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The physical properties of soil can affect the stability of construction. In particular, soil swelling potential (a term which includes swelling/shrinking) is often overlooked as a natural hazard. Similar to risk assessment for other hazards, assessing risk for soil swelling can be defined as the product of the probability of the hazard and the value of property subjected to the hazard. This research utilizes past engineering and geological assessments of soil swelling potential, along with economic data from the U.S. Census, to assess the risk for soil swelling at the census-block level in Louisiana, a U.S. state with a relatively dense population that is vulnerable to expansive soils. Results suggest that the coastal parts of the state face the highest risk, particularly in the areas of greater population concentrations, but that all developed parts of the state have some risk. The annual historical property loss, per capita property loss, and per building property loss are all concentrated in southeastern Louisiana and extreme southwestern Louisiana, but the concentration of wealth in cities increases the historical property loss in most of the urban areas. Projections of loss by 2050 show a similar pattern, but with increased per building loss in and around a swath of cities across southwestern and south-central Louisiana. These results may assist engineers, architects, and developers as they strive to enhance the resilience of buildings and infrastructure to the multitude of environmental hazards in Louisiana.
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INTRODUCTION
Soil that tends to swell or shrink as moisture content changes is known as expansive soil. Hazardous “swelling” is closely related to heaving when moisture is added to the soil. Problematic “shrinking” occurs when the soil becomes extremely dry. No matter which mechanism of movement occurs, swelling or shrinking, the hazard is known as “expansive soil” (Holtz and Hart, 1978). Expansive soils represent a separate process of soil movement from subsidence, and the two are generally not associated with each other. Subsidence is gradual sinking of landforms to a lower level because of earth movement from the long term consolidation of soft clays due to historical fill placement/surface loading, lowering groundwater tables or natural long-term consolidation.
Expansive soils present a hazard to lightweight buildings and other infrastructure. Uneven settling and shifting in such structures may occur, causing cracks in foundations, walls, streets, driveways, and sidewalks; ruptured pipes; and windows and doors that do not open and close properly. In the 1970s, sixty percent of the 250,000 new homes built on expansive soils each year in the U.S. experienced minor loss and 10 percent sustained significant damage (Jones and Holtz, 1973; Holtz and Hart, 1978). The U.S. Department of Agriculture estimates that 50 percent of the households in the U.S. are constructed on expansive soils, and the American Society of Civil Engineers estimates that one-quarter of all homes in the U.S. are affected (Virginia Department of Mines, Minerals and Energy, 2021). In a typical year, expansive soils cause a greater financial loss to property owners than earthquakes, floods, hurricanes, and tornadoes combined, at a cost of up to $9 billion/year in the U.S. in the 1980s (Jones and Jones, 1987) and perhaps up to $15 billion by the 1990s (Nelson and Miller, 1992). FEMA (1982) projected that residential building losses related to property and income would be $997.1 million by 2000 (1970$). Unlike many other environmental hazards, the effects of expansive soil are insidious in that they are not revealed suddenly or caused by a single event, but rather become increasingly evident and destructive over time. Unfortunately, recent comprehensive studies on the risk attributable to the expansive soil hazard are lacking in the literature.
Given the wide range of cost estimates and the lack of recent analysis, the purpose of this research is to introduce a more elaborate, transparent, updated, data-intensive method of calculating the risk associated with expansive soils in Louisiana, a U.S. state with relatively dense population that is vulnerable to the effects of expansive soils. Because soil features and development are highly heterogeneous across space, the scale of analysis is at the census-block level. Specifically, the three primary objectives are to: 1) characterize the expansive soil swelling potential–the percentage of soil swell from optimum to saturated moisture content (Çimen et al., 2012; Fattah et al., 2021) across Louisiana; 2) project the future swelling potential of expansive soil in Louisiana; and 3) assess future property loss in Louisiana due to expansive soil, considering anticipated changes to climate and population. The results will benefit developers, property owners, and mitigation specialists within and beyond Louisiana as they seek new and improved ways to characterize, anticipate, and prepare for the expansive soil hazard.
BACKGROUND
Modern, scientific, soil swelling measurements and characterization date back for over a half century, when Seed et al. (1962) evaluated the utility of the plasticity index [“liquid limit” percentage minus “plastic limit” percentage (Coleman and Douglas 2008)] for such purposes, but the plasticity index was later shown to be impractical in humid environments (Jones 2012). Tripathy et al. (2004) characterized swelling of clays, such as bentonites (Bharat and Gapak, 2018) used as barrier materials for storing radioactive waste, and Watanabe and Yokoyama (2021) did similar work with clay/sand mixtures. Rao et al. (2004) suggested that free swell index, identified experimentally using the ratio of the difference between the oven-dried soil volume in water vs. in kerosene to the final volume of soil in kerosene (Holtz and Gibbs, 1954), can circumvent the need for considering the many other soil properties when estimating swelling potential. Ferber et al. (2009) examined the effects of water (or liquid limit) and density on swelling potential in clays. Frikha et al. (2013) measured the lateral motion of kaolin clay when reinforced by stone column. A new instrument was developed recently (Hobbs et al., 2014) and tested (Hobbs et al., 2019) for measuring shrinkage of clays.
In addition to measuring expansive soils, substantial research has been invested in recent years in modeling swelling potential. For example, Çimen et al. (2012) developed and validated a simple multiple regression model to calculate the potential for expansive clays based on water content and plasticity index. Lim and Siemens (2016) identified an upper-bound called the swelling equilibrium limit (SEL) and developed a predictive model for SEL in various soils. Yang et al. (2019) used this parameter in a numerical model. The soil water retention curve has also been found to be useful as a predictive tool for swelling (Tu and Vanapalli, 2016). Eyo et al. (2019) developed and validated a model for characterizing swelling of clays by core mineralogy, microfabrics, grain size, and suction response. Abbey et al. (2020) continued along this research track by characterizing the swelling potential for high-plasticity clays blended with cement. Neural network approaches have also been taken (e.g., Erzin, 2007).
Treating expansive soils has also received attention in the scholarly literature. Geotechnical engineers typically include cementitious additives [e.g., lime (Kasangaki and Towhata, 2009; Jung and Santagata, 2014) and fly ash (Puppala et al., 2001; Nalbantoğlu 2004; Hozatlıoğlu and Yilmaz, 2021)], non-cementitious additives [e.g., stone dust (Reddy et al., 2015)], chemical additives [e.g., calcium chloride or magnesium hydroxide (Bhuvaneshwari et al., 2020) or sodium silicate (Reddy et al., 2015)], or gypsum (e.g., Yilmaz and Civelekoglu, 2009) as a stabilizing agent. Guar gum biopolymers (Acharya et al., 2017), commercially available polymers (Taher et al., 2020), wood/paper industry waste (Ijaz et al., 2020), hydrophobic polyurethane foam (Al-Atroush and Sebaey, 2021), along with physical methods such as granulated tire rubber (Patil et al., 2011) and pile anchoring systems (Sfoog et al., 2020) have also been suggested. Comprehensive experiments on expansion rates and treatment options for expansive soils are provided in Al-Rawas and Goosen (2006) and Zumrawi et al. (2017). It should be noted that adding stabilizing agents or any foreign substance to soils can occasionally increase the shrink/swell potential of the subsoils. While the current study does not account for this possibility, it is recommended that the use of additives be evaluated carefully prior to their mixture with existing soils.
Collectively, the research is rich regarding engineering aspects of the expansive soil hazard, including measurement, modeling, and mitigation, but there is a dearth of research on a data-driven link between the hazard and the historical and probable future loss. This paper will be the first to project future property loss at the micro-scale, considering the changing swelling potential due to climate change, property value, and population.
METHODS AND MATERIALS
Study Area
Louisiana, U.S., is selected for this analysis because its propensity for natural hazards has inspired improvements in its state hazard mitigation plan. The expansive soils hazard, while formidable in its own right in Louisiana, can exacerbate and be exacerbated by changes in other Louisiana hazards, such as intense precipitation, flooding, and extreme heat and cold.
Swelling soils in Louisiana have received little scholarly attention. While Mississippi’s löess bluffs [and presumably, Louisiana’s as well (Heinrich, 2008)] have been found to have little shrinking or swelling and low plasticity (Krinitzsky and Turnbull, 1967; Snowden and Priddy, 1968), Coleman and Douglas (2008) suggested that since so much of Louisiana has swelling potential that is only on the fringe of being hazardous, engineers have typically ignored the problem in the past. This increases the potential for loss, especially as the soils in the southeastern U.S., including Louisiana, have undergone increasingly frequent extremes of wet (Carter et al., 2014) and dry (Schubert et al., 2021) conditions in recent years, with both extreme precipitation and drought expected to become more commonplace in the future (Wehner et al., 2017). Coleman and Douglas (2008) cautioned that some lean clay soils in Louisiana can have dangerous swelling potential even at water contents near or below the plastic limit. Vertisols in Louisiana and elsewhere have been noted to impact the distribution of organic matter because of swelling and other motions (Kovda et al., 2010). Montmorillonite mineral content in the northern section of the state has been particularly problematic for swelling (Khan et al., 2017). Coastal Louisiana marsh soils are also known to swell and shrink due to high-frequency variability in local hydrology and groundwater features (Cahoon et al., 2011).
Wang et al. (2017) developed a contour map of swelling potential based on data from Seed et al. (1962). The map produced by Olive et al. (1989) also includes Louisiana. But the spatial distribution of property loss due to expansive soils has received even less attention. Despite the focus on Louisiana here, the method is applicable in other locations.
Data
Wang’s (2016) point-based swelling potential map is used here to represent the spatial distribution of historical expansive soil conditions–the natural component of the risk. That map had been developed based on data measured by Seed et al. (1962). Future projection of the hazard here relies on information from the fourth National Climate Assessment (NCA4; U.S. Global Change Research Program, 2017). The human component of the risk relies on Louisiana census-block shapefiles, which are downloadable from the United States Census Bureau (2010), and population projections based on data from United States Census Bureau (2020).
Method
Historical Hazard Intensity
Swelling potential by Louisiana census block ([image: image]), where i is 1 through 203,447, is one of the key factors used for calculating projected property loss by 2050. Wang’s (2016) point-based Louisiana map of [image: image] is digitized here. [image: image] in Louisiana is rasterized using the “Polygon to Raster” tool in ArcGIS®. To represent historical annual average [image: image], census-block centroids are calculated in ArcGIS® using shapefiles provided by United States Census Bureau (2010), and [image: image] raster values are extracted at each census block centroid.
Future Hazard Intensity
The soil structure remains largely unchanged on anthropogenic time scales. However, long-term changes in the freeze-thaw, extreme heat, and/or precipitation climatology could impact the stability of the soil structure for supporting construction. The anticipated decrease in number of freezing-temperature days as temperature increases (Vose et al., 2017; their Figure 6.9), at least under the highest-CO2-emission scenario, would diminish the future expansive soil hazard due to a decrease in freeze-thaw expansion/contraction. However, the likelihood of an increasing number of extreme hot days (Vose et al., 2017; their Figure 6.9) and heavier precipitation by 2050 interrupted by lengthening dry periods (Wehner et al., 2017), albeit again under the highest-CO2-emission scenario, may overcompensate, causing a net increase expansion/contraction. The net effect of these forces leads to a projection in this study of an increase in the expansive soil hazard of 15 percent (i.e., [image: image] by 2050. Because of the uncertainties involved in such projections, a sensitivity analysis using projections of 10 and 20 percent increases are conducted here to suggest a range of economic risk in Louisiana.
Population Projection
The technique for population ([image: image]) projection follows that of Mostafiz et al. (2020a). Specifically, because the U.S. Census Bureau does not provide annual [image: image] estimates by census-block (i), the process begins with annual [image: image] growth rate calculations at the parish (i.e., county) (j) scale. The mean of the annual parish population growth rate ([image: image]) for the n-year (i.e., 40 in this analysis) period for which annual U.S. Census Bureau estimates are available (i.e., 1980–2020 in this analysis) is calculated, beginning in year y, as shown in Eq. 1:
[image: image]
The [image: image] is calculated for each of Louisiana’s 64 parishes, and future population change is then downscaled to the census block (i), assuming that [image: image] is equal to that in each census block in its parish. Future population is then projected to 2050 by census block (i.e., [image: image]), assuming that census blocks unpopulated in 2010 remain uninhabited, using the 2010 population for each i as the initial base (i.e., [image: image]), and given a n- (or t-) year period within which the population changes, as depicted by Eq. 2:
[image: image]
Mostafiz et al. (2020b) tested other methods for projecting population but found the technique described above to be superior. Extrapolation of a regression-based trend line of Louisiana parish populations to 2050 proved disadvantageous because of low explained variance and insignificant trend lines for some parishes. Extrapolating the growth rate trend line to estimate the 2050 population was problematic for the same reason. The abrupt, sizeable, and temporary population redistributions both within and beyond Louisiana resulting from significant hurricanes (most notably Katrina in 2005) are likely contributors to the low explained variance. The technique selected is least sensitive to these issues and was also used successfully in Mostafiz et al. (2021a; 2021b).
Assessing Building Value
Following Mostafiz et al. (2021a; 2021b), evaluation of current and future building value in each census block is done under the assumption that unpopulated areas have no residential or commercial property value, for the purpose of this analysis. Of course, in reality they do have property value, but the loss of an unoccupied barn, camp, or other dwelling to the hazard would be unlikely to impact in the same way that a loss of a primary residence would. The number of buildings by census block in 2010 [image: image] is computed from the United States Census Bureau (2010) by summing the buildings standing in 2010 reported in the shapefiles as having been constructed during each time interval. Then, this building count is multiplied by the average building value in 2010 in the corresponding census block [image: image] to estimate the total inventory value by census block [image: image], as described by Eq. 3:
[image: image]
The number of buildings in 2050 by census block ([image: image]) is assumed to change proportionately to population. Thus, the population projection described in Population Projection is used to estimate the building inventory. Total inventory value in 2050 by census block ([image: image]) is then calculated as the product of total building inventory value in 2010 and the ratio of 2050 to 2010 population in that census block, as depicted by Eq. 4:
[image: image]
Projecting Future Property Loss
Property loss due to expansive soil [image: image] is the cost of maintaining the building against damage from the expansive soils during its useful life cycle [image: image], but this parameter has not been estimated in the literature. A value of 7.5 percent of the structure’s value, spread across the 70-year useful life cycle ([image: image]) of the structure, is assumed. Thus, the annual cost of maintaining the building against the hazard is [image: image], or 0.001071, and annual property loss [image: image] by 2050 (2010$) due to expansive soil is calculated as described in Eq. 5:
[image: image]
To quantify the uncertainty involved in this calculation, a sensitivity test using the bounds of 5 and 10 percent for [image: image] identifies the impact on [image: image] by differing estimates of [image: image].
Similarly, the historical annual property loss ([image: image] (2010$)) by census block is calculated using the [image: image], 2010 building inventory value [image: image], and [image: image]. Annual per capita and per building property loss in 2010 and 2050 by census block (2010$) are calculated by dividing by the population and building count, respectively.
RESULTS
Historical Hazard Intensity
The southeastern and southwestern parts of the state have the highest swelling potential for expansive soil (Figure 1A). Historical expansive soil swelling potential ranges from 3.5 in northwestern and central Louisiana census blocks to 58.0 percent in both Cameron Parish in the extreme coastal southwest and in some census blocks to the west of New Orleans in Lafourche, St. Charles, and St. John the Baptist parishes (Figure 1A; Supplementary Appendix SA). Because planning is done at the parish level, it is also worthwhile to note that St. Charles Parish is the most vulnerable parish on the whole, where the mean historical expansive soil swelling potential is 42.9 percent (Supplementary Appendix SA).
[image: Figure 1]FIGURE 1 | Swelling potential in Louisiana: (A) historical, and (B) projection for 2050.
Future Hazard Intensity
Because of the assumption of uniformity in the future environmental effects on soil features across the state, the expansive soil hazard is projected to remain concentrated in the same geographical areas of the state as in the historical record, but with swelling potential projected to increase by 15 percent by 2050. Such an assumption is necessary due to the scale of model output by the National Climate Assessment. Projected soil swelling potential is anticipated to range from 4.0 in northwestern and central Louisiana to 66.7 percent in Cameron, Lafourche, St. Charles, and St. John the Baptist parishes (Figure 1B; Supplementary Appendix SB) by 2050. St. Charles will remain the most vulnerable parish, where the mean projected expansive soil swelling potential is 49.4 percent (Supplementary Appendix SB). Nine of the ten most vulnerable parishes will remain in the southeastern part of the state (i.e., St. Charles, Orleans, St. John the Baptist, Assumption, St. James, Jefferson, Plaquemines, Lafourche, and St. Mary), with only Cameron (ranking seventh) in the extreme southwest (Supplementary Appendix SB). The east-central parish of East Feliciana is and is projected to be the least vulnerable parish, followed by the six northern Louisiana parishes of Bossier, Caddo, Claiborne, De Soto, Sabine, and Webster (Supplementary Appendix SB).
Historical and Projected Population
The population is most densely concentrated around New Orleans, Baton Rouge, and Shreveport (Figure 2A), the state’s three largest cities and metropolitan areas. By 2050, increasing density will be in and near Lafayette and Baton Rouge, and in east-central Louisiana (Figure 2B). The greatest population losses, expressed in terms of population density, are projected to be in rural areas of northeastern Louisiana and the inhabited areas along the Red River from north of Shreveport to southeast of Alexandria, in the New Orleans area, and elsewhere (Figure 2B). Population, population density, and their 2050-projected values by parish are shown in Supplementary Appendix SC.
[image: Figure 2]FIGURE 2 | Population density by Louisiana census block: (A) 2010, and (B) projected change from 2010 to 2050.
Historical and Projected Property Loss
The historical average annual statewide property loss due to expansive soil is $66,231,136 (2010$), and the loss will increase by 2050 as the product of the determinants of loss–hazard intensity (in this case, expansive soil swelling potential) and population–increase in most parts of the state. Statewide property loss is projected to be $91,753,149 (2010$) by 2050 (Supplementary Appendix SD), a growth of 39 percent. The maximum estimated property losses will remain concentrated near their present locations, namely, southern urban centers (i.e., Baton Rouge, Houma, Lafayette, Lake Charles, and New Orleans), Shreveport, and the east-central parishes (Figures 3A,B).
[image: Figure 3]FIGURE 3 | Estimated annual property loss (2010$) due to expansive soil by Louisiana census block: (A) historical, and (B) projection for 2050.
The historical average annual per capita property loss due to expansive soil is $14.61 (2010$) in Louisiana but will grow to $16.21 by 2050 (2010$), an increase of 11 percent (Supplementary Appendix SD). The same general spatial distribution of per capita property losses (Figures 4A,B) occurs and is projected to occur by 2050 as was shown for absolute losses, but with slight increases near Lake Charles and slight decreases in the Lafayette, Baton Rouge, and Monroe areas.
[image: Figure 4]FIGURE 4 | Estimated annual per capita property loss (2010$) due to expansive soil by Louisiana census block: (A) historical, and (B) projection for 2050.
The historical average annual per building property loss is $33.71 (2010$) with an increase to $38.10 (2010$) expected by 2050 (Supplementary Appendix SD), for an increase of 13 percent statewide. The Alexandria, Baton Rouge, Lafayette, Lake Charles, and Monroe areas all show a greater propensity for current and future per building annual losses than they do for annual current and future property loss and per capita property loss (compare Figures 5A,B to Figures 3A,B, and 4A,B).
[image: Figure 5]FIGURE 5 | Estimated annual per building property loss (2010$) by Louisiana census block: (A) historical, and (B) projection for 2050.
At the parish level, Orleans has the highest historical overall expansive soil annual property loss ($16,908,448), per capita property loss ($49.18), and per building property loss ($89.04) among the parishes (Supplementary Appendix SD). Although changes in the expansive soil swelling potential and population are projected to change the expansive soil risk by 2050, the greatest annual expansive soil property loss ($17,479,776), per capita property loss ($56.36), and per building property loss ($102.59) are expected to remain in Orleans Parish through 2050 (Supplementary Appendix SD).
At the census-block level, the largest historical average annual property loss due to expansive soil is in block 220510205171002 of Jefferson Parish ($160,086). The maximum historical annual per capita property loss in the state is $918 in census block 220710094004011, in Orleans Parish. The highest historical average annual per building property loss ($370) is in census block 220510226001000, in Jefferson Parish. By 2050, the greatest annual property loss due to expansive soil is projected to be in census block 221030408035041, in St. Tammany Parish ($290,655). The maximum annual per capita property loss ($1,056) will be in census block 220710094004011 of Orleans Parish. The highest annual per building property loss ($425) is projected to be in census block 220510226001011, in Jefferson Parish.
Sensitivity Analysis
The sensitivity analysis demonstrates the impact of different model assumptions regarding expansive soil swelling potential by 2050 ([image: image]) and maintenance costs from issues related to the expansive soils ([image: image]) over the 70-year useful life span of the building. If the assumption that [image: image] is 10 percent or 20 percent, rather than the 15 percent currently assumed, the result changes by only 4.3 percent (Table 1). However, if [image: image] is 5 percent or 10 percent of the building’s value, rather than the 7.5 percent as currently assumed, the annual loss changes by 33.3 percent.
TABLE 1 | Sensitivity analysis of 2050 projections of Louisiana statewide annual property loss (i.e., risk) due to expansive soil, by parameter (2010$).
[image: Table 1]DISCUSSION
When approximating the economic impact of expansive soils nationwide, FEMA (1982) projection for 2000 of $997.1 million nationwide would equate to $5.60 billion in 2010$ (CPI Inflation Calculator 2021). The $66,231,136 (2010$) loss calculated here for Louisiana represents approximately 1.18 percent of this national total. Given the extent of the hazard and the property value in the state, this percentage compares favorably with Louisiana’s 2010 share of the U.S. population (1.46 percent) and GDP (1.65 percent). Even closer estimates may be provided by using the 10 percent value for [image: image], which would give Louisiana $88,308,181 (2010$) in damage, which would be 1.58 percent of the national total. This degree of correspondence instils confidence that the method is likely to be effective, but a value for [image: image] of 10 percent may be advisable, given the fact that Louisiana’s population is concentrated in the coastal areas, where the expansive soil hazard is greater.
The Louisiana government sector would be wise to invest in mitigation mechanisms, at least for government-owned buildings. Possibilities include requiring structures to be pile supported, or incorporating swell potential foundation design elements into foundations (e.g., void space under slabs, vapor barriers between foundation and soil, weather conditioning the soils under building prior to construction, and perimeter drainage systems around structures to drain moisture away from foundations). Detailed geotechnical exploration can be performed to address swelling in the subsoils, to minimize the projected increases in property loss for much of Louisiana by 2050. Property owners should be aware of and plan for expected increases in maintenance costs during the useful life span of their homes and businesses. The good news is that mitigation can be accomplished relatively easily in most cases. Furthermore, the sensitivity analysis shows clearly that maintenance cost is a more sensitive variable for predicting future loss due to expansive soils than the change in expansive soil hazard intensity. Thus, mitigation strategies to reduce the maintenance costs, which is more in the control of the homeowner than changes in hazard intensity, may be effective in avoiding major losses.
LIMITATIONS
The assumption that the expansive soil hazard intensity will change equally across the state, necessitated by a lack of confidence in higher-resolution climate data output for 2050, calls for caution to be exercised in the interpretation of results. Also, as in Mostafiz et al. (2021a; 2021b), limitations of this research involve the population projection methodology. Sudden, unpredictable shifts in future population, such as those caused by disasters, economic conditions, or other extreme events would alter the results. Likewise, the assumption that census blocks within a parish have the same population growth rate and that the population growth follows an exponential curve may further limit the interpretation of results. The cost associated with maintenance and repair of property does not differentiate other potential source of damage from other factors such as subsidence, settlement, and poor foundations. In addition, the projected damage by 2050 does not account for future potential technologies and design mitigation measures that may reduce the future shrink/swell damage, especially with differential application measures across space. Finally, the absence of real-world data against which to calibrate the model and assess its utility is a limitation at this time.
SUMMARY AND CONCLUSION
The hazard and risk due to expansive soils is often overlooked when tabulating natural hazard risk, vulnerability, and resilience. This study introduces a method for assessing the property risk due to expansive soils at the census-block and parish (county) level in Louisiana, a U.S. state with substantial impacts of this hazard. Risk is assigned as the product of exposure to the hazard and the potential loss, the latter of which is a function of the population and building value. Results suggest that the annual historical property loss, per capita property loss, and per building property loss are all greatest in southeastern Louisiana and extreme southwestern Louisiana, but the concentration of wealth in cities increases the property loss in most of the urban areas. Projections of loss by 2050 show a similar pattern, but with increased per building loss in and around a swath of cities across southwestern and south-central Louisiana. Despite some limitations, these results are based on the most thorough analysis to date on the economic risk due to expansive soils, and the method may be applied elsewhere.
Future research should be undertaken to “fine tune” the future estimates of loss, which are currently limited by the lack of sophisticated geophysical model output, demographic model-based projections in Louisiana, robust estimates of “real world” losses for validation, and knowledge of any existing mitigation techniques that have been implemented. Regardless, care must be taken to ensure that home renovations are not mischaracterized as remediation from the hazard. Application in other states or regions with more abundant, high-quality demographic projections might yield enhanced results. Collection of data via surveys/interviews of homeowners in different markets, along with data from foundation contractors and perhaps insurance companies, including upfront costs and retrofit mitigation costs, is a substantial future research effort. Regardless, imminent improvements in climate model output, at finer resolutions, will improve our ability to anticipate and mitigate the risk of expansive soils.
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