
 
 
 
 

Exploration of Subsidence and Elevation 
 in Orleans Parish 

 
 
 
 
 
 
 
 

Prepared for: 
Urban and Regional Planning 969 

Applied GIS Workshop: Rethinking New Orleans After Hurricane Katrina 
Prof. David Hart 

Department of Urban and Regional Planning 
University of Wisconsin-Madison 

Spring 2006 
 

Prepared by: 
Jared Chapiewsky 

Laura Craig 
Paul Hampton 
Oriana Hull 

Catrine Lehrer-Brey 
Hugo Melikian 

Erika Rence 
Wintford Thornton 

Benjamin Webb 
Ryan Ziegelbauer 

 
May 3, 2006 



 2

  
 

Introduction 
Hurricane Katrina made landfall as a Category 3 storm on the morning of August 29th along the 
Central Gulf Coast, just east of New Orleans, Louisiana.  The storm surge from Katrina caused 
catastrophic damage along the coastlines of Louisiana, Mississippi, and Alabama.  The surge 
breached levees separating Lake Pontchartrain and the Mississippi River from New Orleans, 
ultimately flooding about 80% of the city.  Katrina is estimated to be responsible for $75 billion 
in damages, making it the costliest hurricane in United States history; the storm has killed 1,420 
people, becoming the deadliest U.S. hurricane since the 1928 Okeechobee Hurricane.1  
 
Hurricane Katrina brought many critical issues surrounding New Orleans to the table: Should the 
city be rebuilt? How should it be rebuilt? Is it safe? How can we make it safer?  Out of these 
questions come more questions about the sustainability of New Orleans as a center of American 
culture and commerce.  One key factor affecting sustainability is land subsidence.  From the 
years 1951 to 1995, the New Orleans metropolitan region saw a mean annual subsidence of 5 
millimeters per year.2  Combine this with sea level rise due to global warming and we have a 
very dangerous situation.  As the land subsides and the ocean gets closer to the city, the 
possibility for severe flooding, the likes of what we saw with Hurricane Katrina, increases. 
 
The purpose of this project was to predict subsidence in the New Orleans area over the next fifty 
years and to find possible relationships between subsidence and other factors such as geology, 
the location of pumping stations, land use, soil types, water wells, levees, and roads.  Using GIS, 
we created maps that show predicted subsidence in fifty years and layered that information with 
the other factors listed above to discover patterns.  The information found in this report is all 
very preliminary and many assumptions were made.  A few major assumptions are that the rate 
of subsidence will remain constant for the next fifty years, benchmark data is reliable and 
accurate, and no other factors influence subsidence.  We hope that this report will in some way 
assist in the efforts to rebuild New Orleans in a safe and sustainable way.   
 
 
 

                                                 
1From Wikipedia (en.wikipedia.org). 

2Burkett, Virginia R., Zilkoski, David B., and Hart, David A. “Sea Level Rise and 
Subsidence: Implications for Flooding in New Orleans, Luisiana. 
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Creation of Control Points and Kriging Layer 

 
 
 
Creation of Control Point Layer 
One of the goals of our project was to create a simple model to predict how much subsidence 
would occur in the next 50 years. To create this model, we were given a shapefile 
(NOVERT.shp) of National Geodetic Survey (NGS) Control Points. Each control point in the 
file had attributes for subsidence in the New Orleans region consisting of precise leveling data 
from 1951-55, 1964, 1984-85, and 1990-91. These networks were prepared using a minimum 
constraint least squares adjustment. With the leveling data, the change in elevation at each point 
between these time periods had been calculated. From this information, an initial attempt at 
predicting subsidence could be made by an interpolation of the leveling observations into the 
future. 
 
In the NOVERT shapefile, rates of subsidence per year for the time between the leveling dates 
are given. In our analysis, we decided to use the rate of subsidence between 1951 and 1991, as it 
was the longest period available. It should be noted that the rate of subsidence between some of 
the other periods is different then the rate from 1951-99. For example, the overall rate of 
subsidence appears to have accelerated across the developed portion of the city from 1985-91. 
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So if someone were to develop our model further, it would be worthwhile to calculate these 
changes of rate into the model.  
 
Having decided on a rate, we performed a spatial join of the NOVERT points with an up to date 
shapefile of control points, downloadeded from the NGS website on 2/15/06. This would allow 
us to have current data on the stability of the points, and it would ensure we only used points in 
our analysis that were still in existence today. 
 
Next, we converted the rate of subsidence per year for the period of 1951-99 from millimeters to 
feet. We then multiplied the rate by 50, to give us a prediction of subsidence after 50 years. Once 
we had the amount of subsidence after 50 years, we were able to use an interpolation method 
called kriging to generate a surface.  
 
As you can see, this prediction does not take into account many other variables that might affect 
subsidence, such as the location of fault lines, pump stations, etc. This would need to be 
addressed if our model was to be developed further. It would also be interesting to look at how 
much subsidence would be predicted after 50 years using the rate of change between some of the 
other leveling periods. Obviously there are many things that can be done to improve this model, 
but it can at least act as a warning. New Orleans will continue to sink in the long time, and being 
able to show people how drastic this sinkage is, even if it is just an estimate, is vital.  
 
Kriging 
Dr. Hart created a database of elevation points maintained by the National Geodedic Survey and 
correlated the rate of change for three separate time periods. 
 
The elevation surface was created through the Geostatistical Analyst tool in ArcGIS.  
Geostatistical Analyst uses sample points taken at different locations in a landscape, such as 
elevation points and creates a continuous surface based on the similarity of nearby sample 
points. 
 
The elevation surface was created through geostatistical methods, which rely on not only the 
distance between measured points but the statistical relationships and overall spatial arrangement 
among measured points.  Geostatitics use the data to estimate the spatial autocorrelation of 
points (based on the assumption that things that are closer are more alike than things farther 
apart) and to make a prediction of where new points would lie in a region (Chapter 3, 11, Esri).  
In particular, kriging was the technique utilized to create the elevation surface. 
 
The Geostatistical Analyst tool in ArcGIS made the work of creating an elevation surface both 
intuitive and straightforward once input values and variables were understandable.   
One of the first important steps is to determine the proper semivariogram model to apply to the 
137 sample points.  This process involves several steps in the Geostatistical Analyst tool in 
ArcGIS and are outlined below.   
 
Determination of the Number of Lags and the Lag Size  

- Components that determine the points created in the semivariogram cloud. 
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- Rule of Thumb: multiply the lag size by the number of lags, which would be about 
half of the largest distance among all points.   

o Lag Size is determined by examining the distance to other points within a 
region.  It was determined that a distance between 500m and 1000m would be 
an appropriate average distance.  After analyzing the points further a lag size 
of 1000m was selected.   

o The number of lags was determined based on the rule of thumb above. 
 # Lags = ½ max distance of points (9,000m) / Lag size (1000m) 
 The Number of lags used was 9 

 
Selection of Semivariogram Model 

- The selection of this model will determine how the new points are selected for the 
elevation surface 

- The two most common models are Spherical and Exponential.  For this analysis these 
two models were compared and it was determined that the spherical model best fit the 
points in the semivariogram cloud.  See figure below. 

 
Searching Neighborhood 

- In general the default values were used in this portion of the analysis 
o Neighbors to Include – 5 
o Minimum number of neighbors - 2 
o Shape type – circle with 4 quadrants 

 Circle was chosen because there did not appear to be directional 
influences on the spatial autocorrelation of the data. 

 
ESRI suggests using Cross-Validation and Validation tools to help understand how well the 
model predicts the values at unmeasured locations.  However, given the time constraints and lack 
of available expert knowledge on kriging, only minimal validation diagnostics were not 
performed on elevation surface.  The following information explores some of the statistics 
generated by ArcGIS for the created surface elevation. 
 
Generated Statistics from ArcGIS illustrate a low Root-Mean-Square (RMS) value which 
indicate that the predicated points are well correlated.   
 
Samples points: 137 
Mean: 0.01256 
Root-Mean-Square: 0.2792 
Average Standard Error: 0.2119 
Mean Standardized: 0.04058 
Root-Mean-Square Standardized: 1.418 
 
In Figure 1 below the QQplot displays the quantile-quantile plot of the sample quantiles of the 
sample points versus theoretical quantiles from a normal distribution.  The distribution of sample 
points is quite linear which indicates that the distribution of points is normal.   
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Lastly, the predicted model in Figure 2 shows that the points do not vary much off the predicted 
values generated in the kriging process.   
 
The elevation surface created from kriging is based on a set of assumptions that were based on 
input values and parameters that best matched the literature provided from ESRI and from the 
suggestions of individuals at the University of Wisconsin.  Kriging and geostatistical analyses 
can be conducted in many ways which may reveal different results.  Our goal in this process was 
to create an elevation surface that provides a possible interpretation of elevation.   
 
Figure 1 
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Figure 2 
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Subsidence and Soil Type 

 
 
 
Analysis of the Correlation between Subsidence Rates and Soil Type 
 
Introduction    
    Based on soil type, the ideal soils for development are Commerce/Cancienne Series (Cm, Co, 
CS), found high on natural levees; followed by the Sharkey Series (Sk, Sh) found at intermediate 
levels on natural levees. These soils are firm, with high mineral content. Another potentially 
good soil would be the Harahan Series (Ha), due to its high clay content. It is found in former 
drained swamps. 
     The least desirable soils for development, based on type are Allemands (Ae), and Aquents 
(An, AT), due to their high organic matter content. These will compact easily when drained.  
     An intermediate type for building is Westwego Series (Ww). It is a mix of clayey and organic 
material, found in artificially drained areas that are protected by artificial levees. 
Human influenced areas are Urban land (Ub) and Levees-Borrow pits complex. It is assumed 
that these are not ideal development areas, due to instability. 
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Analysis of Correlation 
  The subsidence and soils map shows a loose correlation between soil type and subsidence 

rates. The highest subsidence rates are on the Urban land, followed by Aquents and Allemands. 
Westwego clay is also in many of the intermediate to high subsidence rate areas. The slowest 
subsidence rates are found in Harahan clay, Commerce, and Sharkey. However, as noted on the 
map, there is overlap in all areas: for example, some high subsidence regions also extend into 
Sharkey soils. Other variables must contribute to subsidence rates as well, such as drainage, 
possible fault lines, and overlying pressure from buildings. 
 
 

Orleans Parish Soils 
 

I. Classification: 
 

Allemands Series 
Poorly drained, slowly permeable, organic soils. Moderately thick accumulations of decomposed 
material, underlain by clayey alluvium. In drained marshland. Have organic layers more than 51 
inches thick. 
 
Clovelly Series 
Poorly drained, slowly permeable, organic. Brackish coastal marshes. Clayey soils. Organic 
material is 16-51 inches thick. 
 
Commerce Series (Cancienne) 
Somewhat poorly drained, moderately permeable, firm, mineral soils. Formed in loamy 
Mississippi alluvium. High on natural levees. Fine silty soils. 
 
Gentilly Series 
Very poorly drained, very slowly permeable. Formed in thin organic matter remains and clayey 
alluvium, underlain by clay. 
 
Harahan Series 
Poorly drained, very slowly permeable, formed in clayey alluvium. Upper part is firm. In drained 
former swamps. Soils are rarely flooded. 
 
Kenner Series 
Poorly drained, rapidly permeable. Formed in organic material in freshwater marshes. Typical 
Kenner muck is drained. Organic material is 50-100 inches thick. 
 
Lafitte Series 
Very poorly drained, organic soils. Rapidly permeable. In brackish marshes; usually ponded. 50-
100 inches to mineral layer. 
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Sharkey Series 
Poorly drained, very slowly permeable, firm, mineral soils. Formed in clayey alluvium. Low to 
intermediate positions on natural levees. 
 
Westwego Series 
Poorly drained, very slowly permeable. Formed in clayey and organic material. In brackish, 
drained former marshes. Artificially drained; protected from flooding with artificial levees. 
   
II. Physical Properties:    
                         
Map Symbol Soil Name Depth 

(inches) 
% Clay % Organic  

Matter 
Ae Allemands 

Muck, drained 
0-6 
6-30 
30-46 
46-60 

-- 
-- 
60-95 
20-95 

30-85 for 
Surface layer 
only 

An, AT Aquents 
dredged 

 
 

  

CE Clovelly 
muck 

0-31 
31-72 

-- 
50-90 
 

30-60 surface… 

Cm (Commerce) 
Cancienne silt 
loam 

0-5 
5-33 
33-60 

14-27 
14-39 
14-39 

.5-4 surface… 

Co (Commerce) 
Cancienne silty 
clay loam 

0-4 
4-32 
32-60 

27-39 
14-39 
14-39 

.5-4 surface… 

CS (Commerce) 
Cancienne and 
Schriever 

0-5 
5-29 
29-60 

14-27 
14-39 
14-39 

.5-4 surface… 

GE Gentilly 
muck 

0-10 
10-40 
40-80 

45-90 
60-95 
60-95 

-- 

Ha Harahan 
clay 

0-6 
6-36 
36-72 

50-95 
60-95 
60-95 

2-25 surface… 

Ke Kenner 
muck drained 

0-36 
36-40 
40-75 

-- 
45-85 
-- 

30-60 surface… 

LF Lafitte 
muck 

0-75 
75-90 

-- 
60-90 

30-70 surface… 

Sh (Sharkey) 
Schriever silty 

0-5 
5-24 

27-35 
60-90 

.5-4 surface 
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clay loam 24-60 25-39 
Sk (Sharkey) 

Schriever clay 
0-5 
5-37 
37-60 

40-60 
60-90 
25-39 

.5-4 surface… 

Ww Westwego 
clay 

0-29 
29-38 
38-70 

50-95 
60-90 
60-95 

2-25 surface… 

 
Map Unit                                    Urban Uses 
 
Sharkey-Commerce:          Poorly suited: flooding, wetness, shrink-swell, moderately   
                                             slow and very slow permeability, low strength for roads and  
                                             streets. 
 
Clovelly-Lafitte-Gentilly:  Not suited: flooding, ponding, low strength. 
 
Harahan-Westwego:          Poorly suited: flooding, wetness, slow permeability, shrink- 
                                             swell, low strength for roads. 
 
Allemands, drained- 
Kenner, drained:                Poorly suited: flooding, wetness, subsidence, low strength for  
                                             roads. 
 
Aquents:                             Not suited: flooding, wetness, subsidence, shrink-swell, low  
                                            strength for roads. 
 
 
 

Resource: 
United States Department of Agriculture (1989), Soil Survey of Orleans Parish, Louisiana, 
Issued in September. 
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Subsidence and Water Wells 

 
 
 
Water Well Project Description 
This is a reference layer to identify the location of water wells in New Orleans to make a future 
subsidence model with GIS technology. 
 
Water well pumping affects the level of subsidence. The task is to model water well pumping 
rate throughout the New Orleans Parish and determine the correlation between water well 
pumping rates and subsidence. This can not be done without proposed average daily pumping 
rates in gallons per minute, the number of hours per day the pump runs, the number of days per 
year the pump runs, the motor HP of the pump and pumping setting’s unit of measurement. This 
information is available for a fee on the standard long form (DOTD-GW-1) from the Louisiana 
Department of Transportation and Development, but it was not in the water well meta-data. 
 
In the New Orleans area, there are a total of 2,377 water wells, which are active and non-active 
(abandoned, plugged, destroyed, and excavated).  The wells date from 1854 to 2005. There 1,069 
active water wells and 1,308 non-active wells. 
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The water wells have several owners such as, Exxon-Mobil, E Z Serve, Hotard Coaches, Bank 
One, SC Medical Center, and Lockheed Martin.  Each use the water wells for different 
commercial, therapeutic, municipal, rural, and government purposes.  Industrial uses vary from 
petroleum refining, chemical, paper, lumber, primary metal to food products. 
 
Active and Not Active Water Wells 
 The 2,377 water wells were assigned active and non-active status through a process of 
identifying the use and sub-use codes assigned to each well to determine which wells were 
abandoned, destroyed, excavated out, inactive or plugged and then categorizing the water wells 
with a status code: is 0 for not active and 1 for active wells. 
 

WELL USE SUB-USE 
 A Any Use  - A 

 - D 
 E X 
 - I 
 P A 

Abandoned 
Destroyed 
Excavated Out 
Inactive/Standby 
Plugged 

 B Borehole/Pilot Hole  - -   
 C Cathodic  - -   
 D Dewatering  - -   
 E Power Generation  - -   
 H Domestic  - -   
 I Irrigation  - - 

 - Q 
 - S 

  
Aquaculture 
Stock 

 L Heat Pump  H H 
 H S 

Hole 
Supply Well 

 M Monitor  - -   
 N Industrial  2 0 

 2 2 
 2 4 
 2 6 
 2 8 
 2 9 
 3 3 
 9 9 

Food and Kindred Products 
Textile Mill Products  
Lumber & Wood Products 
Paper & Allied Products  
Chemicals & Allied Products 
Petroleum Refining & Related Industries  
Primary Metal Industries 
Other 

 O Observation  - O 
 - Q 
 - W 

Multiple Purpose 
Water Quality 
Water Level 

 P Public Supply  - C 
 - M 
 - P  
 - R 
 - T 
 - Z 

Commercial 
Therapeutic 
Municipal 
Rural  
Institutional/Government 
Other 



 14

 
 
References for Water Well Section 
 
Louisiana Department of Transportation and Development. (2006, April). Water Well Registry. 
Public Works & Water Resources Division. Last assessed on April 23, 2006. 
http://dotdgis2.dotd.louisiana.gov/website/lwwr_is/viewer.htm. 
 
Louisiana Department of Transportation and Development. Explanation of Terms for the 
Louisiana Department of Transportation & Development's Computerized Listing of Registered 
Water Wells and Holes. Public Works & Water Resources Division. Last assessed on April 23, 
2006. http://www.dotd.louisiana.gov/intermodal/wells/explanation_of_terms.asp. 
 
Louisiana Department of Transportation and Development. List of Aquifers and Confining 
Units.  Last assessed on April 23, 2006. 
http://www.dotd.louisiana.gov/intermodal/wells/geologic.asp. 
 
Louisiana Department of Transportation and Development. Registered Water Wells. Public 
Works & Water Resources Division. Water Resources Section. New Orleans Parish Data Query. 
Last assessed on April 23, 2006. http://www.dotd.louisiana.gov/intermodal/wells/welldata.asp. 
 
Louisiana Department of Transportation and Development. Use and Sub-Use Computer Codes 
for Water Wells and Holes.  Public Works & Water Resources Division. Last assessed on April 
23, 2006. http://www.dotd.louisiana.gov/intermodal/wells/use_sub_use_codes.asp. 
 
Louisiana Department of Transportation and Development. Water Well Registration Data File. 
Public Works & Water Resources Division. Last assessed on April 23, 2006. 
http://www.dotd.louisiana.gov/intermodal/wells/home.asp. 
 
Office of the State Register (OSR). (2005, March). Louisiana Administrative Code. Title 56 
Public Works. Last assessed on April 23, 2006. http://www.state.la.us/osr/lac/56v01/56v01.pdf. 
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FACTORS OF LANDSCAPE CHANGE AND LAND LOSS 
 
Sea Level Rise 
The average rate of sea level rise is currently 0.39 
ft/century (0.12 cm/year). Until recently, the sea 
level rise rate has been low, accounting for only 
a small component of the change along the 
Louisiana coast. Most of the recorded relative sea 
level rise has been related to subsidence. The best 
estimate of sea level experts is that the level of the 
world’s oceans will increase 8 inches (20 cm) over 
the next 50 years (Fig. 4-3). 
 
Subsidence 
Subsidence is the combined effect of geological movement along faults and compaction of 
poorly consolidated sediments. 
 
Compaction 
Compaction is related to the type and thickness of Holocene Period (modern) sediment that has 
accumulated on top of the weathered surface of the Pleistocene formation during the past 5,000 
years. The poorly consolidated clay and peat beds had higher water content at the time of 
deposition. They were compacted and lost volume after burial. This compaction process, which 
still continues, contributes to subsidence. Where these deposits are thick, compaction and 
subsidence rates are higher. 
 
Sinking of Fault-bounded Blocks 
Hundreds of faults have been mapped in the coastal area by petroleum geologists (Wallace 
1957). The fault pattern is complex. Many faults are deep seated, and the most significant occur 
in trends and zones. These fault trends and zones define irregularly shaped blocks, which may be 
rising, subsiding, and/or tilting in relation to neighboring blocks (Gagliano and van Beek 1993). 
All blocks within the coastal zone are subsiding. Fault trends and zones separating rising blocks 
and sinking blocks are called hinge lines. Cities on upland rising blocks include Slidell, 
Mandeville, Ponchatoula, Baton Rouge, Lafayette, Abbeville, and Lake Charles. 
The area of most intensive faulting occurs within a triangle in the Deltaic Plain, which is 
bounded by the NE-SW trending Thibodaux fault trend, the NWSE trending Terre aux Boeufs 
fault trend and the Gulf of Mexico.  
 
“Episodes of active fault movement are separated by dormant periods or periods when 
movement persists as slow creep. In the latter instance, sedimentation rates may approximate the 
rate of fault movement and mask the surface effects.” The opposite effect is found when 
sediment is deprived from the surface and subsidence can be measured. (Gagliano, Kemp, 
Wecker, and Wiltenmuth, 2003) 
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Subsidence Rates 
Data for calculating subsidence come from a number of sources. These data include: (1) depth of 
surfaces upon which human structures (prehistoric Indian village sites, lighthouses, forts, roads, 
etc.) were built; (2) radiometric dating of buried peat deposits; (3) tidal gauge records; and (4) 
sequential land surveying. The latter technique provides the best measure of present subsidence 
rates. 
 
Studies conducted by Shea Penland and others (Ramsey and Moslow 1987; Penland et al. 1988; 
Penland et al. 1989; Penland and Ramsey 1990) have led to the conclusion that the subsidence 
rate for the Deltaic Plain is 3.0 to 4.3 ft/century (0.9 to 1.3 cm/yr) and for the Chenier Plain it is 
1.3 to 2.0 ft/century (0.4 to 0.6 cm/yr). Subsidence rates in some areas of coastal Louisiana have 
increased significantly during modern decades (Van Beek et al. 1986; Penland et al. 1988). The 
difference is related to the combined effects of fault movement and sediment compaction. 
 
Altered Hydrology 
Navigation channels and canals dredged for oil and gas extraction have dramatically altered the 
hydrology of the coastal area. North-south channels and canals brought salt water into fresh 
marshes where the salinity and sulfides killed the vegetation. Canals also increased tidal 
processes that impacted the marsh by increasing erosion. East-west canals impeded sheetflow, 
ponded water on the marsh, and led to stress and eventual loss. Jetties at the mouth of the 
Mississippi River directed sediment into deep waters of the gulf. 
 
Storms 
Much of the coastal loss has occurred during storm events, which include not only hurricanes, 
but also storms related to passages of fronts, which are most severe in winter months. Within 
several days, storms can cause major landform alterations to barrier islands and the gulf shore. 
Alterations may include removal and redistribution of sediment and creation and alteration of 
inlets.  
 
Dredge and Fill Activities 
Prior to the regulation of dredge and fill activities in wetlands, large areas of swamp and marsh 
were converted into fastlands for agricultural, residential and industrial uses. This practice has 
been almost completely halted, but dredge and fill for petroleum exploration, pipelines, canal 
developments, and industrial uses have directly and indirectly contributed to marsh destruction. 
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Note:  The maps not found in this write-up, Land Use, Geology, Stability, and Flood Zones, are 
included as appendices.  


