
The Influence of Soil Moisture and Tree Evapotranspiration on an Urban Microclimate  

Melanie A. Mayes,1 Jeffrey Warren,1 Jiafu Mao,1 Yaoping Wang,2 Chris DeRolph1 

1Environmental Sciences Division & Climate Change Science Institute, Oak Ridge National Laboratory, 
Oak Ridge, TN  
2Institute for a Secure and Sustainable Environment, University of Tennessee, Knoxville, TN 
 

Contact: Melanie Mayes (mayesma@ornl.gov) 

Project Lead Principal Investigator (PI): Melanie Mayes  

BER Program: ESS 

Project: Biogeochemical cycling along the urban interface 

Project Website: n/a 

Project Abstract:  

A highly uncertain part of predicting microclimate in urban environments involves natural 
ecosystem components, i.e., soils and plants, which vary with degree of urbanization. Richer 
Americans enjoy more greenery in their environments than lower-income communities, while 
neighborhoods with a majority of people of color have lower tree canopy compared to majority 
white communities. Further, people of color are more likely than whites to experience the urban 
heat island effect. The goal of this project is to understand how temperature and relative 
humidity in urban environments are affected by the activities of plant evapotranspiration and soil 
moisture. We hypothesize that soil moisture, the extent of impervious surfaces, and tree canopy 
will influence local microclimate; specifically, low soil moisture, high percentages of impervious 
surfaces, and low extent of tree canopy will cause more intense heating in the summer and more 
intense cooling in the winter. Additionally, high relative humidity can exacerbate the heat index 
and make people feel less comfortable. We are choosing a single site for a coupled model-
experiment investigation by implementing a representativeness analysis over the eastern U.S. 
Initial factors under consideration are % canopy, impervious surfaces, soil moisture, albedo, 
summer precipitation, temperature, and relative humidity. This investigation will inform site 
choice by identifying a site that is broadly representative of other medium and large cities in the 
eastern U.S. Then, using the geospatial information from the analysis coupled with social data 
such as population density, race, and income, we will choose paired sites with contrasts in tree 
canopy, imperviousness, and social factors. Instrumentation will include small weather stations 
to track temperature, relative humidity, solar radiation; tree sapflow sensors; and sensors for soil 
moisture, conductivity, and temperature as a function of depth. The data will be used to 
determine relations between urban microclimate (temperature and relative humidity) and natural 
components (soil moisture and tree evapotranspiration) as a function of diurnal and seasonal 
changes, and to potentially relate the results to socio-economic factors. This research can be used 
to assess the utility of models in simulating soil moisture and evapotranspiration, taking into 
consideration governing urban microclimates over days and seasons.      


