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Abstract

River deltas will likely experience significant land loss because of relative sea-level rise
(RSLR), but predictions have remained elusive. Here, we use global data of RSLR and river
sediment supply to build a validated model of delta response to RSLR for all ~10,000 deltas
globally. Applying this model to predict future delta change, we find that all IPCC RCP sea-level
scenarios lead to a net delta loss by the end of the 21 century, ranging from -52 + 36 (1 s.d.)
km?yr? for RCP2.6 to -808 + 80 km?yr* for RCP8.5. We find that river dams, subsidence, and
sea-level rise have had a comparable influence on reduced delta growth over the past decades,
but that by 2100 under RCP8.5 more than 80% of delta land loss will be caused by climate-

change driven sea-level rise.

Main text

River deltas are low-lying coastal landforms created by fluvial sediment deposition. Delta
shorelines can retreat landward through relative sea-level rise (RSLR) but also advance seaward
through sedimentation and delta plain aggradation. These dynamics are widely acknowledged
and observed in field and experimental studies (1-5). Currently, however, most future
projections of delta land loss from RSLR ignore the potential for erosion and sedimentation (6),
following a so-called “bath-tub” or passive flood mapping approach (e.g., 7, 8) that remains
unvalidated by observations. The potential for delta sedimentation is apparent because, despite

sea-level rise, deltas globally have gained land in recent decades (9).

Over the past decades, morphodynamic models (4, 10, 11), physical experiments (12, 13)
and field studies (14) have shown how fluvial sediment supply and sea-level change control delta
morphology (Fig. 1a, 1b). Fluvial sediment delivered to a delta is partitioned between delta plain
aggradation, shoreline progradation, and loss to the offshore (5, 12, 15). Morphodynamic
feedbacks arise from the response of sediment partitioning to delta morphology (16). Under
rising sea-level, fluvial sediments will aggrade the delta plain up to a certain distance upstream
(5). Fast RSLR can force a scenario of rapid shoreline erosion if all sediment is deposited on the
delta plain and no sediment is left to supply the delta shoreline. Similarly, reductions in fluvial
sediment supply to river deltas (e.g. resulting from dams, sand mining (17)) can decrease natural
delta land gain rates (9, 18).
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Figure 1: Delta profile response to relative sea-level rise. Model schematization for
relatively (a) low, and (b) high fluvial sediment supply, resulting in land loss and land gain,
respectively. (c) locations, and (d) longitudinal profiles of all (n = 10,848) coastal deltas

globally, from (9).

Here, we apply a morphodynamic model to investigate land area change of 10,848 deltas
(Fig. 1c) for various representative concentration pathway (RCP) scenarios of sea-level rise (Fig.
1c, 1d). Our model compares width-averaged bed- and suspended load sediment supply against
local subsidence and sea-level rise, which together constitute RSLR. Based on the present-day
delta longitudinal profile (Fig. 1d), we can then predict shoreline retreat (Fig. 1a) or advance
(Fig. 1b).

Our global scale allows us to investigate drivers and trends that would be obscured in
studies considering a single delta. For example, it is unknown to what extent subsidence drives
the ongoing Mississippi River delta land loss. Using our morphodynamic model we can separate

individual drivers and help improve predictions in case such drivers change into the future.

We validate our model against observed delta change from 1985-2015 (19) using
estimates of subsidence (20), sea-level change (21), and fluvial sediment supply (22) for 10,848
deltas. We find that shoreline change predictions are generally the correct order of magnitude,

and that our model explains a substantial fraction (R? = 0.4, Skill Score = 0.2) of delta land loss



57
58
59
60

61

62
63
64
65
66

67
68
69
70

71
72
73
74

Pre-print, currently under review for publication (May 4™, 2020)

and land gain. The explained variance increases rapidly if the only larger deltas are selected,
suggesting that a part of the past trend is still too small to be explained by the four processes
captured in the current analysis (Fig. S4). We assess model and data uncertainty by means of a
Monte Carlo method as described in the Supplementary Materials.
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Figure 2: Effect of sea-level rise on delta land change. (a) Histogram of subsidence and sea-
level rise rates for all coastal deltas, from (20, 21, 23). (b) Effect of sea-level rise rates on global
delta land change for various fluvial sediment supply scenarios. (c) and (d) Land area change of
all coastal deltas for past and projected RSLR, including subsidence for (c) 2081-2100 and (d)
cumulative from 2007-2100.

Predictions of future delta change
Next, we predict the response of river deltas to future RSLR and sediment supply. Based
on a global mean RSLR (Fig. 2b), present-day delta area gains will cease at a global scale if

RSLR exceeds 5 mm yr?,

Delta area change is also affected by modifications to the fluvial sediment supply. From
model assessments of the pristine (before river dams or land use change, see (24)) fluvial
sediment supply to deltas, we find that the global reductions in sediment fluxes due to river

damming have had a significant effect on delta land area change (Fig. 2b). Without
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anthropogenic modifications to the sediment supply feeding deltas, the threshold for net global

delta land loss would have been 6 mm yr?.,

In the limit of no fluvial sediment supply, our model predictions revert to a “bath-tub”
response to RSLR -- passive flood mapping of coastlines without potential for sedimentation
(Fig. 2b). Such bath-tub projections would estimate delta land loss of 370 km? yrifor 1985-2015,

contrasting observed delta land gain of 54 km?yr .

Future RSLR will vary regionally and depends on the RCP scenario. Following the recent
SROCC predictions for sea-level rise under RCP8.5 (23) and assuming fluvial sediment supply
and subsidence rates remain unchanged, we find that delta land loss will exceed 808 + 80 km?yr
(one s.d.) by the end of the century (2081-2100). Cumulative since 2007 to 2100, sea level rise
under RCP8.5 will lead to the disappearance of about 32,000 + 5,000 km? (one s.d.) of deltaic

land — equal to about 4% of total delta area.

We also assess the relative importance of various drivers of delta change. First, model
results suggest that without sea-level rise, river damming, deforestation, or subsidence, deltas
would globally gain about 250 km?yrt. This pristine delta growth rate compares well to a long-
term perspective: modern total delta area (~900.000 km?) divided by the age of modern delta

initiation (~7500 yr) (25) corresponds to an average delta land area gain of about 120 km?yr™.

Modern observed delta land gain of 54 km?/yr (9) is substantially lower than under
pristine conditions (Fig. 3a). We distinguish four drivers affecting delta growth: dams,
deforestation, subsidence, and SLR, and compute expected delta area change if only one of these
drivers were present. Model results suggests that, of those four drivers, dams and subsidence
have dominated the observed reduction in delta land gain from 1985-2015 compared to pristine

conditions (Fig. 3a).



98

99
100
101
102

103
104
105
106
107
108

Pre-print, currently under review for publication (May 4™, 2020)

1985-2015 2081-2100

a 4001 b 00

[} [}
c =
= s
N wn
= =
=% o

200 200f

net change

deforestation

deforestation
subsidence
dams
subsidence
RCP2.6

et change
RCP4.5
net change
RCP8.5
net change

dams
SLR

I i

-400

-200

-400[

Delta Land Change (km?2/yr)
Delta Land Change (km?/yr)

-600[ -600[
-800[ -800[
-1000L- -1000 -

Figure 3: Relative influence of human drivers on delta change. Effect of different
drivers of sediment supply or RSLR on delta growth, resulting in (a) net observed land gain from
1985-2015, and (b) projections of future delta change if the influence of dams, deforestation, and

subsidence remain the same.

We also compare the influence of dams, deforestation, and subsidence on delta change to
future rates of RSLR. By the end of the century, we find that the isolated effect of climate-
change driver sea-level rise under RCP4.5 and RCP8.5 will greatly exceed other global drivers of
delta land loss (Fig. 3b). Note that the non-linear effects that arise from the combination of
different drivers tend to be small when considering all deltas globally (see Supplementary

Materials).
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Figure 4: Effect of RSLR on delta morphology. (a) Effect of RSLR on (in blue) the global

fluvial sediment flux to deltaic river mouths and (in red) the fraction of all coastal deltas where
the river mouth is abandoned, and no fluvial sediment reaches the river mouth. (b) Effect of the
reduced sediment flux to the river mouth on delta morphology, for SLR under RCP4.5 by 2100.
Ternary diagram indicates relative influence of wave-, tidal- and fluvial sediment flux on delta

morphology (9).

Besides a reduction of delta area, RSLR also affects delta plan-view morphology through
its influence on the partitioning of fluvial sediment (2, 26). RSLR increases accommodation
space and sediment deposition on the delta plain and lowers sediment delivery to the river mouth

(2), which can make a delta more wave- or tide-dominated (9).

Our model suggests that for a global mean RSLR of 10 mm yr?, about 20% of the global
fluvial sediment flux will be deposited on the delta plain (Fig. 4a). Such a RSLR rate would
leave 80% of the fluvial sediment supply available at the river mouth for redistribution along
coasts. Response to RSLR varies between deltas: following our model predictions for RCP8.5 by
2100, we predict that 18% of all coastal deltas will be in forced retreat (abandoned of all fluvial
sediment supply at the river mouth). RSLR from 1985-2015 is expected to trap 9% of the global
fluvial sediment supply onto the delta plain. This will increase to 22% by 2100 if emissions
follow RCP8.5.
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Using a new model for river delta morphology (9), we can investigate the effects of the
projected reductions of the fluvial sediment flux for plan-view morphologic change (Fig. 4b). A
decrease in fluvial sediment supply results in a shift in the delta sediment balance towards tidal
and wave-driven sediment transport at the river mouth (9). Following our model simulations for
RCP8.5 by 2100, we predict that 31% of all river dominated deltas will transform to wave- or
tide-dominated deltas. Note that this is an equilibrium prediction towards which deltas will
gradually adjust, and that our geomorphic model is not able to indicate a rate of delta change or
detailed transient effects.

Although our simplified longitudinal profile model can capture broad global patterns of
delta area change, accurate predictions for individual deltas remain challenging. Prediction
accuracy is limited because of uncertainties in estimates of subsidence, sea-level change, fluvial
sediment flux, and present-day morphology. Additionally, fluvial sediment supply and
subsidence rates are unlikely to remain the same into the future. River damming is projected to
overtake deforestation to further reduce fluvial sediment supply to deltas (27). Population
pressure and associated groundwater withdrawal will likely increase subsidence rates in many

densely populated deltas (28).

Other uncertainties stem from model assumptions. We assume a linear shoreline response
to RSLR and sediment supply. Such a response may be justified for predictions on short
timescales (~100 yrs) relative to the age of river deltas (~7500 yrs) (15). On the other hand, we
also assume that delta morphodynamics can be expressed through a representative longitudinal
profile —an assumption that typically only holds for long timescales or for small deltas. On short
timescales, land area change from autogenic (free) delta morphodynamics such as avulsions or

channel migration would likely obscure allogenic (forced) change (29) of an individual delta.

Our uncertainty assessment combines data and model errors and shows that our
predictions are relatively robust when applied on a global scale. Additionally, our methods and
data presented here provide quantitative and morphodynamic projections that offer an
improvement over frequently used bath-tub models and agree with historic data on delta land

area change.
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Our predictions show substantial risk of land loss from climate-change driven RSLR.
However, land loss is only one of the many hazards facing deltas (30). RSLR will also increase
risks of coastal flooding, salinity intrusion, and river flooding. Although aggradation of the delta
plain through fluvial sediment deposition can help to reduce climate-change driven risks,
sedimentation is often prevented through the construction of flood protection levees. Recently,
engineering approaches have been developed that prevent flood risk but also seek to mimic
natural delta plain sedimentation (31, 32). Our results highlight that these approaches can protect
deltas against some of the consequences of climate-change driven RSLR and should be

encouraged.
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Materials and Methods

We estimate the effects of relative sea-level rise (RSLR) and fluvial sediment supply on
all coastal deltas globally by applying a delta cross-sectional profile model. Our method involves
(1) retrieving delta profiles, (2) analyzing the morphology of those profiles, (3) retrieving model
boundary conditions (e.g. RSLR), (4) estimating effects of sea-level rise and sediment supply,
(5) comparison against observed delta change, (6) translation of delta profile predictions to plan-
view change, and (7) estimation of model and data uncertainty. All model data and code
necessary to reproduce the results are available online.

1 Retrieval of delta profiles

We use the locations of 10,848 coastal deltas previously identified by Nienhuis et al (9).
For each delta, we retrieve the subaerial channel profile from the HydroSheds accumulated
drainage area data (ACC files) (33) that is based on SRTM data (34), both at a resolution of 15
arcsec. From the delta river mouth, we track elevation along the fluvial channel following a track
of maximum drainage area up to 20 m above mean sea level (Fig. S1). For deltas above 60
degrees latitude, where HydroSheds is not available, we estimate subaerial delta profiles based
on correlations of delta boundary conditions (river discharge and sediment supply (24)) with
delta profiles of deltas below 60 degrees.

We use SRTM15+ for delta offshore profiles (35). SRTM15+ is a 15-arcsec global
bathymetric map based on several global and regional digital data sets. For each river delta, we
obtain an offshore profile by following a steepest descent path up to 500 m water depth. This
results in 10,848 profiles covering between 10-100 km with a typical vertical accuracy of ~10 m
(Fig. 1d).

2 Morphological analysis of delta profiles
We use the obtained channel and offshore profiles to estimate the effect of sea level rise
and fluvial sediment supply on delta change (Fig. S1, Fig. S2). First, following (3, 15, 36), we fit

a second-order polynomial across the entire subaerial (0-20 m) river profile, hy (m),
h, © =a,z*+b,x, 1)

where we constrain ar and by to be greater than zero.

14
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We estimate the basement slope S from the slope at hr (x15) = 15 m,

B =2a,ry5 +b,. @)
Given the basement slope, the basement depth (h,, m) under the river mouth is,

hy = hys — Bxys, 3)

The horizontal distance of the river mouth to the basement (xs, m) can then be obtained by,

z, =" (4)

Next, following earlier work (3, 15), we fit a second-order polynomial to the delta profile

upto5m,
h, © = ayzx* + byr. 5)

Based on our polynomial fits we can estimate the total longitudinal profile length of the
river delta (xs - Xr). This length controls the amount of potential sediment deposition on the
subaerial delta and can be estimated by the minimum of (1) where the two polynomials (eq. 1

and 5) have the same slope, or (2) the location where they intersect,

— . 3 ﬁfbri b'r'ibri >
Ly = Ty mln( 2aq Yag—a,)’ (6)

We also use the delta profile to estimate the slope at the river mouth (x = 0),

For the offshore profile, we fit a linear function through the first 100 meters to estimate
the slope of the delta foreset,

h,=9-z. ®)

We use the foreset slope to find the intersection of the basement and delta foreset. Based on the

slope, we retrieve the horizontal distance to the delta toe,

hy
wt = l[/)ﬁ/gl (9)
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and the depth of the shoreface toe,

h, = ifl}f (10)

The delta longitudinal profile should be viewed as representative of a width-averaged
delta. We estimate delta width based on an empirical regression of delta area from a compilation
of 51 river deltas (R? =0.91, bias = 0) (37),

Ad =10°%-.1.07 - DLS}L .MHl.1 Qp'r’i,st 0~451 (ll)

w S,8Uus

where Aq is delta subaerial surface area (m?), Dsh is the depth of the continental shelf (m), Q7!

s,8Us8

is the pre-dam suspended sediment flux (kg s?), and @, is the fluvial water discharge (m®s™).

w

From Aqg we approximate delta width (w, m) as the diameter of a circular delta area,
w = 24/24, (12)

We acknowledge our approximation of delta width is crude. Therefore, we perform a sensitivity
analysis of delta width and other relevant variables on our delta land area change predictions in
section 8. We also include an estimated uncertainty of delta width into a Monte Carlo analysis of

model and data uncertainty.

From our morphological analysis we obtain an estimate of length and width for each delta
globally. Although these estimates are likely to be inaccurate for an individual delta, our
combined estimate of global delta area of 885,000 km? compares well to an existing independent
compilation of 847,000 km? from Edmonds et al (38).

3 Fluvial water and sediment discharge
For every delta we estimate the fluvial suspended and bedload sediment flux and water

discharge. We obtain the fluvial suspended sediment load (¢ kg s1) and water discharge

(Q,,, m®s?t) from WBMSed (22) (we refer to (9) for details). WBMSed is an empirical model
that uses observed relations between measured fluvial sediment transport and climate, soil type,
elevation, and other parameters to make global gridded predictions of the fluvial sediment flux
for all rivers. Using calibration techniques based on sediment flux data in human influenced and
pristine river systems, WBMSed generates estimates of pristine (natural, Q?"?*t) and disturbed

$,8Us

16



Pre-print, currently under review for publication (May 4™, 2020)

357  (modern, including effects of e.g. land use changes and river damming, Q%s? ) fluvial sediment

8,8U8

358  supply. Fluvial sediment and water discharge data can be considered representative of the

359  conditions at the delta apex, upstream of delta distributary networks.

360 We obtain a width-averaged fluvial sediment flux based on our delta width estimate,

361  which we report in units of m?/yr,

362 q. . . = Dssus (13)

$,8Us w

363  suchthat g?"s* and ¢%’s! are the disturbed and pristine width-averaged fluvial sediment flux,

S,8U8 S,8US8

364  respectively.

365 We are not aware of global estimates of the bedload sediment flux to each delta.
366  Therefore, we estimate the bedload flux based on the shape of the modern delta profile. Earlier

367  studies (15, 36) have shown that fluvial bedload gsped (M?/yr) can be estimated by,
368 qs,bad, = 6 ' R(I,b "V, (14)

369  where Sis the basement slope, v = 1 Q,, /w is the diffusivity of the fluvial longitudinal profile

w

370  (m?/yr) (36), and Rap is the ratio of the alluvial and basement longitudinal slopes at the upland-
371  delta transition (Fig. S2). There are two ways of retrieving Rap directly from the delta profile
372 (15). The first method uses the delta cross-sectional volume ratio upstream and downstream of
373  the delta-basement origin,

374 R(I,b = 2 Ty — I Qg + bd //3 (15)

375 Rab can also be estimated based on the relative volumes of the subaerial and subaqueous
376  delta (15),

377 R(I,b = ﬁ, (16)

Tt—Ly
378  where ¢ = —== In our analysis we estimate Rap by taking the average of the two (eq. 15 and eq.

379  16) estimates.

17
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380 For all deltas globally we find a bedload sediment supply of 0.89:10° m® yr!and a
381  (modern) suspended load supply of 8.6:10° m® yr'. Combined, we estimate the fluvial sediment
382  flux (m?yr) as,

383 s tot = 9s,bed + f7' " s, sus (17)

384  where f; is the fraction of sediment retained in the delta profile. For the purpose of this study we
385  assume fr = 1. We do not vary the bedload sediment flux estimates between pristine and
386  disturbed conditions.

387 4 Relative sea level rise

388 For every delta we retrieve local subsidence z,,,, (m/yr) and sea-level rise z,, (m/yr)

sub

389 rates (Fig. S3), which together add up to relative sea-level rise (RSLR),
390 Rrslr = Zsub + Zslp (18)

391 For past (1985-2015) =

392  from (21). These data are available on a 1-degree grid. We find the closest data point to each

we use a combination of tide-gauge and satellite altimetry data

slry

393  river delta and fit a linear trend through these data to obtain a time-averaged z,, ..

394 We estimate subsidence rates from a global subsidence model (20). These data are

395 available on a5 arc-min grid. We apply a 5-cell smoothing algorithm and then extract the data
396 closest to each river delta. Subsidence in this model is estimated for the period 2000-2014, but
397  here we assume this period characterizes average subsidence rates for the 1985-2015 period.

398  Details on model and data uncertainty can be found in Supplementary Materials section 6.

399 For future 2, we obtain estimates for different RCP scenarios from the recent SROCC
400  report (23). We find the nearest data for each delta from the 1-degree grid and extract z,,. for
401 RCP 2.6, 4.5, and 8.5 for end-of-century rates (2081-2100) as well as total (2007-2100) future
402  z,,,. For assessment of future RSLR we use the 2000-2014 subsidence rates. Note that these will
403  likely be conservative as increased groundwater withdrawal will likely speed up subsidence in
404  many deltas (28).

18
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4 Morphologic model of delta change

We estimate delta land area change by comparing sediment supply feeding the delta with
the creation of accommodation space on the delta topset (from RSLR). RSLR will move x,
upstream at a rate (m/yr) of,

x, = — =g, (19)

and move the shoreline xs at a rate (m/yr) of,

rsir

As,tot—Vrslr Zpglr :
maX( Zyslr ’ 7(y 7) ’ if Zrsiy > 0 and Qs tot <,
Ty =

ds ,tot —VUrslr
b
hy

if 2,4, (20)

>0 and g4, > v,

) rslr?
| z ds to .

“pslr s,tot
s + hy if Zysly

<0

where v, = =, —x, -z, (M?yr) is the creation of accommodation space on the delta top by

the rising sea, z,.;, = [ z,, dt (m) is the change in relative sea-level over the considered time

rslr

interval. Multiplied by delta width, the predicted delta area change (m?/yr) is then equal to,

Aprad =W- Ty, (21)

which can be easily assessed for different RSLR, fluvial sediment supply, effective sediment
retention fractions, or delta morphologies (Fig. S5). Note that we ignore delta land gain along the
upstream boundary in our assessment of delta land area change, because it constitutes land
conversion from existing (albeit non-deltaic) land. We also do not run a time-dependent model
but instead estimate land gain or land loss as an instantaneous change from the modern delta
profile. This is unlikely to constitute a major source of error because the timeframe of our

predictions is short (~100 yrs) compared to the age of river deltas (~7500 yrs).

5 Comparison against observed delta change
For the years 1985-2015, we compare A, to observations of delta land area change,
A

area change based on Landsat data and the Deltares Aquamonitor (Fig. S1, Fig. S3a) (19). The
total net deltaic land area gain for the 10,848 deltas within the dataset is 54 + 12 (2 s.d.) km?/yr.

We use data from (9), who employ the Google Earth Engine (39) to extract delta surface

obs*
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Comparing observed vs. predicted delta area change for 10,848 deltas we obtain a
goodness-of-fit (r?) of 0.4. We find a Skill Score of 0.2, defined as,

; 2
Z”: (A)bs,'i_A' '*(;d,",)

8§ =1 — Tz Lo Syrett), (22)
Z,,':l(Aobs,i A()F)s,’li)

where n is the number of river deltas (10,848) (Fig. S4a).

The correlation coefficient is low for several reasons: (1) the model is uncalibrated, (2)
our model complexity is low and includes only a limited number of variables, (3) there is likely
to be significant error in the model forcing (e.g. RSLR, fluvial sediment supply) as well as in our
estimate of observed land area change, and (4) there are many (small) deltas for which the 30-
year (1985-2015) period is short relative to other delta dynamics. When we compare our
predictions against observations for only large deltas (e.g. 1% of deltas with the largest fluvial
sediment supply) we find an improved goodness-of-fit (Fig. S4b) We refer to Supplementary
Materials section 7 where we describe our Monte Carlo analysis to quantify the effect of these

uncertainties on our model results.

6 Translation to geomorphic change
We investigate the effect of RSLR on the fluvial sediment supply to deltaic river mouths.
For high RSLR, a substantial fraction of the fluvial sediment supply will be trapped on the delta

top. The sediment supply rate that remains and it delivered to the river mouth can be estimated

by,

= maX<O> Qs tot — Usl?*)’ (23)

d ,rm

where v, = =, —x, -z, (M?yr) is the creation of accommodation space on the delta top by
the rising sea. Note that we neglect the small increase in the delta topset that will be created

through delta progradation independently of RSLR.

Next, we assess the relative magnitude of the fluvial sediment supply at the river mouth
(Qq.om = s.m + w) Vs. tide- and wave-driven transport at the river mouth. Tide-driven

sediment transport refers to the transport of sediment in and out of the river mouth by tide-driven

water discharge (40). Wave-driven transport refers to the maximum potential alongshore
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transport of fluvial sediment away from the river mouth (41). Changes to the relative balance of
river, wave, or tide-driven transport at the river mouth will result in delta morphologic change. A
decrease in fluvial transport towards the river mouth (e.g., because of upstream trapping by
RSLR) can therefore lead to a decrease in delta protrusion if waves increase their dominance. It
can lead to siltation and narrowing of deltaic channels when tides increase their dominance. We

refer to Nienhuis et al. (9), for details and data of these sediment fluxes.

7 Uncertainty analysis

We assess model and data uncertainty through a Monte Carlo analysis. We use random
sampling of the model input variables to predict delta area change (Table S1). We repeat this
process 5000 times to generate a probability distribution of delta area change, which gives an
indication of the sensitivity of our predictions to model and data uncertainty. The reported
uncertainties in our results represent the standard deviation of the Monte Carlo probability
distribution.

We also assess the sensitivity of delta area change predictions to variations in individual
model parameters (Fig. S6). We find that the results are sensitive to estimates of delta width,
delta toe depth, delta plain diffusivity, and delta length. These sensitivities highlight that our
model predictions are highly uncertain for individual deltas and should primarily be used for

large-scale (global) delta change assessment.
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472  Supplementary Figures and Tables
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474 Figure S1. Example of data retrieval for the Nile Delta, Egypt. (a) Landsat image including the
475  delta fluvial and offshore profile, overlaid by AquaMonitor (19) data of recent surface water
476  change (see Supplementary Materials section 5). (b) Elevation along the fluvial and offshore
477  profile, including estimated upstream, delta, and offshore slopes (see Supplementary Materials

478  section 2).

— river profile (h)), basement slope ()
delta profile (h), river mouth slope (c)

— offshore profile (h), foreset slope (y)
SRTM 15+ topo/bathy

479 S % %

480  Figure S2. Schematic delta longitudinal profile.
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Figure S3. (a) AquaMonitor (19) data of recent surface water change, inset shows the mouth of
the Mississippi River Delta. (b) RSLR change from 1985-2015, combining subsidence (20) and
sea-level change data (21), and assuming RSLR of -10 mm/yr for Hudson Bay (42).
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Figure S4. (a) Comparison of predicted and observed annual delta area change for 1985-2015.
Markers represent individual deltas and marker size scales with the fluvial sediment supply, a
proxy for delta size. (b) Regression coefficient for subsets of all deltas, showing increased
predictive capability for larger deltas.
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Figure S5. Example model prediction for an individual delta, (a) for varying RSLR and (b)
varying fluvial sediment supply. Deltas are sensitive to RSLR and fluvial sediment supply in

their transition from progradation (land gain) to erosion (land loss).
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Figure S6. Sensitivity of delta area change estimate to delta morphological parameters, rescaled
to indicate value compared to their default estimate.

Table S1. Model and data variables and their assumed distribution used as input for the Monte
Carlo analysis.
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Variable Assumed Assumed range Source
distribution

Sea level rise 1985-2015 normal Standard deviation of 0.3 mm/yr (43)

Sea level rise 2007-2100 normal Regionally varying standard deviation equal | (23)

to high uncertainty estimate from data

Subsidence 2000-2014 uniform Subsidence model prediction + 50%

Delta width (w) uniform Delta width prediction £ 50%

Delta toe depth (hy) uniform Delta toe depth estimate + 50%

Fluvial suspended load supply (gssus) | uniform Fluvial supply model prediction + 38% (22)

Fluvial bed load supply (gs bed) uniform Fluvial bed load prediction + 50%

Fluvial profile diffusivity (v) uniform Fluvial diffusivity prediction + 50%
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