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There is 0.5% difference in water use 
between SIS fields and all fields 
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Field Study Category Estimated Population 
Percentage 

Estimated Sample Size 
to Meet Sample Design Actual Sample Size 

SIS Program 17.9% 44 1,286 

SIS Non-Program 9.3% 23 40 

Non-SIS 72.9% 183 182 

Total 100.0% 250 1,508 

The study had a robust sample 
 

Sample Size: Goal vs Achieved 

Presenter
Presentation Notes
Talking Points: We ended up meeting or exceeding our sample size targets for all of the field study categories, except for the non-SIS fields. The non-SIS target was not achieved because the research team had to exclude 35 fields due to the grower deciding to do SIS, the grower tampering with the equipment, or the equipment malfunctioned. We ended up getting more SIS fields than we needed because the irrigation consultants provided the research team with an near census of the SIS program fields. 
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Field Study Category Water Use Ratio 

SIS Program 0.760 

SIS Non-Program 0.945 

Non-SIS 0.730 

General Market 0.755 

All field study types used less than the 
water requirement, on average 

Results by Field Study Category 

and 
Non-SIS fields used 
the least amount of 
water, on average 

Presenter
Presentation Notes
Talking Points: These are the results by field study category
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Metric SIS Program General Market 

Water Use Ratio 0.760 0.755 

% Water Reduction 0.5% 

Absolute Precision ± 2.53% 

90% Confidence Bounds -2.1% 3.0% 

Everyone used less water than the 
requirement, and looked similar to each other 

Presenter
Presentation Notes
Talking Points: These are the results by field study category





90% 
CONFIDENCE LEVEL 

+/- 2.53%  
ABSOLUTE PRECISION 
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We have high 
confidence in the 

results 

Presenter
Presentation Notes
Talking Points: The research team designed the sample to target results that would allow it to discern a 10% difference between the water use ratio of the SIS program fields and the general market at the 90% confidence level (two-tailed), assuming a coefficient of variation (CV) of 0.80 and a representative sample. The research team achieved an absolute precision of ± 2.53%



Fields not using SIS used 68% of the water 
requirement for high management, and 76% 

for low/medium management 
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Low/Medium 
Management 

High 
Management 

Category Water Use Ratio Water Use Ratio 

SIS Program 0.791 0.727 

SIS Non-Program 0.844 1.040 

Non-SIS 0.760 0.683 

Total 0.772 0.731 

Presenter
Presentation Notes
Talking Points: The results by crop management type are shown for informational purposes only. We did not end up sampling based on crop management type because statistically we wouldn’t have enough sample points to say something at the confidence level that we want. We would have needed 125 high management non-SIS points and that wouldn’t be possible because it’s assumed that 70% of crops are low management and 30% are high management. 
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Low/Medium Management High Management 

Category SIS Program General 
Market SIS Program General 

Market 

Water Use Ratio 0.791 0.772 0.727 0.731 

% Water Reduction 1.9% 0.5% 

Absolute Precision ± 3.84% ± 3.77% 

90% Confidence Bounds -2.0% 5.7% -3.3% 4.2% 

Which is why there isn’t much of a 
difference 

Presenter
Presentation Notes
Talking Points: The results by crop management type are shown for informational purposes only. 
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We sliced and diced the 
data numerous ways 
and the answer never 

changed. 
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How we defined the SIS region 
15 

Presenter
Presentation Notes
Talking Points: We didn’t have a dataset of all the fields in the Columbia River Basin. The solution was to work with the utilities to draw the boundaries.  We drew a boundary in the Columbia River Basin using utility Ventyx maps. 



How we generated a random sample  
within the boundary 

16 

Presenter
Presentation Notes
Talking Points: We wanted to ensure our study sample was random, large enough to meet the sample design, and representative of the population. 

The team used the area-based sampling approach where random points are generated within a polygon. Navigant generated random sample points within a defined layer on a map using the ArcGIS Sampling Design Tool. The ArcGIS Sampling Design Tool provided latitude and longitude coordinates of selected sites with the associated utility (based on the utility area shapefiles from Ventyx).
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735 
FIELDS 

IDENTIFIED 

Presenter
Presentation Notes
Talking Points: We identified 735 fields on irrigated land. The randomly generated sample points were located on various types of land, (e.g., roads, rivers, buildings, agricultural land, and forest service land). Because not all sampled points would qualify for the study, Navigant started with a large number of initial sample points (100,000 points) to ensure the irrigation consultants had a sufficient number of fields to recruit into the study. Reasons include: some fields may not be on irrigated agriculture land, no contact information available, non-response.
 



@ 

Consultants identified contact  
information for 719 fields  
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Presenter
Presentation Notes
Talking Points: The irrigation consultants reviewed each point (based on the random order the point was pulled in ArcGIS). Of the 735 sample points on irrigated land, in the Columbia River Basin boundary, and assigned to a BPA utility, the consultants identified contact information for 719 points.

Weakness: The points could be biased based on who the consultants knew. Navigant tried to alleviate that by exchanging the list amongst all the consultants, so that they all worked with each other to fill the gaps.



Non-SIS 

SIS Non-Program 

SIS Program 

Categorized  
the 719 fields  
into 3 groups: 
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Presenter
Presentation Notes
Talking Points: 
SIS Program Fields: Collected data via irrigation consultants from approximately a census of the fields that participated in BPA’s 2016 SIS program. Leveraged the data that the irrigation consultants currently collect for SIS participant fields. This eliminated the need for a separate site visit to SIS participant fields to achieve the desired data collection thresholds for this study. 
SIS Non-Program Fields: At the conclusion of the growing season in November of 2016 both IRZ and ProAg sent the data for the SIS non-program fields, along with the completed waivers from those growers. Two fields dropped out of the original group of 42 fields because the grower switched from SIS non-program to non-SIS partway through the growing season, but this did not compromise the results because Navigant only needed 19 SIS non-program fields to meet the confidence and precision targets for that stratum.
Non-SIS fields: Navigant partnered with IRZ and ProAg to install equipment in 182 non-SIS fields during the 2016 growing season to determine how much water the crops received from the irrigation system. 







The sample size of each group was… 
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Needs Design 

The sample size of each group was… 

SIS Program  
Fields 

SIS Non-Program  
Fields 

Non-SIS  
Fields 

44 
TARGET 

1,286 
ACHIEVED 

23 
TARGET 

40 
ACHIEVED 

183 
TARGET 

182 
ACHIEVED 

250 FIELDS TARGETED 1,508 FIELDS ACHIEVED 

Presenter
Presentation Notes
Talking Points: The sample size of each group was… 
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Non-SIS 

SIS Non- 
Program 

SIS  
Program 

How Data  
was Collected 
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@ 

Presenter
Presentation Notes
Talking Points: 
SIS Program Fields: Collected data via irrigation consultants from approximately a census of the fields that participated in BPA’s 2016 SIS program. Leveraged the data that the irrigation consultants currently collect for SIS participant fields. This eliminated the need for a separate site visit to SIS participant fields to achieve the desired data collection thresholds for this study. 
SIS Non-Program Fields: At the conclusion of the growing season in November of 2016 both IRZ and ProAg sent the data for the SIS non-program fields, along with the completed waivers from those growers. Two fields dropped out of the original group of 42 fields because the grower switched from SIS non-program to non-SIS partway through the growing season, but this did not compromise the results because Navigant only needed 19 SIS non-program fields to meet the confidence and precision targets for that stratum.
Non-SIS fields: Navigant partnered with IRZ and ProAg to install equipment in 182 non-SIS fields during the 2016 growing season to determine how much water the crops received from the irrigation system. 







Collecting water applied data for  
the entire growing season was crucial 

23 

Presenter
Presentation Notes
Talking Points: It was crucial to measure the water applied to the fields for the entire duration of the growing season due to the high variability of when water is applied and how much water is applied throughout the growing season. Also, there is high variability in when growers turn on the based on the crop type, therefore the research team was in constant communication with the growers to ensure that our metering equipment was installed before the water turned on. 



Category Sample Points 

Fields identified on irrigated land 735 

Fields with contact information 719 

Fields recruited and confirmed in study (installed, non-SIS fields only) 206 

Fields with usable data (non-SIS fields only) 182 

From Recruitment to Field Work 

24 

Presenter
Presentation Notes
Talking Points: The team installed equipment only in the non-SIS fields. We installed equipment on 206 fields. Not every site in the study produced useable data (e.g., equipment failure, the grower tampering with equipment, farming equipment damaging our metering equipment, etc). 
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What We Did Onsite 
25 

1 Interview Customer 

2 Install Equipment 

3 Take Photo 

4 Record Water Use 

5 Record Measurement 

6 Remove Equipment 

7 Get Growing Cycle Dates 

Presenter
Presentation Notes
Talking Points: When on-site the irrigation consultants…



Methods of 
Collecting Data 

Presenter
Presentation Notes
Talking Points: We used various methods to collect the data. 



Tipping Rain Gage 
27 

Presenter
Presentation Notes
Talking Points: The most prevalent was the tipping rain gauge.





28 

Pressure Gauge 
28 

Presenter
Presentation Notes
Talking Points: Another method we used to collect the data was the pressure gauge.




Issues Encountered 
During Field Work 

Presenter
Presentation Notes
Talking Points: There are various issues we encountered during field work. We highlight a few on the next few slides:




Tipping rain gauge base stations  
weren’t working 
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! NOT  
WORKING 

Presenter
Presentation Notes
Talking Points: There are various issues we encountered during field work. We highlight a few on the next few slides:

Issue: At the beginning of the study we experienced issues with the tipping rain gauge base stations, which connect the data logger to the computer so the field techs can launch the loggers and extract data from the loggers.  This was a big deal because we needed to be in the field for the entire growing season therefore there was a big push to get the equipment installed before the first drop of water. We had to install backup equipment in 3 fields for the first week while we sorted this issue out.  





Tipping rain gauges knocked  
over and destroyed 

31 

Presenter
Presentation Notes
Talking Points: Another issue we encountered:

Issue: Within the period of a week, two tipping rain gauges got knocked over and destroyed by a spray truck in the same field.  This highlights the highly vulnerable nature of where the equipment was installed because many people move in and out of the field throughout the growing season.
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Grower tampered with equipment 
32 

Presenter
Presentation Notes
Talking Points: Another issue we encountered:

Issue: When the field tech went to go read out a tipping rain gauge site they found the top of the rain gauge to be 10 feet away from the tipping rain gauge bucket.  This highlights the tampering of equipment by the grower and the wind blowing off the top of the tipping rain gauge.





BAD HEADER ERROR 

Many issues with loggers  
resulted in data loss  
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! ! ! ! ! 

Presenter
Presentation Notes
Talking Points: Another issue we encountered was data loss. 

Issue: One of the loggers stopped logging because it was full of data. We did not capture one weeks’ worth of the logging period. Highlight – technique issues with loggers that were out of our control that resulted in data loss 

Issue: When downloading the data from one of the tipping rain gauges the field tech got an error saying “bad header error.” 

Issue: A tipping rain gauge never recorded any events, despite there being irrigation and rainfall events. 

Issue: The tipping rain gauge was recording irrigation and rainfall events for the first month and then it stopped recording data after the first follow-up visit.  Highlight – data loss that was out of our control. Loggers either stopped working or never worked
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Equipment went missing  
34 

Presenter
Presentation Notes
Talking Points: Another issue we encountered was equipment going missing, which resulted in having to drop 10 fields from the study. 

Issue: Equipment went missing during cuttings or harvests because multiple teams were moving through the fields, and it is hard to track down who took the equipment. The reason why the equipment can go missing during harvest is because farming equipment comes through the field, which can result in things in the field getting knock over or grabbed up by the farming equipment if it has not been removed prior to harvest.  Highlight – Had to drop ~10 fields due to equipment going missing during harvest 
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Real-time QC 
35 

2 

3 

4 

5 

Presenter
Presentation Notes
Talking Points: Quality control was a priority for this study. We did a number of things to ensure the data was accurate before and during the study:

The field forms had a built in QC that only allowed data entry of certain number ranges. There was also QC checklists as part of every field form. 
Navigant QC’d the submitted field forms in the iPad data collection software on the morning after the site visit.
Data automation (see charts – the software automatically created charts of the data for easy QC visuals): 
Navigant rode along with an irrigation consultant from each company for the first couple of visits, and debriefed with all of the irrigation consultants to discuss observations. 
Navigant had weekly check-in meetings with all of the irrigation consultants conducting field monitoring for the study to discuss any issues with the study and any questions regarding the protocol. 
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3 2 1 4 
4 Steps to Analyzing Data 
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Presenter
Presentation Notes
Talking Points: The data analysis consisted of four main steps. The first step involved calculating the water requirement for each field in the study using outputs from the AgWeatherNet irrigation software and the irrigation consultant’s software. The second step involved determining the actual water applied to a field using the methods we described earlier. The third step calculated and compared the water usage ratio for each field study category and the general market, which is the water applied divided by the water required. Finally, the last step involved calculating the percent savings between the SIS program and the general market.

Notes: 
The water applied data was a combination of gross water applied and net water applied so we had to convert everything to net water applied (i.e., water hitting the crop). For example, the tipping ran gauge measures net, therefore we didn’t have to make any adjustments but the pressure gauge measures gross (before losses from evaporation, wind, etc) therefore we needed to convert the net water applied to gross (same scale) by assuming application efficiencies from the RTF SIS calculator. 

The source for the water applied varied in terms of whether it included rainfall or it did not. For the purposes of the analysis we only wanted the water hitting the crop from the irrigation system therefore if the water applied included rainfall we subtracted it out. For example, the tipping rain gauges recorded irrigation and rainfall, which required us to subtract out the rainfall. 



Determine the  
water requirement  
for each field  

38 

1 

Presenter
Presentation Notes
Talking Points: The research team used a combination of WSU’s AgWeatherNet software and the irrigation consultants’ proprietary software to determine the water requirement for each field. AgWeatherNet uses key growing cycle dates, crop type, weather station, and soil type to calculate daily outputs for each field.  Due to the large volume of fields that needed to be analyzed, the research team developed code to access the AgWeatherNet API to more easily calculate the field level outputs without having to manually enter each field into the software. 

The research team sent the irrigation consultants the daily reference evapotranspiration and precipitation outputs from AgWeatherNet for all 1,508 fields. The irrigation consultants then multiplied the daily reference evapotranspiration values by their daily crop coefficients to get the daily crop evapotranspiration for each field. The irrigation consultants then summed up the daily crop coefficients for a given field to get the season crop evapotranspiration for each field. This sum is equal to the water required by the crop by either irrigation or rainfall. The irrigation consultants sent the research team a spreadsheet with the seasonal crop evapotranspiration values for each field and the research team then subtracted the seasonal precipitation from the seasonal crop evapotranspiration. This resulted in the seasonal water required by the field from the irrigation system only. 



Determine the  
water applied  
for each field  

39 

2 

Presenter
Presentation Notes
Talking Points: The research team used a combination of sources for the water applied for each field. For the non-SIS fields, the research team installed equipment in 182 fields for the duration of the 2016 growing season to measure the amount of water applied to the crop by the irrigation system. For the SIS program fields and SIS non-program fields, the research team submitted a data request to the irrigation consultants at the end of the growing season and they provided water applied data for each field, as well as the inputs needed for the water requirement calculation. The research team collected close to a census of the SIS program fields, which was far more than the sampling requirement of 44 fields. The research team collected data for 40 SIS non-program fields, which was higher than the sample requirement of 23 fields. The research team conducted a test with the 2015 SIS program data so that in 2016 the irrigation consultants were comfortable with the data request process and were aware of the expectations for data quality. 

Weakness: There were multiple organizations measuring the actual water use with potential variances in the methodology. The research team accounted for this by mirroring the data collection approach for the non-SIS fields to what the irrigation consultants do for the SIS program and SIS non-program fields.







 
Calculate the water  
use ratio for each field  
study category and  
the general market 
 
 

40 

3 

Presenter
Presentation Notes
Talking Points: The research team calculated the water use ratio for each of the three populations in the general market (SIS program, SIS non-program, and non-SIS) by taking the sum of the water applied and dividing by the sum of the water required for all fields in each field study category. The research team calculated the water use ratio of the general market by multiplying the water ratio of each field study category by the percentage of the general market that the field study category represents and then summing the weighted water use ratios for all of the field study categories. 73% of the population is non-SIS, 18% is SIS program, and 9% is SIS non-program therefore the general market water use ratio was more heavily impacted by the non-SIS fields.





Calculate the savings 
between the general 
market and the SIS 
program fields 
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4 
SIS savings = water use ratio for the general  
market – water use ratio for the SIS program fields  

Presenter
Presentation Notes
Talking Points: The final step involved calculating the percent water reduction from the SIS program by subtracting the water use ratio of the SIS program fields from the water use ratio of the general market fields. 




Identified  
Missing Data  

Compared Data to 
Ensure Consistency 

Identified Outliers  
in the Data  

Verified 
Assumptions  

1 2 3 4 
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QC Process 
42 

Presenter
Presentation Notes
Talking Points: In additional to the day to day field level QC that the research team did throughout the field work, the research team also did a high level of QC once all of the data was collected
Identified outliers in the data and consulted with the irrigation consultants (e.g., key growing dates, water applied numbers, acreage)
Identified missing data points in the SIS program data (acreage, key growing dates, crop types, etc) 
Compared the SIS program and SIS non-program data with the non-SIS data to ensure consistency
Verified assumptions made by the irrigation consultants for the SIS program data to ensure a consistent approach between all of the fields 



C O N T A C T  

Carrie Cobb 
clcobb@bpa.gov 
503.230.4985 
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