
Water 2021, 13, 141. https://doi.org/10.3390/w13020141 www.mdpi.com/journal/water 

Article 

Analysis of 220 Years of Floodplain Population Dynamics 
in the US at Different Spatial Scales 
Firoza Akhter 1, Maurizio Mazzoleni 2,3 and Luigia Brandimarte 1,* 

Supplementary Materials

Figure S1a. Spatial distribution of the ratio between floodplain population and total population for the US States for the period 1790–
2010 in 10-year intervals. 
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Figure S1b. Spatial distribution of the ratio between floodplain population and total population for the US States for the period 1790–
2010 in 10-year intervals.  
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Figure 2. a. Proportion of floodplain population for Arkansas state starting from 1810 in 10-year intervals. 
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Figure S2b. Proportion of floodplain population for Arkansas state starting from 1810 in 10-year intervals. 
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Table 1. Statistical analysis of proportion of floodplain population (PFP) for each state of the United States 

State Max Min Variance Std. Deviation 
Alabama 0.185 0.094 0.001 0.026 
Arizona 0.002 0.000 0.000 0.000 

Arkansas 1.000 0.250 0.043 0.208 
California 0.122 0.071 0.000 0.010 
Colorado 0.413 0.000 0.007 0.084 

Connecticut 0.079 0.054 0.000 0.007 
Delaware 0.087 0.051 0.000 0.011 

District of Columbia 0.199 0.000 0.002 0.046 
Florida 1.000 0.209 0.055 0.234 
Georgia 0.144 0.065 0.000 0.016 
Idaho 0.539 0.000 0.016 0.128 
Illinois 1.000 0.215 0.069 0.262 
Indiana 0.840 0.122 0.020 0.141 

Iowa 1.000 0.125 0.035 0.188 
Kansas 1.000 0.145 0.065 0.256 

Kentucky 0.229 0.088 0.002 0.042 
Louisiana 0.901 0.580 0.005 0.069 

Maine 0.126 0.057 0.000 0.022 
Maryland 0.024 0.013 0.000 0.003 

Massachusetts 0.090 0.063 0.000 0.006 
Michigan 0.725 0.087 0.016 0.127 

Minnesota 0.197 0.080 0.001 0.036 
Mississippi 1.000 0.187 0.027 0.164 

Missouri 0.377 0.207 0.003 0.057 
Montana 0.257 0.000 0.006 0.078 
Nebraska 1.000 0.148 0.066 0.258 
Nevada 0.046 0.000 0.000 0.011 

New Hampshire 0.164 0.087 0.001 0.026 
New Jersey 0.169 0.127 0.000 0.010 

New Mexico 0.057 0.007 0.000 0.016 
New York 0.264 0.117 0.003 0.052 

North Carolina 0.113 0.062 0.000 0.013 
North Dakota 0.496 0.243 0.008 0.092 

Ohio 0.822 0.074 0.023 0.153 
Oklahoma 0.709 0.026 0.037 0.193 

Oregon 0.188 0.056 0.002 0.042 
Pennsylvania 0.170 0.123 0.000 0.011 
Rhode Island 0.053 0.026 0.000 0.006 

South Carolina 0.168 0.092 0.000 0.021 
South Dakota 1.000 0.170 0.041 0.203 

Tennessee 0.198 0.000 0.003 0.052 
Texas 0.500 0.124 0.008 0.087 
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State Max Min Variance Std. Deviation 
Utah 0.006 0.001 0.000 0.002 

Vermont 0.129 0.079 0.000 0.010 
Virginia 0.070 0.040 0.000 0.009 

Washington 1.000 0.025 0.055 0.235 
West Virginia 0.147 0.058 0.001 0.029 

Wisconsin 0.206 0.107 0.001 0.024 
Wyoming 0.097 0.000 0.001 0.037 

Table S2. Statistical analysis of the proportion of floodplain population (PFP) for each county of Arkansas 

County Max Min Variance Std. Deviation 
Arkansas 0.975 0.598 0.018 0.133 

Ashley 0.385 0.149 0.006 0.077 
Baxter 0.076 0.050 0.000 0.009 
Benton 0.072 0.011 0.000 0.015 
Boone 0.031 0.012 0.000 0.005 

Bradley 0.292 0.125 0.004 0.059 
Calhoun 0.518 0.366 0.003 0.057 
Carroll 0.051 0.022 0.000 0.006 
Chicot 0.645 0.331 0.008 0.090 
Clark 0.257 0.151 0.001 0.033 
Clay 0.658 0.486 0.003 0.051 

Cleburne 0.098 0.050 0.000 0.011 
Cleveland 0.332 0.121 0.003 0.050 
Columbia 0.091 0.022 0.000 0.019 
Conway 0.609 0.171 0.006 0.079 

Craighead 0.532 0.157 0.017 0.132 
Crawford 0.388 0.014 0.009 0.093 
Crittenden 1.000 1.000 0.000 0.000 

Cross 0.810 0.382 0.013 0.113 
Dallas 0.135 0.060 0.001 0.023 
Desha 0.961 0.306 0.027 0.165 
Drew 0.196 0.080 0.001 0.037 

Faulkner 0.637 0.231 0.018 0.133 
Franklin 0.343 0.081 0.002 0.045 
Fulton 0.009 0.007 0.000 0.001 

Garland 0.107 0.030 0.001 0.023 
Grant 0.237 0.135 0.000 0.022 

Greene 0.539 0.197 0.014 0.120 
Hempstead 0.109 0.057 0.000 0.017 
Hot Spring 0.110 0.052 0.000 0.022 

Howard 0.045 0.019 0.000 0.008 
Independence 0.319 0.234 0.000 0.020 

Izard 0.029 0.018 0.000 0.002 
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County Max Min Variance Std. Deviation 
Jackson 0.970 0.797 0.001 0.034 

Jefferson 0.915 0.491 0.013 0.112 
Johnson 0.301 0.140 0.002 0.043 

Lafayette 0.538 0.417 0.001 0.029 
Lawrence 0.819 0.653 0.003 0.058 

Lee 0.652 0.454 0.004 0.067 
Lincoln 0.521 0.254 0.003 0.053 

Little River 0.637 0.469 0.003 0.057 
Logan 0.455 0.154 0.006 0.078 

Lonoke 0.098 0.033 0.001 0.023 
Madison 0.000 0.000 - - 
Marion 0.175 0.069 0.000 0.020 
Miller 0.588 0.215 0.019 0.139 

Mississippi 0.989 0.933 0.000 0.014 
Monroe 0.992 0.979 0.000 0.004 

Montgomery 0.079 0.051 0.000 0.008 
Nevada 0.115 0.038 0.001 0.023 
Newton 0.015 0.000 0.000 0.003 
Ouachita 0.414 0.249 0.003 0.052 

Perry 0.371 0.246 0.002 0.040 
Phillips 0.903 0.411 0.031 0.175 

Pike 0.057 0.034 0.000 0.005 
Poinsett 0.794 0.552 0.003 0.057 

Polk 0.000 0.000 - - 
Pope 0.337 0.097 0.005 0.071 

Prairie 0.552 0.337 0.002 0.048 
Pulaski 0.521 0.392 0.001 0.037 

Randolph 0.430 0.207 0.005 0.071 
Saline 0.159 0.055 0.001 0.030 
Scott 0.006 0.003 0.000 0.001 

Searcy 0.033 0.024 0.000 0.002 
Sebastian 0.801 0.292 0.037 0.193 

Sevier 0.198 0.109 0.001 0.027 
Sharp 0.044 0.023 0.000 0.006 

St. Francis 0.777 0.348 0.014 0.120 
Stone 0.036 0.024 0.000 0.003 
Union 0.145 0.046 0.001 0.032 

Van Buren 0.018 0.000 0.000 0.004 
Washington 0.047 0.009 0.000 0.008 

White 0.381 0.167 0.002 0.044 
Woodruff 0.965 0.943 0.000 0.006 

Yell 0.465 0.281 0.004 0.064 
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Table S3. Summary of flood events, damage, and flood protection measures with the year of flood occurrence, the introduction of 
flood protection measures and source of information in Arkansas State 

Sl 
No. 

Year 

Flood 
events 

dichotomo
us variable 

(“0” and 
“1”) 

Damage 
6 (in 

Thousan
d USD) 

Structural 
Protection 
measures 

dichotomou
s variable 
(“0” and 

“1”) 

Non – 
Structural 
Protection 
measures 

dichotomou
s variable 

(“0” and “1”) 

Description 

1 1833 1 0 
US Army Engineers identified it as most significant 

flood record of that time1 

2 1844 1 0 Considered as the most significant flood in the 
valley by the community1 

3 1849 0 1 Swamp Acts of 1849-18502 

4 1858 1 0 
The Humphreys-Abbot report about protecting the 

alluvial region of Mississippi used this flood to 
design levee. 2 

5 1874 1 1 
1874 flood resulted in the creation of a “Levee 

Commission” to survey the system and submit a 
plan for reclamation of the Alluvial Valley2 

6 1882 0 1 
Mississippi River Commission (MRC) proposed 

‘Levees Only’ Policy in 18822 

7 1912 1 0 Flood of 1912 causes a change in Levee design in 
19142 

8 1914 0 1 
An increase in the levee grade by 3 feet above the 
1912 flood line and change design cross-section of 

levee2 

9 1916 1 0 

The Arkansas River at Fort Smith reached 10 feet 
above flood stage. Desha County almost totally 

flooded. Clarendon in Monroe County flooded with 
five to 12 feet of water.4 

10 1917 0 1 First Federal Flood Control Act, 19172 

11 1920 0 1 
Mechanized earthwork in a flood control structure 

and floodplain drainage2 
12 1922 0 1 Authority of MRC extended2 

13 1923 0 1 
The area protected by levees increased to 1555 

miles2 
14 1927 1 0 The great 1927 flood. 1,2,3,4 

15 1928 0 1 
1928 Flood Control Act (Mississippi Rivers and 

Tributaries) 2 
16 1931 0 1 Length of levee system extended up to 1830 miles2 
17 1937 1 0 Flood in lower Mississippi river2 

18 1938 0 1 

The resolution passed by MRC to use the levee 
crown for gravel road construction. 2 

Levee construction in Arkansas and Black river 
(length: 23.1 km, covered area: 95.4 sq. km)5 

19 1939 0 1 
Levee construction in Arkansas and White river 

(length: 137.25 km and covered area: 711.31 sq km) 5 

20 1940 0 1 levee construction in the Black River (length: 65 km 
covered area: 207 sq. km) 5 

21 1943 1 0 
The water reaches 41.7 feet height near Fort Smith, 

Sebastian County1 
22 1945 0 0 
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Sl 
No. 

Year 

Flood 
events 

dichotomo
us variable 

(“0” and 
“1”) 

Damage 
6 (in 

Thousan
d USD) 

Structural 
Protection 
measures 

dichotomou
s variable 
(“0” and 

“1”) 

Non – 
Structural 
Protection 
measures 

dichotomou
s variable 

(“0” and “1”) 

Description 

23 1947 0 1 
Change in levee design; Soil compaction mandated 

by MRC2; Levee construction in Arkansas river 
(length: 7 km, covered area: 7.6 sq. km) 5 

24 1948 0 1 
Levee construction in Arkansas river (length: 44.3 

km, covered area: 81.5 sq. km) 5 

25 1949 0 1 Levee construction in Arkansas river (length: 98.5 
km, covered area: 293 sq. km) 5 

26 1950 0 1 
Levee construction in Arkansas, Mississippi, St. 

Francis and White River (length: 1780 km, covered 
area: 55,000 sq. km) 5 

27 1951 0 1 
Levee construction in Arkansas river and Point 

remove creek (length: 34.15 km, covered area: 96 sq. 
km) 5 

28 1952 0 1 Levee construction in Arkansas river (length: 34.26 
km, covered area: 120.4 sq. km) 5 

29 1953 0 
30 1954 0 
31 1955 1 61 
32 1956 1 255 
33 1957 1 27,938 

34 1958 1* 6202 1 Levee construction in Arkansas river (length: 4.23 
km, covered area: 5.47 sq. km) 5 

35 1959 1 3090 
36 1960 1 580 

37 1961 1* 3503 1 
Levee construction in Spadra Creek (length: 1.67 

km, covered area: 0.51 sq. km) 5 
38 1962 1 91 
39 1963 1* 2500 0 

40 1964 1* 598 1 
Levee construction in Lake Dardanelle and Prairie 
Creek (length: 1.93 km, covered area: 5.82 sq. km) 5 

41 1965 1 143 1 Levee construction in Arkansas river (length: 21.53 
km, covered area: 23.73 sq. km) 5 

42 1966 1 5055 
43 1967 1 1497 0 
44 1968 1* 21,099 0 1 National Flood Insurance Act, 1968 

45 1969 1* 3411 1 
Levee construction in Arkansas river (length: 0.8 

km, covered area: 0.06 sq. km) 5 
46 1970 1 639 
47 1971 1 2549 

48 1972 1* 1780 0 1 
The NFIP’s subsidized rates for flood insurance rate 
are lowered by 37.5 per cent to encourage increased 

participation in the program 

49 1973 1* 129,579 0 1 
Amendment in Flood insurance Act, increase the 
amount of flood insurance to the property owner. 

Flood Disaster Protection Act, 1973 
50 1974 1* 8746 0 1 Rates for flood insurance lowered 
51 1975 1* 21,387 0 
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Sl 
No. 

Year 

Flood 
events 

dichotomo
us variable 

(“0” and 
“1”) 

Damage 
6 (in 

Thousan
d USD) 

Structural 
Protection 
measures 

dichotomou
s variable 
(“0” and 

“1”) 

Non – 
Structural 
Protection 
measures 

dichotomou
s variable 

(“0” and “1”) 

Description 

52 1976 1 
53 1977 1 130 

54 1978 1* 23,900 1 
Benchmark Standards for Levee Design and 

Maintenance, 19782 
55 1979 1 2620 
56 1980 0 

57 1981 0 1 
NFIP increase flood insurance premium rate by 19% 

at first then by 45% and planned to increase it to 
120% by the next seven years. 

58 1982 0 

60 1983 1* 500,000 0 1 
Private-sector property insurers are approved to 

take part in NFIP 
61 1984 1 5000 
62 1985 1 19,823 

63 1986 1 2240 1 Levee construction in White river (length: 9.66 km, 
covered area: 12.53 sq. km)5 

64 1987 1* 15045 0 1 

President’s budget proposal suggested eliminating 
all subsidies for flood insurance and asked to 
increase rates to recover costs. Also stated to 
provide insurance by the private sector to the 

homeowners. 

65 1988 1 12,612 1 
Insurance rates for Pre-FIRM structures increased to 

$1000 from $750 
66 1989 1 2320 

67 1990 1* 143,056 0 1 

The Community Rating System (CRS) begins. 
Under CRS, discounts on flood insurance premiums 

are available in communities that voluntarily 
initiate activities that reduce flood losses or that 
increase the number of flood insurance policies 

68 1991 1* 12,006 0 
69 1992 1 909 
70 1993 1 2680 

71 1994 1 2024 1 1 

The Community Development and Regulatory 
Improvement Act (PL 103-325), the National Flood 

Insurance Reform Act of 1994, includes the most 
sweeping changes to the NFIP. 

Three hundred fifty-six damaged levees repaired 
after the 1993 flood. 

72 1995 0 

73 1996 1 205 1 Levee construction in White river (length: 0.09 km, 
covered area: 0.2 sq. km) 5 

74 1997 1* 12,874 0 1 

As mandated in the National Flood Insurance 
Reform Act of 1994, Increased Cost of Compliance 
(ICC) coverage is included in all new and renewed 
flood insurance policies effective on or after June 1, 

1997. This coverage helps to cover the costs of 
bringing flood-damaged homes and businesses into 
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Sl 
No. 

Year 

Flood 
events 

dichotomo
us variable 

(“0” and 
“1”) 

Damage 
6 (in 

Thousan
d USD) 

Structural 
Protection 
measures 

dichotomou
s variable 
(“0” and 

“1”) 

Non – 
Structural 
Protection 
measures 

dichotomou
s variable 

(“0” and “1”) 

Description 

compliance with community floodplain ordinances. 
The coverage limit of $15,000 helps to pay for 

elevating, floodproofing, demolishing, or relocating 
a structure that has been substantially or 

repetitively damaged by flooding. 
75 1998 1 2045 
76 1999 1 1777 
77 2000 1 2773 
78 2001 0 
79 2002 1* 0 

80 2003 0 1 
FEMA increases the maximum claim payout for 

Increased Cost of Compliance 
(ICC) coverage from $20,000 to $30,000 

81 2004 0 
82 2005 0 
83 2006 0 
84 2007 0 
85 2008 1* 124,631 0 
86 2009 1* 34,675 0 
87 2010 1* 240 0 

1 Park, H., 1943. The Arkansas River Floods of 1943. The Arkansas Historical Quarterly, [online] 2(3), p.202. 
2 Rogers, J., 2004. Evolution of the Levee System Along the Lower Mississippi River. 
3 Barry, J., 1997. Rising Tide. 6th ed. Riverside: Simon & Schuster. 
4 Dillard, T., 2020. The Floods Of 1916. Arkansas Online. Available online at: 
https://www.arkansasonline.com/news/2016/jan/24/the-floods-of-1916-20160124/ [Accessed 5 May 2020]. (Dillard, 2020) 
5 Levees.sec.usace.army.mil. 2007.National Levee Database. Available online at: https://levees.sec.usace.army.mil 
6 Pielke, Jr., R.A., M.W. Downton, and J.Z. Barnard Miller, 2002: Flood Damage in the United States, 1926-2000: A Reanalysis of 
National Weather Service Estimates. Boulder, CO: UCAR. 
7 Federal Emergency Management Agency (FEMA), 2005. A Chronology of Major Events Affecting The National Flood Insurance 
Program. Maryland: The Pacific Institute for Research and Evaluation. 
* Flood event data retrieved from fema.gov. The agency's preferred citation for each dataset is included in its metadata. Users
should also cite the date that data was accessed or retrieved from fema.gov or Data.gov. Finally, users must clearly state that
"FEMA and the Federal Government cannot vouch for the data or analyses derived from these data after the data have been
retrieved from the Agency's website(s) or Data.gov." 
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Table S4. Summary of the historical flood events, flood damage data in terms of property damage in thousand USD, structural 
protection measures and related acts, policies, design guideline and construction time, non-structural measure, i.e. flood insurance-
related acts, guidelines, modifications and related decisions in Sebastian County, Arkansas. 

Sl 
No. Year 

Flood 
events 

dichotomo
us 

variable1, 2,3 
(“0” and 

“1”) 

Damage 
4 (in 

Thousan
d USD) 

Structural 
Protection 
measures 

dichotomous 
variable (“0” 

and “1”)5, 6 

Non – 
Structural 
Protection 
measures 

dichotomous 
variable 

(“0” and “1”)7 

Description 

1 1833 1 0 US Army Engineers identified it as most 
significant flood record of that time 1 

2 1844 1 0 
Considered as the greatest flood in the valley by 

the community1 
3 1849 1 Swamp Act 1949 
4 1874 1 Levee commission 

5 1882 1 
Mississippi river commission proposed levee 

only policy 

6 1914 1 Increase in levee grade by 3 feet above 1912 
flood in Mississippi river 

7 1917 1 First federal flood control act, 1917 
8 1920 1 Levee construction earthwork mechanization 

9 1928 1 Federal flood control act (Mississippi River and 
its tributaries) 

10 1943 1 0 the highest flood stage ever recorded for the 
Arkansas River (38 feet) at Fort Smith2 

11 1948 0 Fort Smith Levee District No. 1 
12 1958 1 
13 1961 1 
14 1963 1 
15 1964 1 
16 1965 1 Southern Enterprise Private Levee 
17 1966 1 Park Lake Dam (CFIR) 
18 1968 1 Flood Insurance Act, 1968 

19 1971 1 
Fort Smith City registered in the Flood 

Insurance Program 
20 1972 1 1 Referred to Table 2 

21 1973 1 
Amendment in Flood insurance Act, increase the 

amount of flood insurance to the property 
owner. 

22 1974 1 Referred to Table 2 

23 1976 1 
Huntington city registered in the flood 

insurance program 
24 1978 1 Referred to Table 2 
25 1979 1 * 

26 1981 1 
Greenwood city was registered in the Flood 

insurance program. 

27 1982 1 * 1 Hackett, Hartford, Lavaca city registered in the 
flood insurance program 

28 1983 1 Referred to Table 2 
29 1986 1 *
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Sl 
No. 

Year 

Flood 
events 

dichotomo
us 

variable1, 2,3 
(“0” and 

“1”) 

Damage 
4 (in 

Thousan
d USD) 

Structural 
Protection 
measures 

dichotomous 
variable (“0” 

and “1”)5, 6 

Non – 
Structural 
Protection 
measures 

dichotomous 
variable 

(“0” and “1”)7 

Description 

30 1987 1 * 1 
Mansfield, the Midland city, included in the 

flood insurance program. 
31 1988 1 Referred to Table 2 
32 1990 1 * Referred to Table 2 
33 1991 * 
34 1994 1 Referred to Table 2 
35 1997 1 Referred to Table 2 

36 1999 1 * 1 The central city registered in the flood insurance 
program 

37 2000 0 
38 2001 1 * 
39 2002 * 
40 2003 1 1 Referred to Table 2 
41 2004 1 * 
42 2007 1 1 Barling city registered flood insurance program 
43 2008 1 

1 Park, H., 1943. The Arkansas River Floods of 1943.The Arkansas Historical Quarterly, [online] 2(3), p.202. 
2 Hanley, S., 1999.Sebastian And Crawford Counties. Chicago, IL: Arcadia Publishing. 
3 Flood event data retrieved from fema.gov. The agency's preferred citation for each dataset is included in its metadata. Users 
should also cite the date that data was accessed or retrieved from fema.gov or Data.gov. Finally, users must clearly state that 
"FEMA and the Federal Government cannot vouch for the data or analyses derived from these data after the data have been 
retrieved from the Agency's website(s) or Data.gov.” 
4 Hazards and Vulnerability Research Institute. (2020). The spatial hazard events and losses database for the United States, version 
9.0. Columbia: University of South Carolina. http://www.sheldus.org. It was accessed on 5 June 2020. 
* Data cannot be retrieved in the raw format according to SHELDUS® END-USER LICENSE AGREEMENT
5 Levees.sec.usace.army.mil. 2007.National Levee Database. Available online at: https://levees.sec.usace.army.mil
6 Rogers, J., 2004. Evolution of the Levee System Along the Lower Mississippi River.
7 Federal Emergency Management Agency (FEMA), 2005.A Chronology of Major Events Affecting the National Flood Insurance 
Program. Maryland: The Pacific Institute for Research and Evaluation.
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Table 5. Total floodplain population per state from 1790–2010. 
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Table S6. Growth rate of Floodplain Population (GFP) in each state from 1790–2010 
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Table 7. Proportion of Floodplain Population (PFP) in each state from 1790–2010. 
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Table S8. Total Floodplain Population, Floodplain to the total population ratio (PFP) and floodplain population 
growth rate (GFP) in Sebastian County: 


