division 

points for the regions are actually very similar, all be it understood that the PRISM data is 

much more accurate versus the unevenly spaced data points from Wernstedt’s data.  This 

is a very interesting aspect to this study. 

Another point is the fact that these regions are by no means static.  The entire 

point of this study was to see if Peltier’s graphs could be mapped, and they were.  

However, they are based on climatic histories, and the geologic record of the world points 

out that no place stays the same over a long period of time.  Global warming can also 

have an affect on the outcome of this study.  As the temperature increases, these 

weathering, erosional and climate regions will begin to move, as they have in the past, 

and if we could document where they have been and why they moved, we may be able to 

get a good idea of where things are going to happen next.   

 

   Conclusion: 
 

The results of this study are both interesting and enlightening, but they are by no 

means the answer to any question that seeks to define the weathering regions of the 

United States.  The process is ongoing and dynamic, so these regions will change.  What 

is known is that Peltier’s graphs proved to be accurate in their ability to locate the 

weathering, erosion and climate by graphing the Mean Annual Rainfall and the Mean 

Annual Temperature, in this case from 1961 to 1990, per his theoretical graphs.  

One of the facets of this study is the fact that the data used is obtained from 

government sources and is only shown at a scale adjusted rate that represents the whole of 

the United States without any consideration for other factors.  The data is therefore only 

as good as the scale it is viewed in and with some cautionary measures since it is just one 
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facet to a very complex natural world.  The maps will, however, be of scientific 

usefulness and could have some practical uses.  One such use would be to locate areas 

where certain materials will not function properly due to the weathering conditions.  

Engineers and planners could use this data to also plan accordingly for projects based on 

materials life expectancy and corrosion rates. 

 

   Future Research: 
 

 There are a lot of things that could be done or done differently.  One of the first 

items would be to further define Peltiers graphs and make them more adaptable to the 

data sets that are in existence.  This would mean recreating his graphs based upon either 

theoretically tested limits or by using real world data to define these various zones in his 

graphs.  In this manner, all the data of a given dataset can be coded and a complete 

picture of these graphs presented. 

This study should be redone but should use the data encompassing all the worlds 

landmasses and over as long a period of time as possible.  Without a truly large scale 

picture of the weathering, erosion and climate of the whole world and without a long 

enough period of data, it is folly to think that the results of any study like this one is 

accurate, it will be best described as a temporal snap-shot of the present weathering 

processes on the Earths geology.  To alleviate this, a study could be done that would 

encompass historical data as well as modern data.  The data from Wernstedt’s climate 

data book could be used to create a long-term view of these graphs for the whole world 

while more modern data could be used to obtain more recent views.  These two could 

then be used to compare the differences from the more historical approach to the modern 

equivalent and an analysis performed.  Who knows what patterns or questions could be 

extracted from such a study? 

On a smaller scale, a study of the other 30-year periods that data exists for, i.e. 

1941-1970, 1951-1980, etc. could be done.  A study could also be done that was all 

inclusive of this data to get a better time perspective picture, especially since the scientific 

accepted opinion is that we are now living in a warming period and that will definitely 

have an effect on the outcome of the different weathering regions and because a thirty 

year period seems like a long time to us, but geologically speaking, it is woefully short for 
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any kind of data analysis of a geologic occurance.  These different periods of weathering 

could then be put under a change detection routine to find the areas that are changing 

from one period to the next, thus identifying areas that are undergoing changes for 

whatever reason. 

Other data sets could be used to better represent the real world and therefore have 

more accurate delineations of the weathering, erosion or climate of a given area.  Some 

possible sources include: Geology of the United States (United States Geological Survey), 

Land Cover of the United States (AVHRR remote sensed data), Cities and Urban Areas 

of the United States (United States Geological Survey), Acidic Waters of the United 

States (Environmental Protection Agency), Elevation Data of the United States (30meter 

Digital Elevation Model), Forest Cover of the United States (AVHRR remote sensed 

data), Köppen Climate Regions of the United States (not yet found) and the Wilderness 

Areas of the United States (Bureau of Land Management).  With these data layers 

overlayed with the results of this study, or a better one that uses all the valid data points, a 

study could be conducted that would better represent the present day weathering in a 

given region for the United States.    

The ultimate goal of these studies should be to perform these analyses for all the 

worlds’ landmasses.  This would give a picture of the historical and current weathering 

occurring and could also be useful for any climatic or technical studies.  Perhaps they 

could even be able to predict the effects of world climate shifts.  However, no plans at 

this time are made for doing any such project. 
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Appendix A: Peltier’s Graphs Converted into Maps 

 

 

 



 25



 26



 27



 28



 29



 30

 

 

 



 31

 

References 
 

Fowler, Rell.  “A Project to Create a Map of the Theoretical Weathering Regions of the 

United States of America Using a Geographic Information System (GIS)”.  GEO 5419, 

Advanced GIS II.  Spring 2003. 

 

Gaillardet, J. Millot, R. and Dupre, B.   “Northern Weathering Rates; Clues from the 

Mackenzie River basin, Canada”.  Sixth international symposium on the Geochemistry of 

the Earth’s Surface (GES) Abstracts Volume 6 (2002): 23-26. 

 

Hall, Kevin.  “The Role of Thermal Stress Fatigue in the Breakdown of Rock in Cold 

Regions”. Geomorphology 31 (1999): 47-63. 

 

Peltier, Louis C.  “The Geographic Cycle in Periglacial Regions as it is Related to 

Climatic Geomorphology”.  Annals of the Association of American Geographers 40 

(1950): 214-236. 

 

Reiche, I.  “A Survey of Weathering Processes and Products”. Revised Edition University 

of New Mexico Publishers.  Geol., no. 3. 95 p.  1950. 

 

Strakhov, I. N.  “Principles of Lithogenesis”.  New York.  1967. 

 

Wernstedt, Frederick L.  “World Climatic Data”.  Climatic Data Press.  1972. 

 

 



 32

 

Author Information 
 

Rell Fowler, BS Geography, Masters of Applied Geography 

GIS Specialist I 

HDR Engineering, Inc. 

2211 South I-35 

Suite 300 

Austin, Texas 78741-3842 

Direct: (512) 912-5117 

Fax:  (512) 912-5158 

rell.fowler@hdrinc.com 

 

James F. Petersen, Ph.D., Professor 

Department of Geography 

Texas State University 

San Marcos, TX 78666 

Direct: (512) 245-3203 

Fax:  (512) 245-8353 

jp01@txstate.edu 


