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Figure 1: Tree sampling locations on UC Davis Campus3.

Figure 5: Soaker bags for tree 
irrigation

Figure 5

Fig. 4: Stem-Water Potential from 
trees on UC Davis Campus. 

Fig. 2: Daily Temperature and Precipitation
 from the CIMIS site in Davis, CA

Fig. 3: Daily Evapotranspiration data from 
the CIMIS site in Davis, CA

Fig. 7: SWP vs. Simulated Soil MoistureFig. 6: SWP and Simulated Soil Moisture over time
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Fig. 5: Soil column simulated by Hydrus software & some model outputs 

Summer SWP (orange)

Spring SWP (blue)

We hypothesize that the trees sampled in the summer would be under 
more stress due to dry soil conditions, resulting in an increase in SWP (stem 
water potential). Therefore, if the soil moisture increases in spring, then the 
trees would have lower SWP, since unlike in the summer, they are not 
experiencing a deficit of water.

In the summer of 2015 and 2016, measurements of the UC Davis trees’ 
SWP were taken and compared to their water use efficiency (iWUE) to 
evaluate the effect of the drought on the trees’ level of water stress. SWP 
was measured in 11 Elm and Oak trees on Campus (Fig. 1). 151 SWP 
measurements were made during summer 2015, and 41 SWP 
measurements were made during spring 2016. 

California has experienced extreme drought over the past five years , 
therefore understanding drought implications can be vital for averting tree 
mortality and developing better water management practices.6 Climatic water 
deficit due to drought has shown to decrease overall plant productivity by 
limiting nutrient uptake through the restriction of mass flow.4

Irrigation for California’s agriculture demands 41 percent of the state’s 
water supply. A study by UC Davis, surveying major irrigation districts found 
that in 2016, drought caused an economic loss of $603 million statewide.5 
The deprivation of natural water flow has ultimately forced the death of local 
plants and wildlife. An analysis estimates that 4,700 jobs were also cut in the 
past year due to lack of arable land.2 Thus affecting the livelihoods of 
families dependent on farm jobs.

The current California drought has expectedly led to a decrease in soil 
water content. Using Hydrus, we are able create models simulating soil 
moisture conditions on UC Davis campus  in 2015 and 2016. By analyzing 
past data of water stress of trees on campus, we can study the correlation 
between soil moisture and stem water potential (SWP), thus allowing us to 
better understand the physiological responses of stressed trees. 

The CIMIS, California Irrigation Management Information 
System, is a network of computerized weather stations throughout 
California1. We downloaded daily weather data collected from 
CIMIS Weather station in Davis, CA during 10/1/2014 to 4/20/2017 
to use as an input for the Hydrus model (Fig. 2,3). Daily 
precipitation, temperature, and the reference evapotranspiration 
were inputted into Hydrus to simulate the water content throughout 
a timescale which overlaps the periods of SWP data collection. 
With these simulations, we analyzed the correlation between SWP 
and seasonal variation throughout the years. 

Hydrus is a software program used 
to analyze 1-dimensional water flow 
and solute transport in soil. After 
inputting the weather data from CIMIS, 
the program was able to generate a soil 
column based on the given conditions 
(Fig. 5). The interrelationship between 
the weather variables and soil moisture 
was determined by analyzing the 
corresponding graphs produced in 
Hydrus (Fig. 5).
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The SWP of the trees from the summer of 2015 and 
spring of 2016 were measured using a pressure chamber3. 
The pressure chamber is a device, in which air pressure is 
applied to a leaf inside the chamber (Fig. 4). Water in a 
tree’s xylem is under tension, and the tension increases 
when the tree experiences water deficit. The leaf’s petiole is 
exposed outside the chamber, and the amount of pressure 
needed for water to exude at the petiole, which is indicated 
by the dial gauge shows the tree’s degree of stress. If more 
pressure is required to exude water from the petiole, this 
indicates that the tree is under more stress.
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The models in Hydrus showed that the prevailing, high temperatures in the summer resulted in 
a decrease in precipitation and an increase in evapotranspiration. Using this data along with 
SWP data collected in 2015 and 2016, we realized that increased levels of evapotranspiration 
due to summer climate changes induced a decrease in soil moisture content, causing the trees’ 
SWP to increase (Fig. 6). The SWP and daily weather data highlighted a correlation between 
seasonal variation and tree stress and ultimately, supported our hypothesis (Fig. 7). However, 
the correlation shows some uncertainty (R2 = 0.37), due to lurking variables, such as variation 
in individual leaves’ health and irrigation patterns.

CIMIS Weather Station
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Through analyzing the CIMIS weather data in Hydrus, we are able to better understand the effects 
of climatic change due to seasonal variation and the drought. The models showed an increase in 
evapotranspiration in trees and a decrease in precipitation during the summer months. Most 
importantly, the data provides insight on the effects of the drought on plant physiology, which can 
be utilized to develop better water management practices and long-term solutions to combat 
drought-related economic and environmental issues.
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