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Impacts on Forests Impacts on Water Resources



“…the thirst of a growing tree 

population in central Wisconsin has 

been overlooked as a source in 

depleting groundwater.”
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Groundwater Level 

Reconstruction Since the 1930s

Groundwater-Tree 

Interactions in Wisconsin 

Methods: 

Tree Ring Analysis 

Trees as an 

Alternative Hydrologic Sensor
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WHAT INFLUENCES TREE GROWTH?

Nutrient Availability Water Availability

Insect Infestations

Fires

Available Energy 

Climate

Competition Many more . . . 



TREE RINGS RECORD ENVIRONMENTAL VARIABILITY

Trees grow in “rings” – records annual environmental signals

Key Point:

If an environmental variable sufficiently 

influences tree growth, tree rings are essentially 

untapped data records over decades/centuries



TREE RINGS CAN SUPPLEMENT SPARSE DATA

Early 1900s 2010s1980s

Environmental

Variable

Tree Ring Chronology

Reconstruction of Environmental 

Variable from Tree Rings



TREES AS HYDROLOGIC SENSORS?

Research Questions:

To what extent and under what conditions 

does groundwater influence tree growth?

Can records of tree growth be evaluated 

to reconstruct historic groundwater levels?



SITE DESCRIPTION: NORTHERN WISCONSIN

Forests near Trout Lake Research Station

Long-term Ecological Research Site

35 Years of Groundwater Levels

Groundwater resources are shaped by 

climate variability (droughts)



SITE DESCRIPTION: CENTRAL WISCONSIN

Forests in Central Sands, WI

Groundwater resources are shaped by 

both climate variability and pumping



PREVIOUS RESEARCH: GROUNDWATER USE BY TREES

ET
G

= 3.4 mm/day

DTG = 1.38 m  



PREVIOUS RESEARCH

Key Points:

Trees in Wisconsin use groundwater

But, not everywhere and not all the time

Quantities depend on species, GW depth



Groundwater-forest interactions during drought

Sandy soils

Groundwater-Forest Interactions

Water Levels are Influenced 

by Climate & Pumping

Hypothesis:

Tree growth will be higher in areas of shallow 

groundwater and influenced by depth to groundwater

Groundwater users



METHODS: TREE CORES
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ANALYZING TREE GROWTH



ANALYZING TREE GROWTH



TREE GROWTH & GROUNDWATER RELATIONSHIPS

Trees at shallow GW sites have 

consistently higher growth



TREE GROWTH & GROUNDWATER RELATIONSHIPS

Trees in shallow groundwater areas 

have the potential for higher growth



TREE GROWTH & GROUNDWATER RELATIONSHIPS

Relationship between tree growth 

index and groundwater levels

Depth to Groundwater = -1.8905*(Tree Growth Index) + 3.8816

R
2

= 0.6511

Using paired tree growth and groundwater depth data from 1984-2015



RECONSTRUCTING GW LEVELS FROM TREE RINGS



INTERPRETING RECONSTRUCTION FROM TREE RINGS
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GENERALIZING TREE GROWTH-GW RELATIONSHIPS



TREES AS AN ALTERNATIVE HYDROLOGIC SENSOR



POTENTIAL EFFECTS OF PUMPING ON TREE GROWTH



TREE GROWTH IN CENTRAL SANDS



FUTURE DIRECTIONS

Expand on tree growth-groundwater 

relationships to Central Sands 

What do reconstructions in the Central 

Sands look like? Do they show signals of 

climate fluctuations and declines in 

groundwater levels from pumping?





Strong indications of 

Groundwater-Tree 

interactions in sandy

Wisconsin forests

(Northern & Central Wisconsin)
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If an environmental 

variable sufficiently 

influences tree growth, 

tree rings are essentially 

untapped data records 

over decades/centuries

3

Trees as 

Hydrologic Sensors:

Tree rings in these 

environments can help 

reconstruct historic 

water level histories
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