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Introduction

Methods

• Forest water cycles have been at serious susceptibility to
change in recent decades due to land transformation and a
changing climate.
• Temperatures are predicted to increase by 2oC by 2100 in
conjunction with less frequent normal precipitation events and
increased storm events1.
• Evapotranspiration is the major contributor to water loss in
forest ecosystems and with decreasing soil water availability
from atmospheric input, water levels are at risk to drop to
critical levels having the potential to affect hydrological cycles
at the ecosystem level. It is therefore vital to analyze both
above and-below ground water dynamics.
• Although temperate deciduous forests are common in the
northern hemisphere2, not many studies have been published
outlining their reactions to varying levels of water availability.
• The objective of this study is to quantify how ecosystem-level
evapotranspiration is affected by meteorological variables and
below-ground water dynamics to assess if temperate deciduous
forests will be largely affected by a changing climate.
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Figure 1. a) Photo of the temperate deciduous forest from 34m tall flux tower b) Geographical
location of the deciduous forest in southern Ontario.

Figure 4. Relationship of daily daytime VPD
vs. ET for years 2012-2016.

Conclusion
• Old-growth temperate deciduous forests with extensive
rooting networks are able to withstand mild-moderate
droughts via maintaining high levels of evapotranspiration.
• The ability to access deep soil water offsets lack of
hydrological input from precipitation.
• Early onset of growing season can result in earlier
senescence periods.
• Continuous increase in daily soil water potentials results in
lagging reductions of ET.
• Air temperature and vapour pressure deficit have the
strongest controls on ecosystem-level evapotranspiration.
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Figure 3. Daily 0-100cm Soil Water Potential Profiles and 7-day running averages of
evapotranspiration throughout the growing season for 2012-2016.
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• Highest correlation in 2012
with r2 = 0.63.
• Highest VPD values in 2012,
growing season average
0.60kPa.
• Exceeded 1.0kPa 109 days in
2012, with 1.0kPa being the
threshold for max ET [4].

Figure 2. Diurnal, monthly and annual trends of Evapotranspiration for 2012-2016.
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• Temperate Deciduous Forest (TPD) is one of four flux stations
part of the Turkey Point Flux Station.
• Naturally regenerated for over 90 years on both sandy terrain
and abandoned agricultural land.
• White oak (Quercus alba) is the dominant species with a
variety of other hardwood species and scattered conifers (5% of
trees).
• Well-drained sandy soils with low water holding capacity.

• 2012, 2015 and 2016 were in
drought as calculated by PDSI.
• Warmest year was 2012
(11.8oC) and driest year was
2016 (770mm).
• Early growing season start in
2012 vs other years.
• Annual and growing season ET
was highest in 2012 and lowest
in 2014.
• Largest decline in ET in 2012
late growing season by 34mm.

ET (mm)

• Atmospheric water measurements were made using a closed-path Eddy covariance system
in half hourly intervals using 20Hz frequency.
• Meteorological measurements of photosynthetically active radiation, vapour pressure
deficit and air temperature provided by weather instruments. Hydrological measurements
of precipitation, volumetric water content and soil water potential provided by ancillary
instruments.
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• SWP exceeds 1.0MPa in all
drought years.
• Max SWP values reached
earlier in 2012.
• Max ET & SWP corresponds
with soil water decline [3].
• Time-lag of decreasing ET
with increasing SWP.
• Drought years more dependent
on entire rooting profile.
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