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The U.S. Geological Survey (USGS) analyzed landscape be interpreted as being related to the degree of the polynomial fit yr) (Britsch and Dunbar, 1993; Barras and others, 1994, 2003). locations have already been lost. What remains are wetlands in less Table 1. Observed and modeled land area, including Standard Error (SE) in hydrologic basins and coastal Louisiana, 1932-2016. Units are in square kilometers. 20000 — Table 2. Water levels at a selected gage (Station ID: 8761724, located near Grand Isle, Louisiana) on the date of acquisition for imagery used in of three maps: U.S. Geological Survey Open-File Report 2006-1274.
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because they support more than 30 percent of the commercial Figure 1. Study area in coastal Louisiana. The coastal zone boundary, the zone for which statistics were calculated, isolates coastal regions while excluding fastlands (defined as developed, agricultural, and other protected areas) from statistical analysis Land Area Changes Delta Basin experienced an increasing land area trend (positive loss in Barataria Basin was attributable to a decrease in the rate of . Ississippi River Delta Basin ontchartrain Basin eche-Termrtion 2asin erreRonne Zasin oastwide Totals R2=0.923 ® N . N N ~ 20161 188 2/1072016 180 2/17/2016 188 2/8/2016 175 e ST Do A O B o o i ket i
fisheries in the United States, 5 of the Nation’s top 20 ports are of coastal land change. Of particular note are the areas of non-overlapping data coverage in the 1932 and 1956 datasets (based on survey and aerial data) and in the 1973-2016 datasets (based on satellite imagery data). Because no data exist for these non- land ch 1 . 1961 (fie. 5). Prior to 1961. this basi hydrocarbon production in that area after 1974 Julian  Landarea  Land area SE Land area Land area SE Land area Landarea  SE Landarea Landarea  SE Landarea Landarea  SE ~~o " o N Pontchartrain c AN Teche Vermilion gl o Terrebonne i oA R GRS B RS S
located in coastal Louisiana. and 20 percent of the Nation’s oil and overlapping areas, an assumption of no change in those areas has been used for those time periods in the analyses (a reasonable assumption because a majority of these data voids occurs in areas dominated by forested wetlands, a habitat type known to These analyses show that coastal Louisiana has experienced SO GRS B ope) Since ( g ) riorto » 11§ basin was Anoth tributi factor i | ducti i (ocie faty lobserved) _(modeled) {observed) {modeled) (observed) (modeled) (observed) (modeled) (observed) (modeled) 8 § r = _ il e, 5, e, i, 1G5 Lt @ity o i o o i
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. ? p have been particularly stable in past observations). Areas are presented in square kilometers (km?). a net land area change of approximately -4.833 km? (modeled 1n1t1a11y on a negative trajectory; however, fOllOWlng the opening ] .no €r con _rl uting factor m.VO ves a. reduction 1n tectonic 1932 678.75 702.35 70.42 2,862.43  2,873.36 27.67  1,421.74 1,419.80 34.53 447155  4,490.11 12840 19,543.84 19,658.05 419.20 14,000 — | | | | | | | | ..| | E - > River, in Poldervaart, A., ed., Crust of the Earth: G?(])logical Sosiety of America Spelg?al
gas comes from or is transported through these wetlands (Costanza estimate: -5,197 /- 443 km?) from 1932 t(; 2016 (fig. 2, table 1) of the Wax Lake Outlet in 1942, sediment deposition increased, activity and subsidence due to active faulting (Dokka, 2006; 1956 626.31 486.15  S1.80  2,689.07 272232 1842 134743 137798 2412 419170 424620 91.66 18,400.01 18,271.63 280.89 = Ry gl gl Paper 62, p. 279-302.
and others, 2008; Feagin and others, 2010; Gedan and others, s g = P and a subaerial active delta emersed after the flood of 1973 Kolker and others, 2011). The extent to which submergence due to 1973.9  208.08 335.04 2845  2,666.67 2,609.67 1208 137211 132991 13.82 413991  3.883.05 51.61 1748159 16,897.92 166.25 =0 1 IREY 1D EH e i AL At A 5 o > Gedan, K B Kirwan, M.L.; Wolanski, E.; Barbier, E.B., and Silliaman, B.R., 2011. The
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2011; NOAA, 2010; Twilley, 2007). This coast is also considered net change in land area amounts to a decrease of approximately natural versus anthropologically influenced subsidence is poorly 19757~ 244.16 326.14 2699  2,587.61 259835 1151  1,367.83 132347 13.13  3,961.86 383801 4899 1692532 16,748.29 158.09 Year e g+ © recent challenges to the paradigm. Climatic Change, 106(1), 7-29.
to be one of the most “at-risk” environments in the Nation because 25 e i 1952 londl o, Alifvems i doemnss - meh _ . understood. Regardless of the causes, some evidence is beginning 19774~ 359.27 R 257373 2,587.65 1099 pu R 301595 379444 4688 Figure 2. Land area in coastal Louisiana, 1932-2016. (See table 1 for specific area measurements.) The red line represents a penalized regression spline which approximates S Er - e =l R i o e e By B (e O
approximately a quarter of these wetlands have been lostin the Meth0d0|ogy features at the same location could produce invalid land change of the data (Morton and others, 2005; Bernier and others, 2006). land area is pervasive throushout much of the coast and the time Dlscuss'on to point toward a reduction in the rate of subsidence. Kolker 1985.1 315.01 308.05 21.85 2,536.17  2,539.19 890 127520 1,286.24  10.54  3,433.10  3,593.55 3945 15,501.38 15,976.75 126.60 the data..Th(.a blue dongd lines represgnt a 95-percgnt confld(.ence interval. Effective degrees.of freedorp (edf) can be |nrerpreted as belr?g rglated to th(.e d.egree of the E s S S = r o st P s G (G o T, (8, o, g G,
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past 84 years (Couvillion and others, 2011). results. This processing step was critical in ensuring that the 1932 A composite coastal land-water dataset was developed from the period analyzed, the land area of recent data points (2013-16) is _ and others ( ) observed a decrease in subsidence rates whic R?=0.922 S® | r-0719 SF Re-0915 S Climate change 2013—The physical science basis: Contribution of working group 1 to the
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Coastal Louisiana was built by sedimentary material sourced 1S study analyzed changes 1n the extent ol fand In coasta oot I g O, 1077 ovac] 160, wrifein i g PN — N p q | approximately equivalent and, in some cases, slightly greater than in this assessment reveal a dynamic landscape changing as a result P . . o 1995.7  354.60 325.11 1877 242037 247248 738 123507 124957 9.3 327151 335372 3408 1513218 15243.84 109.91 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 U and New York
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deposits were delivered via the Mississippi River as a result of areas from 1932 to 201§ (table 1; ﬁgs. 2 arrd 3). Th; datgsets - 1y. -rgle er (m resg.u ion, Wlere IS resarrllp ed to 121 y -m f a eh). o reduce some o 1 e.grror.s associated with apparen | The model which best approximated the coastwide net land induced processes, Coastwide total net land area suggests an arrier island nouris .ments, can be observe in the datasets whic 1999 ERE - 1861 | 245249  2.446.05 741 | 126735 124104 897 | 320105 328362 3359 1534458 1502113 107.09 EXPLANATION e M
upper catchment glaciation and melting associated with sea-level ~ WeT® derived from multiple sources including (1) historical U.S. resolution by using a cubic convolution resampling method to and change caused by misclassi cation or transient environmental  gr64 change is similar to that of a third order polynomial (edf = increase in land aréa by 2015 as compared to the brevious estimate constitute this analysis. Although these projects may have small 20022 346.00 33260  18.06 244646 243158 759 125842 123835 867 335174 325232 3253 15197.04 14,916.65 103.35 Penalized Regression Spline, 1932-2016 Ko, 1Y, and Day, W, 2004, A eview ofecological impacts of o and g development n
o - - . . . 3 . . coastal ecosystems 1n the IM1ssiSsipp1 Delta: Ocean oastal anagement, v. , NO. o
changes. As glaciers retreated (from about 12,000 until 6,000 Army Corps of Engineers land loss data (1932) (Dunbar and facilitate comparability with later Landsat TM- and OLI-based phenomena, two approaches were utilized. Changes must persist 5 903) (R>=0.923) (fig. 2). Within these data, 2005 and 2008 land in 2010 (Couvillion an}cll Sthers. 201 15 however tiese values are effects in the coastwide total land area numbers, in specific areas, 20049 30825 33141 1686 242608 241459 795 122845 123697 811 324528 322154 3040 1506567 1480826 9697 — — 95 percent confidence band p. 597-623.
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structures including dams and levees were built, not only in
Louisiana but throughout the Mississippi River catchment,
particularly after the flood of 1927. The construction of these
features has led to an overall decrease in the amount of sediment

to 1973 in portions of the dataset that occur outside the boundaries
of the 1932 and 1956 data coverage. (Refer to fig. 1 for more
information regarding the areas within the coastal basins to which
this assumption was applied.) The areas missing from the 1932 and
1956 datasets mostly consist of forested wetlands. These areas are

range, 1.55—1.75 micrometers, are particularly informative and
discriminatory with regard to categorizing land and water. The
green wavelength range is used as it maximizes reflectance of
water and vegetation reflects MIR light more than green light (Xu,

These unconfirmed changes are instead referred to as “new land
investigation areas” and “new water investigation areas.”

The resulting land area data were summarized by time period
and by basin (fig. 3, table 1). Figures 2 and 3 display the long-term
trend in land area over the period of observation. The function of

Calcasieu-Sabine Basin (-517 km? observed; -578 +/- 100 km?
modeled), Mermentau Basin (-488 km? observed; -500 +/- 90 km?
modeled), Pontchartrain Basin (-472 km? observed; -529 +/- 30 km?
modeled), Breton Sound Basin (-426 km? observed; -489 +/- 49 km?
modeled), Mississippi River Delta Basin (-375 km? observed;

newly added data points.

It is important to note that there is a difference between net
land area change (figs. 2 and 3, table 1) and persistent losses and
gains (mapped dataset) and long term trends (figs. 4 and 5, table
3). Classification of an area as “loss” or “gain” is dependent on

Conclusions

This assessment provides a comprehensive analysis of
historical trends and rates of land area change in coastal Louisiana
from 1932 to 2016. The primary improvements over past efforts

Morton, R.A. and J. A. Barras (2011) Hurricane Impacts on Coastal Wetlands: A Half-
Century Record of Storm-Generated Features from Southern Louisiana. Journal of Coastal
Research: Volume 27, Issue 6A: pp. 27 —43.

National Oceanic and Atmospheric Administration (NOAA), 2010. Annual Commercial
Landing Statistics. http://www.st.nmfs.noaa.gov/stl/commercial/landings/annual_landings.
html.
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water-level variations on the date of acquisition (DOA) (table 2) of change, and therefore these change rates are not appropriate (-29 percent observed; -31 percent modeled), Terrebonne Basin (-29 land area change data well, with a couple of notable exceptions. AR , urep

elevation in response to SLR and subsidence.

between datasets must be highly accurate. Misalignment of

Calcasieu-Sabine Basin

Base from USGS Center for Earth Resources Observation and Science (EROS)
landsat imagery. Analyses presented utilized imagery from Landsat Multispectral
Scanner System (MSS), Thematic Mapper (TM), and Operational Land Imager

(OLI) satellites.

Background imagery consists of average band 6 (mid-infrared) values from early
2016 Landsat Operational Land Imager (OLI) satellite imagery.

at finer spatial and temporal scales. The complexity smoothing
spline, as determined by the dimensionality of its basis function,
was set to a maximum of five, but its final value was determined
by cross-validation to prevent overfitting.

One of the assumptions of these modeling methods is that
each data point provides equally precise information about the
response variable. When this assumption is violated, there is non-
zero covariance between the model error and the independent
variables, which leads to biased estimates. These data clearly
violate this assumption because of differences in data-collection
methods. To account for differences in methods across years,
points were weighted differently on the basis of expert opinion of
the uncertainty inherent in each method. The weights affect how
strongly each point contributes to estimates of total deviation. Data
before 1973 were given half the weight of data after 1984. Data
between 1973 and 1984 were given three-quarters weight of data

percent observed; -30 percent modeled), Calcasieu-Sabine Basin
(-24 percent observed; -27 percent modeled), Mermentau Basin (-20
percent observed and modeled), Pontchartrain Basin (-17 percent
observed; -18 percent modeled), and Teche-Vermilion Basin (-10
percent observed; -12 percent modeled). Atchafalaya Delta Basin
was the only basin to experience an increase (+3 percent observed;
+9 percent modeled) in land area, as a percentage of starting area,
across the entire period of record (table 1).

Change in Land Change Rates through Time

Trend analyses from model fits indicate that coastwide rates of
wetland change have varied from -83.5 +/- 11.8 square kilometers
per year to -28.01 +/- 16.37 square kilometers per year. Excluding
the high rates of wetland loss due to the 2005 and 2008 hurricanes
(Katrina, Rita, Gustav, and Ike), recent wetland loss rates have

White Lake

In the Atchafalaya Delta Basin, a basin in which water levels are
known to greatly influence assessments, the R* of the model is
0.245 (fig. 3). Mississippi River Delta Basin, another basin in
which water levels affect our ability to assess land area, also had
one of the lower R? values (R? = 0.609) (fig. 3). The two Chenier
Plain basins, Calcasieu-Sabine (R?= 0.659) and Mermentau (R*=
0.522), contain several water-control structures and are therefore
also subject to variability. Barataria, Breton Sound, Pontchartrain,
and Terrebonne Basins all have an R? value at or exceeding 0.9.
This analysis has shown decreasing rates of wetland loss after
the 1970s. The possible causes of this decline in land change rate
are as numerous as the causes of wetland change itself. One of
the first possible causes relates to the loss of wetlands. Trends
have shown that as wetlands are lost, there are fewer wetlands
remaining to be lost, and as such, the rate of wetland loss will
decrease. Although there is still a substantial area of wetlands

GULF OF MEXICO

dynamic landscape changing as a result of the complex and often
interactive effects of natural and human-induced processes.

The temporal frequency of land change provided by this study
allows for further investigation of the causal mechanisms of the
loss that has occurred. These investigations will provide improved
information to develop tools to monitor ecosystems, forecast
possible impacts, and plan protection and restoration activities.
These data will support the development of strategies to adapt to
our changing environment.

While recent trends have shown a reduction in the rate of
wetland loss, it is important to note that past trends are not
necessarily indicative of future change. Future disturbance events
such as a major hurricane impact could change the trajectory of the
rates. Sea-level rise is projected to increase at an exponential rate,
and that would also expedite the rate of wetland loss. (IPCC, 2013;
Doyle and others, 2015).
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EXPLANATION

1932-56 Persistent land loss?

1956-73 Persistent land loss?*
197375 Persistent land loss**
1975-77 Persistent land loss?*
1977-85 Persistent land loss**

1985-88 Persistent land loss?

1988-90 Persistent land loss?

1990-95 Persistent land loss?

1995-98 Persistent land loss?

1998-99 Persistent land loss?

1999-2002 Persistent land loss?
2002-04 Persistent land loss?
2004-06 Persistent land loss?
200608 Persistent land loss?
200809 Persistent land loss?
2009-10 Persistent land loss?
2010-13 Persistent land loss?
2013-14 Persistent land loss?
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Table 3. Finite-difference approximation estimates of long-term wetland change rates including standard error (SE) estimates for each hydrologic basin and coastal Louisiana from 1932 to 2016. Units are in square kilometers per year. ’ et to water and remained water throughout the period of observation.
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