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The Prairie Pothole Region

Area greater than 700,000 Kroharacterized bylepressionabr palustrine
wetlands locally called prairie potholes

Created by the retreat of the Wisconsage Glaciers

In lowa, organized drainage in the late nineteenth and early twentieth century
resulted in most potholes being drained and converted into agriculture

Estimated wetland losses in the Des Moines Lobe; 9%
Research to date has focused more on the navksterly prairie pothole regions..



Spatial Distribution of Historical Wetland
Classes on the Des Moines Lobe, lowa

Wetland Water Regime

|| NonWetand
| | A - temporarily flooded

] 8- sawrated

- C - seasonally flooded

F - semiparmanentty flooded
B G - intormittently exposed
B H - permanently flooded

Small and shallow potholes
were easier to convert to
farmlands than large deep
ones

Predrainage wetlands mostl
In the saturated regime, Whilt
A now mostly in semi
permanently or permanently
flooded regime

Increase In
-\/Hyd roperiod Miller et al. (2009)




Wetland hydrologic class change from prior to European
settlement to present on the Des Moines Lobe, lowa
8 -EITAO AO Al 8 j¢

(A) Pre-settlement water regime (B) NWI water regime (moderate criteria)

A Restoration today is focused on larger wetlands with longer
hydro-periods

A But loss of the smaller wetlands had a significant affect on the
diversity of plants and animals

A{ K2dzf Ry Qi ¢S F20dza 2y NBau2z2N
Instead of simply wetland area?
A Which wetlands to restore, and where in the landscape?




‘lowa Wetland Assessment and
Restoration Plan
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Objective:Developa detensible understandingr ofi the dreadih of wetlandtrestaration
required to thave:aisighificantimpact on water-gqualitypfloeding; andthabaaterns

Opporntunity:

- BillionsyeSdScRve stet ordicSa’sa@lrkISaf infragrycture nfdrnilaindsfong A Y
productive

- LIDAR: provides:annew: abilityctonmaprandanedel -our dandscape




A Consistent
yield losses i
depressional
areas for
multiple years
an argument
for additional
tile drainage-
-- The lowa
Plan

Ah NX NEB &
some of
these to
wetlands?

Slide courtesy of Chri
Ensmingenat lowa
DNR
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Questions

AWhat are the attributes (size classes, volumes)
thesedepressionaareas over the landscape? Is
there a method to the madness?

ALegacies and Trajectories: How have these are
peen modified as a function of past climate and
anduse shifts? How do we expect these region
to change as a function of climate and lamsk
changes?

AHow are thedepressionafreas connected in
space and in time?
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South Skunk Headwaters (11)
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Drainage Ditch 71 (12)
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Lower Boone River (13)
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Keigley Branch (15)
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1.

2.

Strong power function area
frequency relationships
Narrow range of slopesg
1.5¢ 1.76 (compare with
Zhang et al--- 1.6 to¢ 1.8)
Larger variation in intercepts
¢ dependence on area?
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Scallng Relatlonshlp Persists at
31 | AO 3 AAI AO

Invarlance and Fractal Behaviors?
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LIDAR vs. 10 m DEM vs. NWI

2 o South Skunk Headwaters A1 m DEM detects more
T y=120000" depressions than 10 m
S 100 | m0m DEM
§ o owo | _ || ANational Wetlands
2 - ) .| Inventory (NWI)

Area (ha) databasec least
2 1000 _D'nage Ditch 71 AScaling relationship
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Questions

AWhat are the attributes (size classes, volumes)
of thesedepressionalreas over the landscape?
Is there a method to the madness?

ALegacies and Trajectories: How have these
regions been modified as a function of climate
and landuse shifts? How do we expect these
regions to change as a function of climate and
land-use changes?

AHow are thedepressionafireas connected in
space and in time?




How do depressions fill and drain?

Most hydrologic models accumulate to create one reservoir per watershed.
But a distribution of resernvoirs behaves differently..
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- Frequencyarea Distribution
of the pothole system: N =
809A6

- Filling A constant rainfall
rate of 2.5 mm/day applied
to initially empty potholes
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- Frequencyarea Distribution
of the pothole system: N =
809A6

- Filling A constant rainfall
rate of 2.5 mm/day applied
to initially empty potholes

- Drying:A constant
evaporation rate of
13mm/day applied to
initially full potholes
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How do depressions fill and drain?

fiIIing/Y
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- Poisson Rainfall Distribution
- Case 140.23 per dayr =11 mm)
- Case2 (<=0.17per dayh =15 mn)j

- Provides a framework for
understanding the role of climate
and anthropogenic impacts on
these landscapes

0.05 -

& 0:04 1 Case 1
S 0.03 -
5
2 0.02 -
£ 0.01 l||
- 0.01 ~
O 1 | J 1 ‘ 1
0 100 200 300
Time (days)

400

0.2 -

Fractional Spill

0

0.1 -1

- Climate change
alters the rainfall
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intense events
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Total Rainfall: 1075 mm
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Total Rainfall: 837 mm
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restoration) can
alter the frequency
area distributions




But potholes are not isolated:
Hydrologic Connectivity in Space and Time

Basin cross section view Basin plan view

Sub-basin num ber Sub-basin number
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Simpler Scaling Behavior:
Is there a method to the madness?

- Numerically possible to
create such fitbpill
models

- But, computationally
intensive

Shaw (2010)



Connectivity in Space: Width
Function Concept

AWidth function W(x) in River Networks (Shreve, 1969)

W(x) is the numbeof linksin a flow networkat RA &Gl y OS
the outlet ¢ distance along network

PeakStreamflowscaling along river network controlled by W(x)

@ Points at similar
distance to
outlet




