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I. Summary of Findings 

 

This model has shown that there are 470, 336 acres inside the .02% exceedance probability floodplain 

along the Upper Mississippi River with a crop (not land) value of $585,097,988. This is a significant 

amount of acres and value within the floodplain and USACE decision makers may choose to use this 

information in the future to fund studies or perhaps construct projects. For reference, a “Pool” is the 

water held behind a Lock and Dam. 
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II. Question 

 

What is the current monetary value of crops within the .02% exceedance probability floodplain along 

the Upper Mississippi River (Pools 3-26) today?  

 

III. Grounding 

 

This question is of primary interest to some elements of my organization, The U.S. Army Corps of 

Engineers (USACE). No one is really sure about or to my knowledge has ever conducted even a 

rudimentary analysis of the value of crops at risk throughout the length of the Upper Mississippi River 

(Pools 3-26) in a systemic fashion. USACE has been directed by Congress to take a watershed approach 

to new projects and to attempt to avoid solving local problems without taking into account potential 

systemic impacts up and downstream.  

 

One of the critical pieces of data in a USACE study is the without project (or existing) condition to use as 

a baseline in an analysis. Without this knowledge it is impossible to evaluate the effectiveness of a 

proposed solution. The amount of potential damages to crops is a major piece of this puzzle and will be 

needed if more detailed analysis occurs in the future.  

 

A big part of getting a study started and funded is to demonstrate that there is a serious problem or 

weakness in the watershed in question. The fact that no one has estimated the total crops at risk before 

gives USACE an opportunity to inform decision makers by at least qualitatively assessing and 

communicating the risk in the floodplain. Whether or not a physical project will extend from this analysis 

is speculation. 

 

Key Assumptions:  

 

1. All crops under the flood inundation layer are destroyed during a flood event and all revenue from 

them is lost. 

 

2. Crop value per acre is a weighted average between Illinois and Iowa corn and soybeans for market 

year 2010. 

 

3. Timing of a flood event is not taken into account. This analysis assumes the worst case: all crops have 

been planted, none have been harvested, and all revenue is lost during an event. 
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IV. Alternatives 

 

The alternative outcomes and the overall efficacy of this model are dependent on the assumptions and 

correct reporting of the results. 

I do not have a “hypothesis” for this project, since it is a model designed to take in flood inundation 

layers and use map algebra (among other functions) to determine acres inundated and the value of 

them. It can be used for any river or even for other non-river functions as long as they follow the 

parameters in the Python code. 

 

That being said, there are still several ways for the results of this model to be invalidated and would 

require either a re-run of the model with new inputs or a complete overhaul: 

 

Significant prices changes to either corn or soybeans would definitely have a huge impact over an area 

the size of the Upper Mississippi, changing the outcome by tens of millions of dollars if not more. 

 

A change in the make-up of the fields (farmers planting different crops) would have a severe impact. 

Planting water-resistant strains of crop will require an alteration of the underlying assumption that 

crops inundated are destroyed without regard to time or depth.   

 

The timing of a flood is critical in the real world and this model does not currently incorporate a farm-

budget analysis. It is unknown what kind of effect this would have on the model results. 

 

V. Evidence 

 

The evidence, or result of the model, is found through straightforward use of existing ArcGIS functions. 

The usefulness of the tool is that it is written in Python and can therefore be easily transported and used 

by someone who is not familiar with all of the ArcGIS functions involved. It can even be used for 

valuations outside of flooded crops as long as the analysis logic is the same. 

 

The model takes National Land Cover (NLCD), flood inundation data layers, and average weighted crop 

value per acre as user inputs. The average weighted crop value is weighted between corn and soybean 

yields in both Iowa and Illinois based on the percentage of the total in the floodplain samples taken from 

Pool 18 for each state. Pool 18 was chosen because it is in the center of the Pools and is one of the 

larger in terms of agriculture acreage. 

 

The model converts both the flood inundation and land cover polygons into rasters with cell size 63 

meters by 63 meters (the rough delineation for an acre). Reclassification of attributes to 0’s (desired 

traits) and 1’s (undesired traits) allow map algebra to be used effectively next. Desired traits in this case 

are every pixel in the flood inundation layer and the “AG” or “Agriculture” pixels in the land cover. 
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The resulting layer has a set number of pixels each representing roughly an acre. The program then 

creates new “Acres” and “Value” field in the attribute table and multiplies the user inputted average 

weighted crop value by the number of pixels (acres) to compute a rough value estimate for a given year, 

in this case market year 2010. 

 

Finally, the model deletes the intermediate files from polygon to raster conversions and reclassifications 

in order to save disk space and eliminate clutter. 

 

VI. Analysis 

 

This analysis focuses on crop land between Pools 3 and 26 that are within the .2% exceedance 

probability floodplain. The shapefiles for the floodplains were provided by the US Army Corps of 

Engineers Rock Island District and USGS. The other layer in the analysis was Land Cover Upper Midwest 

Environmental Sciences Center.  

 

All of the floodplain and land cover polygons were converted to raster files and reclassified to 0’s and 1’s 

(Examples in Figures 1 and 2). Map algebra was used to find the overlap between agricultural land and 

the flood extent (Figures 3 and 4). In figure 5, the yellow denotes agricultural land from the land cover 

data, blue indicates flood inundation layer, and green shows flooded agricultural land. This data was 

used to determine the approximate percentage of the agricultural land covered by the potential floods 

and, when compared to estimated crop values per acre, a dollar damage to crops from the flood. The 

procedure used to compute value per acre is discussed below. 

 

The acres planted on the Illinois side (Mercer and Henderson counties) and Iowa side (Muscatine, 

Louisa, and Des Moines counties) for both corn and soybeans  in 2010 were totaled and the percentage 

of each was found (Source: National Agricultural Statistical Service). Only corn and soybeans were 

included as these crops make up the overwhelming majority in these counties. This percentage of each 

planted (58% corn, 42% soybeans) was used to compute a weighted average price per bushel. The prices 

of corn and soybeans during the 2010 Marketing Year were taken from the Iowa State Extension. The 

average Iowa and Illinois yields (bushels/acre) were multiplied by the weighted average price per bushel 

to come up with a value per acre for both Illinois and Iowa. The value per acre of $1244 is used to 

estimate potential damages. Table 1 shows the raw data by Pool (Pool 23 is missing from out dataset): 

 

      Table 1 

Pool Acreage Value (in 2010 $) 

3 877 1,090,988 

4 1,289 1,603,516 

5 3,038 3,779,272 

5a 680 845,920 

6 193 240,092 
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7 186 231,384 

8 98 121,912 

9 388 482,672 

10 694 863,336 

11 969 1,205,436 

12 74 92,056 

13 10,564 13,141,616 

14 15,753 19,596,732 

15 130 161,720 

16 2,041 2,539,004 

17 45,314 56,370,616 

18 45,074 56,072,056 

19 31,757 39,505,708 

20 54,630 67,959,720 

21 37,435 46,569,140 

22 51,670 64,277,480 

24 55,070 68,507,080 

25 42,763 53,197,172 

26 69,649 86,643,360 

Total 470,336 585,097,988 

 

 

VII. Conclusions 

 

As is clear from the previous discussion, there is a lot of crop acreage out there that is vulnerable and a 

large amount of value at risk. Many of these acres are already protected by small, privately owned 

levees, but the approximately $585,000,000 in damages cannot be ignored. This model will undoubtedly 

change in the future, be refined, and hopefully further expanded. Despite the model’s shortcomings, 

progress was made because now USACE decision makers may use this number (or future, more accurate 

ones) as an estimate on which to formulate plans or garner funding for studies.   
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Appendix A: Maps and Figures 

 

 
Figure 1-Raster of Land Cover Data (Agriculture in Teal) 

 
Figure 2- Raster of .02% Exceedance Probability Layer 
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Figure 3- Reclassified Flood Inundation Layer 

 
Figure 4- Reclassified Land Cover (showing Agriculture) Layer 
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Figure 5- Overlay of Flood Inundation Layer onto Land Cover Data. Flood 
Inundation in blue, agriculture in yellow. Green is the overlap detected 

by map algebra 
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Appendix B: Annotated Bibliography 

 

1. FEMA HAZUS Data. http://www.fema.gov/plan/prevent/hazus 

Useful for both land cover and getting any broad structure, road, population, or other census data. 

 

2. Iowa DNR. www.iowadnr.gov/Fishing/WheretoFish/MississippiRiver/MississippiRiverPool18.aspx 

This site provides a bit of background and some information about fishing in the Pool along with some 

historical Corps of Engineers drawings of the area and the locks and dams.  

 

3. Iowa State Extension. http://www.extension.iastate.edu/agdm/ 

This website is critical for coming up with average yield per acre and value per acre. 

 

4. LearningPython” 4th Edition, Mike Lutz, 2009. 

This website is a good reference for any Python coding questions or method explanations not available 

in ArcGIS Desktop help. 

 

5. National Agricultural Statistics Service. http://www.nass.usda.gov/ 

Along with the Iowa State Extension, is critical for coming up with average yield and value per acre. 

 

6. Python code reference site.  www.python.org 

This website is a good reference for any Python coding questions or method explanations not available 

in ArcGIS Desktop help. 

 

7. United States Geological Survey. http://www.usgs.gov/ 

Provides the NLCD 2006 data that I will use for my analysis. 

 

8. Upper Midwest Environmental Sciences Center. http://www/umesc.usgs.gov/ 

A good reference site that has land cover, river characteristics, and other data by Pool and can back up 

my other data sources. 

 

9. Corps of Engineers Upper Mississippi River Comprehensive Plan (2008). 

http://umimra.org/documents/UMRCPMainReport31Mar08_000.pdf 

Provides a lot of background and is a paper detailing the Corps’ current path forward with the Upper 

Mississippi and addresses systemic flood impacts that may be enhanced by this process. 

 

10. US Army Corps of Engineers, Hydraulic and Hydrologic Flood Inundation Polygon Layers (publically 

available soon, as of this writing they are not posted online). 

The floodplain inundation mapping is vital to my analysis and is public data provided from within my 

organization. 
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