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ABSTRACT  
 Provide a project summary describing an overview of the project including principle findings. Include a 
statement on how the project was of benefit to corn farmers. 
 
Wetland restoration has been proposed as a tool to mitigate excess runoff and associated non-
point source pollution in the Upper Midwestern United States. This study quantified the surficial 
water retention capacity of existing and drained wetlands for the Greater Blue Earth River Basin 
(GBERB), an intensively drained agricultural watershed.  Using airborne light detection and 
ranging, the historic depressional storage was determined to be 152 mm.  Individual depression 
analysis suggested that the restoration of most drained areas would have little impact on the 
storage capacity of the GBERB because the majority (53%) of retention capacity was in large 
depressions (> 40 ha) which comprised only a small proportion (<1.0) of the observed 
depressions.  Accounting for change in storage and the difference in annual evapotranspiration 
(ET) between wetlands and the croplands that replaced them, restoration of all depressions in the 
Minnesota portion of GBERB would provide a maximum of 131 mm additional capacity over 
and above the modern day capacity (193 mm; 56 mm depressional storage; 60 mm wetland ET; 
and 77 mm cropland ET).  Considering that depressional depths in smaller areas are within the 
range of uncertainty of the lidar DEMs and larger depressions have the most storage, we 
conclude that efforts to increase the surficial water holding capacity of the GBERB would be 
best served in the restoration of large (>40 ha) depressions. Information in this project helps corn 
farmers in making the case that changes in surface storage as a result of drainage are rather small 
and if additional subsurface storage resulting from drainage is considered then surface storage 
losses are likely minimal. 
 
INTRODUCTION 
 Provide background information related to the project including such item as the problem statement, 
knowledge gaps, and relevant previous work completed on this issue. 
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Water quality impairment from excessive sediment and nutrients is a major concern for rivers in 
the Minnesota River Basin (MRB).  Agriculture is the primary land use of the MRB covering 
approximately 65% of the landscape.  USGS studies have shown that sediment loads in the Minnesota 
River at Mankato vary from 0.2 to 3.3 million metric tons per year (Payne, 1994).  Over 55% of 
sediment in the Minnesota River originates from the Greater Blue Earth River Basin (GBERB), where 
the majority of wetlands have been drained as agriculture and urban development have expanded. There 
is a pervasive belief that the drainage of wetlands in the MRB has caused excessive flows.  However, 
there has been no research reported that shows whether or not this belief is correct and if it is, to what 
extent the water retention capacity of the MRB and GBERB has changed through installation of surface 
inlets and subsurface tile drainage.  

Wetlands are widely acknowledged for the functions they provide including flood 
attenuation, sediment and nutrient retention, and species habitat. On a regional scale, researchers 
have also prioritized wetland restorations based on their ability to decrease downstream flooding 
(McAllister et al., 2000). However, research has yet to develop a formal technique for 
quantifying the volume of water that was being retained before the drainage of agricultural 
landscapes occurred.  In order to accurately calculate the water retention capacity of depressions 
and wetlands in a landscape, their locations must be identified.  Accurately identifying the 
location of existing and drained wetlands is problematic and has been the focus of numerous 
research efforts (see Ozesmi and Bauer 2002).  As a surrogate to drained depressions and 
wetlands, this research proposes to use surface flow sinks identified with a Geographic 
Information System (GIS) as a metric for water retention capacity. Thus, the goals of this 
research were (1) to develop a technique for quantify the water retention capacity of depressions 
and wetlands using airborne Light Detection and Ranging (LiDAR) data, and (2) to quantify 
historic and present day water retention capacities in the (GBERB) and the impact that wetland 
drainage likely had on surficial storage and ET. 
 
 
OBJECTIVE AND GOAL STATEMENTS 
 
1. Quantify the potential water retention capacity of both existing and drained depressions across 
three eight-digit hydrologic unit code watersheds (hereafter, HUC 8 watersheds) in the GBERB.  
 
2. Identify the areas at three landscape levels, from individual depressions to HUC 12 and HUC 
8 watersheds, where major water retention capacity exists and can potentially be restored. 
 
MATERIALS AND METHODS 
As appropriate, describe the site(s), experimental design, and other relevant methodology used in 
completing the project. 
 

The details of the methods used to calculate water retention capacity of existing and drained 
depressions is described in Kessler (2015) and Kessler and Gupta (2015). Briefly, the study area was the 
Greater Blue Earth River Basin (GBERB) which is made up of three major watersheds; the Blue Earth 
River, Le Sueur River, and Watonwan River watersheds (Figure 1). The average annual 
precipitation (1981 to 2010) for the three HUC 8 watersheds in the GBERB ranges from 751 to 
817 mm with rainfall increasing on a gradient from the Northwest to the Southeast. The 
databases used in this study included lidar data collected county by county from 2007 to 2010, 
the location of wetlands based on the national wetlands inventory (NWI) from U.S. Fish and 
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Wildlife Service (USFWS) and drained wetlands based on the restorable wetlands inventory 
(RWI) from Ducks Unlimited (USFWS, 2011). A 3 m bare earth digital elevation model (DEM) 
generated from the lidar data was used to estimate the surficial water retention capacity. 
Precipitation data were acquired from the Minnesota State Climatology Office.   

 

 
 

Figure 1: A map showing the location of the Greater Blue Earth River Basin (GBERB) and three 
HUC 008 level watersheds within the GBERB. 

 
In this study, the DEMs derived from the lidar data were filled to identify flow sinks in 

the GBERB.  The difference between the filled surface DEM and the original DEM (showing the 
bottom of the depression) was used to identify areas where flow sinks are located and the 
associated storage volume. After all areas within the GBERB requiring filling were identified, 
the flow sinks with a filled surface area ≥ 50 m2 were characterized as depressions and were 
assumed to have the potential to retain water. The volume of flow sinks was summed together to 
calculate the water retention capacity of the GBERB, HUC8, and HUC 12 watersheds. Four tiers 
of depressional water retention capacity were estimated for the GBERB.  These tiers were: (1) 
individual depressions, (2) 111 HUC 12 watersheds, (3) three HUC 8 watersheds, and 4) the 
entire GBERB.  For tiers 2-4, individual depression volumes and areas were aggregated and the 
retention depth was then calculated as the aggregated volume divided by the watershed area 
corresponding to that tier. Since drained wetlands in the GBREB are presently occupied by row 
crops such as corn and soybean, an additional analysis was also performed that accounted for 
differences in ET of crops versus ET from wetlands on surficial water retention capacity. This 
analysis was done for two extreme annual precipitations representing a drought (500 mm) and an 
extremely wet condition (1200 mm). The premise of this analysis was to estimate the increase in 
surficial storage after accounting for higher ET losses from historic wetlands relative to modern 
agricultural landscape. 

  
 
RESULTS AND DISCUSSION 
 
 Detailed results and discussion are presented in Kessler (2015) and Kessler and Gupta 
(2015). Briefly, a total of over 9 million flow sinks covering an area of 208,794 ha (23% of the 
GBERB area) were identified within the GBERB. On average, these flow sinks represented 4 
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depressions per hectare of basin area. Setting a threshold of 50 m2 surface area for depressions 
removed over 8 million sinks which were equivalent to 5.1% of the total surface area of the 
depressions, 0.06% of the total water retention capacity, and 0.01 mm of retention depth. The 
historic water retention depth of the GBERB was estimated at 152 mm from over 600,000 
depressions covering 21% of the GBERB area.  Considering the average annual precipitation 
(751 mm to 817 mm from 1981 to 2010) for three HUC 8 level watersheds in the GBERB, 
historic depressions when empty could potentially store 19% to 20% of the modern annual 
precipitation.  Individually, the historic water retention capacity of the Blue Earth, the Le Sueur 
and the Watonwan River watersheds equaled 143 mm, 193 mm, and 114 mm, respectively. 

Figure 2 shows the distribution of water retention depth (Figure 2a) and volume (Figure 
2b) of 111 HUC 12 watersheds in the GBERB. The historic water retention depth of HUC 12 
watersheds ranged from 23 mm to 915 mm.  Comparatively, the historic volume of HUC 12 
watershed ranged from 1.8 Mm3 to 53.8 Mm3.  Of the 111 HUC 12 watersheds, five had 
retention depths ≥ 400 mm and 20 had retention depths ≥ 200 mm, thus leaving 82% of 
watersheds with retention depths of < 200 mm and 34% of the watersheds with retention depths 
< 100 mm.  This suggests that while the retention capacities of most areas in the GBERB were 
relatively small, portions of the historic landscape had a very large capacity to retain water.  The 
uneven distribution of the historic water retention capacity in the GBERB landscape is further 
confirmed by the water retention capacity of individual depressions (Figure 3). This analysis 
shows that 53% of the total retention capacity (Figure 3a) in the GBERB was in depressions > 40 
ha in area. This is equivalent to < 1.0% of the total number of depressions (Figure 3b) and 29% 
of the total depressional area (Figure 3c) in the GBERB. This analysis also shows that larger 
depressions have a greater potential to provide retention due to greater depressional depth 
(Figure 3d). For example, depressions with area > 40 ha had an average depth of 1.28 m 
compared to 0.15 m for depressions < 1 ha in size.  This again suggests that a vast majority of 
depressions in GBERB provided a very small retention capacity and most of the historic capacity 
was concentrated in relatively few large volume water bodies.  

 

 
 

Figure 2: Historic retention depth (a.) and volume (b.) of depressions within HUC 12 watersheds 
in the Greater Blue Earth River Basin. 
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Figure 3: The water retention capacity (a), percent of total observations (b), depressional area as 

a percent of the watershed area (c), and average depth with standard deviation (d) for various  
categories of depressional area in the Greater Blue Earth River Basin. 

 
The 57 largest depressions by volume, or 0.009% of total observed depressions, 

accounted for 25% of the historic retention capacity (Figure 4a); whereas  the 460 largest 
depressions by volume, or 0.07% of total observed depressions, accounted for 50% of the 
historic retention capacity (Figure 4b). Similarly, 0.4% (2301 depressions) and 1% (8403 
depressions) of the depressions accounted for 75% (Figure 4c) and 90% (Figure 4d) of total 
historic retention capacity.  These results indicate that efforts to increase surficial storage 
capacity to reduce river flows and non-point source pollutants through restoration of drained 
depressions would likely be most effective by focusing on large depressions that have the 
potential to retain the greatest volume of water or account for the majority of historic water 
holding capacity. A comparison of the modern water retention capacities estimated using the 
NWI and RWI databases versus the lidar measurements (historic depressions) showed that the 
lidar based water retention capacities were higher.  For example, the retention capacities 
estimated using the RWI (56 mm) plus NWI (42 mm) databases were 98 mm; 54 mm less than 
the lidar derived depressional retention capacities in the Minnesota portion of the GBERB.  
Since over 450,000 more depressions were identified in the lidar analysis relative to the NWI and 
RWI estimates, it is likely that some of the lidar identified depressions were not historically 
wetlands. 
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FIGURE. 4. Location of depressions from the lidar analysis and existing wetlands from 

the National Wetlands Inventory that account for 25% (a), 50% (b), 75% (c), and 90% (d) of the 
total historic retention capacity 

 
Two sets of simulations were conducted for the GBERB to evaluate the change in 

retention depth as a result of changes in ET.  The first simulation assumed ET was uniform 
across all depressional areas. The second simulation restricted ET to a maximum of the average 
depth of each depression.   Under each simulation, three sets of scenarios were simulated. The 
scenarios corresponded to a maximum ET of 600 mm, 700 mm, and 800 mm from wetlands. For 
both sets of simulations, the difference between historic (152 mm) and modern retention (56 mm 
based on NWI data) was 96 mm.  This is equivalent to an additional storage of 19% and 8% of 
the annual precipitations of 500 mm and 1200 mm, respectively. However, 92% of this change in 
capacity was in drained wetlands > 10 ha, which represent only 0.5% of the depressions.  This 
again demonstrates that the majority of wetland drainage (i.e. drainage of wetlands < 10 ha in 
area) had very little impact on the retention capacity of the GBERB. For both set of simulations, 
ET losses from historic depressions (lidar data) varied from 93 to 172 mm, while ET losses from 
modern wetlands (NWI data base) varied from 23 to 60 mm. On the other hand, ET from 
croplands within depressions remained the same (77 mm) for all simulations because of the 
assumption of a constant ET (550 mm) from row crops. This translates to a net decrease in ET of 
7 mm to 35 mm from replacement of wetlands with croplands. Relative to annual precipitation, 
this decrease in annual ET from wetland drainage is minor. For example, a marginal difference 
of 250 mm yr-1 ET between row crops (550 mm) and wetland ET (800 mm) resulted in a 
maximum decrease of 35 mm (Historic ET-Modern Wetland ET- Modern Cropland ET) in 
annual ET from wetland drainage.  This translates to a maximum change of 7% and 3% of 
annual precipitation ranging from 500 mm and 1200 mm, respectively.  If the marginal 
difference in ET between row crops (550 mm) and wetlands (600 mm) was 50 mm yr-1, surficial 
water retention in all depressions would only change by a maximum of 1% for annual 
precipitation of 500 mm and 0.5% when annual precipitation is 1200 mm.  This suggests that the 
impact of wetland conversion to cropland on annual ET was minimal in the GBERB.  

The second set of simulations, where wetland ET was restricted to the average depth of a 
depression (i.e. the wetland dries out), showed the modern landscape would provide an 
additional 7 mm of ET relative to the historic landscape if maximum wetland ET was 600 mm 
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and row crop ET was 550 mm. Comparatively, there would be a decrease of 3 mm in ET in the 
modern landscape if the maximum wetland ET was 800 mm and row crop ET was 550 mm. This 
indicates that if shallow wetlands dry out, the row crops that replaced them caused only a minor 
loss in annual ET for the GBERB.  The results of both simulations indicate that the impact of 
wetland drainage on annual basin ET was relatively small.  

    
 
CONCLUSIONS 
 
The historic maximum water retention capacity of depressions in the GBERB was relatively 
small (152 mm) due to the flat nature of the landscape.  However, there was a large spatial 
variation in water retention among individual depressions both at HUC 12 and HUC 8 
watersheds levels. Our analysis further showed that the majority of the landscape has little 
capacity to retain water and most of this capacity is concentrated in large depressions > 40 ha in 
area.  Compared with the RWI and NWI, lidar estimated retention depth appeared to be an over 
estimate, thus confirming that 152 mm of storage was likely the maximum historic retention 
capacity of the landscape.  The loss in water retention capacity from drainage and associated 
reduced ET varied from 89 to 131 mm. This storage loss translates to 7% and 26% of the annual 
precipitation in GBERB during wet and dry years, respectively. If wetland restoration is 
implemented to manage river flows and associated NSP in the GBERB then a targeted approach 
using depression (>40 ha) that had high historic retention capacities (53%) would be 
advantageous. Further inclusion of medium size (10 to 40 ha) depressions could provide an 
additional retention capacity of 24%.   
 
EDUCATION, OUTREACH, AND PUBLICATIONS 
Identify conferences, workshops, field days etc. at which project results were presented. Include number 
of farmers estimated to be present. List articles and/or manuscripts in which project results were 
published. 
 
Kessler, A.C. and S.C. Gupta. 2015. Drainage impacts on surficial water retention capacity of a prairie 

pothole watershed. J. Am. Water Resour. Assoc. 51: 1101-1113. 
Kessler, A.C. 2015. River bank erosion in the Minnesota River valley. Ph.D. Dissertation, University of 

Minnesota, St. Paul, MN. PP 184. 
Kessler, A.C. and S.C. Gupta. 2014. Historic surficial retention capacity of the Greater Blue 

Earth River Basin. Poster presented at Ag. Expo., Mankato, MN. 8-9 January 2014. 
Kessler, A.C. and S.C. Gupta. 2013. Modern and historic water retention capacity of the Greater 

Blue Earth River Basin. Minnesota Water Resources Conference, St. Paul, MN. 14-15 
October 2013. 

Kessler, A.C. and S.C. Gupta, and M. Brown. 2013. Historic water retention capacity of 
wetlands in a tile drained agricultural landscape. Annual Meetings of the Soil Science 
Society of America and the American Society of Agronomy, Tampa, FL. 3-5 November. 

 
 
REFERENCES 
 
Kessler, A.C. 2015. River bank erosion in the Minnesota River valley. Ph.D. Dissertation, University of 

Minnesota, St. Paul, MN. PP 184. 
 



8 
 

Kessler, A.C. and S.C. Gupta. 2015. Drainage impacts on surficial water retention capacity of a prairie 
pothole watershed. J. Am. Water Resour. Assoc. 51: 1101-1113. 

 
McAllister, L.S., B.E. Peniston, S.G. Leibowitz, B. Abbruzzese, and J.B. Hyman. 2000. A synoptic 

assessment for prioritizing wetland restoration efforts to optimize flood attenuation. Wetlands. 
20: 70-83. 

 
Payne, G.A. 1994.  Sources and transport of sediment, nutrients and oxygen demanding 

substances in the Minnesota River Basin, 1989-92. USGS Water Resources 
Investigations Report 93-4232. 

 
Ozesmi S.L. and M.E. Bauer, 2002. Satellite remote sensing of wetlands.  Wetlands Ecology and 

Management 10:381-402. 


