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Nature, Scope and Objectives: 
Changes in land use can have significant impacts on the hydrological cycle by reorganizing how 
much water runs off, is lost to the atmosphere through evapotranspiration (ET) and infiltrates to 
recharge groundwater.  In Illinois, economic or ecological factors encourage re-allocation of lands 
for prairie restoration, agriculture (e.g. corn and soy) and biofuel crops (e.g. miscanthus and 
switchgrass) (1).  Understanding the hydrological implications of these land use changes is critical 
for defining the costs and benefits of these decisions. As changing climate acts to shift the length 
of the growing season, increase mean temperatures and the frequency of heat waves (2), the 
water demands of an ecosystem may change. In this proposal, a set of field and lab-based 
experiments are outlined which will constrain an important, yet poorly understood, component of 
the hydrological budget of the dominant natural and agricultural ecosystems of Illinois.  

In order to close an ecosystem’s water budget, it is common to measure the ET (water lost 
to the atmosphere) using the eddy covariance technique (3).  This involves measurements of 
humidity at high frequencies along with measurements of 3-dimensional winds. This technique, 
while being very effective at assessing ET during the day, cannot be used during the night 
because the atmosphere is generally too stable. Historically, this has not been considered 
problematic because it is assumed that there is a negligible loss of water to the atmosphere 
during the night.  However, a number of recent studies have found that nighttime transpiration is 
ubiquitous across ecosystems and can account for as much as 30% of the water fluxes during the 
day (4, 5). The magnitude and pervasiveness of nighttime transpiration requires it to be 
considered both when trying to close the hydrological budget and considering how much carbon 
can be fixed by an ecosystem for a given amount of water use (referred to as “Water Use 
Efficiency”).  

Understanding the factors that control nighttime water fluxes is of particular importance 
because nighttime temperatures and humidity are predicted to change faster than daytime 
conditions under rising atmospheric CO2 (6).  Therefore, the fluxes observed today may become 
larger in the future and may account for a growing percentage of the water budget.  Studies of 
nighttime transpiration, and the processes that control its variability, have been undertaken in a 
number of forested ecosystems (4, 5, 7) but little work has been done across the grassland and 
agricultural ecosystems that dominate the Illinois landscape. Particularly, no work has been done 
to directly compare how native ecosystems compare against different agricultural crops. This 
includes traditional food production crops such as corn and soy and biofuel crops such as 
miscanthus and switchgrass.  The outcome of this work is therefore to (1) establish a technique to 
estimate nighttime water use for grasslands, (2) provide preliminary insight into how rates of 
nighttime water use will change in a warmer climate, (3) compare the importance of this 
hydrological process between common Illinois landscapes and (4) communicate the importance of 
these processes through a series of outreach activities.  

Methods, Procedures and Facilities: 
Traditional techniques to measure ecosystem water fluxes, such as sap flow and eddy 
covariance, tend to be ineffective at night.  Thus, we propose to use measurements of carbonyl 
sulfide (COS) to infer nighttime transpiration.   Carbonyl sulfide is the most abundant long-lived 
sulfur containing gas in the atmosphere.  The main global source of COS is oceanic production 
and the main global sink is consumption of the gas by plants (8). During consumption by plants, 
COS diffuses across the plant stomata following the same pathway as carbon dioxide.  Upon 
entering the leaf, COS undergoes a one-way hydrolysis reaction where it is permanently 
destroyed (9).  Unlike the consumption of carbon dioxide by photosynthesis, the hydrolysis of 
COS by plants occurs irrespective of sunlight. Therefore, as long as there are open stomata, COS 
will be consumed, making it effective as a tracer of nocturnal processes. To illustrate the 
effectiveness of this technique, an example of results from a previous field campaign by PI 
Berkelhammer is shown in Figure 1 (7).  



Figure 1: (Left) Comparison between carbonyl sulfide and transpiration from different plant types (labeled in 
upper left with parenthesis indicating site name described in reference 7). (Right) Comparison of carbon 
dioxide and transpiration.  
The first panel of Figure 1 shows a comparison between carbonyl sulfide and water fluxes (i.e. 
transpiration) from a series of plants in Colorado with the gray line indicating the transition 
between day and night.  A similar comparison is made between carbon dioxide and water fluxes 
in the second panel.  It is clear there is a strong linear correlation between transpiration and COS 
flux. For carbon dioxide (right panel), as soon as the sun sets (left side of gray line) there 
continues to be transpiration but the carbon dioxide flux goes to 0.  This is because light is 
required to photosynthesize carbon dioxide. The same is not true for COS, which tracks 
transpiration irrespective of sunlight. Importantly, for 10 species of plants, the slope between 
transpiration and COS consumption remains stable.  This indicates that COS consumption can be 
related to transpiration across plant species. Based on the strength of these results, we will make 
COS measurements over common Illinois landscapes to infer variations in nighttime transpiration.  

The concentration of COS in the atmosphere is only at parts per trillion mixing ratios (ppt 
or picomol) which, traditionally required capturing air in the field and bringing it to the lab for 
analysis on lab-based equipment.  Recent developments in laser absorption spectrometry (7, 10) 
have enabled direct measurements of COS in the field. The laser-based instruments operate by 
allowing atmospheric air to continuously pass through an optical cavity where a spectroscopic 
measurement is made.  Using this approach, continuous atmospheric concentrations of COS (as 
well as carbon dioxide and carbon monoxide) can be made.  In order to insure that the 
measurements are accurate, we compare the atmospheric measurements against a known 
reference gas, which has been provided by the NOAA Global Monitoring Division.  In terms of 
Facilities, this project thus includes access to one of the few COS lasers currently available in the 
world and all associated peripherals such as Teflon tubing, clean valves and reference gas to 
make field-based measurements with less than 5 parts per trillion precision.  
Preliminary Results: 

During the summer of 2015, PIs Berkelhammer and Alsip deployed this instrument at two 
experimental corn sites near Urbana, IL. These deployments were intended to establish the 
technique of measuring COS fluxes over common agricultural ecosystems.  Shown in Figure 2, is 
a picture of the deployment.  A small tent houses the instrument and protects it from rain, a tripod 
is set up to measure the concentration of COS at different heights above and within the corn field.  
The difference in COS concentrations between heights are then used to infer a quantitative flux. 
Following this proof-of-concept deployment, Alsip will lead an extended deployment during Spring, 
Summer and Fall of 2016.  The measurements will be made on the Fermi Lab campus which 
offers: (1) access to a number of common landscapes (corn, soy, switchgrass and native restored 
prairie), (2) is close to Chicago enabling frequent trips at minimal cost and (3) takes advantage of 
ongoing experiments on the site already looking at ecosystems processes lead by Argonne 
National Lab (http://ameriflux.ornl.gov/fullsiteinfo.php?sid=46).  An existing collaboration between 
PI Berkelhammer and R. Matamala at Argonne ensures access to the site.  



 

	  
Figure 2: Image of field setup during Summer 2015. 

The field-based experiments at Fermi Lab will shed light on how nighttime water use varies in a 
complex real-world ecosystem. This will be complemented by a set of controlled plant growth 
experiments varying temperature, humidity and radiation to test COS fluxes from different plant 
types under different diurnal and nocturnal conditions.  Figure 3 shows a photograph of the 
experimental setup in the PI’s lab at UIC. This setup was built by PIs Bueno and Stefanescu as 

part of an ongoing undergraduate 
research project. The image in Figure 
3, shows the growth chamber operating 
under photosynthetically active light, 
alongside the laser system directly 
measuring the COS flux from a 
microcosm grassland ecosystem.  
These experiments will be used to 
reproduce the results from the field and 
test how continued warming, for 
example, would influence nighttime 
water fluxes. We acknowledge that the 
proposed work is extensive given the 
short timeline, but because all PIs are 
trained to use the equipment and the 

techniques have been established, we anticipate that during a single focused growing season 
campaign, we can make significant progress on understanding this important hydrological 
process.   
 
Outreach and impacts for Illinois: 
This proposal will provide among the first estimates of nighttime transpiration for some of the most 
common ecosystems of Illinois, which is necessary to quantify how land use decisions influence 
Illinois’ water budget.  This work directly supports work for Graduate student Alsip’s Masters 
thesis and supports two female undergraduate researchers, Stefanescu and Bueno. In addition to 
the dissemination of the results through traditional peer-reviewed publication and seminars at 
other Illinois campuses (e.g. UIUC, SIU and NEIU), the project will take advantage of Co-PI 
Alsip’s participation in another project, which focuses on increasing undergraduate geoscience 
enrollment (funded by: Science Education Resource Center). Connecting the two projects’ aims, 
Co-PI Alsip will lead a field trip for undergraduates to the Fermi Lab site to demonstrate data 
sampling and then lead a mini data analysis workshop on campus where undergraduates will 
learn to analyze the data. Synthesis of the field trip and data analysis will illustrate how nighttime 
transpiration of different crops impacts water usage in Illinois while demonstrating the importance 
of geosciences in local decision-making such as restoration of prairie and land use.     

Figure 3: Image of lab setup to measure carbonyl sulfide from 
plants. 
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