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Impacts of Climate Change and Sea Level Rise
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Recent estimates of global salt marsh area sit at 5.5 million hectares (Mcowen et al. 2017).
Conservatively, this translates to $1 trillion of ecosystem services per annum, potentially as
much as $5 trillion (De Groot et al. 2012, Mehvar et al. 2018), equivalent to the entire US
federal budget for 2019. There can be little debate as to the value of salt marshes, both in
terms of the ecosystem services they provide and the key part they play in helping us
understand past climate and sea level trends. This chapter summarizes the preceding work
and draws together some key observations and notable knowledge gaps highlighted in the
previous chapters. We provide a focus on the expected response of salt marshes to the
stresses created by a changing climate.

Given their inherent lack of topography and, by their very nature, close proximity to
high tide, marshes are clearly endangered by rising sea level. As water depth subtly
increases relative to the marsh surface, the marsh takes longer to drain, increasing the
period of time it is submerged (hydroperiod). This impacts rates of mineral sedimenta-
tion and the productivity of vegetation (Morris et al. 2002; Chapter 7; Chapter 8). As
mentioned in Chapter 6, however, this is but one of many challenges they face. As
global climate changes, we expect increases in temperature, changes in precipitation,
and a shift in many weather systems, altering both storm pattern and frequency. This
will have consequent impacts on freshwater and nutrient delivery to the coast, as well as
destructive high-energy events and flooding. In addition to changes in climate, environ-
mental alterations by humans will have long-term impacts on sediment supply and the
potential inland migration of marshes (Chapter 16). A more subtle threat to the existing
systems is that of changing ecosystem structure. This may occur purely as the ecotones
which define saltmarsh environments shift, or as new, invasive species out compete
native biota and, in doing so, change the very nature and ecosystem functions of the
salt marsh.

Salt marshes are unique environments, which experience a combination of conditions
that are not seen in any other landscape. Their evolution is driven by constantly fluctuating
forces, which strive toward equilibrium. They undergo frequent flooding, in many cases
twice daily. In stark contrast to fluvial and submarine systems, the flows which shape
marshes are bidirectional, reversing entirely with each tide and reaching a maximum
velocity at mid-stage. There are clear feedbacks amongst the tidal flows, geomorphology,
and ecology within salt marshes, and although we have begun to explore many of these
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interactions, complexities increasingly become more apparent. The interactions of flora and
fauna, amongst themselves and with the landscape are a key area still under investigation,
and research that includes nutrients dynamics within these feedbacks is still in its infancy.
However, it is clear that studying marsh landscapes and understanding how their function
may change in the future, requires a holistic approach.

Certain factors stand out as key to understanding future marsh resiliency. These include
sediment supply, net productivity, tidal range, storm frequency, shifts in dominant species,
and proximal upland slopes and level of development. These factors dominant marsh
accretionary processes and maintenance of their net areal extent. The balance between
marsh sustainability and deterioration depends on rates and patterns of accretion. As the
contribution of fluvial sediment to marshes decreases (Fig. 18.1; Weston, 2014) and the
demand for suspended sediment to counter rising sea level increases, salt marsh must either
rely increasingly on organic contributions, or cannibalize existing platform to support a
smaller area of marsh.

It is well accepted that marsh biomass production, and therefore organic accretion,
exhibit a parabolic response to sea level rise (Morris et al. 2002). However, the impacts
of increasing atmospheric CO2, freshwater inputs, and temperature will add complexity to
the sea-level-driven accretion response. We learn in Chapter 5 that marshes are likely to
vary spatially in productivity and that our understanding of behavior at one site will not
necessarily translate to other areas, because of local differences in these drivers. While
warmer temperatures will increase photosynthesis, respiration, and, thus, plant productiv-
ity, not all plants respond equally. It is likely that some marshes are already close to their
optimum temperature and their productivity will actually begin to decrease as temperatures
rises (Chapter 13). Parallel to responses in productivity, as temperatures increases decom-
position of peat biomass will also increase. This process has the potential to overwhelm
increases in productivity, dampening initial impacts on organic sediment accumulations.
However, this is interaction itself is dampened by sea level rise which simultaneously boost
productivity compared to decomposition, thus, the rate at which sea level rise accelerates is
especially influential. Likewise, elevated CO2 has a positive effect on productivity; how-
ever, the impact may be short-lived as plants become accustomed to the condition, and
again the influence of small-scale local factors mean that the impact on the landscape is not
yet predictable.

The capacity of a vegetated marsh to maintain its elevation within its optimum elevation
range, also depends on the tidal amplitude. On this basis, Chapter 7 concludes that
microtidal marshes are unable to withstand sea level rise of >2.5 mm yr�1, meaning that
microtidal marshes will drown before mesotidal marshes. The feedbacks between abiotic
factors, vegetation, and elevation are subtle and complex, depending the local conditions
and vegetation. Long term, however, sea level rise will detrimental to marsh accretion, and
the faster sea level rise accelerates, the more of a threat it poses.

A key point raised in Chapter 12 is that, although we do not yet fully understand the
sensitivity of coastal ecosystems to expected changes, many models and paradigms assume
that sediment–hydrobiological interactions will remain unchanged or behave linearly. The
combined effects of these factors are likely to reveal differences in the way sediment is

Impacts of Climate Change and Sea Level Rise 477

https://doi.org/10.1017/9781316888933.021 Published online by Cambridge University Press

https://doi.org/10.1017/9781316888933.021


transported or how organisms interact with each other and their environment. For example,
both salinity and temperature may increase decomposition rates, but their combined impact
may be greater than the sum of the two alone (Wu et al. 2017).
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Figure 18.1 (A) Regionally averaged suspended sediment concentrations in rivers draining to
the East and Gulf Coasts of the USA. Rivers that do not share the same letter have significantly
different sediment concentrations and (B) proportional change in sediment concentration over
time (in percent per year). Sediment supply is decreasing in nearly all regions of the USA This
reductionwill ultimately cross a threshold asmarsheswill not be able to create organic sediment
or cannibalize from within at a sufficient rate to keep pace with sea level rise. (C) Conceptual
model of tidal marsh stability as a function of suspended sediment concentration and rate of sea
level rise (modified from Kirwan and Murray 2007) and D() conceptual diagram of changes in
suspended sediment concentration in aU.S. river over time. (from Weston 2014). (A black and
white version of this figure will appear in some formats. For the color version, please refer to
the plate section.)
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The importance and impact of vegetation on saltmarsh landscape dynamics is well
accepted, albeit not yet fully described. Part of this influence occurs by altering marsh
hydrodynamics, both in terms of local flows over the marsh platform and, on a larger scale,
creek evolution. Much of what we know about direct interaction between marsh vegetation
and hydrodynamics is based on laboratory experiments (Chapter 12). Presently, we are
unable to capture the morphological diversity of vegetation in numerical models and
Chapter 11 concludes that more comparative studies of the dynamics of vegetation canopies
geographically are needed to develop general relationships. That said, models and laboratory
experiments are invaluable in understanding these systems for the very reason that they are
difficult to measure. These two approaches both offer useful insights because of their ability
to isolate parameters, control factors that are impractical to control in the field, and can be
applied at scales, which are impossible to measure effectively (Chapters 11 and 12).

Improving our understanding of the range and extent of how vegetation impacts flow is
particularly important, as marshes provide an effective means of wave attenuation during
storms. However, again, the capacity of these systems to reduce storm surge varies
significantly from site to site. Recent research also indicates that storms are valuable
mechanism for marsh resilience to sea-level rise, by delivering large quantities of mineral
sediment. As investments in ecosystem-defenses continue to grow, research on marsh–
storm relationships is also needed.

Storm erosion, primarily at the platform edge, leads marshes fronted by large open-water
areas to be in a state of continual flux. The relationship between wave power and erosion is
confounded by the impact of water level and wave characteristics, and the controls on rates
of retreat are not well understood. The influence of vegetation on erosion is a function of
soil properties and plant density, and species. However, bank morphology and biological
activity (micro- and macrofauna) also play a part in how fast the marsh edge slumps or
erodes. Additional research is required to fully quantify these relationships.

The ultimate aim of exploring complex feedbacks in marsh systems is to provide
efficient and accurate models or screening tools that can be applied quickly and with
relative ease by coastal managers. This requires reducing the number of variables in models
to only the significant parameters thereby simplifying the problem and creating a frame-
work that is easy to use. But the key to doing this is identifying all the (non-negligible)
feedbacks amongst variables, particularly those whose effects may not be evident.

As sea level rises and temperatures increase, changes are expected within salt marsh
ecosystems. This includes the onshore translation of existing ecotones (boundaries between
freshwater tidal marshes, tidal forests, high marsh, and low marsh) as hydroperiod and
salinity conditions change. In some areas, shifts in foundation species are predicted. For
example, in the northeastern USA, marshes dominated by Spartina patens are being
invaded by S. alterniflora marshes (Donnelly and Bertness 2001), and in Florida and
Texas, saltmarsh is being outcompeted as mangroves move northward with increases in
temperature (Armitage et al. 2015). Changing vegetation will lead to alterations in accre-
tion and offer different ecosystem services. While some invasive species may be benign,
others may be less beneficial to marsh resilience that those they are replacing, or some may
even be destructive. Plant or animal invasions may become a stressor that make a marsh
more vulnerable to other stressors, such as sea-level rise. The impact of both native and
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invading fauna, even those operating on very small spatial scales, can impact, either
positively or negatively, the entire landscape (Chapter 8).

This shifting of ecotones translates to the migration of marshes inland; this may allow
the marsh some respite if the area created is equivalent to the area lost to edge erosion or
submergence. However, the extent to which this process is possible is controlled by the
slope of coastal plain and this can be limiting especially where marshes are backed by
relatively steep coastal areas such as Nova Scotia, Maine, and Rhode Island (Chapter 16).

Presently, salt marshes face pressure from human activities at unprecedented scales and
intensities (He et al. 2014; Chapter 5). Salt marshes have been impacted by diking,
impoundment, filling, isolation from riverine inputs and by coastal protection defenses,
dredging, pollution with high levels of nutrients and toxins, introduced species, and
shoreline hardening (Chapter 17). Some of these human impacts are direct (e.g., dredging,
filling) while others are indirect (e.g., hydrologic impairments, sediment deficits and
subsidence). Moreover, most have a negative impact on marsh resilience. The presence
of human development is often the critical impediment to marsh migration (Chapter 16).

Perhaps the most important factor impacting marsh survival and the most difficult to
predict is the socioeconomic and political climate. Appreciation of the value of coastal
wetlands and recognition of the threat to them from climate change varies country by
county, state by state, and town by town. Channeling investment into these systems is not
always seen as a priority, but some legislation has focused on the long-term protection of
salt marsh systems. For example, efforts in Louisiana, which has a Coastal Master Plan
totaling $50 billion over the next 50 years, includes $20 billion to fund to create and restore
marsh systems (CPRA 2017). Chapter 17 discusses potential for marsh restoration, includ-
ing dismantling dikes, reestablishment of tidal creeks, fill removal, levee breaches, living
shorelines, bridge and culvert additions, restored hydrology, river diversions, beneficial use
of dredge material to restore and create marshes, and control of introduced species. The
authors recommend a landscape or regional scale approach: focusing on the preferred
habitat of the invader and including treatments to recolonize with native plants quickly
can help prevent future invasions. However, climate and human impacts interact to make
restoration more challenging (Day et al. 2016, 2019).

It is not yet clear whether marshes will have the ability to persist into the twenty-second
century, and if they do whether the landscapes will be recognizable in comparison to those
that exist today. However, the consequences of the loss of salt marshes are undeniable and
researchers will be important communicators and advocates to prolong their survival.

References

Armitage, A. R., Highfield, W. E., Brody, S. D. and Louchouarn, P. 2015. The contribution
of mangrove expansion to salt marsh loss on the Texas Gulf coast. PLoS ONE 10(5):
e0125404. doi:10.1371/journal.pone.0125404.

CPRA (Coastal Protection and Restoration Authority of Louisiana). 2017. Louisiana’s
Comprehensive Master Plan for a Sustainable Coast. Coastal Protection and
Restoration Authority of Louisiana. Baton Rouge, LA.

480 Zoe J. Hughes, et al.

https://doi.org/10.1017/9781316888933.021 Published online by Cambridge University Press

https://doi.org/10.1017/9781316888933.021


Day, J., Agboola, J., Chen, Z., D'Elia, C., Forbes, D., Giosan, L., Kemp, P. et al. 2016.
Approaches to defining deltaic sustainability in the 21st century. Estuarine, Coastal
and Shelf Science. 183: 275–291.

Day, J., Colten, C. and Kemp, G. P. 2019. Mississippi Delta restoration and protection:
Shifting baselines, diminishing resilience, and growing non-sustainability. In: E.
Wolanski, J. Day, M. Elliott and R. Ramnachandran (eds). Coasts and Estuaries:
The Future. Elsevier, Amsterdam, pp. 173–192.

De Groot, R., Brander, L., Van Der Ploeg, S., Costanza, R., Bernard, F., Braat, L., Christie,
M., Crossman, N., Ghermandi, A., and Hein, L. 2012. Global estimates of the value
of ecosystems and their services in monetary units. Ecosystem Services., 1: 50–61.

Donnelly, J. P., and Bertness, M. D. 2001. Rapid shoreward encroachment of salt marsh
cordgrass in response to accelerated sea-level rise. Proceedings of the National
Academy of Sciences of the USA, 98:14218–14223.

He, Q., Bertness, M. D., Bruno, J. F., Li, B., Chen, G., Coverdale, T. C., Altieri, A. H.,
et al. 2014. Economic development and coastal ecosystem change in China. Scientific
Reports, 4:5995.

Mcowen, C., Weatherdon, L., Bochove, J., Sullivan, E., Blyth, S., Zockler, C., Stanwell-
Smith, D., Kingston, N. and Martin, C. 2017. A global map of
saltmarshes. Biodiversity Data Journal, 5 (5): e11764. doi:10.3897/bdj.5.e11764

Mehvar S., Filatova, T., Dastgheib, A., de Ruyter van Steveninck E., and Ranasinghe R.
2018, Quantifying economic value of coastal ecosystem services: A review. Journal
of Marine Science and Engineering, 6: 5; doi:10.3390/jmse6010005

Morris, J. T., Sundareshwar, P. V., Nietch, C. T., Kjerfve, B., and Cahoon, D. R. 2002.
Responses of coastal wetlands to rising sea level. Journal of Ecology, 83
(10):2869–2877.

Weston, N.B. 2014. Declining sediments and rising seas: an unfortunate convergence for
tidal wetlands Estuaries and Coasts, 37:1–23

Wu, W., Huang, H., Biber,P., and Bethel, M. 2017. Litter decomposition of Spartina
alterniflora and Juncus roemerianus: implications of climate change in salt marshes.
Journal of Coastal Research, 33(2): 372–384.

Impacts of Climate Change and Sea Level Rise 481

https://doi.org/10.1017/9781316888933.021 Published online by Cambridge University Press

https://doi.org/10.1017/9781316888933.021

