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Introduction

The Iowa Water Center (IWC) represents a model of Water Resources Research Institutes that relies heavily
on its 104(b) funding to carry out its charge of research, outreach and education related to Iowa's water. In
FY2013, the substantial cut of 104(b) funds due to federal sequestration limited IWC activities in a noticeable
way. However, IWC staff worked quickly and creatively to administer impactful activities in the face of
budget cuts.

Water issues remain a critical research and education need in Iowa, particularly in the face of changing
climate that results in extreme weather events. In FY2013, Iowa saw dramatic rainfall events in March, April
and May that totaled 17.7 inches, nearly 7.5 inches above normal, which resulted in nearly 730,000 acres of
row crops (corn and soybeans) not being planted. This rain caused flooding damage and soil erosion,
implicating water quality issues in urban areas. These rains and the resulting consequences for water
management, agriculture and Iowa economics guided IWC's efforts and interactions in FY2013.

In FY2013, after public input received in FY2012, officials in the state of Iowa released the Iowa Nutrient
Reduction Strategy (NRS), available at nutrientstrategy.iastate.edu. The Iowa Water Center played a role in
this document as Director Rick Cruse participated in development of the non-point source science assessment.
The release of the NRS guided many of IWC's outreach efforts in 2013-2014, providing a commonality in
which to connect consumers and organizations.

Iowa Water Center Director Rick Cruse returned for his 8th year in 2013-2014. Program Coordinator Melissa
Miller completed one year of service in June 2013 and remains in the position. Dr. Cruse continued his service
to the National Institute of Water Resources board as a regional representative. Continuity of staff in FY2013
allowed IWC to better refine processes to become efficient in their delivery of water resources research,
outreach, and education.
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Research Program Introduction

As in past years, the FY2013 Iowa Water Center research focus place particular emphasis on changes in
climate patterns. The FY2013 call for proposals for the 104(b) program netted eight, extremely high-quality
proposals related to water management in the face of climate variability. Ultimately, two projects were chosen
for funding in FY2013: Quantifying Field Water Balance Components as Affected by Shifts in Land-Use
Patterns: Implications for Minimizing Agricultural Impacts on Water Quality in Iowa (the second year of a
2-yr project), and Rainfall, temperature and discharge over Iowa: climate controls and seasonal forecasting.
Unfortunately, the latter of these projects was eliminated during budget cuts due to federal sequestration. In
addition, a special project funded by US Army Corps of Engineers through pass-through funds entitled
"Hysteresis in Index-Velocity Rating Curves" was completed this fiscal year.

The Iowa Water Center also facilitated submission of three proposals to the 104(g) program: Development of
a Comprehensive Hazard to Loss Modeling Framework for the Residential Damage Associated with Inland
Flooding from North Atlantic Tropical Cyclones, A model for predicting the quantity and quality of water
from collector wells, and Development of Design Specifications for a National Stream Morphology Database.
Unfortunately, this program was not funded due to federal sequestration. IWC notified the submitting
investigators in a timely manner and maintained very open communication to foster good relationships with
the submitting institutions.
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Quantifying Field Water Balance Components as Affected
by Shifts in Land-Use Patterns: Implications for Minimizing
Agricultural Impacts on Water Quality in Iowa

Basic Information

Title: Quantifying Field Water Balance Components as Affected by Shifts in Land-Use
Patterns: Implications for Minimizing Agricultural Impacts on Water Quality in Iowa

Project Number: 2012IA194B
Start Date: 3/1/2013
End Date: 2/28/2014

Funding Source: 104B
Congressional

District: Iowa 004

Research
Category: Water Quality

Focus Category: Water Use, Water Quality, Water Quantity
Descriptors: None

Principal
Investigators: Robert Horton, Matthew J. Helmers

Publications

Luo, C., Z. Wang, T. J. Sauer, M. J. Helmers, D. Sidhu and R. Horton. 2013. Evapotranspiration
measurements in reconstructed prairie and row crop systems with a portable canopy chamber [Poster].
Soil Science Society of America annual meetings, Tampa, Florida.
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1)      Problem/Research Objectives  

Increasing energy demands and concerns about climate change and fossil fuel 
depletion has led to an interest in alternative energy systems. Bio-fuel demand may 
increase in the future. Bio-fuel can be produced from food grain or from non-grain 
plant biomass. There are potential problems associated with converting plants into 
bio-fuel. One potential problem is the competition between food demand and energy 
demand. Another potential problem is that use of plant residues of annual crops may 
lead to accelerated soil erosion and environmental risk. Compared to annual row 
crops, perennial vegetation, such as prairie, may have some desirable qualities for use 
as a bio-energy crop. However, a landscape conversion to perennial vegetation under 
a climate change background may significantly influence regional hydrology and 
nutrient dynamics. Thus, the main problem addressed in this project is to quantify 
field hydrology, including water balance and water use by evapotranspiration, ET, of 
annual row crops, corn and soybean, and a perennial mixed prairie.  

Specific objectives of this research project are as follows: 

 To measure and contrast dynamic soil water storage, drainage and 
evapotranspiration in reconstructed mixed prairie and no-till corn and soybean 
cropping systems. 

 To understand the relation between field water balance components and off-site 
water quality impacts of alternative cropping systems and management strategies. 

 To use field data to evaluate and improve a crop hydrological and water quality 
model, and then use the model to predict implications of land use conversion on 
water quality and quantity for a variety of selected cropping systems, soils, and 
climatic conditions. 

2)      Methodology 

Plant Canopy ET-Chamber Design and Construction:   

Portable, dynamic canopy chambers will be used to measure ET from the different 
cropping systems. The chambers avoid microclimate restrictions and are usable in 
small scale plots where eddy covariance and Bowen ratio methods are not suitable. 

The portable, dynamic canopy chambers were constructed of aluminum frame 
covered with Mylar film to allow radiation to enter. Three different size chambers 
were constructed: small, medium and large, to fit over plants at different crop growing 
stages. The chamber sizes are shown in Table 1. 

 



Table 1. Chamber Sizes 
 Length (m)  Width (m)  Height (m)  
Small   1.52   1.00   0.61  
Medium   1.52   1.00   0.95  
Large   1.52   1.00   1.56  

The sensors installed in the chamber are LI-7500 gas analyzer. It is used to measure 
vapor concentration and carbon dioxide concentration varies with time. The device 
makes 20 measurements per second. Each measurement sequence lasted for one 
minute, so each time the chamber was used 1200 data points were collected to 
calculate the ET flux and the net carbon dioxide flux.  This project focuses on the 
measured ET-fluxes. 

Installed both inside and outside of the chamber are thermocouples which measure the 
air temperature, barometers which measure the air pressure, infrared thermometers 
which measure the plant temperature, and quantum sensors which measure the solar 
irradiance. These sensors are used to document that there are similar ambient 
conditions inside and outside of the chamber. A CR 3000 datalogger is connected to 
chamber sensors in order to record the data. Chamber are shown in Fig. 1. 

 

 



Fig. 1. Portable, dynamic canopy chambers are shown positioned in field plots. 

Sampling Protocol: 

The Comparison of Biofuel Systems (COBS) research site near Ames, Iowa was the 
field study site. It was established in 2008. There are 24 plots with 6 cropping systems. 
The research focus on corn in corn-soybean rotation, soybean in corn-soybean 
rotation and continuous prairie unfertilized system. Fig. 2 shows the COBS research 
site 

 
Fig. 2 Comparison of Biofuel Systems (COBS) research site 

In order to determine the water storage, five TE sensors (FDR sensor, Decagon 
Devices Inc.) are installed at different depths 5 cm, 10 cm, 18 cm, 30 cm, and 50 cm 
in each plot. The sensors are used to monitor soil water content and soil temperature 
throughout the growing season. Drainage and rainfall data are collected and used to 
calculate plot water balances. 

In 2013, chamber measurements of maximum and average ET fluxes were made on 
16 selected sunny days. Diurnal ET flux measurements were made on 2 sunny days 
(DOY 168, DOY 241). 

Data Analysis 

The chambers were manually positioned over the crops for a minimum amount of 
time to collect accurate flux measurements (60 seconds). Then chambers were 
removed to minimize chamber effects on light, wind speed, and air/leaf temperature. 
The CR 3000 recorded the vapor concentration and carbon dioxide concentration with 
time. Theoretically, those concentrations should increase linearly, and ET can be be 
determined from the slope of the line. We used an adaptive linear regression 
algorithm to calculate the slope of the linear trend and get the ET flux and carbon 
dioxide emission flux for each measurement period. 



The chamber approach allows repeated measurements at multiple locations within the 
plot area, and the daily maximum and average ET flux can be determined. For diurnal 
measurements, a Fourier series is used to describe the trend of the diurnal 
evapotranspiration measurements. 

Weather data were collected at the COBS site weather station. The Priestley-Taylor 
Equation used the weather station measurements to calculate potential evaporation at 
the site. 

Plot water balance for each cropping system was calculated with the measured soil 
water contents, drainage, and rainfall. Rainfall was the input, water content change 
was change in storage, and the outputs were drainage and ET. Using plot 
measurements, ET was calculated as the residual. The water balance ET 
measurements were compared with the chamber ET measurements, and the measured 
ET values were compared with the potential ET calculations. 

3)      Principal Findings and Significance 

ET-Chamber Measured Flux 

Figure 3 provides one example of the ET-chamber measured water vapor 
concentrations with time. Indeed, the chamber provided data with a strong linear trend, 
and it was easy to calculate ET fluxes. 

 

Fig. 3 ET-chamber measured water vapor concentrations with time. 

ET-Chamber Measured Diurnal Fluxes in the Cropping Systems 

Comparison of the diurnal ET fluxes among the three cropping systems showed that 
corn exhibited larger ET fluxes than soybean and prairie, and prairie had larger ET 
fluxes than soybean. The diurnal ET-curves in Fig. 4 contain flat tops, which may be 
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