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Abstract 16 

Coastal and deltaic sediment balances are crucial for a region’s sustainability. However, such 17 

balances remain difficult to quantify accurately, particularly for large regions. We calculate 18 

organic and mineral sediment mass and volume balances using field measurements from 273 19 

Coastwide Reference Monitoring System sites across the Louisiana coast between 2006 and 20 

2015. The rapid relative sea level rise rate (average 13.4 mm/yr) is offset by the small dry bulk 21 

densities observed (average 0.3 g/cm
3
) to produce a 16.2 ± 41.1% mass deficit and 24.1 ± 14.0% 22 

volume deficit, significantly smaller than recent predictions for 2000 – 2100 (73 to 79% mass 23 

deficit). Geostatisical estimates show that this deficit is primarily located in areas not directly 24 

nourished by major rivers, yet these regions still accumulate ~24 MT/yr of mineral sediment. A 25 

fluvial sediment discharge of 113.8 MT/yr suggests a coast-wide trapping efficiency of 31.5 ± 26 

15.8% of the riverine sediment, excluding subaqueous deposition. Organic accumulation 27 

accounts for 30% of all volume accumulation during our study period and total organic mass 28 

accumulation per unit area is relatively constant in both directly and indirectly nourished regions. 29 

Sediment characteristics in the modern coastal wetlands differ from the Holocene deposit, 30 

suggesting secular changes within the system that will likely continue to influence coastal 31 

dynamics over the coming decades. Our results suggest that the gap between accommodation and 32 

accumulation (mass or volume) during this decade was not as large as the previously predicted 33 

century average. 34 

1 Introduction 35 

Coastal wetlands are economically and environmentally important regions of high 36 

biodiversity. They help mitigate the detrimental impacts of storms (Cahoon et al., 2006; Shepard 37 

et al., 2011), are important global sinks for carbon (Hopkinson et al., 2012), and provide a source 38 

of livelihood for millions of people (Gramling & Hagelman, 2005). Globally, deltas and their 39 

coastal wetlands have been deteriorating, as historic management practices have altered the 40 

sediment budget and rising relative sea level has increased accommodation (Coleman et al., 41 

2008; Couvillion et al., 2017; Day et al., 2000; Stanley, 1996; Teatini et al., 2011; Wang et al., 42 

2012). Despite these stressors, recent work has shown that many deltas are currently prograding 43 

(Besset et al., 2019; Nienhuis et al., 2020; Ninfo et al., 2018) though we lack a systematic 44 

understanding of this shift.  45 

Over the past century, about 5,000 km
2
 of Louisiana’s coastal wetlands have transitioned 46 

to open water environments (Couvillion et al., 2017). Historic management practices have 47 

caused significant changes to the distribution of sediment across the coast, which has in turn 48 

changed wetland characteristics (Cahoon, 1994; Day et al., 2011). The predicted loss of much of 49 

the remaining 16,200 km
2
 of Louisiana wetlands has prompted recent government efforts to 50 

focus on the restoration and protection of these valuable ecosystems (Blum & Roberts, 2012; 51 

Colten, 2016). Despite current net land loss on the Mississippi River Delta (Couvillion et al., 52 

2017) and the fact that it has been thoroughly studied (Paola et al., 2011), the coastal sediment 53 

balance remains poorly quantified. This presents an important gap in sustainability monitoring.   54 

A sediment deficit is defined as the difference between the mass or volume of 55 

accumulating sediment and the mass or volume needed to fill the accommodation created by 56 

relative sea level rise (RSLR). Land loss from the last century in coastal Louisiana suggests such 57 

a sediment deficit. It was previously modeled for 2000 – 2100 to be 73 – 79% (Table S1), 58 

predicting the inevitable drowning of a significant portion of the remaining coastal wetlands by 59 

2100 (Blum & Roberts, 2009, hereafter defined as BR09). This model was based on five key 60 
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assumptions. First, the sediment mass accumulation rate was assumed to be 40% of the sediment 61 

discharge of the Mississippi and Atchafalaya rivers (trapping efficiency, TE). Second, the deposit 62 

was assumed to have a sediment bulk density (ρ) of 1.5 g/cm
3 

(43% porosity).  Third, the 63 

subsidence rates were assumed to range from 3 – 8 mm/yr (6 – 12 mm/yr RSLR). Fourth, no 64 

mineral sediment input to wetlands isolated from rivers by artificial levees was assumed for the 65 

period 2000 – 2020. Finally, organic sediment mass accumulation was not considered. Aspects 66 

of the deposit were assumed from measurements of the Holocene Mississippi Delta and 67 

compared to modern RSLR and sediment transport measurements.  68 

The sediment balance is the primary control on long-term delta evolution, so precise 69 

constraints are essential for successful implementation of coastal restoration and management 70 

plans (Bentley et al., 2014; Paola et al., 2011). In this study, we use the Louisiana Coastwide 71 

Reference Monitoring System (CRMS) to calculate the first field-based estimate of sediment 72 

mass and volume balance in coastal Louisiana. The CRMS dataset is compiled by the United 73 

States Geological Survey (USGS) and the Louisiana Coastal Protection and Restoration 74 

Authority (CPRA). This distributed set of monitoring stations (Figure 1) provide direct 75 

measurements of sediment accretion and estimates of shallow subsidence rates between 2006 and 76 

2015 (the study period), as well as sediment characteristics derived from 24-cm-deep cores taken 77 

during site installation, which began in 2006 (Folse et al., 2008). By assuming that sediment 78 

characteristics during the study period were similar to those measured in the shallow core, a 79 

synoptic sediment balance can be geostatistically interpolated across the domain (Diggle & 80 

Ribeiro, 2007). We assess the variability between directly nourished areas (the areas fed by the 81 

Mississippi and Atchafalaya Rivers) and indirectly nourished areas (which have no significant 82 

riverine sediment input). We then show the first regional estimate of wetland sediment trapping 83 

efficiency by combining sediment mass accumulation with direct discharge and suspended 84 

sediment concentration data from two USGS river gauging stations. Finally, we estimate organic 85 

mass accumulation in the remaining 16, 200 km
2
 of coastal wetlands in the domain.   86 

2 Methods 87 

2.1 Data Collection 88 

Sediment mass and volume accumulation rates (spatially integrated measurements of 89 

sediment deposition, i.e. tonne/km
2
/yr [mass] and m

3
/yr [volume]) were geostatistically modeled 90 

from point measurements of sediment characteristics, including vertical accretion rate (Va; 91 

cm/yr). Sediment characteristics for each CRMS site were collected for 391 sites along the coast 92 

at the time of site establishment, which began in 2006. Each CRMS site includes a shallow core 93 

for sediment characteristics (bulk density [ρ; g/cm
3
] and organic fraction [Forg; -]), surface 94 

elevation change measurements, and vertical accretion monitoring via marker horizons (Folse et 95 

al., 2008).  96 

Organic fraction is calculated from loss on ignition. Since Forg are average values derived 97 

from shallow sediment cores (24 cm deep), decomposition that occurs from the surface to 24 cm 98 

depth is included in total organic accumulation estimates (see results section 3.3).  We assume 99 

that the average ρ and Forg of this material is characteristic of the material that accumulated on 100 

the surface after site establishment.  101 

The CRMS monitoring also captures vertical sediment accretion and erosion in coastal 102 

wetlands using cryogenic coring when the sediment erosion is small enough that the feldspar 103 

horizon is not destroyed (Folse et al., 2008). Thus, the dataset does not account for subaqueous 104 
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deposition and/or erosion, wetland edge erosion, or substantial erosion of the wetland interior 105 

(see discussion section 4.3). Va is measured by sediment accretion on the marker horizon. 106 

Shallow compaction is calculated by subtracting surface elevation change from Va.   107 

A subset of 274 sites as described in prior work by Jankowski et al. (2017) are selected 108 

for interpolation of sediment characteristics; however, one site was omitted from our study, as 109 

this site did not contain sediment characteristics (n = 273 for this study; Figure 1). The subset for 110 

Va rates were chosen based on three parameters: (1) the sites were never re-established because 111 

of damage, (2) the sites have at least one continuous Va record, and (3) the accretion record is at 112 

least 6 years long. Linear regressions of all Va measurements, taken approximately every 6 113 

months after site establishment, were calculated to obtain an average Va for each of the 273 sites 114 

(Jankowski et al., 2017).  115 

2.2 Interpolation and Statistical Analysis   116 

We use Bayesian kriging for creating maps of Va, ρ, and Forg using a 1-km
2
 grid covering 117 

the extent of the study domain (Figure 2). We chose Bayesian kriging because it integrates data 118 

and model to predict unobserved values, produces uncertainty estimates of the prediction, and is 119 

less likely to be biased by parameter choices (such as semivariogram nugget and range) as 120 

compared to the traditional approaches (e.g. ordinary kriging) (Diggle & Ribeiro, 2007). We 121 

used uniformed priors and allowed the model to sample from a large parameter space. To meet 122 

the normality assumptions, we transformed the variables (Figure S3) using the boxcox 123 

transformation embedded within Bayesian kriging in geoR package (Ribeiro, 2018). We then 124 

used the Sharpiro-Wilks test to confirm normality of the transformed variables.  125 

Although microtopography in marshes is likely to reflect somewhat different sediment 126 

characteristics (Stribling et al., 2007), we are unable to directly characterize changing conditions 127 

between CRMS stations. Further, the dataset is not able to capture changes in wetland 128 

characteristics that may occur between CRMS sites that are separated by old distributary levees 129 

or other hydrologic boundaries. However, we incorporate the 1
st
 order spatial trends into our 130 

model, which show that Forg, ρ, and Va  do not have constant means across the coast, thus, 131 

variability in sediment properties is considered in the model. Preliminary work showed that 132 

ordinary kriging under-estimated the sediment deficit because of these spatial trends and that 133 

Bayesian kriging, with a 1
st
 order trend, removed spatial biases. We used leave-one-out cross-134 

validation to validate the results of Bayesian kriging (Figure S5). The cross-validation results 135 

show a good agreement between field-data and predictions (Va r
2 

= 0.96, ρ r
2
 = 0.88, and Forg r

2 
= 136 

0.86). For all model parameters and analysis code, please refer to the Supporting Information.  137 

Preliminary work also showed that sediment balances were sensitive to the land area 138 

considered. Hence, we choose a conservative estimate of coastal wetland area (16,554 km
2
) from 139 

2013 provided by the USGS (Sasser et al., 2014). The kriged maps were clipped to include only 140 

data that falls within the ten CPRA coastal hydrologic basins (16,176 km
2
; Figure 1). The 141 

shapefile was created in the summer of 2013 using aerial imagery to map vegetation along the 142 

Louisiana coast in order to analyze wetland change. These wetlands include brackish, salt, fresh, 143 

and inland swamp ecosystems with CRMS sites spanning the entire study area (Figure 1). We 144 

chose this shapefile specifically because it excludes cities, rivers, areas of high elevation, and 145 

levees (Nienhuis et al., 2017). Further, it is the most recent land/water polygon for the coast, so 146 

we assume areas that drowned before our study period are removed.  147 

We estimate the amount of sediment accumulating in the wetlands during the study 148 

period by converting interpolated sediment properties, ρ and Va, to total sediment mass and 149 
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volume accumulation rates (see Appendix B; Equations B1 and B7). We also calculated mineral 150 

and organic mass and volume accumulation rates (Equations B2, B3, B8, and B9). We estimate 151 

the mass and volume balance over the study domain (Equations B17 and B27) by comparing the 152 

amount (mass or volume) of sediment needed to fill accommodation created by RSLR each year 153 

(Equations B15 and B25) to the mass or volume accumulation rates. We compare the deficit in 154 

the directly and indirectly nourished regions, as well as the ten different hydrologic basins along 155 

the coast to understand the spatial relationship. 156 

 In order to do this, we multiplied the clipped interpolated raster maps (Va, Forg, and ρ) to 157 

create a map of sediment mass accumulation rate at each pixel (sum of all pixels = total mass 158 

accumulation rate) in ArcGIS. The extracted data, including interpolated data and error for each 159 

grid square, was exported as a csv file. We use calculated covariances (σ; Table S2) during error 160 

propagation since the variables are all correlated (Figure S2). In particular, ρ (g/cm
3
) and Forg (-) 161 

are very strongly negatively correlated (in log space), as can be seen from an r
2
 value of 0.87 and 162 

a very low p-value of 2.69 * 10
-124

 (Figure S2b).   163 

 We used CRMS subsidence rates originating from shallow compaction of Holocene 164 

sediments combined with deep subsidence originating from GPS data (Karegar et al., 2015) for 165 

calculation of accommodation. We calculate independent spatial statistics for subsidence rates 166 

and see that the nugget for the semivariogram of subsidence rates is 0.43 cm/yr and the range is 0 167 

km. The range is slightly different than, but comparable to, the 5 km range calculated by 168 

Nienhuis et al. (2017). The range shows the distance between points in which the data is spatially 169 

autocorrelated. Since there is no spatial autocorrelation (0 km range), we use the weighted 170 

average subsidence rate to estimate total accommodation along the coast (Figure S6). For this 171 

same reason, we use average subsidence rates for each basin in the analysis of the sediment 172 

budget at the basin scale. These rates are quite variable along the coast, but the weighted mean 173 

subsidence rate is 10.4 ± 0.86 mm/yr.  174 

The global mean eustatic SLR rate measured using altimetry has been shown to be 3.0 ± 175 

0.4 mm/yr (Nerem et al., 2018), potentially approaching 3.5 mm/yr (WCRP Global Sea Level 176 

Budget Group, 2018). A more regional study shows a SLR rate of 2.0 ± 0.4 mm/yr on the 177 

Louisiana coast (Letetrel et al., 2015). We use the global mean eustatic SLR rate for our study 178 

(3.0 ± 0.4 mm/yr), which gives a total RSLR rate of 13.4 ± 0.9 mm/yr.  179 

We calculate a combined sediment discharge from the Mississippi (at Belle Chasse, LA, 180 

USGS Station: 07374525) and Atchafalaya (at Melville, LA, USGS Station: 07381495) rivers for 181 

the study period. We use trapezoidal integration, which assumes linear change from one 182 

measurement to the next, to calculate total suspended sediment concentration, water discharge 183 

and sediment discharge for both rivers. The integration gives a total sediment discharge of 113.8 184 

MT/yr over the 10-year period (Figure S1). We use this sediment discharge to calculate the coast 185 

wide trapping efficiency (Equation B13).  186 

3 Results 187 

3.1 Coastal Louisiana Sediment Deficit  188 

The total mass needed to fill the 16,176 km
2
 of coastal wetlands that existed in 2013 189 

(Couvillion et al., 2017) at a rate of 13.4 ± 0.9 mm/yr and at an average ρ of 0.29 g/cm
3
 is 57.5 ± 190 

16.0 MT/yr (one standard error). Our geostatistical analysis estimates that 48.2 ± 17.2 MT/yr of 191 

sediment mass accumulated over the study period. Of this, 35.9 ± 18.0 MT/yr was mineral 192 

sediment and 12.3 ± 5.11 MT/yr was organic material (Figure 3). This results in a 9.34 ± 23.5 193 
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MT/yr or 16.2 ± 41.1% mass deficit along the coast. If we neglect the organic contribution, the 194 

total mass deficit would be 37.6 ± 43.1%. Further, if mean sea level along the Louisiana coast 195 

was 2.0 mm/yr (the regional average), then the sediment mass deficit would have been 9.50 ± 196 

42.9% (5.06 ± 22.8 MT/yr) (tabulated in Supporting Information). The combined fluvial 197 

(Mississippi River and Atchafalaya River) sediment discharge during the study period was 113.8 198 

MT/yr (Figure S1). Comparison of this mineral river sediment discharge to mineral mass 199 

accumulation yields a TE of 31.5% ± 15.8%.  200 

The sediment volume balance along the coast differs from the mass balance because mass 201 

accumulation (ρVa) and accretion are nonlinearly related due to weak correlation between ρ and 202 

Va (Figure S2c). Using the same area and RSLR, the volume needed to fill the accommodation is 203 

218 x 10
6
 ± 14.8 x 10

6
 m

3
/yr. A total volume of 165 x 10

6
 ± 26.4 x 10

6
 m

3
/yr of sediment 204 

accumulated along the coast during the study period. 115 x 10
6
 ± 26.4 x 10

6
 m

3
/yr was mineral 205 

sediment, while 50.4 x 10
6
 ± 0.229 x 10

6 
m

3
/yr was organic sediment. This results in a 52.3 x 10

6
 206 

± 30.2 x 10
6
 m

3
/yr or 24.1 ± 14.0% sediment volume deficit, slightly larger than the mass deficit, 207 

but with far less uncertainty. If we neglect organic contribution to the volume of sediment 208 

accumulated, the deficit would be 47.2 ± 14.3%.  209 

3.2 Basin Analysis 210 

We perform a sediment budget analysis (Figure 4, all estimates tabulated in Supporting 211 

Information) for the entire domain using the ten different hydrologic basins (see Figure 1 for 212 

locations). We consider the Mississippi River Delta, Atchafalaya Basin, and Breton Sound to be 213 

the directly nourished basins. We consider Breton Sound a directly nourished basin, as it receives 214 

fluvial sediment from the Mississippi River during high floods (Smith et al., 2015). Further, it 215 

was directly nourished during the 2008 high flow event, which occurred during our 10-year 216 

study period (Allison & Meselhe, 2010). 217 

A spatial trend is observed in sediment characteristics (ρ, Forg, and Va) across the coast 218 

(Figure 2). The western region of the coast has lower Va than the eastern region, beginning at the 219 

Atchafalaya basin. This trend is due to the location of the sediment input sources (Mississippi 220 

and Atchafalaya rivers), which cause ρ to be higher and Forg to be lower in areas located near a 221 

river.  The indirectly nourished areas receive mineral sediment either from elsewhere in the 222 

wetland, shallow bays, or the continental shelf (sediment nourishment from minor rivers, the 223 

Davis Pond (Keogh et al., 2019) diversion, and the Caernarvon diversion are neglected). Even 224 

though lower ρ produces larger sediment volumes for a given sediment mass, the indirectly 225 

nourished areas still have about 15% more sediment deficit by mass and 10% by volume (Figure 226 

4, tabulated in Supporting Information).  227 

Total, mineral, and organic accumulation rates also vary across the delta (Figure 3; 228 

Supporting Information). The main distinction is the varying mass accumulation rates in directly 229 

nourished areas compared to indirectly nourished areas (p-value = 0.053; see Figure 1 for 230 

locations). The western portion of the coast has lower total, mineral, and organic sediment mass 231 

accumulation rates, while the eastern region has higher total and organic sediment mass 232 

accumulation rates. Interestingly, the middle portion of the coast, between Atchafalaya and 233 

Barataria basins, has large organic mass accumulation rates, relative to the rest of the study area. 234 

This organic mass accumulation helps offset the lower mineral sediment mass accumulation 235 

rates, allowing this region to have an average total sediment mass accumulation rate.   236 
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3.3 Organic Material Accumulation 237 

Over the study period, 123 ± 16.2 MT of organic material accumulated within the 238 

domain. 19.8 ± 3.31 MT accumulated in the directly nourished areas, while 104 ± 13.3 MT 239 

accumulated in the indirectly nourished areas. However, the directly and indirectly nourished 240 

areas sequester similar amounts of organic material per unit area each year (918 ± 485 and 739 ± 241 

300 tonne/km
2
/yr, respectively). Higher fraction of organic material in a wetland tends to 242 

correlate with a wetland that has a higher fraction sediment mass deficit (Figure 6).   243 

4 Discussion  244 

The CRMS dataset allows us to statistically model the first regional-scale, field-based 245 

estimate of sediment mass and volume accumulation and corresponding deficit within the coastal 246 

Louisiana wetlands, accounting for changes in environmental conditions observed in recent 247 

years. Our conservative estimates show that between 2006 and 2015, there was not enough 248 

sediment (measured by mass or volume) accumulating in coastal wetlands to keep pace with 249 

RSLR. However, a sediment mass surplus during this period cannot be ruled out, due to large 250 

uncertainty related to the incorporation of ρ when calculating mass balance estimates.  251 

4.1 A New Estimate of Sediment Deficit 252 

 It is useful to compare our estimates to previous estimates from BR09, even though the 253 

study area and riverine sediment discharge cannot be compared explicitly. Our sediment deficit 254 

considers the entire Louisiana coast, while BR09 only considered the relatively sediment-rich 255 

Mississippi Delta region. Using the updated post-dam sediment load (Supporting Information 256 

1.2), BR09 predicted average mass deficits of 129 to 187 MT/yr (73 – 79% for 2000-2100; Table 257 

S1). Remarkably, our sediment mass deficit (9.34 ± 23.5 MT/yr) is far smaller than the sediment 258 

deficit previously estimated by BR09. We discuss the reasons for this discrepancy below. 259 

For simplicity, BR09 neglected organic accumulation in the deposit. This may have been 260 

justified by the predominantly clastic deposits of the Holocene, but core surveys show peat 261 

forming environments have increased (Hijma et al., 2017). We show that the sediment 262 

accumulated is 25.5% organic material by mass and 30.5% by volume in current deltaic 263 

conditions. Coastal wetlands that are starved of mineral sediment are thought to become more 264 

organic-rich (Bohacs & Suter, 1997; Kosters et al., 1987), and we show that organic fraction 265 

increases with increasing sediment deficit (Figure 6). However, organic mass accumulation per 266 

unit area remains roughly constant in directly and indirectly nourished areas (918 vs. 739 267 

tonne/km
2
/yr; section 3.4), similar to recent work by Holmquist et al. (2018). If we neglect 268 

organic accumulation, our results suggest that the small sediment deficit would increase to a 38% 269 

mass deficit or a 47% volume deficit. Thus, organic deposits should not be neglected when 270 

calculating sediment deficits in the Mississippi Delta or global coastal wetlands (Kirwan & 271 

Megonigal, 2013; Reed, 2002; Ye et al., 2015).  272 

Our work uses substantially different estimates of deposit bulk density and subsidence 273 

rate than BR09. The shallow cores at the CRMS stations show a mean dry bulk density of 0.29 274 

g/cm
3
, corresponding to a 90% porosity, assuming a mineral sediment density of 2.65 g/cm

3
. In 275 

contrast, BR09 assumed a dry bulk density of 1.5 g/cm
3
, which corresponds to a 45% porosity. 276 

Thus, the dry bulk densities near the surface of coastal wetlands, including those on the bird’s 277 

foot (Mississippi River Delta hydrologic basin), are much smaller than bulk densities estimated 278 

from buried Holocene strata. If using the same sediment load and TE, a lower bulk density leads 279 
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to the accumulation of more volume. A reduction of the assumed dry bulk density from 1.5 280 

g/cm
3 

to 1.0 g/cm
3 

(for example) would reduce the BR09 sediment deficit calculated by 33%. 281 

Hence, field-based estimates of bulk density are inherently necessary for accurate estimates of 282 

sediment deficit in deltas worldwide.  283 

Relatedly, our total subsidence rate (average 10.4 ± 0.83 mm/yr) is higher than the 3 – 8 284 

mm/yr used by BR09. Subsidence on the Louisiana Coast is primarily due to shallow sediment 285 

compaction, meaning that ρ and subsidence rates are highly coupled properties that both decrease 286 

nonlinearly with depth (Keogh & Törnqvist, 2019; Törnqvist et al., 2006). Therefore, one must 287 

compare the subsidence rate and ρ at the same horizon in order to accurately estimate the 288 

sediment needed. The CRMS data is particularly valuable because it provides measurements of 289 

subsidence at the wetland surface and ρ in the top 24 cm of soil. Therefore, the small bulk 290 

densities and high subsidence rates found at the surface are appropriate to compare directly and 291 

significantly offset one another when calculating coastal sediment deficits, both in Louisiana and 292 

worldwide.  293 

Finally, BR09 assumed zero sediment input to the Mississippi Delta wetlands from 2000 294 

– 2020, as levees prevent the flow of water and sediment to the wetland interior. However, we 295 

show that a substantial amount of mineral sediment accumulated (~36 MT/yr) in the wetlands 296 

from 2006 – 2015. Despite artificial levees that prevent sediment transport from rivers to 297 

wetlands, other mechanisms must support mineral sediment transport and subsequent deposition 298 

in these wetlands (see discussion section 4.3).  299 

It is important to note that deltas worldwide, including coastal Louisiana, have 300 

experienced many secular changes over the last century, including hydrologic basins becoming 301 

indirectly nourished, accelerated eustatic sea level rise and significant coastal wetland loss. 302 

These changes have likely altered the spatial distribution of bulk densities, subsidence rates, and 303 

organic fractions. The stability of the delta top in the future depends on changes to these highly 304 

coupled marsh characteristics. Hence, we conclude that the sediment deficits we document here 305 

may only persist for a short time (decades?) if further secular changes occur. Improved meso-306 

scale modeling of coastal sediment deficits will need to incorporate these feedbacks to improve 307 

sustainability forecasts for coastal Louisiana or other large deltas. 308 

The utility of interpolated sediment deficits can be also seen by comparing our sediment 309 

deficit to CMRS averaged statistics from Jankowski et al. (2017; J17). Without spatial 310 

interpolation, J17 found the mean vertical accretion rate (10.7 mm/yr) to be around 11% smaller 311 

than their estimate of RSLR (12.0 mm/yr). The interpolated average accretion rate is 10.2 mm/yr 312 

is 15% smaller than their estimate of RSLR. Similarly, J17 estimate a 20% volume deficit using 313 

our value of RSLR (13.4 ± 0.9 mm/yr), whereas we predict a 24% volume deficit. While of the 314 

same order, this comparison shows that geostatistical modeling of wetland characteristics can 315 

improve estimates of sediment deficits by ~4% (~2 MT/yr) relative to the extensive CRMS 316 

network alone, furthering the goal of monitoring coastal sustainability.  317 

4.2 Limitations  318 

The CRMS network monitors accretion on wetland platforms and cannot characterize 319 

several types of erosion and deposition in coastal wetlands, including wetland edge erosion, 320 

significant wetland platform erosion, and subaqueous deposition. Wetland erosion at the edges of 321 

ponds results in lateral changes in wetland extent. The CRMS stations measure Va change to 322 

wetland platforms and are not designed to measure any lateral erosion of wetland edges. Over 34 323 

years, there has been 250 km
2 

of marsh edge erosion (Ortiz et al., 2017). If the depth of this 324 
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marsh erosion is 2 m (Wilson & Allison, 2008) and the sediment has an average ρ of 1.15 g/cm
3 

325 

(Bomer et al., 2019), this would result in about 17 MT/yr of edge erosion over the 34-yr period, 326 

which is small in relation to mass accumulation on the wetland platform.  327 

Accretion rates (Va) would be biased if wetland platform (vertical) erosion is not 328 

accounted for. However, we show this potential limitation does not affect our study period 329 

(Smith et al., 2015). In many cases, accretion time series at the CRMS sites showed short periods 330 

of erosion (thickness reduction) within the long-term depositional signal. Hence, we consider the 331 

deposition rates to be characteristic of decadal scale wetland stability. We also rule out the 332 

possibility that some of the CRMS sites were neglected because erosion removed an accretion 333 

record. 118 sites were not used during our analysis (see methods section 2.2), but none of these 334 

sites showed removal of feldspar plots due to erosion that was greater than accretion. Therefore, 335 

we assume delta top erosion (i.e. large storm events) is captured within the short-term erosion 336 

signals observed at the CRMS sites and does not bias Va.  337 

The CRMS sites also do not measure delta front deposition, which is significant in parts 338 

of the bird’s foot (MRD hydrologic basin), as well as the Wax Lake and Atchafalaya deltas in 339 

Atchafalaya Bay. There has been about 3 m of sediment deposited over 100 km
2
 on the Wax 340 

Lake Delta (WLD) between 1974 and 2016 (Shaw et al., 2018). Assuming an average ρ for delta 341 

front sediments (24 cm – 3 m depth) of 1.77 g/cm
3
 (33% porosity) (Shields et al., 2017, 342 

Supporting Information), the sediment mass accumulation is equivalent to about 12.6 MT/yr 343 

since formation. The deposition on the Atchafalaya Delta and the bird’s foot of the Mississippi 344 

River Delta is estimated to be about 5 times larger than on the WLD, as the WLD receives about 345 

1/6
th

 of the combined (Mississippi and Atchafalaya rivers) fluvial discharge (Kim et al., 2009). 346 

We estimate that these three areas accumulate roughly 76 MT of sediment each year. This results 347 

in subaqueous deposition rates that are around 157% of the wetland mass accumulation rates 348 

(48.2 MT/yr). Though unaccounted for in our analysis (and weakly constrained here), this 349 

subaqueous deposition appears to be an important component of the coastal sediment balance.  350 

4.3 Field Based Estimate of Wetland Trapping Efficiency 351 

BR09 estimate a 40% TE in the Mississippi River Delta over the Holocene Epoch using a 352 

450 MT/yr fluvial sediment discharge, whereas we estimate a 28% TE for a similar region 353 

(hydrologic basins: Atchafalaya, Terrebonne, Barataria, ‘birds foot’, Breton Sound, Ponchartrain, 354 

and Pearl) over the past decade using a 113.8 MT/yr sediment discharge. Interestingly, the TE 355 

assumed by BR09 is in line with our results, even at vastly different timescales and fluvial 356 

sediment discharge. The reduced sediment discharge is potentially due to natural variability of 357 

fluvial sediment transport or may be a part of the trend of reduced sediment transport since 1970 358 

(Blum & Roberts, 2009; Mize et al., 2018).  359 

A primary driver of the loss of deltaic marshes in the 20
th

 century is the reduced sediment 360 

supply to the marsh platform, as artificial levees cut off riverine sediment supply (Gagliano et al., 361 

1981). We see that just 11% of the mineral sediment delivered by the major rivers is trapped in 362 

areas that are directly nourished. The ‘birds foot’ has a TE = 5.47 ± 2.00% and the Atchafalaya 363 

has a TE = 9.85 ± 4.02% (tabulated in Supporting Information). These estimates are in line with 364 

previous estimates of 5 – 30% for the Wax Lake Delta (a directly nourished region located 365 

within the Atchafalaya basin) (Esposito et al., 2017). Comparatively, 24.4 MT/yr of mineral 366 

sediment accumulates in indirectly nourished wetlands, which constitutes 24% of the riverine 367 

sediment transported past the directly nourished regions (Equation B13). The higher TE 368 

estimated in the indirectly nourished areas is mostly due to the larger area, but also due to the 369 
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lower estimated sediment supply. We see that the directly nourished areas accumulate about 3 370 

times the amount of mineral sediment per unit area compared to indirectly nourished areas.  371 

Sediment produced from marsh edge erosion has been shown to accumulate back on the 372 

marsh platform (Hopkinson et al., 2018). This mineral sediment derived from edge erosion (~17 373 

MT/yr, section 4.2) is likely accounted for in the CRMS accretion rates as it gets redistributed; 374 

therefore, the total trapping efficiency could be as low as 17%.  375 

We find it remarkable that significant mineral sediment mass accumulates in indirectly 376 

nourished areas. We argue the mineral sediment mass that accumulates in indirectly nourished 377 

wetlands each year is delivered through tides or storms (derived from the continental shelf) or 378 

from somewhere else on the marsh platform (Roberts et al., 2015; Stumpf, 1983). Continental 379 

shelf sediment dynamics will influence the indirect TE as well. The discovery of sediment 380 

starvation on the proximal continental shelf (Maloney et al., 2018) and frequent resuspension 381 

events (Obelcz et al., 2018) are both consistent with the export of continental shelf muds into 382 

indirectly nourished basins. If there was no mineral sediment deposited in the indirectly 383 

nourished wetlands, the sediment deficit would be 76%. Although the indirectly nourished areas 384 

do not trap enough mineral sediment to keep pace with RSLR, the mineral sediment transport 385 

process, though poorly understood, is crucial for the sustainability of these regions.  386 

 387 

 4.4 Implications for coastal restoration 388 

Volume and mass estimates are both necessary when creating coastwide restoration 389 

plans. While there is only a small sediment mass deficit along the coast (16%), there is a slightly 390 

larger volume deficit from 2006 – 2015 (24%). The slight positive correlation between ρ and Va 391 

(Figure S2) explains the lower sediment mass deficit because sediment surplus regions, such as 392 

the Mississippi River ‘bird’s foot’, have accretion that is both more rapid and more dense than 393 

the delta wide average. If a controlled diversion could divert surplus sediment to indirectly 394 

nourished regions and the sediment deposits at a lower bulk density (with all other relationships 395 

steady), the volume deficit could be substantially reduced.  396 

Relatedly, the sediment deficit could potentially be mitigated by increasing TE. Since the 397 

total TE is only about 32% (11% in the directly nourished areas and 24% of the remainder in the 398 

indirectly nourished areas), management strategies should focus on ways of trapping a portion of 399 

the remaining 70% of sediment along the coast through optimal diversion of sediment through 400 

sheltered diversion sites (e.g. Esposito et al., 2017). A relationship (or lack thereof) between TE 401 

and changes in fluvial sediment discharge would have a first order effect on sediment deficit, but 402 

such a relationship is unclear if continental shelf sediment sources can somewhat offset fluvial 403 

sediment discharge. Ultimately, the relatively low sediment deficit between 2006 and 2015 404 

provides a more optimistic short-term outlook for the system than previous estimates suggest. A 405 

comprehensive understanding of the recent sediment deficit in progradational deltas will help 406 

further our understanding of these complex systems. Since small sediment deficits (as shown 407 

here) will likely affect land area change and other key coastal processes over coastal planning 408 

and management timescales, further work understanding this landscape response timescale will 409 

increase the effectiveness of these management goals.  410 

5 Conclusion 411 

Sustaining the remaining 16,200 km
2
 of wetlands in coastal Louisiana is of extreme 412 

importance. Successful restoration plans hinge on accurate estimates of the sediment deficit. 413 

Using the Coastwide Reference Monitoring System, we calculate the first field-based estimate of 414 
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sediment deficit in coastal Louisiana. Our analysis shows that between 2006 and 2015, coastal 415 

Louisiana had a sediment mass deficit of ~15% and a volume deficit of ~25%. This is a smaller 416 

sediment deficit (by mass and volume) than previous estimates for two important reasons. First, 417 

small bulk densities found in the surface sediments significantly offset large subsidence rates. 418 

Second, organic material makes up about 30% of the volume of these surface sediments and is 419 

extremely important in sustaining the current coastal land area. Although the sediment properties 420 

seen in the modern wetlands may be a disequilibrium response to changing conditions, they seem 421 

nearly sufficient for maintaining wetlands over decadal timescales.  422 

Directly nourished regions trap 11% of riverine sediment, have above-average bulk 423 

densities and accretion rates, and have a small organic fraction. In contrast, indirectly nourished 424 

regions have small bulk densities and accretion rates, but high organic fraction. Even so, 425 

indirectly nourished regions accumulate substantial amounts of mineral sediment derived from 426 

local or continental shelf sources, equivalent of a 24% trapping efficiency. These properties 427 

offset one another to make organic accumulation rates vary by only 20% across the system. 428 

Our analysis poses new challenges to simple mass balance models of delta sustainability. 429 

The coupling between wetland properties (e.g. bulk density, organic fraction, etc.), sediment 430 

trapping, and changing boundary conditions (sea level rise, coastal management) make modeling 431 

of secular changes to the system (such as wetland area) a daunting task. This difficulty makes 432 

data driven estimates of deltaic sediment deficits even more important. Our work suggests a 433 

present day, system-scale deficit in coastal Louisiana that is less dire than previously thought.  434 
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Figure 1. Coastal Louisiana study area. 595 

The shapefile used for analysis (16,176 km
2
 area) is outlined in black. The black dots represent 596 

the subset of 273 Coastwide Reference Monitoring System (CRMS) sites used in this study. The 597 

directly nourished basins are outlined in red (bird’s foot, Breton Sound, and Atchafalaya), and 598 

the rest of the coast is indirectly nourished. The ten hydrologic basins, defined by the Coastal 599 

Protection and Restoration Authority (CPRA), that are used for the sediment budget basin 600 

analysis are shaded in various colors (see legend).  601 

Figure 2. Interpolated accretion rates, bulk density, and organic fraction. 602 

Interpolated maps of (a) accretion rate (b) bulk density and (c) organic fraction were created 603 

using Bayesian kriging.  604 

Figure 3. Total, Mineral, and Organic Sediment Accumulation Rate along the Louisiana 605 

Coast.  606 

Interpolated maps of (a) total mass accumulation rate, (b) mineral sediment mass accumulation 607 

rate, and (c) organic sediment mass accumulation rate in coastal Louisiana.  The western 608 

Chenier Plain has much lower total, mineral, and organic sediment mass accumulation rates, 609 

even though this region has higher fraction organic matter than the directly nourished areas. 610 

The directly nourished areas are accumulating almost enough sediment to fill the 611 

accommodation, as denoted by the tan-blue colors in these areas. The high organic 612 

accumulation rates in Atchafalaya basin help offset the sediment deficit. 613 

Figure 4. Sediment Accumulation in Coastal Louisiana Hydrologic Basins. 614 

The total sediment mass accumulation rate for each coastal Louisiana basin, represented from 615 

west to east along the x-axis. Total (blue bar), organic (green bar), and mineral (grey bar) 616 

sediment mass accumulation rate for each basin along the coast. The black dots represent the 617 

area normalized sediment mass accumulation rate for each basin. For locations of basins, please 618 

refer to figure 1. 619 

Figure 5. Sediment Deficit per Area.  620 

The sediment mass deficit of most basins overlaps with zero. A few indirectly nourished basins 621 

have significant sediment mass deficits per area (Calcasieu/Sabine, Mermentau, and Pearl 622 

Basins). 623 

Figure 6. Percent Organic Material vs. Percent Sediment Deficit.  624 

The percent sediment mass deficit is positively correlated with the percent organic material 625 

present. Higher fraction organic material in a marsh is indicative of a larger sediment deficit in 626 

the marsh. Further, the indirectly nourished areas (yellow) tend to have larger sediment mass 627 

deficits, as well as more organic material than the directly nourished areas (blue). The total 628 
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coastal land area is shown as a black x. The solid black regression line shows the linear 629 

regression between fraction total mass deficit (points on figure) and fraction organic material, 630 

while the dashed line shows the linear regression between the fraction mineral mass deficit and 631 

fraction organic material.  632 

Appendix A- Variables 633 

𝜌𝑖 − 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (
𝑔

𝑐𝑚3
) 

𝑉𝑎𝑖
− 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑎𝑐𝑐𝑟𝑒𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (

𝑐𝑚

𝑦𝑟
) 

𝐹𝑜𝑟𝑔𝑖
− 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑡𝑒𝑟 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (−) 

𝐴 − 𝑐𝑜𝑎𝑠𝑡𝑎𝑙 𝐿𝑜𝑢𝑖𝑠𝑖𝑎𝑛𝑎 𝑠𝑡𝑢𝑑𝑦 𝑎𝑟𝑒𝑎; 16,176 𝑘𝑚2  634 

𝑚𝑇 − 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑒𝑎𝑐ℎ 𝑦𝑒𝑎𝑟 (
𝑀𝑇

𝑦𝑟
) 

𝑚𝑜𝑟𝑔 − 𝑡𝑜𝑡𝑎𝑙  𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑒𝑎𝑐ℎ 𝑦𝑒𝑎𝑟 (
𝑀𝑇

𝑦𝑟
) 

𝑚𝑚 − 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑒𝑎𝑐ℎ 𝑦𝑒𝑎𝑟 (
𝑀𝑇

𝑦𝑟
) 

𝛿𝜌𝑖
− 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (

𝑔

𝑐𝑚3
) 

𝛿𝑉𝑎𝑖
− 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑎𝑐𝑐𝑟𝑒𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (

𝑐𝑚

𝑦𝑟
) 

𝛿𝐹𝑜𝑟𝑔𝑖
− 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑡𝑒𝑟 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (−)  635 

𝜎𝑉𝜌 − 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑛𝑑 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑎𝑐𝑐𝑟𝑒𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 

𝜎𝜌𝐹 − 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑛𝑑 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑡𝑒𝑟 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 

𝜎𝑉𝐹

− 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑡𝑒𝑟 𝑎𝑛𝑑 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑎𝑐𝑐𝑟𝑒𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖  

𝛿𝑚𝑇
− 𝑡ℎ𝑒 𝑒𝑟𝑟𝑜𝑟 𝑜𝑛 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (

𝑀𝑇

𝑦𝑟
) 

𝛿𝑚𝑜𝑟𝑔
− 𝑡ℎ𝑒 𝑒𝑟𝑟𝑜𝑟 𝑜𝑛 𝑡ℎ𝑒 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (

𝑀𝑇

𝑦𝑟
) 

𝛿𝑚𝑚
− 𝑡ℎ𝑒 𝑒𝑟𝑟𝑜𝑟 𝑜𝑛 𝑡ℎ𝑒 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (

𝑀𝑇

𝑦𝑟
) 

𝑉𝑇 − 𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (
𝑚3

𝑦𝑟
) 

𝑉𝑜𝑟𝑔 − 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑟𝑎𝑡𝑒 (
𝑚3

𝑦𝑟
) 

𝑉𝑚 − 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑟𝑎𝑡𝑒 (
𝑚3

𝑦𝑟
) 

𝛿𝑣𝑇
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (

𝑚3

𝑦𝑟
) 

𝛿𝑣𝑜𝑟𝑔
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (

𝑚3

𝑦𝑟
) 
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𝛿𝑣𝑚
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (

𝑚3

𝑦𝑟
) 

𝑄𝑠 − 𝑟𝑖𝑣𝑒𝑟𝑖𝑛𝑒 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 (
𝑀𝑇

𝑦𝑟
) 

𝑆𝑆𝐶 − 𝑠𝑢𝑠𝑝𝑒𝑛𝑑𝑒𝑑 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑚𝑔

𝐿
) 

𝑄𝑤 − 𝑟𝑖𝑣𝑒𝑟𝑖𝑛𝑒 𝑤𝑎𝑡𝑒𝑟 𝑑𝑖𝑠𝑐𝑎ℎ𝑟𝑔𝑒 (
𝑀𝑇

𝑦𝑟
) 

𝑚𝑅𝑚 − 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑚𝑎𝑠𝑠 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑑𝑖𝑟𝑒𝑐𝑡𝑙𝑦 𝑛𝑜𝑢𝑟𝑖𝑠ℎ𝑒𝑑 𝑎𝑟𝑒𝑎𝑠 (
𝑀𝑇

𝑦𝑟
) 

𝑇𝐸 − 𝑡𝑟𝑎𝑝𝑝𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (−) 

𝛿𝑇𝐸 − 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑡𝑟𝑎𝑝𝑝𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (−) 

𝑅𝑆𝐿𝑅𝑖 − 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑒𝑎 𝑙𝑒𝑣𝑒𝑙 𝑟𝑖𝑠𝑒 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (
𝑐𝑚

𝑦𝑟
) 

𝛿𝑅𝑆𝐿𝑅𝑖
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑒𝑎 𝑙𝑒𝑣𝑒𝑙 𝑟𝑖𝑠𝑒 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑝𝑖𝑥𝑒𝑙 𝑖 (0.1

𝑐𝑚

𝑦𝑟
) 

𝑚𝑁 − 𝑡𝑜𝑡𝑎𝑙 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑛𝑒𝑒𝑑𝑒𝑑 𝑡𝑜 𝑠𝑢𝑠𝑡𝑎𝑖𝑛 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 (
𝑀𝑇

𝑦𝑟
) 

𝛿𝑚𝑁
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑛𝑒𝑒𝑑𝑒𝑑 𝑡𝑜 𝑠𝑢𝑠𝑡𝑎𝑖𝑛 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 (

𝑀𝑇

𝑦𝑟
) 

𝑚𝐷 − 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (
𝑀𝑇

𝑦𝑟
) 

𝛿𝑚𝐷
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (

𝑀𝑇

𝑦𝑟
) 

𝐹𝑚𝐷
− 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑚𝑎𝑠𝑠 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (−) 

𝛿𝐹𝑚𝐷
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑚𝑎𝑠𝑠 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (−) 

𝐹𝑚𝐷𝑚
− 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑚𝑎𝑠𝑠 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (−) 

𝑚𝐷𝐴 − 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑏𝑦 𝑎𝑟𝑒𝑎 (
𝑡𝑜𝑛𝑛𝑒

𝑘𝑚2𝑦𝑟
) 

𝛿𝑚𝐷𝐴
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑛𝑜𝑟𝑚𝑎𝑙𝑧𝑖𝑒𝑑 𝑏𝑦 𝑎𝑟𝑒𝑎 (

𝑡𝑜𝑛𝑛𝑒

𝑘𝑚2𝑦𝑟
) 

𝑚𝐷𝑚
− 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 (

𝑀𝑇

𝑦𝑟
) 

𝛿𝑚𝐷𝑚
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 (

𝑀𝑇

𝑦𝑟
) 
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𝑉𝑁 − 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑛𝑒𝑒𝑑𝑒𝑑 𝑡𝑜 𝑠𝑢𝑠𝑡𝑎𝑖𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 (
𝑚3

𝑦𝑟
) 

𝛿𝑉𝑁
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑛𝑒𝑒𝑑𝑒𝑑 𝑡𝑜 𝑠𝑢𝑠𝑡𝑎𝑖𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 (

𝑚3

𝑦𝑟
) 

𝑉𝐷 − 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (
𝑚3

𝑦𝑟
) 

𝛿𝑉𝐷
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (

𝑚3

𝑦𝑟
) 

𝐹𝑉𝐷
− 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (−) 

𝛿𝐹𝑉𝐷
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 (−) 

𝑉𝐷𝑚
− 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑠 (

𝑚3

𝑦𝑟
) 

𝛿𝑉𝐷𝑚
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑠 (

𝑚3

𝑦𝑟
) 

𝐹𝑚𝑜𝑟𝑔
− 𝑡𝑜𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙  𝑏𝑦 𝑚𝑎𝑠𝑠 (−) 

𝛿𝐹𝑚𝑜𝑟𝑔
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙  𝑏𝑦 𝑚𝑎𝑠𝑠 (−) 

𝐹𝑉𝑜𝑟𝑔
− 𝑡𝑜𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑏𝑦 𝑣𝑜𝑙𝑢𝑚𝑒 (−) 

𝛿𝐹𝑉𝑜𝑟𝑔
− 𝑒𝑟𝑟𝑜𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙  𝑏𝑦 𝑣𝑜𝑙𝑢𝑚𝑒 (−) 

Appendix B- Equations 636 

 To calculate an estimate for total (mineral plus organic) sediment mass accumulation 637 

rate in the Mississippi Delta wetlands (𝑚𝑇), the following equation was used:  638 

𝑚𝑇 = 𝐴 ∑ 𝜌𝑖𝑉𝑎𝑖𝑖∈𝐴  ,     (B1) 639 

where 𝑚𝑇 is the total sediment mass accumulation rate in Mississippi Delta wetlands (MT/yr), 640 

𝑉𝑎𝑖
 is vertical accretion rate (cm/yr) at an individual grid cell (i) within the coastal Louisiana 641 

wetland area (A; ~16176 km
2
 – area of shapefile), and ρi is dry bulk density (g/cm

3
) at an 642 

individual pixel. We applied the same methods to calculate the organic mass accumulation rate 643 

(morg; MT/yr):  644 

𝑚𝑜𝑟𝑔 = 𝐴 ∑ 𝜌𝑖𝑉𝑎𝑖
𝐹𝑜𝑟𝑔𝑖𝑖∈𝐴  ,    (B2) 645 
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where 𝐹𝑜𝑟𝑔𝑖
 is fraction organic matter at an individual grid cell (-). Total mineral sediment mass 646 

accumulation rate (mm; MT/yr) was then calculated using:  647 

𝑚𝑚 = 𝑚𝑇 − 𝑚𝑜𝑟𝑔.     (B3) 648 

We further differentiated between areas fed by the Mississippi and Atchafalaya Rivers 649 

(directly nourished) and the rest of the coast, which we assume to be indirectly nourished. The 650 

same analysis was then conducted on a shapefile excluding the Mississippi River, Breton Sound, 651 

and Atchafalaya Basins. These new mineral and organic sediment mass accumulation rates are 652 

assumed to be areas of indirect nourishment. These numbers were then subtracted from total, 653 

mineral, and organic sediment mass accumulation rates to determine a sediment mass 654 

accumulation rate of areas that are directly nourished. Lastly, we used the same equations to 655 

calculate mass accumulation for the 10 different hydrologic basins within the study domain. 656 

 We propagate error for the sediment mass accumulation rate using the standard error of 657 

Va, ρ, and Forg and linear propagation. We also considered spatial autocorrelation, but we found it 658 

to be small because the range of the semivariogram was small (~ 25 to 40 km for Va, ρ, and Forg; 659 

Figure S4, Table S2) relative to the width of the study domain (400 km).  The error for mass 660 

accumulation rates were calculated as follows:  661 

𝛿𝑚𝑇
= 𝑚𝑇 ∑ √(

𝛿𝑉𝑎𝑖

𝑉𝑎𝑖

)
2

+ (
𝛿𝜌𝑖

𝜌𝑖
)

2
+ (2𝑉𝑎𝑖

𝜌𝑖𝜎𝑉𝜌)𝑖∈𝐴   ,  (B4) 662 

𝛿𝑚𝑜𝑟𝑔
= 𝑚𝑜𝑟𝑔 ∑ √(

𝛿𝑉𝑎𝑖

𝑉𝑎𝑖

)
2

+ (
𝛿𝜌𝑖

𝜌𝑖
)

2
+ (

𝛿𝐹𝑜𝑟𝑔𝑖

𝐹𝑜𝑟𝑔𝑖

)
2

+ (2(𝑉𝑎𝑖
𝜌𝑖𝜎𝑉𝜌 + 𝑉𝑎𝑖

𝐹𝑜𝑟𝑔𝑖
 𝜎𝑉𝐹 +  𝜌𝑖𝐹𝑜𝑟𝑔𝑖

 𝜎𝜌𝐹))𝑖∈𝐴  , (B5) 663 

𝛿𝑚𝑚
=  √(𝛿𝑚𝑇

)
2

+ (𝛿𝑚𝑜𝑟𝑔
)

2
 ,     (B6) 664 

where 𝛿𝑚𝑥
 is the total interpolation error (MT/yr) for total, organic, and mineral sediment mass 665 

accumulation rate along the coast, 𝛿𝜌𝑖
 is the estimated standard deviation of dry bulk density for 666 

each grid cell (g/cm
3
), 𝛿𝑉𝑎𝑖

 is the estimated standard deviation of vertical accretion rate for each 667 

grid cell (cm/yr), and 𝛿𝐹𝑜𝑟𝑔𝑖
 is the estimated standard deviation of fraction organic matter (-)  for 668 

each grid cell. σ is the covariance number between two variables (Table S2).  669 

 We calculate total sediment volume accumulation rate estimates since volume of 670 

sediment is what fills the accommodation created by RSLR. To calculate an estimate for total 671 

(mineral plus organic) sediment volume accumulation rate along the coast (VT; m
3
/yr) the 672 

following equation was used: 673 

𝑉𝑇 = 𝐴 ∑ 𝑉𝑎𝑖𝑖∈𝑝𝑖𝑥  .      (B7) 674 

Volume of organic sediment accumulation rate along the coast (Vorg; m
3
/yr) is calculated as 675 

follows: 676 

𝑉𝑜𝑟𝑔 = 𝐴 ∑ 𝑉𝑎𝑖
𝐹𝑜𝑟𝑔𝑖

 𝑖∈𝑝𝑖𝑥 .     (B8) 677 

The total mineral volume accumulation rate (Vm; m
3
/yr) is calculated as follows: 678 

𝑉𝑚 = 𝑉𝑇 − 𝑉𝑜𝑟𝑔.      (B9) 679 
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The errors (𝛿𝑉𝑥
;

m3

yr
) associated with the sediment volume accumulation rates (total, organic, and 680 

mineral) are: 681 

𝛿𝑉𝑇
=  𝑉𝑇 ∑ √(

𝛿𝑉𝑎𝑖

𝑉𝑎𝑖

)
2

𝑖∈𝐴 ,     (B10) 682 

𝛿𝑉𝑜𝑟𝑔
=  𝑉𝑜𝑟𝑔 ∑ √(

𝛿𝑉𝑎𝑖

𝑉𝑎𝑖

)
2

+ (
𝛿𝐹𝑜𝑟𝑔𝑖

𝐹𝑜𝑟𝑔𝑖

)
2

+ (2𝑉𝑎𝑖
𝐹𝑜𝑟𝑔𝑖

𝜎𝑉𝐹)𝑖∈𝐴  ,   (B11) 683 

𝛿𝑉𝑚 
=  √(𝛿𝑉𝑇

)
2

+ (𝛿𝑉𝑜𝑟𝑔
)

2
  .    (B12) 684 

The coast wide trapping efficiency (TE; -) is given by: 685 

𝑇𝐸 =
𝑚𝑚

𝑄𝑠
 .      (B13) 686 

TE is also calculated for directly and indirectly nourished areas by replacing the numerator with 687 

the mineral mass accumulation rate in the directly nourished areas (𝑚𝑅𝑚
) and the mineral mass 688 

accumulation rate in the indirectly nourished areas, respectively. The denominator for the 689 

indirectly nourished areas is replaced by 𝑄𝑠 − 𝑚𝑅𝑚
 because the discharge to the coastal ocean 690 

necessarily excludes the mineral mass accumulated in the directly nourished wetlands. 691 

The error of the trapping efficiency is only affected by the error on the total sediment 692 

mass accumulation rate, since we assume the sediment discharge to be a direct measurement 693 

over the study period, therefore assign no uncertainty to the number. The error is calculated as 694 

follows: 695 

𝛿𝑇𝐸 =  √(
𝛿𝑚𝑚

𝑚𝑚
)

2

𝑇𝐸 ,    (B14) 696 

where δTE is the estimated error on the trapping efficiency (-).  697 

 We then calculated a sediment deficit within the domain by determining the amount of 698 

accommodation created along the coast each year using the weighted average subsidence rate 699 

and global average SLR rate. In order to have a total net loss of zero cm
2
 of land, then: 700 

𝑚𝑁 = 𝐴 ∑ 𝜌𝑖𝑅𝑆𝐿𝑅𝑖𝑖∈𝐴  ,     (B15) 701 

where 𝑚𝑁 is the rate of sediment mass needed (MT/yr) to fill the accommodation created by the 702 

RSLR each year. The total error on the mass needed is calculated as follows: 703 

                                                     𝛿𝑚𝑁
= 𝑚𝑁√(

𝛿𝑉𝑎𝑖

𝑉𝑎𝑖

)
2

 + (
𝛿𝑅𝑆𝐿𝑅𝑖

𝑅𝑆𝐿𝑅𝑖
)

2
,                          (B16) 704 

where 𝛿𝑚𝑁
 is the total error on the rate of sediment mass needed (MT/yr) and 𝛿𝑅𝑆𝐿𝑅𝑖

 is the error 705 

propagated from the standard error on the subsidence rate and the SLR rate, which is a constant 706 

0.0917 cm/yr. 707 

We then compare this mass to the total mass of sediment trapped on the coast each year. 708 

Sediment mass deficit is given by: 709 

                                                                    𝑚𝐷 = 𝑚𝑁 − 𝑚𝑇,                       (B17) 710 
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where 𝑚𝐷 is the sediment mass deficit rate (MT/yr). If negative, then there is a sediment mass 711 

surplus. The error on the total sediment mass deficit rate (𝛿𝑚𝐷
;

𝑀𝑇

𝑦𝑟
) is given by: 712 

𝛿𝑚𝐷
=  √(𝛿𝑚𝑁

)
2

+ (𝛿𝑚𝑇
)

2
.     (B18) 713 

A fraction mass sediment deficit is given by: 714 

                                                                 𝐹𝑚𝐷
=

𝑚𝐷

𝑚𝑁
 ,                           (B19) 715 

where 𝐹𝑚𝐷
(-) is the sediment mass deficit or surplus. The error on the fraction mass sediment 716 

deficit (𝛿𝐹𝑚𝐷
;  −) is given by: 717 

𝛿𝐹𝑚𝐷
=  √(

𝛿𝑚𝐷

𝑚𝐷
)

2

+ (
𝛿𝑚𝑁

𝑚𝑁
)

2

𝐹𝑚𝐷
 .    (B20) 718 

 719 

We normalized this sediment deficit by area to compare the sediment deficit across the coast. 720 

The normalized sediment mass deficit is calculated as follows: 721 

𝑚𝐷𝐴 =
𝑚𝐷

𝐴
 ,     (B21) 722 

where 𝑚𝐷𝐴 is the sediment mass deficit rate per area (tonne/km
2
/yr). The error on the mass 723 

deficit rate per area (𝛿𝑚𝐷𝐴
;

𝑡𝑜𝑛𝑛𝑒

𝑘𝑚2𝑦𝑟
) is: 724 

𝛿𝑚𝐷𝐴
= 𝑚𝐷𝐴 √(

𝛿𝑚𝐷

𝑚𝐷
)

2
 .     (B22) 725 

Further, we calculate the estimated sediment mass deficit rate if there was no mass accumulation 726 

of organic sediment (𝑚𝐷𝑚
;

𝑀𝑇

𝑦𝑟
) and associated error (𝛿𝑚𝐷𝑚

;
𝑀𝑇

𝑦𝑟
) along the coast as follows: 727 

                                                                 𝑚𝐷𝑚
= 𝑚𝑁 − 𝑚𝑚  ,         (B23) 728 

𝛿𝑚𝐷𝑚
=  √(𝛿𝑚𝑁)2 + (𝛿𝑚𝑚)2 .    (B24) 729 

Similarly, we calculate the sediment volume deficit rate and fraction volume deficit. The 730 

rate of volume of sediment needed to fill the accommodation created each year is given by:  731 

                                𝑉𝑁 = 𝑅𝑆𝐿𝑅 ∗ 𝐴 ,      (B25) 732 

where (VN; m
3
/yr) is the rate of volume of sediment needed to fill the accommodation. The error 733 

on the rate of the volume of sediment needed (𝛿𝑉N;
𝑚3

𝑦𝑟
) is given by: 734 

𝛿𝑉𝑁 =  √(
𝛿𝑅𝑆𝐿𝑅

𝑅𝑆𝐿𝑅
)

2
𝑉𝑁 .    (B26) 735 

Sediment volume deficit rate is then given by: 736 

 737 

𝑉𝐷 = 𝑉𝑁 − 𝑉𝑇 ,        (B27) 738 

where 𝑉𝐷 is the sediment volume deficit rate (m
3
/yr). If negative, then there is a sediment volume 739 

surplus. The error on the volume deficit rate (𝛿𝑉𝐷
;

𝑚3

𝑦𝑟
) is given by: 740 
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𝛿𝑉𝐷
=  √(𝛿𝑉𝑁

)
2

+ (𝛿𝑉𝑇
)

2
.     (B28) 741 

A fraction volume sediment deficit is given by: 742 

𝐹𝑉𝐷
=

𝑉𝐷

𝑉𝑁
  ,     (B29) 743 

where 𝐹𝑉𝐷
 is the fraction volume sediment deficit (+) or surplus (-). The associated error 744 

(𝛿𝐹𝑉𝐷
;  −) is given by: 745 

𝛿𝐹𝑉𝐷
=  √(

𝛿𝑉𝐷

𝑉𝐷
)

2

+ (
𝛿𝑉𝑁

𝑉𝑁
)

2

𝐹𝑉𝐷
.    (B30) 746 

Finally, if there was no organic material accumulating along the coast, the mineral sediment 747 

volume deficit rate (𝑉𝐷𝑚
;

𝑚3

𝑦𝑟
) and associated error (𝛿𝑉𝐷𝑚

;
𝑚3

𝑦𝑟
) would be: 748 

𝑉𝐷𝑚
= 𝑉𝑁 − 𝑉𝑚 ,      (B31) 749 

𝛿𝑉𝐷𝑚
=  √(𝛿𝑉𝑁

)
2

+ (𝛿𝑉𝑚
)

2
  .     (B32) 750 

 Lastly, we calculate the fraction of organic material, by mass and volume, for the total 751 

land area, the directly and indirectly nourished areas, as well as each basin. We calculate the 752 

fraction organic material by mass (𝐹𝑚𝑜𝑟𝑔
;  −) and associated error (𝛿𝐹𝑚𝑜𝑟𝑔

;  −) as follows: 753 

𝐹𝑚𝑜𝑟𝑔
=

𝑚𝑜𝑟𝑔

𝑚𝑇
,     (B33) 754 

𝛿𝐹𝑚𝑜𝑟𝑔
= 𝐹𝑚𝑜𝑟𝑔

√(
𝛿𝑚𝑜𝑟𝑔

𝑚𝑜𝑟𝑔
)

2

+ (
𝛿𝑚𝑇

𝑚𝑇
)

2
 .   (B34) 755 

 We also calculate the fraction organic material by volume (𝐹𝑉𝑜𝑟𝑔
;  −) and associated error 756 

(𝛿𝐹𝑉𝑜𝑟𝑔
;  −) as follows: 757 

                                              𝐹𝑉𝑜𝑟𝑔
= (

𝑉𝑜𝑟𝑔

𝑉𝑇
),      (B35) 758 

𝛿𝐹𝑉𝑜𝑟𝑔
= 𝐹𝑉𝑜𝑟𝑔

√(
𝛿𝑉𝑜𝑟𝑔

𝑉𝑜𝑟𝑔
)

2

+ (
𝛿𝑉𝑇

𝑉𝑇
)

2
.    (B36) 759 
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.
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