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This study is a test of a methodology to predict changes in elevation and 

shoreline position of coastal wetlands in Trinity Bay, Texas, in response to projected 

sea level rise. The study combines numerical modeling and a geographic information 

system. A smoothing technique is used on a United States Geographical Survey 

(USGS) digital elevation model to obtain elevation profiles that more accurately 

represent the gently sloping wetlands surface. The numerical model estimates the 

expected elevation change by raster cell based on input parameters of predicted sea 

level rise, mineral and organic sedimentation rates, and sediment autocompaction rates. 

A GIS is used to display predicted elevation changes and changes in shoreline position 

as a result of four projected sea level rise scenarios over the next 100 years. Results 

demonstrate that this numerical model and methodology are promising as a technique 

of modeling predicted elevation change and shoreline migration in wetlands. The 

approach has potential utility in coastal management applications. 
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INTRODUCTION 

 This study concerns modeling of surface elevation changes in wetlands in 

response to projected sea level rise in the Trinity Bay Estuary (Fig. 1), part of the 

Galveston Bay ecosystem along the Texas coast. The goal of this study is to 

predict changes in wetland area and migration of the bay’s coastline over the 

next century. Estuaries are defined as semi-enclosed transitional zones where 

salt water from the sea mixes with fresh water flowing from inland sources such 

as rivers, creeks, and streams (Galveston Bay Estuary Program, 2002). 

Estuarine waters are some of the most fertile in the world due to their abundant 

supply of nutrients. These nutrients have several sources, including freshwater 

flow, tidal exchange of ocean waters, atmospheric nutrients, and the recycling of 

nutrients from bottom sediments (Galveston Bay Estuary Program, 2002). 

Wetlands are estuarine habitats supported by the nutrient supply. As vital 

components of a coastal ecosystem, estuarine habitats provide food and water, 

cycle essential nutrients through the local environment, restrain pollutants to 

prohibit further contamination within the area, and serve as areas of recreation, 

tourism, and research (Galveston Bay Estuary Program, 2002). 

 Wetlands are of special importance in the overall health of coastal 

ecosystems. Fringing wetlands serve as filtering zones for organic and sediment 

runoff from land. They aid in flood control by slowly releasing runoff waters into 

the bay in contrast to man-made drainage systems which release flood waters 

rapidly. Well-vegetated fringing wetlands provide a buffer between high-energy 

open waters and land, protecting land areas from erosion. Wetlands also provide 
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habitats for several species of plants, fish, birds, and other wildlife. Recreational 

and commercial fish species utilize the wetlands during various stages of their life 

cycle, and birds use these areas as feeding grounds. Commercial fishing in 

Galveston Bay produced 65, 425,417 pounds of finfish, shrimp, eastern oysters, 

and blue crab contributing $98,978,748 to the local economy from 1994 to 1998 

(Galveston Bay Estuary Program, 2002). 

 The importance of Galveston Bay wetland ecosystems has led to a series 

of conservation and restoration efforts initiated by the Galveston Bay Estuary 

Program. The Galveston Bay Plan is a list of seventeen problems, in prioritized 

order, summarizing the nature of the problem, management efforts and 

recommended approaches designed to reduce future problems, and progress on 

each point. Wetland loss is the number one priority on the list (Galveston Bay 

Estuary Program, 2002). 

 GBEP Priority 1. “Vital Galveston Bay habitats including wetlands have 
 been lost or reduced in value by a range of human activities, threatening 
 the bay’s future sustained productivity” (Galveston Bay Estuary Program, 
 2002).  
 
Wetland loss is attributed to a variety of causes, including relative sea level rise, 

coastal subsidence, land use change, reductions in fluvial sediment supply, and 

subsidence from removal of subsurface fluids such as petroleum and 

groundwater (Galveston Bay Estuary Program, 2002). Eight percent, or about 

26,400 acres, of the overall estuarine wetland coverage in Galveston Bay was 

lost to these causes from 1950 to 1989, resulting in the conversion of wetlands to 

open water (White, 2002). The rate of wetland loss has decreased over time with 

the banning of dredging and the initiation of groundwater withdrawal regulations 
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and habitat restoration programs. Still, loss reduction is a top priority of the 

Galveston Bay Plan (Galveston Bay Estuary Program, 2002). 

 GBEP Priority 14. “Some bay shorelines are subject to high rates of 
 erosion and loss of stabilizing vegetation due to past subsidence/sea level 
 rise and current human impacts” (Galveston Bay Estuary Program, 2002).  
 
 Shoreline erosion is an effect of sea level rise, subsidence, storm waves, 

tides, and human activity (Galveston Bay Estuary Program, 2002). Fringing 

shorelines in Galveston Bay historically retreat at a rate of 0.7315 meters/year 

(Paine and Morton, 1991). Between 1932 and 1982, 78 percent of Galveston 

Bay’s shoreline was affected by erosion and 12.5 square miles of land were 

transformed to open bay waters (Paine and Morton, 1986). The fringing wetlands 

in Trinity Bay help protect these shorelines against erosion, minimizing wave 

impact and stabilizing sediment. Vegetation aids the functionality of fringing 

areas, with the roots forming a matrix which strengthens sediments and prevents 

loss (Craft et al., 1993).  

 The Coastal Erosion Planning and Response Act was enacted by the 

Texas Legislature in 1999 to help deal with the effects of erosion. The bill states 

that “a person may not undertake an action on or immediately landward of a 

public beach or submerged land, including state mineral lands, relating to erosion 

response that will cause or contribute to shoreline alteration. The land office shall 

implement a program of coastal erosion avoidance, remediation, and planning” 

(SB 1690, 1999).  Coastal Erosion Planning and Response Program (CEPRA) of 

Texas is a partnership between the Texas General Land Office, federal and local 

governments, and coastal communities’ citizens.  These entities have 
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collaborated to use CEPRA funds for estuary programs, beach nourishment 

projects, dune restoration projects, shoreline protection projects, habitat 

restoration/protection, university research, non-profit groups and studies (Coastal 

Erosion Planning and Response Program). 

 Subsidence is a key contributor to wetland losses, primarily as a result of 

groundwater and petroleum pumping (Galveston Bay Estuary Program, 2002). 

The Harris-Galveston Coastal Subsidence District was created by the Texas 

Legislature in 1975 to regulate groundwater withdrawal in the Galveston Bay 

area and reduce the effects of subsidence (Galveston Bay Estuary Program, 

2002). The District implemented regulatory procedures regarding groundwater 

withdrawal and subsidence stabilization in the coastal areas. Further regulatory 

plans were created, and ultimately mandated in 1999, to manage subsidence in 

inland areas of the District. The goal of the new regulations is to reduce 

groundwater withdrawal to 20 percent of the total water demand by 2030 for 

northern and western Harris County. Plans are underway ton convert to surface 

water usage from Lake Houston. The HGSD also operates a successful water 

conservation program, Waterwise, to educate the public on water conservation 

methods and efficient water uses (Harris-Galveston Coastal Subsidence District, 

1998). 

 Relative sea level rise is the net sum of subsidence and local sea level 

rise, and can be attributed to global sea level rise, local subsidence and sediment 

compaction. Galveston Bay maintains an average annual sea level rise of 

6.4mm/yr (Fig. 7) based on tide records recorded by the Permanent Service for 
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Mean Sea Level from 1908-2001 (PSMSL; Williams, 2003).  Relative sea level 

rise can inundate low-lying wetlands; threatening to convert coastal wetlands to 

open water. Consequential problems include shoreline erosion, habitat 

destruction, and economic losses for fishery industries (Galveston Bay Estuary 

Program, 2002). Vertical accretion and sedimentation help a wetland maintain its 

elevation. If sedimentation rates are sufficient, vertical accretion of the wetland 

may be able to keep pace with or even exceed relative sea level rise. 

 Surface elevation change can be described as the change in elevation 

due to vertical accretion and soil volume changes. These volume changes are 

attributed to several sedimentary processes including compaction, 

decomposition, and shrink\swell effects. Wetland surface elevation is also 

affected by seasonal variations in the water level, plant production and 

decomposition, and major storms that add water weight and hasten soil 

compression (Cahoon et al., 1995).  

 Mineral and organic sedimentation are important components of total 

sedimentation that impact local autocompaction and surface elevation change.  

Riverine inflow is necessary for mineral sedimentation, although construction of 

upstream dams and reservoirs can reduce the volume of sediment provided to 

wetlands (White et al., 2002). Mineral sedimentation advances wetland 

vegetation growth by providing nutrients necessary for plant growth and 

promoting organic matter accumulation. A higher salt content in wetland waters 

constitutes the need for more mineral sediment to counteract the salt stressors 

that lead to losses of vegetation and wetland area (DeLaune, et al., 2003). 

5



 

 Sedimentation rates vary depending on relative elevation and the amount 

and species composition of vegetation (White et al., 2002). The degree of 

sedimentation and wetland loss correlates with several parameters such as the 

size of the coastal drainage basin, average annual rainfall, suspended sediment 

load, and the rates of relative sea level rise. If sedimentation rates exceed 

relative sea level rise and autocompaction, surface elevation may keep pace with 

sea level and relative elevation of the wetland surface will be maintained. 

 Vertical accretion occurs through minerogenic and organic sedimentation. 

Sediment deposition and accumulation are affected by the frequency and depth 

of flooding. Organic matter accumulation is greater in irregularly flooded wetlands 

than in regularly flooded wetlands. Irregularly flooded wetlands, receiving only 

spring and storm tides, are associated with low energy brackish water 

environments, allowing an accrual of organic matter. Organic matter is removed 

from regularly flooded wetlands by twice-daily tides; therefore the material is not 

permitted enough time to accumulate before it is washed out with tidal flows a 

(Craft et al., 1993).   

 Shallow autocompaction is another factor working to decrease local 

elevation as a result of the compaction of organic and minerogenic sediments 

and the decay of buried organic sediment. Shallow autocompaction is dependent 

upon multiple factors including sediment texture and organic content (Williams, 

2003). There is a greater compaction rate in thicker substrates due to an 

increased potential for post-depositional compaction of sediments (Cahoon, 

1995). Autocompaction can be defined as shallow or deep. Shallow 
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autocompaction occurs in the upper 5-10 meters of soil, contributing a significant 

component to the total subsidence of a coastal wetland soil environment 

(Cahoon, 1995). Shallow autocompaction is calculated as the difference between 

vertical accretion and surface elevation change (Fig. 2, Williams, 2003). Total 

subsidence is the sum of shallow and deep subsidence (Cahoon et al., 1995). 

Surface elevation change is found by subtracting the rate of shallow 

autocompaction from the rate of vertical accretion (Fig. 2, Williams, 2003). 

 

Objectives 

 The objective of this study is to predict elevation change and shoreline 

position of coastal wetlands in Trinity Bay, Texas, in response to projected sea 

level rise using numerical modeling and Geographic Information Systems. A 

realistic Digital Elevation Model of the study area will be produced from USGS 

National Elevation Dataset data. The numerical model will estimate the expected 

elevation change by raster cell based on input parameters of predicted sea level 

rise, mineral and organic sedimentation rates, and sediment autocompaction 

rates. A GIS will be used to display predicted elevation changes and changes in 

shoreline position as a result of projected sea level rise over the next 100 years. 

Four projected values of relative sea level rise will be used to investigate four 

contrasting scenarios of sea-level rise. The study will use preliminary data 

obtained by Williams (2003) to provide approximate model parameters. This 

study will also provide a test of the methodology developed to model wetland 

response to elevation change. 
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STUDY AREA 

 Trinity Bay is one of four sub bays in the Galveston Bay system (Fig. 1), 

and was formed from drowned river valleys in the late Wisconsin glacial phase 

(White, et al., 2002). The study area displayed in the GIS maps in this study 

encompasses about 159.1 km2 of Trinity Bay’s wetlands; consisting mainly of 

estuarine and palustrine fringing wetlands (Fig. 3). Estuarine wetlands have less 

vegetation and sandier sediments with low organic content. Palustrine wetlands 

are characterized by heavy vegetation, fine-grained sediments, and a higher 

organic content (Williams, 2003). The increased vegetation in palustrine areas 

supports a stronger root matrix and increased resistance to erosional stressors 

as compared to the estuarine areas.  

 The Trinity River is the freshwater inflow source for the Trinity Bay. The 

Trinity River Delta is the only natural bayhead delta in Texas. The river delta has 

sustained a significant reduction in fluvial sediment supply from the Trinity River 

as dams and reservoirs were constructed along the river (White, et al., 2002). 

However, adequate amounts of sediment are supplied to the bay by tidal and 

river flooding and in situ plant growth (Williams, 2003). As a result, Trinity Bay 

has the highest average sedimentation rate in the Galveston Bay system at 

0.514 ±0.008 cm/year with a range of 0.158 ± 0.006 cm/year to 1.305 ± 0.005 

cm/year (White, et al., 2002).  Freshwater inflow from Trinity River and an 

average rainfall of 137 cm/year maintain the low salinity of the wetlands, 8.95 ppt 

(White et al., 2002.)  
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 The soil is composed of less than 5 percent sand with the remainder being 

a silty clayey mud (White, et al., 2002). Characteristic plants are Spatina patens, 

(saltmeadow cordgrass), Zizaniopsis miliacea (giant cordgrass), Distichlis spicata 

(salt grass), Scirpus californicus (California bulrush), Cyperus articulatus (flat 

sedge), sesbania sp. (rattle bush), Sagittaria sp. (arrowhead) and Alternanthera 

philoxerides (Williams, 2003; Galveston Bay Estuary Program, 2002).  

  Trinity Bay has an average annual sea level rise of 6.4mm/yr 

(Williams, 2003). This is one of the highest rates of sea level rise in the nation. 

From 1956-1974, the wetlands were converted to open water and shallow flats at 

a rate of about 47 ha/year (White et al., 2002). Projections of future sea level rise 

in Trinity Bay from global change research suggest that sea level will rise 

approximately 1 meter over the next century (Table 1). Much of the bay’s wetland 

areas are below 1 meter in elevation, and the elevation gradient is very shallow. 

Therefore, the projected sea level rise could be disastrous for the ecology and 

economy of the bay. 

(a) 

 

Fig. 1. (a). Location of Galveston Bay 
along the Texas Coast (Keith, et al., 2002). 
(b). (Next page) Galveston Bay showing 
four sub bays: Galveston Bay, West Bay, 
East Bay, and Trinity Bay. The study area 
is outlined by the dashed line (modified 
from Galveston Bay Estuary Program, 
2002). 
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  (b)                               
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PRELIMINARY DATA 

 

 Williams (2003) performed a preliminary study to numerically model 

shallow autocompaction in Trinity Bay, Texas using Cesium-137 dating and 

down-core bulk density measurements. The study focuses on shallow 

autocompaction as a vital component of elevation change. Nine cores were taken 

in the Trinity Bay wetland area (Fig. 3) in 1993 and 1994; down-core 

measurements of Cesium-137 concentrations and sediment layer thicknesses 

were recorded. These results were run through a numerical model, producing an 

average annual sedimentation, vertical accretion, autocompaction, and change in 

surface elevation for each core. The numerical model in Williams’ study served to 

estimate the effects of shallow autocompaction on long-term elevation change.  

The difference between shallow autocompaction and vertical accretion is the net 

surface elevation change (Fig. 2, Williams, 2003). Williams proposes that this 

model will provide more accurate estimates of future sedimentation because it 

takes several decades of sedimentation and autocompaction into account when 

producing the average annual rate of each event. Anomalies and episodic 

sedimentation events are factored into the average annual sedimentation rates; a 

feature that some short-term prediction models do not include (Williams, 2003). 
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Fig. 2. Relationship between 
vertical accretion, shallow 
autocompaction, and surface 
elevation change. Dashed line 
shows initial elevation of 
wetland surface (from Williams, 
2003).  

 

Williams’ (2003) results indicate that sedimentation rates are inversely 

related to elevation (Fig. 3; Williams, 2003). Graphs were produced of mineral 

sedimentation, organic sedimentation, as well as a plot of elevation versus 

compaction (Fig. 4).  The data from these graphs is used in the numerical model 

in this study. 

 
 
Fig. 3. Trinity Bay study area showing concentrations of palustrine and estuarine 
fringing wetlands and locations of coring sites for Cesium 137 testing (from 
Williams, 2003). 
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(a) 

  
(b) 

   
(c)     

 

Fig. 4. (a) Inverse 
relationship between 
mineral sedimentation 
and elevation. (b) Inverse 
relationship between 
organic sedimentation 
and elevation. (c) 
Relationship between 
compaction and 
elevation.
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 Each graph above yields a linear equation of the form y = mx + b (Fig. 4). 

The slope and intercept from each of these equations are used in the numerical 

model. The data is entered in a text file managing the parameters of the model.  
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METHODOLOGY 

 Data analysis for this project was done with ArcGIS 9.0 and Cygwin® 

POSIX Emulation DLL programming. The DEM and DOQQ of the study area 

were downloaded from the U.S. Geological Survey’s Seamless Data Distribution 

System. The Digital Elevation Model is a National Elevation Dataset at 30 meters 

resolution, produced by USGS from topographic maps and aerial photos and 

displayed in North American Datum (NAD 83) coordinates (Seamless Data 

Distribution System). 

 The DEM of Trinity Bay was loaded into ArcMap. The data frame was 

clipped to a suitable extent encompassing the desired elevation range from sea 

level up to 1.5 meters. All elevations greater than 1.5 meters and less than or 

equal to 0 meters were set to null using the Raster Calculator in Spatial Analyst. 

This range of elevation was chosen because there is essentially no wetland area 

above 1.5 meters elevation, and this study is only concerned with the wetland 

areas. The data frame consists of 176799 cells at 30x30 meters raster cell size, 

creating a map area of 159.1 km2. 

 A contour line was for sea level created using the Contour function in the 

Spatial Analyst tool in ArcToolbox. The contour line is used as a reference for 

elevation change in end result maps, comparing the current shoreline position to 

the estimated changes in shoreline position as the model is run.  

 Four profiles were created relatively perpendicular to the shoreline across 

the DEM using the Profile tool in the 3D Analyst extension of ArcMap (Fig. 5). 

The profiles revealed two large “steps” or elevation plateaus, at 0.3 and 0.6 
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meters respectively, produced by the DEM creation from topographic maps. 

These steps are not present in the natural wetland landscape. The wetland area 

is very flat; therefore there is a great deal of space between contour lines on the 

topographic maps. The empty space appears as “steps” in the profile of the DEM 

(Fig. 5). The X-axis of the profile is the elevation in meters; the Y-axis is the 

surface distance in kilometers. The DEM will undergo a smoothing process to 

more accurately model the wetland areas. 

 The profiles were also examined to estimate how many cells were needed 

for the smoothing process to create a realistic raster. The steps shown in the 

profiles were wide, covering a large percentage of the profile. A significant 

smoothing area was necessary to create a realistic representation of the natural 

landscape in the grid. Several rasters were drawn using multiple smoothing 

window sizes from 15x15 cells to 50x50 cells. After each smoothed raster was 

produced, the profiles were recreated and compared to the profiles of the original 

DEM. It was determined that a 40x40 rectangle produced the most satisfactory 

output grid (Fig. 6). After smoothing, the raster slightly overextended the original 

raster. This was corrected by extracting the extent of the original raster from the 

smoothed raster with the Extract by Mask tool in ArcToolbox. In order to run the 

elevation model, the extracted raster needs to be converted to an ASCII file. This 

was done through ArcToolbox’s Conversion toolset: Convert Raster to ASCII.  
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Fig. 5. Map of Study Area before smoothing. Note the steps in the profiles at 0.3 
and 0.6 meters.  
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Fig. 6. Map of Study Area after 40x40 raster cell smoothing. The dark line 
represents the shoreline. 
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Numerical Model 

The numerical model was developed by Williams & Acevedo (1997) at the 

University of North Texas under the premise that surface elevation is controlled 

by organic and mineral sedimentation, relative sea level rise, and long-term 

autocompaction rates. The model runs in DOS through Cygwin® POSIX 

Emulation DLL. The program uses a 4th order Runge-Kutta statistical method to 

solve the Ordinary Differential Equation dE/dt =F(E) (1-1). E is the elevation in 

each cell of the DEM. This model makes two major assumptions. First, elevation 

is uniform throughout each raster cell in the DEM. Secondly, sedimentation rates 

remain constant through the duration of the study. Mineral and organic 

sedimentation rates and the rate of autocompaction are empirically related to the 

elevation. 

(1-1) where: dE/dt = M(E) + O(E) – S – P(E) 

dE/dt is the rate of elevation change of the surface (cm/year). 

M(E) is the thickness of mineral input (cm/year), dependent upon elevation 
 (Fig. 4a). 

O(E) is the rate of organic input (cm/year), dependent upon elevation (Fig. 
4b). 

S is the relative change in sea level (cm/year) (Table 1).  

P(E) is the annual rate of autocompaction of wetland sediments (cm/year), 
also dependent upon elevation (Fig. 4c). 
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 The variable S will assume the values of the projected sea level rise by 

the year 2100 for Galveston (Table 1), as well as the historic sea level rise from 

the Permanent Service for Mean Sea Level (Fig. 7; PSMSL, 2004). S1, 0.0064 

meters/year, is from PSMSL and is the baseline sea level rise value for this 

study. This value was chosen as the baseline sea level rise value because it is 

the average amount of sea level rise in the Galveston Bay annually since 1908 

(PSMSL, 2004), and it will be a predictor for elevation change in this model if the 

rate of change stays the same as it has been over nearly the past century. S2 

equals the 25 percent probability in sea level rise, 0.0083 meters/year (Table 1) 

S3 is 0.0095 meters/year and is the 50 percent probability of relative sea level 

rise (Table 1). S4 is the 75 percent probability, 0.0110 meters/year (Table 1). The 

rates of organic and mineral sedimentation and the rate of compaction for this 

equation are obtained from linear equations produced in a previous study 

performed by Williams (Fig. 4; Williams, 2003). 
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Fig. 7. Linear trend of mean monthly sea level at Galveston Pier 21, 1908-2001 
(from Permanent Service for Mean Sea Level (PSMSL), 2004). 
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Table 1. Historical rates of sea level rise in the Galveston Bay System, and the 
projected increases by 2100. 
Location Historical Rate 

(mm/year)1 

Projected Sea Level Increase By The Year 2100 
(probability in percent; sea level rise in m)2 

 baseline 75 percent 50 percent 25 percent 
Galveston 6.4 0.834 0.95 1.104 
Freeport 14 1.67 1.79 1.94 
Sabine 
Pass 

13.2 1.58 1.7 1.85 

1Based on tide gauge data. 
2Based on Titus and Narayanan (1995). Sea level increases are from 1990 to 
2100.  
Probabilities are likelihoods of sea level attaining at least the indicated increase.  
 
  

 The elevation model operates with input from two text files, controls and 

parameters that are altered based on the input ASCII file created from the DEM. 

The control file (Table 2) sets the controls of each run; the name of the output 

ASCII file is specified here. The number of rows and columns in the DEM, the 

cell size and the coordinates of a corner of the DEM are read from the input 

ASCII file when the model is run. The time interval (dt) for calculating elevation 

change was set to 1 year. Time print (mdt) was set to 25 years so that data 

would be output to an ASCII file at 0, 25, 50, 75, and 100 years. The time 

duration (tfin) of all runs of the model is 100 years (Table 2). 

  The parameters file (Table 3) sets the parameters of the run. The slope 

and intercept of the graphs for compaction P(E), mineral sedimentation M(E), 

and organic sedimentation O(E) rates were entered from the graphs in figure 5. 

Sea level rise is the value of S from Table 1 to be used in the run. All of the 

previous entries for the parameter file are in meters/year. After the controls and 

parameters are updated, the model is run. A DOS screen shows all the 
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parameters in the parameters file so that they can be verified before running the 

model. This process was repeated for each value of S, changing the output file 

name in the control file and the sea level rise in the parameters file each time. 

 
Table. 2. Control file; set to run for S1=0.0064m/year. 
 
 2             SWITCH to  EXPONENTIAL = 1 , POLYNOMIAL =2 
function F.  
 1.00    25 100.0    dt, mdt , tfin 
 bases1                             output  
 asc       suffix 
 out.asc        name of initial DEM file 
 par.txt     name of parameter file 
 tra.txt     name of tracer file 
 
 

Table 3. Parameter file; set to run for S1=0.0064m/year. 
 
0.0069 -0.0018      LINEAR, intercept & coeff for 
compact rate 
0.0064             CONST for sea level rise (m/year) 
0.0679 -0.1218      EXP, intercept & coeff for min. 
sed. rate 
0.0582 -0.0597      EXP, intercept & coeff for org. 
sed. rate 
0.0127 -0.0069 0.00 0.00    POLY, intercept & three coeffs 
min.           sed.rate 
0.0013 -0.0002 0.00 0.00    POLY, intercept & three coeffs 
org.           sed.rate 
 
Comments: 
Compact rate assumed linear rate = intercep + coeff * elev 
The intercept is in m/year. 
Sea level rise assume constant 
Min & Org sed rate can be either 
      exponentially decaying with elev 
     rate = intercept* exp(coeff*elev) 
      or a polynomial up to cubic (3rd order) 
     rate = intercept + coeff1*elev + coeff2*elev^2 +  
       coeff3*elev^3 
     use coeff3=0.00 if quadratic, use 
coeff2=coeff3=0.00 if       linear 
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The model was run for the four aforementioned S values at one-year time 

steps for 100 years. The initial elevation was obtained from the DEM. ASCII files 

were produced for each S value at start time, 25 years, 50 years, 75 years, and 

100 years. The output ASCII files display the new elevation data in millimeters 

rather than meters so that the elevation is an integer and the file size is 

manageable. The resultant ASCII files need to be displayed as grids in ArcMap. 

This is done through Conversion tools in ArcToolbox. After each grid is created, 

the values are converted to meters using Raster Calculator in the Spatial Analyst 

extension. A new contour line is created at 0 meters elevation to model the 

predicted position of the coastline. Then all values of 0 are set to null in Spatial 

Analyst. In each new grid, the profiles are recreated and compared to previous 

profiles. One map is made for each S value at 0, 25, 50, 75, and 100-year time 

steps to display the profiles and resultant shoreline. A second map is produced 

for each S value and time displaying the new shoreline and range of elevations in 

the remaining wetland area. 
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RESULTS 
 

 The model was run for four sea level rise probabilities; 6.4 mm/year, 8.3 

mm/year, 9.5 mm/year, and 11 mm/year (Table 1).  An ASCII file of resultant 

elevations was printed every 25 years during a 100-year time span run. Each run 

also produced a tracer file to view the progress of a cell during the elevation 

change process (Table 4). The tracer file follows the progression of time, mineral 

sedimentation (minsed), organic sedimentation (orgsed), compaction (compact), 

predicted annual relative sea level rise (searise), total rate of change (tot_rate), 

elevation (elev), and sea level (sea_level). Total rate is the sum of mineral and 

organic sedimentation, compaction, and relative sea level rise. Elevation is the 

elevation of the raster cell at the specified time. Sea level is the amount sea level 

has increased since the start of the run. 

 

Table 4. Tracer file following the change in elevation through a 100 year time 
span. This tracer file marks the path of a 1.00293 meter cell elevation at 0.64 
meters sea level rise over 100 years. 
time     minsed    orgsed     compact   searise     tot_rate    elev         sea_level 

0.00     0.00000   0.00000   0.00000  -0.00640   0.00000   1.00293   0.00000 

25.00   0.00650   0.00112  -0.00528  -0.00640  -0.00406   0.89486   0.16000 

50.00   0.00715   0.00114  -0.00545  -0.00640  -0.00356   0.80020   0.32000 

75.00   0.00773   0.00116  -0.00560  -0.00640  -0.00312   0.71729   0.48000 

100.00  0.00823  0.00117  -0.00573  -0.00640  -0.00273   0.64467   0.64000 
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 Scenario 1 followed the historical trend in sea level rise at Galveston, 6.4 

mm/year (PSMSL, 2004). The maximum elevation throughout the study area at 

the beginning of the run was 1.51 meters (Table 5). After 100 years, the 

maximum elevation decreased to 0.94 meters, a 37.75 percent decrease in 

elevation (Table 4). Wetland area coverage remained constant at  159.1 km2 and 

the shoreline position did not change. Under this scenario inland shoreline 

migration cannot occur. Near 0 meters elevation autocompaction subtracted from 

the sum of mineral sedimentation and organic sedimentation becomes 0.71 

mm/yr (Fig. 4). The rate of sedimentation is greater then the rate of sea level rise, 

so low elevations will always have a net gain of elevation. At higher elevations, 

net sedimentation rates are lower than 6.4 mm/yr and therefore elevation will be 

lost, but the shoreline will not migrate inland. Minimum elevations gained a small 

amount of elevation in this scenario (Fig. 9-12). It is possible that there would be 

marsh growth under this scenario since sea level rise is less than 7.1 mm/year. 

This model, however, does not predict outward shoreline migration. The cells 

below 0 meters elevation in the original data were set to null before running the 

model. It can be logically assumed, based on the increase in elevation at the 

current shoreline, that there would be a small amount of wetland growth. The 

profiles for this scenario show a very slight flattening effect across the marsh; 

minimum elevation is rising and maximum elevation is decreasing (Figs. 9-12; 

25).   

 Scenario 2, 8.3 mm/year, resulted in a 47.68 percent decrease in 

maximum elevation after 100 years, from 1.51 to 0.79 meters (Table 5). There 
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was no shoreline change in this scenario, maintaining a 159.1 km2 land area. 

Constructions of dams and reservoirs upstream along the Trinity could effect all 

four scenarios, especially Scenarios 1 and 2 where there has been no land area 

lost. Obstructions along the Trinity River could reduce sediment supply to the 

marsh. Land area would potentially be lost if net sedimentation fell below the rate 

of sea level rise.   

 Scenario 3 represents a predicted sea level rise of 9.5 mm/year. This is 

the first scenario to predict a shoreline change during the 100-year time run. The 

shoreline recedes at the 75 and 100-year time steps (Figs. 20, 21). The shoreline 

begins to recede after 65 years. After 75 years, maximum elevation has 

decreased to 0.86 meters, a 43.05 percent change. Land area has decreased to 

157.9 km2, a 0.78 percent loss. At 100 years, maximum elevation has decreased 

53.64 percent from its initial value to only 0.70 meters above sea level. 25.27 

percent of the original land area is lost, resulting in an area of 118.9 km2. 

 The final scenario is 11 mm/year estimated sea level rise. Elevation 

decreases rapidly in this run, there are 3 changes in shoreline positions at 50, 75, 

and 100 years. The shoreline begins migrating inland after 45 years. At 50 years 

time, maximum elevation has fallen to 0.98 meters, a 35.10 percent decline. 

Land area is 157.79 km2, a loss of 0.83 percent. After 75 years, maximum 

elevation is 0.77 meters, a 49.01 percent decrease. Land area is 101.83 km2, a 

36.01 percent loss. At the end of the 100-year time span, 58.95 percent of land 

area was converted to open water, leaving only 65.32 km2 of the original study 
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area. Maximum elevation decreased 61.59 percent from the start of the run, 

leaving only 0.58 meters of elevation after 100 years. 

 It is also noticeable that the profiles do not begin at 0 meters elevation 

after the model has been run, even though the elevation at the shoreline is by 

definition 0 (Fig. 9-19, 21). This can be attributed to the smoothing process used 

to obtain a more realistically sloping wetland surface.  When the raster was 

smoothed, the mean shoreline elevation neared 0.23 meters as an average of 

the surrounding cell elevations. Therefore, the profiles will begin at this elevation 

until shoreline migration occurs. In the event of a new shoreline position, the 

elevations at shoreline are reflected accurately as 0 on the profiles (Figs. 19-20, 

22-24). Throughout the model run, however, the profiles maintain an approximate 

representation of the landscape. This is an acceptable result for this study, given 

that it is a test of methodology, and therefore an accurate DEM is less important 

than a realistically shaped surface.  Alternate methods of producing profiles are 

discussed in the next section of this paper. 
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Fig. 8. Profiles at start time. This image is the same for all four S values. 
Elevation ranges from 0.00 to 1.51 meters. 
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Fig. 9. Profiles at S1 (6.4 mm/year) after 25 years. The elevation range has 
modified to 0.03 to 1.33 meters.  
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Fig. 10. Profiles of S1 (6.4 mm/year) after 50 years. The elevation range has 
changed to 0.05 to 1.18 meters.  
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Fig. 11.  Profiles of S1 (6.4 mm/year) after 75 years. The elevation range has 
decreased to 0.07 to 1.05 meters.  
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Fig. 12. Profiles of S1 (6.4 mm/year) after 100 years. The elevation range has 
changed again to 0.08 to 0.94 meters. This is the only scenario to see 
accumulation of sediments. The total rate of sedimentation is greater than the 
rates of autocompaction and sea level rise. 
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Fig. 13. Profiles of S2 (8.3 mm/year) after 25 years. The elevation range has 
decreased to a maximum of 1.29 meters. 
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Fig. 14. Profiles of S2 (8.3 mm/year) after 50 years. The maximum elevation has 
decreased to 1.10 meters.  
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Fig. 15. Profiles of S2 (8.3 mm/year) after 75 years. The maximum elevation has 
decreased to 0.93 meters.  

35



 

 
 
 
 
Fig. 16. Profiles of S2 (8.3 mm/year) after 100 years. The maximum elevation 
has fallen to 0.79 meters.  
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Fig. 17. Profiles of S3 (9.5 mm/year) after 25 years. The maximum elevation has 
decreased to 1.26 meters.  
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Fig. 18. Profiles of S3 (9.5 mm/year) after 50 years. The maximum elevation has 
decreased to 1.045meters.  
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Fig. 19. Profiles of S3 (9.5 mm/year) after 75 years. The maximum elevation has 
decreased 0.86 meters. The change in shoreline is represented by the darker 
line. Land area has decreased by 0.78%. 
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Fig. 20. Profiles of S3 (9.5 mm/year) after 100 years. The maximum elevation 
has decreased to 0.70 meters. The change in shoreline is represented by the 
darker line. Land area has decreased by 25.27%. 
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Fig. 21. Profiles of S4 (11 mm/year) after 25 years. The maximum elevation has 
decreased to 1.23 meters.  
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Fig. 22. Profiles of S4 (11 mm/year) after 50 years. The maximum elevation has 
decreased to 0.98 meters. The change in shoreline is represented by the dark 
line. Land area has decreased by 0.83% 
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Fig. 23. Profiles of S4 (11 mm/year) after 75 years. The maximum elevation has 
decreased to 0.77 meters. The change in shoreline is represented by the dark 
line. Land area has decreased by 36.01%.  
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Fig. 24. Profiles of S4 (11 mm/year) after 100 years. The maximum elevation has 
decreased to 0.58 meters. The change in shoreline is represented by the dark 
line. Land area has decreased by 58.95%. 
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Table 5.  Percent change in elevation loss between time steps. 
 
S1 
Sea level rise  =  
6.4 mm/year 
Time Maximum elevation 

% change from 
elevation at 
previous time  step 

% change from 
elevation at start 
time  

0 1.51   
25 years 1.33 11.92 11.92
50 years 1.18 11.28 21.85
75 years 1.05 11.02 30.46
100 years 0.94 10.48 37.75
 
S2 
Sea level rise =  
8.3 mm/year 
Time    
0 1.51   
25 years 1.29 14.57 14.57
50 years 1.1 14.73 27.15
75 years 0.93 15.45 38.41
100 years 0.79 15.05 47.68
 
S3 
Sea level rise = 
9.5 mm/year 
Time    
0 1.51   
25 years 1.26 16.56 16.56
50 years 1.05 16.67 30.46
75 years 0.86 18.10 43.05
100 years 0.7 18.60 53.64
 
S4 
Sea level rise = 
11 mm/year 
Time    
0 1.51   
25 years 1.23 18.54 18.54
50 years 0.98 20.33 35.10
75 years  0.77 21.43 49.01
100 years 0.58 24.68 61.59
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DISCUSSION 

 

 The parameters used in the model are in a delicate balance maintaining 

the wetland ecosystem. A small change, positive or negative, in mineral 

sedimentation, organic sedimentation, autocompaction, or sea level rise could 

have dramatic effects on the results of this study and the fate of the wetlands. 

The loss of wetland presented in the highest estimated value of sea level rise, 11 

mm/year, is extreme. This is a great loss of land compared to Scenario 3, 9.5 

mm/year sea level rise. The only difference between the two scenarios is 1.5 

mm/year of sea level rise, and the effect is devastating to the wetlands. An upset 

in the delicate balance could also result from changes in sediment supply. 

Construction of dams and reservoirs upstream could decrease the amount the 

sediment reaching the marshes, and net sedimentation may fall below sea level 

rise. Loss of vegetation may also result in loss of sediment due to the loss of soil 

cohesion and increased erosion.  

 Sedimentation is inversely proportional to elevation; net sedimentation 

increases as elevation decreases (Fig. 4). This allows accumulation of sediments 

at low elevations where net sedimentation exceeds the rate of sea level rise, 

while higher elevation will lose elevation since the rate of sedimentation is less. 

During this scenario there is a hinge line, an elevation where net sedimentation 

and sea level rise will equal each other. Elevation does not change at this point, 

above it elevations decrease and below it elevations increase (Fig. 25). This 

figure can be modified slightly based on the rate of predicted sea level rise. If sea 
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level rise is low, as in scenario 1 of this study, the profile will appear to become 

flatter as elevation inland decreases and elevation at the shoreline increases 

slightly (Fig. 25). If sea level rise is greater, the profile of the 100-year line will be 

shorter and steeper as the shoreline migrates inland and elevation decreases 

throughout the profile. 

 

 

 

 
 
Fig. 25. Conceptual model of elevation of changes in response to sea level rise.  
The hinge line is the point at which the rate of sea level rise equals the net 
sedimentation, no elevation change occurs. 
 

 Scenario 4, 11 mm/year estimated sea level rise, predicts a substantial 

loss of the Trinity Bay wetlands. There are several methods of preventing or 

discouraging wetland loss. Shell dredging in Galveston Bay was banned in 1969. 

Navigational dredging still occurs, but it is becoming habit to use the dredge 

materials to supplement sediment supply in wetlands rather than dispose of the 

Hinge Line  

100 
years 

Inland Coastline

Time 
Start 
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material in open water. Dredge material from the widening of the Houston Ship 

Channel will be used to produce 4500 acres of new land in the Galveston Bay 

area (Galveston Bay Estuary Program, 2002).   
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CONCLUSIONS 

 

 This study was a test of methodology to investigate the results of the 

numerical model and the corresponding display of these results in GIS. Overall, 

this was a successful trial. The smoothing process for the original DEM yielded a 

raster with profiles that provide a realistic approximation of the shape of the 

wetland surface as compared to the original USGS DEM.  The numerical model 

yielded ASCII files with realistic expectations of elevation and shoreline change 

based on the input parameters. The GIS modeling produced maps and profiles 

that represented the shape and profile of the landscape as it was subject to sea 

level rise scenarios.  

 The DEM obtained from USGS was smoothed to give a more realistic 

profile of the landscape. A 40x40 moving rectangle was used to find the mean 

elevation for each cell based on the surrounding 40x40 cells. This was an 

acceptable function for the purposes of this study. However, in situations 

requiring a higher degree of accuracy in the DEM, the size of the window would 

probably have to be smaller. There are alternative methods for obtaining similar 

results. The DEM could be interpolated to model elevation points between 

shoreline and contour lines, eliminating the “steps” that appear in the profiles as 

result of the USGS DEM creation from topographic maps. A new raster could 

also be created by surveying the study area and gathering numerous elevation 

points.   
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 The numerical model was run based on data from nine sediment cores. 

The input data could be improved by gathering more core data, covering a larger 

expanse of the study area. A greater number of cores in the data would improve 

the R2 values associated with the graphs of sedimentation and compaction 

versus elevation (Fig. 4). A ground survey for elevation points could be 

conducting while gathering sediment cores. 

 This model was run with constant rates of net sedimentation and 

autocompaction.  A sensitivity analysis could be run on the input data from the 

cores, altering the rates of sedimentation by various percentages in both the 

positive and negative directions to assess the impact of these variations on 

model results.  

 For the purposes of this study, the numerical model did not predict marsh 

growth outward into the bay. The model also assumes all rates of sedimentation, 

compaction, and sea level rise are constant. Future studies may wish to include 

new methodology to account for changes in these parameters. The model also 

assumes that each cell at equal elevations will react the same to all input 

parameters. This may not be a realistic assumption; for example, sedimentation 

may be higher near tidal channels. Techniques could be designed to measure 

and model this and other variations from a simple elevation-driven model. 

 The profiles created in this study performed well to test the overall 

feasibility of this model. Other methods of profiling could be performed as well. 

The ASCII results from the numerical model could be used in a spreadsheet to 

create a profile graph.  There is also a method of digitizing a line over the map 
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surface. Elevation along the line can be exported to a spreadsheet for graphic 

manipulation. 

 This methodology has promise as a technique of representing predicted 

changes in shoreline position and wetlands elevation. The model parameters can 

be altered based on the needs of the study. With the resultant information, 

coastal management programs can plan for several scenarios of predicted 

wetlands change based on various projections of sea level rise. This information 

can be used in general land planning, water resources management, and as a 

tool to levy funds to aid in the conservation and protection of wetland areas. 
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