
Novel hydrology and water quality of 
wetlands in agricultural landscapes 
Dr. Sara Winnike-McMillan
Agricultural & Biological Engineering, Purdue University



Dynamic interactions of 
hydrology and ecology

Importance of Hydrology in Wetlands 113

Figure 4.1 Conceptual diagram illustrating the effects of hydrology on wetland function and
the biotic feedbacks that affect wetland hydrology. Pathways A and B are feedbacks to the
hydrology and physiochemistry of the wetland.

if oxygen is present there. When hydrologic patterns remain similar from year to year,
a wetland’s biotic structural and functional integrity may persist for many years.

Biotic Control of Wetland Hydrology

Just as many other ecosystems exert feedback (cybernetic) control of their physical
environments, wetland biota are not passive to their hydrologic conditions. Pathway B
in Figure 4.1 shows that the biotic components of wetlands can control the hydrology
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Land use
Flowpaths

• Surface and groundwater inputs 
control water levels & supply 
key nutrients.

• Transport sediment, chemicals, 
pesticides, etc.

• Transitional ecosystems at 
interface

• Dynamic hydroperiods –
temporal variation in extent & 
function

• Active feedback mechanisms

Mitsch & Gosslink 2015



Wetland Water Budget 121

Figure 4.4 Relative water levels in two seasonally saturated red maple swamps in Rhode
Island, United States, for 1985 to 1987. Growing season precipitation amounts for 1985,
1986, and 1987 were 104, 76, and 59cm, respectively. (After Golet et al., 1993)

Figure 4.5 Generalized water budget for a wetland with corresponding terms as in
Equation 4.1. P = precipitation; ET = evapotranspiration; I = interception; Pn = net precip-
itation; Si = surface inflow; So = surface outflow; Gi = groundwater inflow; Go = groundwater
outflow; T = tide or seiche; !V/!t = change in storage per unit time.

The first condition defines the water budget of the wetland, whereas the second
and the third define the capacity of the wetland to store water. The general bal-
ance between water storage and inflows and outflows, illustrated in Figure 4.5, is
expressed as

ΔV
Δt = Pn + Si + Gi −ET − So −Go ± T (4.1)

where

V = volume of water storage in wetlands
ΔV/Δt = change in volume of water storage in wetland per unit time, t

Pn = net precipitation
Si = surface inflows, including flooding streams
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136 Chapter 4 Wetland Hydrology

often has fluctuating hydroperiods and intermittent flooding (e.g., prairie potholes
[Fig. 4.12e] and vernal pools [Fig. 4.12d], with standing water dependent on
seasonal precipitation and surface inflows. If, however, such a wetland were to be
influenced by groundwater, its water level would be better buffered against dramatic
seasonal changes (see Fig. 4.12a, c).

Nomenclature for the four types of groundwater hydrologic settings for freshwa-
ter wetlands are illustrated in Figure 4.13 and summarized here:

1. Surface water depression wetland (Fig. 4.13a). This type of wetland is
dominated by surface runoff and precipitation, with little groundwater
outflow due to a layer of low-permeability soils. This is similar to the perched
wetland type described in Figure 4.12e, where the wetland is separated from
the water table by an unsaturated zone.

2. Surface water slope wetland (Fig. 4.13b). This type of wetland is generally
found in alluvial soil adjacent to a lake or stream and is fed, to some degree,
by precipitation and surface runoff but, more important, by overbank

Figure 4.13 Novitski groundwater flow patterns for wetlands: (a) surface water depression,
(b) surface water slope, (c) groundwater depression, and (d) groundwater slope. Dashed lines
indicate groundwater level. (After Golet et al., 1993)
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Agricultural Midwest

https://transformingdrainage.org/tools/drained-area-tool/
https://soilexplorer.net/

https://soilexplorer.net/


Mid-Atlantic / Southeast

https://soilexplorer.net/

https://soilexplorer.net/


https://soilexplorer.net/

Prairie pothole region

https://soilexplorer.net/


E. Passeport Lab

Microbial 
processes in 
sediments

• Hydrology is critically important
• Dynamic feedbacks between vegetation + microbes
• Processes can be amplified in wetlands – design for removal?
• What are the feedback between nutrient biogeochemistry + 

contaminant transformation?

Winnike-McMillan Lab



Monitoring challenges
• diverse flowpaths
• temporal variable (storm v. baseflow; application)
• technology







Restoration

• Goals of restoration are 
primarily nutrient reduction or 
habitat creation

• What does that mean for 
pesticides and other agronomic 
chemicals?

• Where are their opportunities 
for synergy?

• Do restoration strategies need 
to be modified in higher risk 
areas to minimize ecological 
impacts?

• What regulatory, economic, or 
stakeholder barriers exist?


