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Introduction [ ) after 1984. The goodness of fit is described by the coefficient of decreased from the peak loss rates observed in the 1970s which remaining, at some point the influence of this artifact should be é h References Cited
determination (R?) statistic. Effective degrees of freedom (edf) can  are known to have exceeded 80 square kilometers per year (km?/ considered. Similarly, many of the wetlands in the most precarious Barras, J.A., 2006, Land area change in coastal Louisiana after the 2005 hurricanes—A series
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. 20,000 Table 2. Water]evels ata selgcted gage (S'Fation ID: 8761724, !ocated 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.
changes in coastal Louisiana by determining land and water LIVINGSTON of the sphne (edf= 11is 111:16211‘, edf.= 2 l.S quadratlc, and so on). We This ana1y51s indicates wetland change rates averaged -83 kmz/yr “at-risk” positions in the landscape which are consequently less Atchafalaya Delta Basin Barataria Basin Breton Sound Basin Calcasieu-Sabine Basin Mermentau Basin - Coastal Louisiana the land area estimates. Eleva':ons Buekitediniatorslin relatllle to station datum. " " Ba‘fﬁi’lfi;iéa%iifeei;;ég{{v??ﬁhfﬁog?stf 50%)06(;? ULém gsﬁggcil;:?%ixecsyogsctiaeﬁ%?Sim—A
classifications for 21 datasets. Coastal Louisiana has been losing p fit the models with and without weighting the data. As suspected, during the 1973-78 time period, followed by a steady reduction vulnerable and contribute to this reduction in loss rate; however, Julian ~ Landarea Land area SE Landarea Landarea  SE Land area Landarea  SE Land area Landarea  SE Land area Landarea  SE Path 21 Path 22 Path 23 Path 24 Investigations Map iow, scale 1:250,000, 14 p. pamphlet. [Also available at http://pubs.
° g . . . . . . . . . - . - usgs.gov/sim, .
: : : : 'ST failing to weight the data resulted in overfitting. Specifically, non-  in the rate since that time (fig. 4). Britsch and Dunbar (1993) and table wetland be i ted by a sinel t date [{EHSsexaCiRORa o] (oisoivel) Imceolog) piisonio I modolog) (olizonve ) nodolog) filisenicOiniORoled) , Year Date  Gauge height(m)  Date  Gaugeheight(m) ~ Date  Gaugeheight(m)  Date  Gauge height (m) ' _ Ny
wetlands because of multiple compounding and interactin ST JOHN == 1 cven stable wetlands may be impacted by a single event or Atchafalaya Del s ~ Barat 8 ~ Braton Sound Barras, J.A., B PE., and Handley, LR , 1994, Land | I
p p g g . - Vi TAMMANY - - . . ) AR . 1932 550.58 52157 3733 383261 3,837.59 10040  1,107.56 1,12539 46.62  2,136.71 216027 9471  2481.92 246465 84.07 chafalaya Delta o gl arataria 8| o ~ reton Soun 1932 Variable  Not Available Variable Not Available Variable Not Available Variable Not Available arras, J.A., Bourgeois, PE., and Handley, L.R., 1994, Land loss in coastal Louisian,
: i - ~ THE BAPTIST » weighted models were more complex (larger edf) and had higher ~ Barras and others (2008) observed a similar trend of decreasing cumulative episodic events over time (Morton and Barras, 2011) 0 : = 1936 1590: Latayette L. National Biological Survey, National Wetlands Rescareh Center
stressors including sea-level rise (SLR), subsidence, storms, ’ R? values but generated slightly larger out-of-sample prediction loss after 1978 _ i . ’ : 1956 511.70 51408  21.01 358092 3,629.09 7641 97402 1,02531 2636 209923 192975 5467 2379.63 232190 5597 19,000 g 8t o = 1956 Variable ~ NotAvailable ~ Variable ~ NotAvailable ~ Variable  NotAvailable  Variable  Not Available Open-File Report 94-01.
sediment deprivation, oil and gas extraction and infrastructure, hi h i full : . . The lack of major storms since 2008 is likely the most 1973.9 51033 516.82 1406  3468.16 3532322 4076 102326  937.85 17.50 1,790.73  1,758.19 3579 230235 221543 36.72 = al gr 1973.9  12/5/1973  NotAvailable  2/3/1973  NotAvailable ~ 12/7/1973  NotAvailable ~ 12/9/1973  Not Available Bernier, J.C., Morton, R A., and Barras, 1.A., 2006, Constraining rates and trends of historical
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d others (Penland and others, 2001). Th f this stud : . : . Y nep oy ’ of relative calm has led to fewer disturbances in the form of wave 19774 = 493.43 51892 1308 336150 324184 3705 = 92331  917.81 1623 153322 1,729.53 33.06 = 2,071.71 2,19462 3338 = Br s e 19774 7/2/1977  NotAvailable ~ 6/3/1977  NotAvailable ~ 1/23/1977  NotAvailable ~ 4/6/1977  Not Available Highlands Ranch, Colo., Water Resources Publications, LLC, p. 371-373,
and others (Penland and others, ). The purpose of this study ST BERNARD Figures 2 and 3 display the change in land area over time, and Pontchartrain, were best fit by a linear model (edf = 1) c o 9 : c S
. :de updated est; ¢ . land ch d ) o : J ) energy, thereby reducing erosion-induced losses. The storm hiatus 1985.1  483.82 52567 1116 297782 3,047.84 3152 86471  869.40 13.83  1,593.98  1,676.63 28.02  2,021.58  2,148.82  27.05 " £ = o 1985.1  10/11/1985 2.07 1/19/1985 1.77 1/26/1985 1.81 12/3/1985 1.92 Britsch, L.D., and Dunbar, 1.B., 1993, Land-loss rates—Louisiana coastal plain: Journal of
is to provide updated estimates of persistent land change an whereas figures 4 and 5 and table 3 display approximations of suggesting that the rate of change has not changed significantly 1so allowed ' loni f shall 1988.1  533.26 52906 1051  3,031.61 2973.17 2946 88024  849.00 13.05  1,648.17 1,660.18 2646 203511 2,130.98 25.14 s 18000 o gt = Coastal Research, v. 9, p. 324-336.
Y e Ty MUY the rates of land area chanee over fime. Rates of charee were - od of e e e = also allowed vegetation to colonize new areas of shallow water : : : : 031, 973. : : : : ,648. 660. : ,035. 130. : e e 8 1988.1  12/4/1987 1.97 1/28/1988 1.53 12/2/1987 1.93 1/26/1988 1.82
. o : © gL Couvillion, B.R., Barras, J.A., Steyer, G.D., Sleavin, W., Fischer, M., Beck, H., Trahan, N.,
_ ‘ CAMERON - g . (I over the period of record in those basins (fig. 5). e remaining bodies or to reestablish once vegetated areas. Some of these areas 19908 515.21 532.43 998  2,859.62 2,909.55  27.90 81068 82996 1243  1,707.41 164740 2529 216447 211492 23.78 E 2 8 T g| sl \ 19908 | 2/14/1991 182 s o RIS LG5 RS A ouyilion B, Bars L. Stees, GD. Seavi, Wo Fishes, M, Bk, Ho Trhan, N,
hydrologic basin from 1932 to 2016. The use of 21 datasets : . calculated from the fitted models by using finite-difference basins were best fit by non-linear functions. Barataria, Terrebonne, may have begun life as FAV but may have since attached to the 19957 58321 539.23 9.19  2,659.18 2,808.59  26.88 756.71 794.04  11.54  1,650.64 1,628.64 23.67 2200.89 208577 22.42 = S - o :gﬁ:o 2175 5 ;gf:oségs ;gf:ozéggs N 10057 TR A2l . A0 SIS Al 505 P 2010: US. Geologial Survey Scintifc Ivesigtions Map 3164,sale 1:265.000, 12
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plus the application of consistent change criteria in this study ! = l approximation. The uncertainty of the finite differences was and Teche-Vermilion Basins follow a similar pattern to that of the b Russell. 1942 19982 468.64 542,97 8.88 282030 2,766.69 2694 81151 77519 1115  1,544.00 1,62092 2296  1911.53  2,070.90 2233 o ey 8 R S S S S 19952 IR L84 212411998 172 3/3/1998 187 3/10/1998 .88 , _
. .. .. i  VERMILION i lemlaiadl 5 (i et ochiticdnadel : - c : substrate (Russell, )- < 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 Costanza, R.; P'erez-Maqueo, O.; Martinez, M.L.; Sutton, P.; Anderson, S.J., and Mulder, K.,
pI'OVldC opportunities to better understand the timing and causal S — : : KA calculated by posterior simulations. £ac €d modael was coastwide trend of loss rates Iincreasing to a peak in the late 1970s, Gl il gas ssdimnatian e Lem eee. corsl mene began 5 1999.9 598.89 545.60 8.70 2,734.30  2,742.54 26.81 777.68 762.23  10.89 1,669.00 1,616.24 2243  2,160.14  2,060.79  22.52 S 17000 o 1999.9 11/27/1999 1.94 11/18/1999 1.97 11/16/1999 1.98 10/24/1999 2.05 2008. The value of coastal wetlands for hurricane protection. Ambio, 37, 241-248.
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hani f wetland loss that itical for f ti — N ; J s i simulated 10,000 times, and the finite-difference estimates of followed by a reduction in loss rates since that time. In Breton . 2002.2 548.25 549.23 852  2,802.67 2,715.65  26.10 788.86 74455  10.58  1,631.37  1,610.50  21.69 = 2,023.27  2,047.11  23.07 c s| NN Calcasieu-Sabine S el O~ Mermentau NN Mississippi River Delta 2002.2 1/3/2002 1.83 2/27/2002 1.66 2/2/2002 1.82 1/8/2002 1.83 Dokka, R.K., 2006, Modern-day tectonic subsidence in coastal Louisiana: Geology, v. 34, no.
mechanisSms ot wetland 10Ss that are critical Ior torecasting ] STBERIA 1926 and peaked in 1969 (Ko and Day, 2004). Infrastructur h = o i
landscape chanees in the future EXPLANATION b I ST MARY',‘ the rates were calculated by using the function derivSimulCI() Sound Basin, wetland loss rates have continued to increase and peake 0 Y L structure, suc 20049  566.94 553.59 849 271575 2,69230 2435 76629  723.65 1037  1,693.97 160442 2098  2,11467 203105 24.14 < s 2 gt 5 20049  10/15/2004 2.06 11/7/2004 1.97 10/13/2004 2.07 11/5/2004 2.01 RS G SO
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P & B . ' (Simpson, 2016). The 15.9 and 84.1 percentiles (representing the  have only recently begun to suggest a decrease in that rate (fig. 5). canals, pipelines, and other features, contributes to wetland loss 20068 55423 55670 865 268307 268072 2288 68402 70889 1044 161911 160042 2088 189403 201975 25.14 & EST o 20058 10/18/2005 2.05 10/25/2005 1.86 10/16/2005 2.03 10/23/2005 2.04 B UL o B Bl N O e Pt i el
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o allil Missing from 1932 data: 2,888 km? within modified Coastal Zone Boundary PLAQUEMINES calculated and displayed on the graphs. loss prior to the 1970s, with rates slowly decreasing since that hydrologic flow. This altereq hydrology can lead to 1n41r§ct. 2009.8  568.12 561.65 933  2,618.09 266921  21.97 628.07 68555 11.17 147335 1,59438 22.11  1,89336 2,001.91 27.05 — 16,000 ST =gl gH 2008.8  10/26/2008 208 10/1/2008 210 10/8/2008 210 9/29/2008 210 Dunbr, 18, Ef;tsgzé;&;gan& Keup, B I 1990, Land r‘lx?:;;%t;; Report 2. Louisiana
L. . ti ith th ti f hutri ind d1 in 2005 and effects such as the propagatlon of wave encrgy and sahnlty nto 2010.8 593.91 563.30 9.69 2,652.65  2,666.83 22.58 656.31 677.77 11.63 1,583.57 1,592.40  23.02  2,080.01 1,995.96  27.77 2 2 S St 2009.8 11/14/2009 2.03 11/5/2009 2.04 11/12/2009 2.03 11/3/2009 2.05 Geotechnical Lab 2, 38 p., http:/www.dtic.mil/cgi-bin/Get TRDoc?Location=U2&doc=Get
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g 12, ry L . . : interior wetland areas. Following this peak, oil and gas activities 20139  619.64 56845 1123 2,656.36  2,662.38 2831 64723  653.65 1368  1,60589 158631 2743 203372 197752 3021 : : : ¥ o = 5 2010.8  10/16/2010 1.99 10/7/2010 1.92 10/14/2010 1.94 10/5/2010 2.09
: i . g peakx, g Penalized Regression Spline, 1932-2016
square kilometers (km?) of lowland plains, deltaic lobes, and open 2008. The Mississippi River Delta Basin experienced a reduction . g plne, = 8 2 s Dunbar, J, Britsch, L., and Kemp, E.B., 1992, Land loss rates. Report 3. Louisiana Coastal
’ ’ Missina from 1932 and 1956 data: 1.494 km? within modified Coastal Zone Boundar Results . - . . started to move from the shallow wetland areas in one of two 20148 55135 569.94 1177 2,656.79  2,661.55 3089 65270  646.65 1444 162224 158455 29.10 ~ 2,077.78  1,972.17 3097 95 percent confidence band E 2 = = 8 o~ 2013.9  10/24/2013 1.96 12/18/2013 1.76 2/27/2014 1.83 12/16/2013 1.80 Plain: Vicksburg, Miss., Army Engineer Waterways Experiment Station Geotechnical
water (fig. 1). Coastal Louisiana wetlands are generally considered g T y in wetland loss rate since the 1960s, reaching a point of wetland N : T S | edf=2208 . o =~ edf=1 N edf=3.252 ° Lab 3, 66 p. hitpe/swvrw.dtic-mil/cgi-bin/Ge{TRDoc?L ocation=U2&doc=Get TRDoc.
s ) - - s Landsat Worldwide Reference System-2 (WRS-2) gain, only to be followed by a negative trend due to the effects of directions: inland or far offshore. As a result of this shift, Morton 20155 R 207005 200072 3405 o 12 L3253 SLIL 15,000 Note: = - RA=0659 7 8§ Re=0522 ° o g | R=0609 o 20148 190 H/1972014 199 1172612014 L8l 1712014 206 SRR,
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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 . ississipp! River Delta Basin ontchartrain Basin eche-Termrion Basin errebonne Basin oastwide Totals R2=0.923 ® N . - N - 2016 D 188 2/1072016 180 2/1712016 .88 2/8/2016 L73 B o e o L (D S
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  Land area  Land area SE Land area Land area SE Land area Landarea  SE Landarea Landarea  SE Landarea Landarea  SE <2 v o N Pontchartrain s AN Teche Vermilion gl o Terrebonne B R
located in coastal Louisiana. and 20 vercent 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 land change $ ope).smce . (fig. 5). Prior to o1, this basin was Anoth :butine f  vol duction ; . date  (observed) (modeled) (observed) (modeled) (observed) (modeled) (observed) (modeled) (observed) (modeled) s Sr = __ = Pk HN and MeFartan . Jr. 1955, Late Quatemary deliic deposits of the Mississinn
) > 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 initially on a negative trajectory; however, following the opening ) .no‘[ cr Cont.rl uting tactor m.VO Ves a. reduction 1n tectonic 1932 678.75 702.35 70.42  2.862.43 2,87336  27.67 142174 1419.80 3453 447155 4,490.11 12840 19,543.84 19,658.05 419.20 14000 | | | | | | | ..| | E - ST River, in Poldervaart, A., ed., Crust of the Earth: Gz)mgical Solc)iety of America Sperc?al
gas comes from or is transported through these wetlands (Costanza . - 5197 +/- 443 km?) f 1932 ’ 2016 (fie. 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 51.80  2,689.07 272232 1842 134743 137798 2412 419170 424620 91.66 18,400.01 18,271.63 280.89 = 5r 2 gl Paper 62, p. 275-302.
and others, 2008; Feagin and others, 2010; Gedan and others SRAANES 551 99 - ) fitgrs o (it 2 ol T d baerial active del d after the flood of 1973 Kolker and others, 2011). The extent to which submergence due to 19739  208.08 335.04 2845 266667 2,609.67 1208 137211 132991 13.82 413991  3,883.05 51.61 1748159 16,897.92 166.25 e REY 1 R 10 b AL At A 5 - > Gedan, K.B.; Kirwan, M.L.; Wolanski, E.; Barbier, E.B., and Silliaman, B.R., 2011. The
’ ? ? ? ? k J roughly the Size Of the land area Of the State Of Delaware. Thls and a subaerial active delta emerge after the flood o ° 4 : . . ] g - : : : . 2 : 2 : ' 2 . 2 : : D ' 2 : ' ’ . Z . . = % L - St present and future role of coas'tal wet!and _vegetation in protecting shorelines: answering
2011; NOAA, 2010; Twilley, 2007). This coast is also considered et Sl i e e smenns (oA desrmss ef aypramealy natural versus anthropologically influenced subsidence is poorly 19757 24416 32614 2699  2587.61 259835 1151 136783 132347 1313 396186 383801 4899 1692532 1674829 158.09 Year g gt & recent challenges to the paradigm. Climatic Change, 106(1), 7-29.
to be one of the most “at-risk”” environments in the Nation because 95 s @i 1952 lnndl o, Alfhons (in doemess o meh _ . understood. Regardless of the causes, some evidence is beginning 1977.4  359.27 R 257373 2,587.65 1099 oy 301595 3,79444 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 el _ e =l R vy e e e oot e S R
approximately a quarter of thesewetlands have beenllostiin the Methodology 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 throuehout 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  1,27520 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 dottgd lines repr.esgnt a 95-perc§nt confld(.ance interval. Effective degrees-of. freedorp (edf) can be |nt-erpreted as belpg rfelated to th(.e qegree of the E s 8 S = r o el ] e R () S oPe T, (65 5, e s
e . . . . . . p g d oth 2011) ob dad : bsid hich 1988.1 334.27 310.59 20.46 2,567.17  2,520.31 827  1,26245  1,274.44 9.91 3,609.35 351861 37.02 15901.61 15,747.99 119.18 polynomial fit of the spline (edf = 1is linear, edf = 2 is quadratic, and so on). The goodness of fit is described by the coefficient of determination (R?) statistic. S S oedf=d N edf=3.06 =0=23 g| edf=3.14 ° Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V. and Midgley, .M., 2013,
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 R2=0.922 S' | R0 S R2=0.915 S Climate change 2013— The physical science basis: Contribution of working group I to the
isi i ' ' This stud lyzed ch in the extent of land i tal and 1956 data aligned with the later satellite-based data. The source-classified satellite data for each time period and was then - - - ' The spatial and temporal patterns of wetland change observed  corresponds with the decrease in the rate of wetland loss 19905 DR 21453 250332 7.53 N 42547 345523 3530 e e e sl . g s O P e i
Coastal Louisiana was built by sedimentary material sourced 0TS SRy ielly7AS) IS 10EL UK (SRS, Gt lernte, 1ol COpRTE) g : kg : ime p approximately equivalent and, in some cases, slightly greater than i this assessment reveal a dvnamic landscape chaneing as a result P . L o 1995.7  354.60 325.11 1877 242037 247248 738 123507 124957 913 327151 335372 3408 15132.18 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
from fluvial and tidally redistributed deposits. The bulk of these Louisiana by using 21 datasets summarizing land and water Landsat MSS data (1973, 1977, and 1979), which have a native used to derive the land area by date, basin area, and coastal area that of the 2010 estimate (Couvillion and others, 2011). fth | d often i ty five offect P Fratu g 1 5 dh Finally, restoration activities, such as marsh creation and 19982 29537 32939 1875 249155 245675 735 125536 124395 907 328110 330997 3393 1488836 1510621 108.66 Year Year iz Resel) R, and offe) 1992, Ay opectsintafitn] of e getfment budgel of the Towe
. . . e N . - - 1 - 1 1 g o o (0] € complex and orten mteractive CIIcCts o1 natural an uman- 1 g 2 2 g ’ ’ ’ ’ o T ’ T T . e U ’ T e . Mississippi River prior to major human modification: Earth Surface Processes and
deposits were delivered via the Mississippi River as a result of areas from 1932 to 201§ (table 1; ﬁgs. 2 agd 3). Thc? datgsets 68 ‘Ty .83 quter_ (m) resg!utlon, wler§ first resarrllpled to ;11 3(? m gtalzlleﬁ). To reducg ts)ome. of1 the'grmljs assomateq with apparent | The model which best approximated the coastwide net land e roseases, ConsinAds felns: [ g S o bame%r 1slan§1 nourlshments, can be observe'd in the datasets which 19900 RN 33141 B 5520 244605 741 BT 520105 32862 3350 NERAASERRS 02N 0n00 EXPLANATION e e
upper catchment glaciation and melting associated with sea-level ~ Were derived from multiple sources including (1) historical U.S. resolution by using a cubic convolution resampling method to and change caused by misclassification or transient environmental  are5 change is similar to that of a third order polynomial (edf = inerease in land aréa by 2015 as compared to the previous 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 1491665 10335 Penalized Regression Spline, 1932-2016 Ko, 1Y, and Day, 1, 2004, A review ofecologicl impacts of il and g devclopment n
o - - . . ° 2 0 ) coastal ecosystems 1n the IVississipp1 Delta: Ocean oastal anagement, V. , NO. o
diaes. As gl riraied (o dos 12,000 sl G058 Army Corps of Engineers land loss data (1932) (Dunbar and facﬂltate‘comparablhty Wlth later Land§at ™ and OLI-based phenomena, two approaches were utilized. Changes must persist 2.903) (R*=0.923) (fig. 2). Within these data, 2005 and 2008 land in 2010 (Couvillion an}cll others. 201 1? however tlljlese 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 14,80826 96.97 — —~ 95 percent confidence band p. 597-623.
. 9 o . . . . . N . . . . . ., . .
s ), oelfivter et velisys and (eraspanied mue o others, 1990, 1992); (2) National Wetlands Inventory (NWI) data  data (native 30-m resolution). All satellite imagery data were then  for at least two consecutive time periods (of variable length, area data from hurricane-induced effects are evident as low outliers. 1l within the standard AR t’ 4 with ﬂ; datasets and they have substantially changed the composition and configuration 20068  274.49 328.83 1591 236291 240263 827 123653 123705 771 321595 320329 2880 1452436 14,739.97 92.80 Kolkes, A.S., Allison, M.A, and Hamesd, §., 2011, An evaluation of subsidence rates aad
2 ! . . . . . . el eq- . . ‘ ) ) -~ ) - i } . 2 ] ] o . » i . ) . i -level variability in the northern Gulf of Mexico: Geophysical Research Letters, v. 38,
o ’ e e e ] NSRS based on aerial photography (1956); (3) Landsat Multispectral classified into land/water categories by using a methodology which depending upon availability of cloud-free imagery) following Al eridie & @ parestved sl i esssikio ne bndl e . 0 th in the stan a'rl e_rr(;)_r as'soc1af cdwi N © a.asehs ?n » 85 of the local landscape. These projects are in many cases building 20088 20457 32463 1534 233354 239004 868 120324 123796 752  3,11994 318661 2796 14,1996 14,673.89 9147 Figure 3. Land area by hydrologic basin in coastal Louisiana, 1932-2016. (See table 1 for specific area measurements.) The red line represents a penalized regression spline which 121404, hitpes/dot org/10.1020, 201 1GLOAOASS. o
he upper catchmen ISE iments to . © ;We.f ccia ; miln 00dplams — gcanner (MSS) data (1973-79); (4) Landsat Thematic Mapper makes use of a modified Normalized Difference Water Index the initial change, and anomalous changes among land and recent years. SIDIELL, alie (rllo;ltll‘ec.essarl y 1cat1ve.3 e trule cdange n the long- new land or sustaining existing land, again contributing to a 2009.8 28150 32202 1544 233936 238375 890 121941 123867 761  3,119.51  3,179.07 2824 14,140.76 14,642.67 92.96 approximates the data. The blue dotted lines represent a 95-percent confidence interval. Effective degrees of freedom (edf) can be interpreted as being related to the degree of the polynomial Louisiana Coastal Wetlands Planning, Protection and Restoration Act Program, n.d., Coastal
that compose coasta ouisiana today. Periodic rloodwaters . o 1 1 . . . . term trend. 1S 1Increase 1n coastwide net land area mavy not yet . . .. fit of the spline (edf = 1 is linear, edf = 2 is quadratic, and so on). The goodness of fit is described by the coefficient of determination (R?) statistic. Louisiana basins: Louisiana Coastal Wetlands Planning, Protection and Restoration Act
9 p - . t p }t’h N o (TM) (1985-2010); and (5) Landsat Operational Land Imager (mI_\IDWI)_ (Xu, 2005, 2096). The mNDWI enhgnces Water_ features water categories can only occur in less than 20 percent of the All basins, with the exception of Atchafalaya Delta Basin, have be infernroted as “eain” because the persistence of said};reas};las reduction in loss rates. It is important to note that the effects of 2010.8  357.50 319.11 1591 235936 237746 914 122136 123954 787  3,161.68 317196 29.15 1466635 14,612.41 9631 P q g y e
Wou c.arry ese se %men s, and as the floodwaters re -rea ed, . (OLI) (2013-2016) satellite imagery classified into land and while cutting down on no1se.from lapd, vegetation, and soil (Xu, remaining datasets. The mapped dataset identifies only these experienced a net decrease in wetland area during the period of o gl; N ind o rrrl)a B restoration projects are not always visible in the persistent change 2013.9  306.83 308.79 19.88  2,364.85  2,357.95 994 128979 124286 977 321318 3,151.80 3631 14,737.51 1452281 118.92 M, R, Yk I ad Dy, T 199, Novement and sorgs ofssment v
. . . 1 1 1 o . . the United Stat @ , in W , M.G., and Riggs, H.C., eds., S t
rich sediment left behind formed a vast expanse of fertile deltaic water categories. Variable data coverage among the 1932 and 2006). The mNDWTI is seen in equation 1 below: areas of persistent and consistent change. For this reason, recent observation (1932-2016) (fig. 3). In terms of total area, Terrebonne %’ oo . o 'i/h P Ip! 2005 ry map because areas which were lost and then regained as a result of 20148 324.68 30557 2164 236689 235228 1019 123292 124394 1059  3,139.95 3,14625 3941 1462529 1449748 12839 el et e Ml o sk« oy e o
: : - - : . . rom the ephemeral lows associated wi e hurricanes o . ) .. 2015. . . . 236448 2,345, 10.4 . . . 142. 140.14 432 . . . 255-280.
wetlands (Fisk and McFarlan, 1955). Hydrology continues to 1956 datasets and all subsequent data required an assumption of NDWI = (Green-MIRY/(Greem+MIR) 0 land. changes (2015 to early 2016) .cannot yet be defined as Basin has experienced the greatest decrease in wetland area i’ 2008-11)1 . Al e P eSO Al ot e (e e s Shens srlonk, 0158  315.79 301.96 23.80 236448 234599 1048 123485 124514 1159  3,142.53 3,140 323 14,553.67 14,469.43 139.99 | | o
dictate the geomorphic structure and vegetation distribution of persistent because data are not available to confirm that these an ; however, specific areas of gain can be detected in the 2016.1  303.98 30087 2448 2390.08  2344.10 1057 127290 124551 1191  3,169.56  3,13831 4444 14,710.66 14461.03 143.65 Morton, R.A., Bernier, J.C., Barras, J.A., and Fernia, N.F., 2005, Rapid subsidence and

this landscape but in a drastically altered fashion. Flood-control
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

no change in the area of no data coverage in those datasets. No
change is assumed in land area from 1932 to 1956 and from 1956
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

Mid-infrared (MIR) is used because the wavelengths in this
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

changes have persisted into the two following analysis periods.
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

(-1,302 km? observed; -1,352 +/- 136 km? modeled), followed by
Barataria Basin (-1,120 km? observed; -1,177 +/- 106 km? modeled),
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?

dataset, many of which are showing persistence throughout the
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

Conclusions

This assessment provides a comprehensive analysis of
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historical wetland loss in the Mississippi Delta Plain, likely causes and future implications:
U.S. Geological Survey Open-File Report 2005-1216, 124 p. [Also available at http://pubs.
usgs.gov/0f/2005/1216/.]

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

features has led to an overall decrease in the amount of sediment this assumption was applied.) The areas missing from the 1932 and water and vegetation reflects MIR light more than green light (Xu, and (];’Y bIaSig (fig. 3, tabl; 1). F'igduri“s i and 3 _diSPlaﬁ’ t?e lor'lg—telgn modeled), Breton Sound Basin (-426 km? observed; -489 +/- 49 km? %;lnéjs] (m?gpetq datafset) and lon“gl tel’?} tre“rldg (iigs'd“ anddS ’ ‘iable historical trends and rates of land area change in coastal Louisiana e 18 Stastcs: NS/ st s osa govistl fommercia landings/annial_andings.
. o 1956 datasets mostly consist of forested wetlands. These areas are  2006). Initial mNDWI values were assigned to their appropriate trend in land area over the period of observation. The function o modeled), Mississippi River Delta Basin (-375 km? observed; - L-1assilication ol an area as “10ss~ Or galn - 1§ dependent on from 1932 to 2016. The primary improvements over past efforts g 557 enland, ., Wayne, L., Britsc illiams, S.J., Beall, A.D., and Butterwo
carried by the MlSSlSSlppl River as a result of dam and levee Y ) values w g pprop ) PP ( perSIStence criteria, where the amount of area of persmtent loss P 1y mp P e Y o i é}egﬁli;p\}?/icycla’s;ﬁc]?iti:)nl;f];g;t;?/lgnd lo’ssS iaJé’t\Eeellql’lg'S[;'e’xnddng(;tin thert 11\141\sfsgs11§310 "

construction throughout the drainage basin (Meade and others,
1990; Kesel and others, 1992). Anthropogenic controls also vary
the distribution of sediment within the river by redirecting or
altering the amount of sediment distribution at channel mouths,
along channel banks, and across floodplains. These flood-control
structures have contributed to a reduced capacity for sediment
accretion and thereby reduced the ability of wetlands to maintain
elevation in response to SLR and subsidence.

Sabine

historically stable, so the assumption of “no change” is correct in
most instances; however, the area and change summaries should
be used with the implicit understanding of this assumption in areas
lacking data in 1932 and 1956.

Preprocessing of all datasets included use of ERDAS
IMAGINE AutoSync software (Hexagon Geospatial, 2016) that
uses an automated process to align common landform features
between images. To assess change, the geometric registration
between datasets must be highly accurate. Misalignment of
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land/water categories by thresholds. Supervised and unsupervised
classification was then used to account for areas that may be
incorrectly classified by the mNDWI alone. This step focuses
on error-prone classes such as floating aquatic vegetation (FAV),
shadows, and bridges. These areas were manually recoded to their
appropriate land/water categories by expert analyses.

Land area estimates can vary substantially because of
environmental variations such as seasonality and, most notably,
water-level variations on the date of acquisition (DOA) (table 2)

Calcasieu
Lake

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.

change in land area over time was fit with a smoothing method
called penalized regression splines by using the Mixed GAM
Computation Vehicle (MGCV) package (Wood, 2000) on the R
statistical platform (R Core Team, 2014). This method fits land
change as a set of polynomials in a piecewise-continuous fashion
across the span of years. Trends computed from this spline
technique are smoothed and, as such, generalize trends over time.
The intent of this study is to provide long-term, coarse-scale rates
of change, and therefore these change rates are not appropriate
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

-401 +/- 75 km? modeled), and Teche-Vermilion Basin (-149 km?
observed; -174 +/- 37 km? modeled) (table 1). Atchafalaya Delta
Basin experienced an increase (+16 km? observed; +51 +/- 39 km?
modeled) in total land area across the entire period of record (table
1). As a percent of starting area, Mississippi River Delta Basin has
experienced the greatest percentage decrease in wetland area (-55
percent observed; -57 percent modeled), followed by Breton Sound
Basin (-38 percent observed; -43 percent modeled), Barataria Basin
(-29 percent observed; -31 percent modeled), Terrebonne Basin (-29
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

or gain for a particular period can be less than or greater than the
net land area change for that period. This effect occurs because
persistent losses in a particular location can be offset by transitory
gains in another.

This analysis has fostered an ability to examine variability
in rates of wetland change through time by fitting data with non-
linear models. Most of the models fit the coastwide and basin-level
land area change data well, with a couple of notable exceptions.
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

are an improved statistical analysis allowing for the observation
of rates other than linear and the inclusion of additional datasets
for assessing coastal wetland change since 2010 (Couvillion

and others, 2011). This dataset provides the ability to better
quantify the amount of wetland loss and the time period in which
it was lost. This information will allow gradual loss patterns

to be distinguished from losses due to episodic events such as
hurricanes. The observed spatial and temporal patterns reveal a
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?
2014-15 New water area®
1932-56 Persistent land gain'
1956-73 Persistent land gain'*
1973-175 Persistent land gain'*
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| | | | | | | | | I ar Figure 5. Finite-difference approximation of land area change rates
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 ol . . . . . . . . L et . , , , , , , , . 8k, . . . . . . . . . through.t!me in coastal Louisiana by hydrologic bgsin (as defined k_)y Terrebonne Bay - 2013-14 Persistent land gain‘
Y 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 the Louisiana Coastal Wetlands Planning, Protection and Restoration
ear Year Year Year Act Program, n.d.), 1932-2016; negative measurements indicate land 5
. o o o o ) o loss, whereas positive measurements indicate land gain. See table 3 for 2014-15 New land area
Figure 4. Finite-difference approximation of land area change rates through time in coastal Louisiana, 1932-2016; negative measurements indicate a net land loss rate, EXPLANATION specific values
whereas positive measurements indicate net land gain rates. See table 3 for specific values. Finite Difference Slope Approximation, 19322016 Basin boundary
— — = 95 percent confidence band
b Garden MlSSlSSlppl Rlver 'Gain is determined by the last date a particular pixel transitioned from water
Island o to land and remained land throughout the period of observation.
DeltaBasm %L oss is determined by the last d rticular pixel transitioned from land
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. . = Ostzl\fvaf:f;r:lin:em;;ez viztterarlir?)l?;hc)lﬁ:tz;ppl)e(?lott;at;]fstlntllazr;?vatrlz: o
Atchafalaya Delta Basin Barataria Breton Sound Calcasieu Mermentau Basin Mississippi River Delta Basin Pontchartrain Basin Teche/Vermilion Basin Terrebonne Basin Coastal Louisiana Terreb()nne Basm East Bay 3Be$naau;§ :Tes r:;::ar:/ng:er;z; (:r:]lz one ending dataset, some of these effects
Year Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low 1 SE high Change rate 1 SE low This date range contains st Ieast.one P S —
per year peryear per year peryear per year peryear per year peryear per year peryear S ca | e 1 2651000 created from Landsat Multispectral Scanner System (MSS).
1932 -0.40 -1.69 0.88 -6.82 -13.28 -0.16 -4.05 -5.82 -2.31 -9.45 -13.26 -5.51 -5.95 -7.18 -4.72 -8.71 -13.09 -4.38 -6.29 -6.69 -5.88 -1.57 -3.61 0.45 -7.62 -15.30 0.00 -52.66 -75.13 -29.82
1956 -0.13 -0.97 0.71 -12.43 -15.14 -9.75 -4.42 -5.48 -3.34 -9.92 -12.21 -7.67 -5.95 -7.18 -4.72 -9.61 -11.44 -7.78 -6.29 -6.69 -5.88 -2.09 -2.99 -1.19 -15.25 -18.58 -11.84 -67.98 -78.71 -57.05
1973 0.47 -0.26 1.16 21.66 -25.56 -17.87 -5.47 -6.41 -4.48 -8.72 -10.91 -6.55 -5.95 -7.18 -4.72 -5.91 -8.43 3.34 6.29 -6.69 -5.88 3.38 -4.54 222 2429 28.73 -19.82 -82.47 -95.42 -69.23 0 40 KILOMETERS
1975 0.57 -0.13 1.23 -22.89 -26.53 -19.41 -5.66 -6.57 -4.71 -8.33 -10.46 -6.25 -5.95 -7.18 -4.72 -4.84 -7.18 -2.45 -6.29 -6.69 -5.88 -3.59 -4.69 -2.50 -25.10 -29.26 -20.91 -83.19 -95.38 -70.74 - ) o B
I I I I I I Publishing support provided by Lafayette Publishing Service Center
1977 0.67 -0.01 1.31 -24.01 -27.31 -20.79 -5.86 -6.74 -4.93 -7.90 -9.95 -5.90 -5.95 -7.18 -4.72 -3.70 -5.85 -1.47 -6.29 -6.69 -5.88 -3.80 -4.81 -2.78 -25.76 -29.60 -21.89 -83.51 -94.87 -71.87 | | | | | | | s T e R s s ORI
1985 1.06 0.43 1.67 -25.34 -27.96 -22.71 -6.65 -7.47 -5.81 -5.91 -7.74 -4.10 -5.95 -7.18 -4.72 0.26 -1.51 2.07 -6.29 -6.69 -5.88 -4.02 -4.88 3.18 -25.61 -28.84 -22.43 -78.54 -88.54 -68.64 Wetland and Aquatic Research Center 700 Cajundome Bivd. Lafayette, LA 70506
https://www.usgs.gov/centers/wetland-and-aquatic-research-center-warc.
1988 1.19 0.57 1.80 -24.36 -27.04 -21.66 -6.93 -7.74 -6.11 511 -6.89 -3.33 -5.95 I8 -4.72 1.31 -0.49 3.14 -6.29 -6.69 -5.88 -3.83 -4.70 -2.98 2433 -27.62 21.14 -74.05 -83.90 -64.16 0 10 20 40 MILES ; . . .
or more information on the USGS—the Federal source for science about the
1990 1.27 0.66 1.87 -23.25 -25.95 -20.50 -7.10 -7.90 -6.29 -4.59 -6.34 -2.83 -5.95 -7.18 -4.72 1.79 -0.04 3.65 -6.29 -6.69 -5.88 -3.60 -4.48 -2.75 -23.14 -26.46 -19.89 -70.38 -80.37 -60.55 Earth, its natural and living resources, natural hazards, and the environment—
visit https://www.usgs.gov/ or call 1-888-ASK-USGS (1-888-275-8747).
1995 1.44 0.85 2.04 -18.96 -21.49 -16.40 -7.44 -8.23 -6.66 -3.45 -5.12 -1.80 -5.95 -7.18 -4.72 2.02 0.31 3.74 -6.29 -6.69 -5.88 -2.71 -3.52 -1.93 -19.28 -22.35 -16.27 -59.66 -68.97 -50.59 ) ) ) ) ) )
For an overview of USGS information products, including maps, imagery, and
1998 1.52 0.93 2.12 -15.51 -17.68 -13.31 -7.59 -8.36 -6.83 -2.91 -4.51 -1.32 -5.95 -7.18 -4.72 1.49 -0.04 2.99 -6.29 -6.69 -5.88 -1.99 -2.70 -1.29 -16.51 -19.19 -13.82 -52.55 -60.94 -44.43 publications, visit http:/store.usgs.gov/.
1999 1.54 0.94 2.15 -14.27 -16.35 -12.17 -7.63 -8.40 -6.85 -2.76 -4.35 -1.17 -5.95 -7.18 -4.72 1.21 -0.24 2.64 -6.29 -6.69 -5.88 -1.72 -2.41 -1.05 -15.55 -18.14 -12.99 -50.16 -58.36 -42.24 = = = Any use of trade, firm, or product names is for descriptive purposes only and
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