
Development of an Interactive Crop Growth Web 
Service Architecture to Review and Forecast 

Agricultural Sustainability 

 

“Regional Approaches to Climate Change for Pacific Northwest Agriculture” is funded through 
award #2011-68002-30191 from the National Institute for Food and Agriculture  

ASA, CSSA, and SSSA International Annual Meeting – Nov2nd-5th, 2014 – Long Beach, CA 
Erich Seamon, M.S. PMP GISP, - University of Idaho, College of Agricultural and Life Sciences, University of Idaho  erichs@uidaho.edu 
Paul Gessler, Ph.D. - Professor, Department of Forest, Rangeland, and Fire Sciences, College of Natural Resources, University of Idaho 

Von Walden, Ph.D. – Professor, Department of Civil and Environmental Engineering, Washington State University 
Edward Flathers, M.S. - Department of Forest, Rangeland, and Fire Sciences, College of Natural Resources, University of Idaho 

Stephen Fricke, M.S. – REACCH Programmer, College of Agricultural and Life Sciences, University of Idaho 
  https://www.reacchpna.org/files/1114/1487/4251/REACCH_trisocieties2014_seamon_poster.pdf   

REACCH Data Management Partners 

References 

 

Abatzoglou, J. T., & Brown, T. J. (2012). A comparison of statistical downscaling methods suited for wildfire applications. International Journal of Climatology, 32(5), 772–780. doi:10.1002/joc.2312 

Allen, R. G., Pereira, L. S., Raes, D., Smith, M., & Ab, W. (1998). Crop evapotranspiration - Guidelines for computing crop water requirements - FAO Irrigation and drainage paper 56 By, 1–15. 

Barker, R.I. 1981. Soil Survey of Latah County Area, Idaho. U.S. Department of Agriculture, Soil Conservation Service. Washington, D.C.  

Boryan, C., Yang, Z., Mueller, R., & Craig, M. (2011). Monitoring US agriculture: the US Department of Agriculture, National Agricultural Statistics Service, Cropland Data Layer Program. Geocarto International, 26(5), 341–358. doi:10.1080/10106049.2011.562309 

Bouma, J. (2002). Land quality indicators of sustainable land management across scales. Agriculture, Ecosystems & Environment, 88(2), 129–136. doi:10.1016/S0167-8809(01)00248-1 

Gessler, P. E., Chadwick, O. a., Chamran, F., Althouse, L., & Holmes, K. (2000). Modeling Soil–Landscape and Ecosystem Properties Using Terrain Attributes. Soil Science Society of America Journal, 64(6), 2046. doi:10.2136/sssaj2000.6462046x 

Hall, M., Young, D. L., & Walker, D. J. (1999). Agriculture in the Palouse : Diversity. University of Idaho Extension, BUL794, 1–20. 

Liu, W. Z., Hunsaker, D. J., Li, Y. S., Xie, X. Q., & Wall, G. W. (2002). Interrelations of yield, evapotranspiration, and water use efficiency from marginal analysis of water production functions. Agricultural Water Management, 56(2), 143–151. doi:10.1016/S0378-3774(02)00011-2 

Sanford, W. E., & Selnick, D. L. (2013). Estimation of Evapotranspiration Across the Conterminous United States Using a Regression With Climate and Land-Cover Data 1. JAWRA Journal of the American Water Resources Association, 49(1), 217–230. doi:10.1111/jawr.12010 

Fischer, G., Shah, M., Tubiello, F. N., & van Velhuizen, H. (2005). Socio-economic and climate change impacts on agriculture: an integrated assessment, 1990-2080. Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 360(1463), 2067–83. 

doi:10.1098/rstb.2005.1744 

R Core Team (2013). R: A language and environment for statistical computing. RFoundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.org/. 

Rew, R. K., G. P. Davis, and S. Emmerson, NetCDF User's Guide, An Interface for Data Access, Version 2.3, April 1993. 

Rew, R. K. and G. P. Davis, "NetCDF: An Interface for Scientific Data Access," IEEE Computer Graphics and Applications, Vol. 10, No. 4, pp. 76-82, July 1990. 

“Wheat Facts 2008-2009” Washington Wheat Commission, 2009. 

Evapotranspiration plays a large role in agricultural practices.  In cropping systems, simultaneous evaporation and 

transpiration occur in varying degrees, with variation largely based on the amount of solar radiation that reaches the 

cropping surface (Allen et al, 1998).  As a crop grows, its’ crop canopy changes with development, and, as such, variably 

limits the amount of solar radiation reaching the surface.   With accurate climatic variables, elevation, and crop type – an 

overall crop evapotranspiration value can be calculated – and then compared to observational crop yield values.  This study 

aims to examine this relationship of evapotranspiration and crop yield across the Inland Pacific Northwest (IPNW). 

 

The study area for this effort is known as the Palouse region of Eastern Washington and Western Idaho (Figure 1).  The 

region is typically dominated by medium to large scale agricultural practices - growing spring and winter wheat, barley, 

lentils, peas, garbanzo beans, and smattering of other crop types (Hall et al, 1999).  Wheat is the predominant crop for the 

region, with the area producing over 10% of the nation’s wheat yields.  Whitman County additionally ranks consistently as 

the #1 wheat production county in the United States (Winter Wheat Facts, 2008-2009). 

 

Project Goals 

Given our proposed research statements, the specific goals of this study were to: 

1. Develop a modular technology architecture for climatic analysis and data integration; 

2. Test the usage of the above architecture by calculating reference evapotranspiration (ET) rates across the entire study 

area.  The Penmen-Monteith equation was been selected, due to its incorporation of crop variability thru the use of a 

crop coefficient (Allen et al, 1998); and 

3. Compare historical cropping yield rates with ET rates for the area within the study area.  Are there significant 

correlations that would allow for effective inferences about future crop yield? 

 
 

Hypothesis: What are 
the effects of 

evapotranspiration on 
the stages of growth 
for winter wheat and 
spring wheat, across 

multiple years 

Evapotranspiration 

Crop Yield 

Data Preparation, Processing, and Analysis 

 

Data preparation includes the collection of all the 

climate and crop datasets for the time period, 

evaluation of the accuracy and precision of the data, 

and working with the data to ensure that it is fit to use 

for calculation and analysis purposes. 

 

The climate input datasets were in netCDF format 

(Rew and Davis, 1990, Rew and Davis, 1993), with 

yearly dataset containing variables for latitude, 

longitude, day, and a singular climatic variable.  No 

manipulation was needed for the input data values or 

column headers, and each netCDF file was read 

directly into the R statistical package. 

Climatic Response Data Repository 

Framework 

Figure 5 – Above: Distributions of crop yield for 2012 and 2013 for winter and spring 

wheat, across the Inland Pacific Northwest (Painter and Donlan, 2012) 

 

Figure 6 – Right: Split Plot ANOVA design to examine the variation of ET by crop 

stage, across all locations. 

As part of this study, climatic parameters (temperature, 

humidity, wind speed, solar radiation) were acquired in 

order to calculate evapotranspiration for each day, for 

each cell location (Abatzoglou, Brown, 2011).  In 

addition, observational crop yield values were acquired 

(Painter, Donlan, 2012) across the Palouse for 2012 and 

2013 – winter wheat and spring wheat (Figure 4). 

 

We are categorizing our time variable in crop 

development stages (1-4), which correspond to a 

particular number of days within the seasonal growing 

cycle for winter or spring wheat By using these crop 

stage categories, we can use a mixed design model 

(both analysis within stages and between locations) to 

examine the variance of evapotranspiration between 

locations and within stages across a particular location. 

 

For this study, we used the Penman-Monteith equation for 

calculating Reference Evapotranspiration (ETo) (Allen et al, 

1998). 

 

Development of Climatic Response Data Repository Framework 

 

The proposed effort will develop grouping of technology frameworks to estimate climatic response variability.   The strategies 

that will be used to build out these frameworks include: 

 

Modularity.  The intention of the proposed framework is to allow components to be reused, and combined with other 

technology structures; 

Reusability.  The proposed frameworks will be developed with the explicit intent to enable their re-use and potential re-

deployment in a different location; 

Mesh-network functionality.  A key component of the proposed frameworks is the ability to enable node to node interaction 

between deployed frameworks; 

Open Access.  An important aspect of this effort is ensure that all technologies developed are built upon open source 

methods, and are freely available. 

 Data Preparation 

and Processing 

For this study, crop yield values were acquired thru survey 

efforts conducted by University of Idaho researchers Kate 

painter and Hilary Donlan (Painter and Donlan, 2012) 

 

The climatic response data repository framework (CRRF) will outline a 

proposed data architecture that will work in an integrated fashion with 

other developed modeling and geoprocessing frameworks.   

 

Data methodology for preparing, transforming and 

organizing data for study effort 

 

Initial Results and Interpretations 

 

Evapotranspiration values were calculated for 2007-2011, for each day, for every cell within the study area extent.  

Overall, values ranged from near 0 to 60 millimeters per day (mm/d), with a expected normal distribution that aligns with 

the standard seasonal variations. 

 

To further examine evapotranspiration values, we explored the distribution of ETo across 2007, in comparison to the input 

climatic variable distributions (Figure 8).  Overall, ETo values for 2007 across this study area are less distributed in cooler 

months (November, December, January, February), and more distributed in warmer months, as noted in Figure 8.   

 

To further compare evapotranspiration across the breadth of the dataset, we examined the distribution of ETo across all 

years (2007-2011) for three specific dates (April 1st, August 1st, and December 1st) (Figure 9).  We found the same 

seasonal pattern of low ETo values for cooler month and higher values for warmer months.  In addition, we saw some 

variations across the years for each date – with 2009 being an interesting year with lower ETo values for cooler months – 

as compared to other years within the 2007-2011 range. 

 
 

 

 

Figure 3. The Feekes and Zadoks growth stage scales 

for winter wheat (citation) 

 

Figure 2. Crop Evapotranspiration  (citation) 

 

 

 

 

 

The climatic response data repository framework 

approach will build out a modular statistical and 

data model to evaluate climatic response 

variations over time and location.   The CRF will 

utilize: 

 

• Python for overall framework structure 

• R statistical package for dynamic statistical 

interactions 

• RApache – a R-integrated Apache web server 

• OpenCPU – a HTTP API that allows integration 

between R and Javascript, for web server 

analytic deployment in a web environment 

 

 

Figure 4. Overview of the study area, with winter wheat 

and spring wheat locations delineated.  The 

background raster is minimum temperature for 2011. 

 

Figure 1. Study Area 
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