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Abstract
To avoid floods, engineers built long levees along the Mississippi river that are now

preventing the Mississippi from depositing sediment into the surrounding floodplain and bays,
and instead is diverting the sediment into the deeper parts of the Gulf of Mexico. Because
sediment is not creating new land along the Mississippi, the compounded effects of a manmade
rise in sea levels and the natural subsidence process are causing Louisiana to sink. A proposal by
the Army Corps of Engineers, recently approved by the Louisiana state government, aims to
redirect the Mississippi river towards coastal Louisiana and use sediment within the river to
rebuild the floodplain. We contribute an analysis of the volume of sediment within the
Mississippi and the volume of sediment required to regain the land lost since 1932. Using
discharge and concentration data from the USGS, we conclude that, although there is ample
sediment in the Mississippi to compensate for annual land loss, if the project is implemented in
2030, there is not enough sediment to regain all land lost since 1932 by 2090. We also calculate
that from the year of implementation, it will take approximately 245 years to regain 50% of land
loss since 1932, assuming that 50% of the river is successfully diverted.

Introduction
Between the 1700s and the 1900s, the Army Corps of Engineers built an intricate system

of levees and canals surrounding the Mississippi River to prevent floods and destruction of key
infrastructure. However, the levees unintentionally prevented the Mississippi from depositing the
sediment it carries onto the floodplains and bays in Louisiana. Instead, it deposited all of its
sediment directly into the Gulf of Mexico. Due to the lack of sediment, no new land is being
built to raise Louisiana (Cornwall, 2021). Simultaneously, subsidence, the compaction of soil,
and rising sea levels are causing Louisiana to sink. Suggested solutions to the land loss problem
in the area include creating managed holes in the levees to divert some water and sediment to
nearby bays, the creation of artificial islands, and a more controversial proposal to redirect the
Mississippi and Atchafalaya back into coastal Louisian. The proposal aims to use the sediment
already in the river to naturally build up Louisiana and combat the ongoing land loss. Critics
argue that the program is ineffective, costly, and could have detrimental effects to local fish
ecosystems and Louisiana’s economy (Cornwall, 2021).



Figure 1. Land erosion in coastal Louisiana since 1932

The goal of our paper is to determine whether there is enough sediment in the Mississippi
river to restore coastal Louisiana. We make the following contributions:

1. A Python volume balancing algorithm comparing total and percentages of land lost
annually since 1932 and land harnessed by this project

2. An estimate of the amount of years after implementation necessary to gain back all land
lost since 1932

3. Evidence that rerouting the river alone cannot efficiently gain back all land lost since
1932

4. Evidence that rerouting the river can easily prevent additional land loss in Louisiana

Background
Located along the Gulf Coast of the United States, Louisiana has been rapidly losing land

since the 1800s. Between the 1930s and 2016, the region lost 4800 square kilometers, a quarter
of which were lost in the Barataria Bay (Cornwall, 2021). The predominant causes of this are



levees and sea rising level, which lead to loss of homes, disruption to economy, and higher
vulnerability to extreme weather conditions.

Figure 2. A map of Louisiana, which is located along the Gulf of Mexico.

Annual flood water transported river sediments over time to form what is now known as
Louisiana. In the 1800s, someone constructed levees to protect populated areas from flooding
and jetties to stabilize channels for shipping, which consequently cut off the sediment flow. As a
result, little land has been built up since then. In addition, a rise in sea level has led to saltwater
intrusion, harming freshwater plants. When vegetation dies, its roots can no longer sustain and
hold back the land. These two factors, along with the natural process of the compaction of soil
and subsidence, in which land formed by sediments sinks in a delta cycle, is directly causing land
loss in Louisiana (Swenson, 2021). Another attributable factor is the appearance of oil and gas
companies along the coast of Louisiana. Offshore oil rigs and onshore wells affect the natural
coastal hydrology, posing a negative impact on salinity balance and freshwater vegetation
(Schliefstein, 2023). Furthermore, invasive species, namely nutria and feral hogs, present yet
another problem regarding excessive foraging (Swenson, 2021).

The great loss of land is devastating. First, people are losing their homes as houses sink
due to the rising sea level rate. This calls for an evacuation plan to move residents out of high
flood risk areas, yet many refuse to leave their homes. Second, land loss disrupts economic and
business activities in Louisiana by destroying buildings, infrastructure, roads, and railways.
Third, there has been an increase in extreme weather conditions, including heavy rains,
hurricanes, and landslides. In 2005, Hurricane Katrina hit the coastal city New Orleans and killed
more than 1800 people. Generally, the lack of land and higher vulnerability has caused Louisiana
to be more prone to storms.



Figure 3. New Orleans, Louisiana, after Hurricane Katrina in 2005

People living in Louisiana have suffered dramatically from the loss of their homeland.
Young people are immigrating, raising the question about the preservation of traditional and
cultural values. It is, therefore, of paramount importance to do more research on this topic when
taking into account the dire consequences not only in the short term but also in the long run.

Currently, scientists have been working on a project known as The Mid Barataria
Sediment Diversion. Scientists are going to punch a hole into a nearby levee that holds back the
Mississippi River. In this way, sediments can flow into the bay and build up land there. However,
the most important feature of this project is the diversion of the water flow. Instead of flowing
straight into the Gulf of Mexico, sediment flows are being diverted to the bay so that land can be
built up along the way. In other words, they are trying to reconnect the Mississippi River to the
wetlands. To prevent the risk of flooding, scientists are working on making artificial islands
acting as speed bumps and moderating the water flow (Cornwall, 2021).

Initially, a gain of 121 square kilometers was expected, yet the number reduced more than
half to 54 square kilometers, reflecting a rise in sea level. The biggest concern indeed relates to
the estimation of how much land will be built and over what time scale. Scientists fear that with
such an amount of nutrients being bumped into, the Mississippi River may be overloaded, marsh
plants may grow too fast and cannot fully develop their root systems, counter productively
causing marsh erosion (Schleifstein, 2013). Moreover, an increase in freshwater does a lot of
harm to the regional fishing and seafood industry; therefore, the project has understandably been



met with opposition from local fishermen. That is not to mention, the cost of this project is
enormous and would be wasted if it is ineffective (Cornwall, 2021).

Research Question/Hypothesis:
To determine whether this project is worth investing in, i.e. whether it can indeed restore

the land lost in coastal Louisiana, we began with the following research question:

Does the Mississippi River supply enough sediment to offset Louisiana’s land loss?

We predict that:

● The annual volume of land loss in Louisiana is less than the annual volume of sediment
deposited by the Mississippi.

● If 50% of the river sediment is successfully diverted, we will need 50 years to gain back
50% of the land lost in coastal Louisiana since 1932.

Method
For this project, we worked in Python in Google CoLaboratory. We first created an

algorithm to determine the total sediment deposit per year in cubic meters, and more specific
percentages of this sediment, to account for the fact that it would be impossible for 100% of the
Mississippi River to be diverted. We then compared this value to the annual volume of land lost
in meters3 and created time projections of all land lost since 1932 and land gained since project
implementation. Finally, we created an algorithm to determine the exact number of years since
implementation required to regain 50% of land since 1932, if 50% of the river is successfully
diverted.

The data we needed to create these algorithms was:
- Discharge and concentration data (USGS, 2018)
- Area of yearly Louisiana land loss (USGS, 2017)
- Inches of yearly sea level rise (SeaLevelRise)
- Area of and lost from 1932 to 2016 (USGS, 2017)

We began by calculating the total volume of sediment deposited by the Mississippi River
each year. First, we found the sediment load mass in kg/yr by multiplying the discharge per year,
Q, by the concentration in kg/m3 C. We used USGS discharge and concentration data (USGS,
2018). We used the known density of sediment, 2650 kg/m3, and sediment mass to calculate the
total volume of sediment deposited each year in m3. To account for air and space between
sediment, we multiplied our final value by 1.15.

Next, we calculated the volume of land lost in Louisiana each year. We used USGS data
for the area of land lost each year in m2 (USGS, 2017). The USGS provided a range for land lost
each year, and although we calculated both a conservative and high estimate for annual land loss,
for the remaining calculations, we used the higher estimate assuming that the land lost each year



will continue to increase. We multiplied the area of land lost by the annual rise in sea level, 0.5
inches or 0.0127 meters per year (SeaLevelRise). To find the total land lost from 1932 to 2016,
we used the USGS’s data on the area of land lost in meters until 2016, and multiplied it by the
annual sea level rise (USGS, 2017). We used these two values to create an algorithm to calculate
the total land loss since 1932, in years from 2016.

To determine whether the Mississippi River contains enough sediment to rebuild the
floodplains of Louisiana, we used these two algorithms to create a time projection of our volume
balance. Assuming that the project is implemented in 2030, we calculated the total land lost by
2035, 2040, 2050, 2054, 2060, 2070, 2080, and 2090 and total land gained in each of these years,
assuming 100%, 75%, or 50% of the river sediment is successfully diverted and spread out.
Finally, using the above data, we created an algorithm to calculate how many years from the
project’s implementation are required to gain back 50% of the total land lost, if 50% of the river
is successfully diverted. We chose to divert 50% because previous research has worked with
around 40-60% diversion, and 100% successful diversion is an unrealistic goal (Renfro 2017).

Results (Saranya)
Table 1 and Figure 4 summarize our results. Using both the conservative and high land

loss estimates, it is clear that the Mississippi River contains ample sediment to combat the annual
land loss in Louisiana. Based on our calculations, even 1% of the sediment in the river would be
enough to prevent more annual land loss. 10% of the sediment in the river is more than double
the high estimate for annual land loss. However, the land loss from 1932 to 2016 is significantly
greater than even 100% of the annual land gain.

Annual Land Loss Conservative Estimate: 227,920 m3

Annual Land Loss High Estimate: 1,079,500 m3

Land Loss 1932 - 2016: 5,526,024,000 m3

100% Land Gain (Annual): 29,323,166 m3

80% Land Gain (Annual): 23,458,533 m3

50% Land Gain (Annual): 14,661,583 m3

25% Land Gain (Annual): 7,330,792 m3

10% Land Gain (Annual): 2,932,317 m3

Table 1. Initial data regarding loss and gain rates

To further investigate whether the Mississippi River sediment could gain back all the land
loss since 1932, we created a time projection of land lost and gained if the diversion project is
implemented in 2030. All numbers are in m3.



Year Total Land Loss
(m3)

50% Land Loss
(m3)

Total Land
Gained (100%
diverted) (m3)

Total Land
Gained (75%
diverted) (m3)

Total Land
Gained (50%
diverted) (m3)

2035 5,546,534,500 2,773,267,250 120,434,433 90,325,825 60,217,217

2040 5,551,932,000 2,775,966,000 240,868,866 180,651,650 120,434,433

2054 5,567,045,000 2,783,522,500 578,085,279 433,563,959 289,042,640

2060 5,573,522,000 2,786,761,000 722,606,599 541,954,949 361,303,299

2070 5,584,317,000 2,792,158,500 963,475,465 722,606,599 481,737,733

2080 5,595,112,000 2,797,556,000 1,204,344,332 903,258,249 602,172,166

2090 5,605,907,000 2,802,953,500 1,445,213,198 1,083,909,898 722,606,599

Table 2. Time projection for land loss versus gain until 2090

Our original estimate was that by 2080, 100% of the diverted river would be able to
compensate for 100% of land loss, however, this data shows that even by the end of 2090, 100%
of the diverted river could not compensate for even 50% of the total land loss since 1932. By the
end of 2090, 50% of the land loss is almost double the total land gained if 100% of the river is
diverted. It is important to note that diverting 100% of the river is impossible, especially because
the river is still used for shipping and transportation.

Additionally, from the year of implementation, it would take approximately 245 years for
the river to regain 50% of the land loss if 50% of the river is diverted. These results are logical
because while the river is continuously depositing sediment, Louisiana is still sinking at a
significantly high rate, which must be accounted for in addition to the compounded land loss
since 1932.

We also confirmed these results by creating a graph of Louisiana’s land loss versus land
gain (Figure 2). At year 245 after 2030, the land gain and land loss graphs intersect, indicating
the year where we begin gaining more land than we are losing. On a large scale, we can see that
the yearly rate of land loss, or slope of the line, is significantly less than the rate of land gain, but
the high y-intercept of land already lost requires a significant number of years to overcome.



Figure 4. Graph of Louisiana land loss versus gain. Blue is loss and orange is gain.

This data indicates that the Mississippi River does not contain enough sediment to gain
back all or half of the land lost since 1932 in fifty years. However, it could prevent Louisiana
from continuing to sink.

Limitations
Currently, the annual sea level rise in coastal Louisiana, which we used for calculation, is

0.5 inches per year. However, sea level is continuously changing due to changes in the water
mass (e.g. glaciers and ice sheets melting) and expansion or contraction of ocean water as it
cools or warms. Sea level is a fluctuating value that may change over short or long periods of
time. As a result, the rate of sea level rise could be inaccurate, and could change over time,
which our data does not take into account. Similarly, other parts of our data may be inaccurate or
change significantly over time. Most discharge, concentration, and land loss data was found
through the USGS, but changes in the flow of the river, large rain events, or overall climate
change could affect these numbers over time. The USGS data for the area of land lost in
Louisiana is a range, and we chose the higher value for all of our calculations.

The color of the Mississippi river appears to be yellow or brown because of the
concentration of mud in the sediment load (which explains why the Mississippi river might be
referred to as the “Muddy Mississippi”). Mud makes up approximately 90% of the sediment load



(Alison, 2018), while sand, slit and clay only makes up ~10% of the sediment transported down
the Mississippi river. Sand is the preferred material for building delta rivers due to its advantages
in sediment transport. Sand particles are larger and heavier compared to mud particles, which
allows them to be easily carried by the flow of the river. Additionally, the coarse texture of sand
provides better stability and resistance to erosion, making it more suitable for constructing the
river delta. During our research and calculation, we did not take into account the suitability of the
sediment particles in building the delta.

Also, values of discharge may vary depending on different parts of the river. The amount
of water flowing in the river at the Mid Barataria Sediment Diversion site is influenced by
several factors, including the rainfall in the surrounding area, the movement of water in and out
of the ground, changes made to the river like dams and diversions for irrigation, as well as the
water lost through evaporation and the combined process of evaporation from the land and
plants. Which also directly affects our calculations.

Related work
Sediment diversion was first suggested in the late 2000s in several academic papers such

as Snedden et. al., Nittrouer et. al., and Allison and Meselhe. More recently, Xu et. al. did a more
specific analysis of the suggested proposal and how to make the river diversion as efficient as
possible. Other papers have analyzed possible unintended consequences of the diversion project
on sediment creation, fish ecosystems, and nearby economies.

The project of reconnecting the Mississippi river to its wetlands will help restore
southeast Louisiana’s first line of defense, however rerouting the Mississippi river project needs
supportive solutions to help adapt to rapid changes. One solution is to adapt to a smaller delta
without harming local habitants by encouraging relocation in vulnerable areas. After ensuring
people’s safety, it is crucial to minimize the risks of industrial accidents and pollution by moving
them out of environmentally sensitive areas.

In addition, restoring the ecosystem within the delta is needed to create protected,
resilient communities. Efforts can focus on restoring wetlands, barrier islands and other coastal
features. These restoration projects enhance the delta's ability to absorb storm surges, reduce
erosion, and provide habitats for diverse wildlife. Specifically, sediment diversions, marsh
creation, and vegetation restoration are common restoring approaches.

Adapting to climate change is likewise important; this includes but is not limited to
incorporating measures to adapt to rising sea levels and increased storm intensity. Also,
protecting coastal Louisiana from climate change involves improving flood protection
infrastructure, implementing sustainable drainage systems, and utilizing nature-based solutions
like green infrastructure and coastal buffers. Besides, Louisiana should be prepared to adapt and
adjust to a future smaller delta by increasing economic and business opportunities.



Conclusion
In this paper, we analyzed the volume of land loss in coastal Louisiana and compared it to

the volume of sediment deposited by the Mississippi to determine whether the proposal to divert
the Mississippi River could be an effective way to prevent land loss in Louisiana. We determined
that there is ample sediment in the Mississippi to prevent additional land loss. However, in a
short time scale, there is not enough sediment to meaningfully offset all land loss since 1932,
even if 100% of the river is successfully diverted. From the year of implementation, restoring
50% of land loss since 1932 with 50% of the river’s sediment would require approximately 252
years. Our research shows that water diversions alone could not fully address the issue of land
loss into Louisiana, taking into perspective the long time span for the project to be effective.
Therefore, a combination of different solutions is called for.

Further work could incorporate changing valuables such as the rising rate of sea level rise
and changes in discharge over time to create a more accurate time projection. Using the data
above, an exact percentage for the amount of river that must be diverted in a given time frame
could also be found. More research into the types of sediment that are ideal for building land
could also affect how much volume in the Mississippi can actually be harnessed. Finally, it is
beneficial to take these results a step further into the exact context of the Mid Barataria Bay
Sediment Diversion project and use these algorithms to do exact analysis on the expected
outcome. Existing plans for diversion, such as the percent of river intended to be diverted, could
be taken into account to reveal a more concrete probability of success.
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