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Presenter
Presentation Notes
Today, we are talking about a project that was funded by the Mississippi Soybean Promotion Board to study the costs and benefits of on-farm water storage systems. My name is Mary Love Tagert, and I would like to acknowledge all of the people who have worked on this project: my co-PIs Joel Paz and Brian Williams and graduate students Ritesh Karki, Domena Agyeman, and Juan Pérez-Guitiérrez. 
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Overview
• Background
• On-Farm Water Storage (OFWS) Systems
• Part A: Benefits – Objectives, Methods, 

Results
• Part B: OFWS Systems as a Tool to Reduce 

Risk – Objectives, Methods, Results
• Conclusions

Presenter
Presentation Notes
I will begin by reviewing what an on-farm water storage system is, and then I’ll discuss some of the benefits of these systems. Dr. Williams will talk about the economics of on-farm water storage systems and how they can reduce risk. 
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Background
1. Degradation of water quality:

• Nitrogen, phosphorus and sediment are the major causes of impairment in 
Mississippi surface waters.

• Elevated levels of nutrients can lead to eutrophication.

• Development of hypoxic zones, loss of amenities provided by surface water.

2. Irrigation needs:
• Mississippi receives an average 56 (1,422 mm) inches rainfall annually, but 70% of 

total precipitation is during the winter and spring months.

• Less rainfall during the growing season; periodic drought

• East Mississippi – mostly Dryland Production, high cost of drilling wells due to 
depth to reach water.

Presenter
Presentation Notes
The 2016 Mississippi Water Quality Assessment report showed that nutrients and sediment are the two biggest causes of impairment in assessed streams. At the same time, we know that agriculture is the no 1 revenue-generating industry in Mississippi. Excess nutrients in surface waters can lead to eutrophication and development of the Gulf hypoxic zone. We also know that rainfall during the growing season is becoming less reliable, and we have also experienced periodic droughts. So we need to irrigate to maintain and increase yields. However, in the MS Delta, the shallow Alluvial Aquifer is being pumped faster than it can recharge. And in Northeast MS, it is usually not cost effective to irrigate with groundwater because the depths of the aquifer are much greater, making it more expensive to drill a well. 

Black Warrior river aquifer – 200 ft depth
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On-Farm Water Storage 
(OFWS) System

An OFWS system is an agricultural BMP consisting of a tailwater recovery 
ditch and/or storage pond with the goals of reducing downstream nutrient 
loads and providing water for irrigation.

General designs of  OFWS Systems: East Mississippi (left) Mississippi Delta (right).

Presenter
Presentation Notes
An on-farm water storage system is a unique best management practice, or BMP, that provides duel benefits. They have significant sediment and nutrient reduction benefits and also supply water for irrigation. Systems usually have a tailwater recovery ditch and/or a storage pond, depending on where in the state they are located. Their design varies according to topography. In East MS, where the landscape has more slope, we frequently see levees and terraces that direct water from agricultural fields to the storage pond. In this part of the state, most irrigation is by center pivot, so here systems are capturing water from storm runoff events. In the Mississippi Delta, most on-farm water storage systems are installed on farms with precision levelled fields and have a storage pond and a tailwater recovery ditch that can capture both stormwater runoff and tailwater runoff from furrow-irrigated fields. We first started seeing these systems in the Mississippi Delta around 2010, and most systems in the Delta were built with funding assistance through the NRCS- MS River Basin Healthy Watersheds Initiative, which has a goal of reducing downstream nutrient runoff to the Gulf of Mexico. More recently, we are seeing on-farm water storage systems in East Mississippi, where they are typically privately funded.  Despite the interest in these systems, there has been very little published information about them.
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Part A, Benefits: Objectives
1. Evaluate OFWS systems for downstream sediment and 

nutrient loading control. 

2. Quantify surface water provided by the OFWS system for 
irrigation.

3. Determine if commercial fertilizer application can be 
reduced because of the nutrient load in recycled water 
used for irrigation.

4. Evaluate alternative management practices to reduce 
nutrient and sediment loading.

Presenter
Presentation Notes
As a result, we hoped to accomplish four things through this project. The first was to evaluate OFWS systems for downstream sediment and nutrient loading control through a monitoring approach. Second, we wanted to quantify the amount of surface water that could be provided by the OFWS system for irrigation. We also wanted to determine if a producer could reduce their commercial fertilizer application because of the nutrient load in the recycled water used for irrigation. Finally, we used a watershed model, AnnAGNPS, to evaluate the effects of different management practices on reducing nutrient and sediment loading, but we won’t discuss those results in this presentation, due to time constraints.
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Site Description
• Located 22 miles southeast of Starkville 

in Noxubee County in the AL and MS 
Blackland Prairie.

• In the Middle Tombigbee-Lubbub
Watershed.

• Major crops: Corn and soybean.

• Annual precipitation in the region: 54 
inches (1,372 mm).

• Fall fertilizer application.

• Conventional tillage.

• An OFWS system constructed in 2012.

• OFWS system storage pond: 17 surface 
acres (6.8 hectares),  25 ft (7.6m) deep at 
deepest point. OFWS system in East Mississippi.

Field A

Field B

Presenter
Presentation Notes
For this project, we monitored a site in the Blackland Prairie region of East Mississippi, in the Middle Tombigbee-Lubbub Watershed. Corn and soybean were the major crops grown, and the site was conventionally tilled, with a fall application of poultry litter. This region of the state receives 54 inches of rainfall annually, with most of this occurring in the winter and early spring. The study site has an on-farm water storage system that was built in 2012, is about 25 ft. deep at its deepest point, and covers 17 surface acres. 
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Site Description
• Drainage area: 111 acres (45 hectares).

– Portions of three fields drain to the 
pond.

– Two sub-watersheds.

– Only northern most watershed 
monitored for this study.

• Pond feeds 3 center pivot irrigation 
systems and irrigates approx. 339 acres 
(137.2 hectares).

OFWS system in East Mississippi.

Field A

Field B

Presenter
Presentation Notes
The drainage area for the storage pond includes portions of three fields and two sub-watersheds. Field A was planted in Corn, and Field B was rotated between Corn and Soybean.
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Methods: Monitoring System
A. Storm runoff samples:

• Collected using ISCO 6712 automated portable sampler.
• Installed at the outlet of the monitored sub-watershed.
• Sample collection: event based on uniform time spacing.
• Triggered when a runoff depth of 7.62 mm was measured in the 

drainage channel.
• Analyzed for soluble and particulate forms of N and P, and 

sediment.
• Runoff depth and flow was monitored: 750 Area Velocity Flow 

Module attached to the sampler.

B. Grab samples from the OFWS system storage pond:
• Collected every 21 days.
• Also analyzed for soluble and particulate forms of N and P, and 

sediment.
• In-situ measurements for pH, DO, and conductivity were also 

taken.

ISCO 6712 portable sampler for collecting     
runoff samples.

OFWS system storage pond.

Presenter
Presentation Notes
Storm samples were collected to evaluate the nutrient and sediment concentrations in storm runoff draining into the pond. Storm samples were collected with an ISCO automated water sampler installed at the outlet of the monitored sub-watershed, and collection was triggered when a runoff depth of 7.62 mm was present in the channel. Samples were analyzed for soluble and particulate nitrogen and phosphorus, as well as sediment. 

We also collected grab samples from the pond to evaluate nutrient and sediment concentrations in the pond. Grab samples were collected every 3 weeks during the growing season and every 6 weeks during the off-season. We wanted to look at how storm concentrations at the edge of the field compared to concentrations in the pond.
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Methods: Monitoring System
C. Grab samples from the irrigation system:

• Grab samples were collected from the 
west center pivot during irrigation events 
and analyzed for soluble and particulate 
N and P.

• Nutrient levels in the irrigation sample 
were compared to samples taken from the 
OFWS storage pond on the same day.

D. Weather Data (Watchdog 2900 ET):

• Precipitation, wind speed, air temperature, 
relative humidity, and solar radiation every 
15 minutes.

E. Water Use Data:

• IM3000 magnetic flowmeters on all three 
center pivots. IM3000 magnetic Flowmeter.Watchdog 2900 ET weather station.

Center pivot irrigation system in the study site.

Presenter
Presentation Notes
Grab samples were collected directly from the center pivot irrigation system during irrigation events, to get a better understanding of the nutrient levels being recycled when runoff water is stored and reapplied to the field during an irrigation event. 
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Results from Storm 
Runoff Samples

Presenter
Presentation Notes
Now I’ll discuss the results from our edge of field runoff samples. The site was monitored for 22 months and had a total rainfall of 2132.8 mm (about 84 inches) over this time period. For the first year of the study, storm runoff samples were collected between Oct and May, and in the second year, from Oct to Feb.  ( 7 sample events were captured in the 1st year, 4 in the 2nd year).
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Results: Total Nitrogen
Total Nitrogen 

(fall 2014 – spring 2015)

Total Nitrogen 
(fall 2015 – spring 2016)

• Site was monitored for 22 months 
(6/2014 – 3/2016).

• Most runoff events in the winter 
and spring season.

• Highest nitrogen concentrations: 
Fall runoff events.

• Lowest nitrogen concentrations: 
Late spring runoff events.

• Fall application of poultry fertilizer.

• Trend of decreasing nitrogen 
concentration from fall to spring.

Presenter
Presentation Notes
The highest TN and nitrate concentrations were seen in the early fall runoff, and the lowest nitrate and TN concentrations were detected in the late spring runoff. There was a relatively big difference between the highest and lowest concentrations. The highest TN concentrations were 22.4 mg/L on Nov. 16, 2014 and 44.4 mg/L on Oct. 31, 2015. The highest nitrate concentrations in storm runoff samples were on the same dates, measuring 84.6 mg/L on Nov. 16, 2014 and 179 mg/L on Oct. 31, 2015. This trend is most likely a result of a fall application of poultry litter fertilizer, making fall rainfall events critical to downstream water quality.
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Results: TKN and Ammonia
• TKN concentration in the first runoff 

event was significantly higher than in 
the remaining storm events captured.

• Fall application of poultry litter fertilizer 
is likely the reason for high TKN 
concentrations in fall.

• Ammonia concentration in the same 
runoff captured was much lower.

• Organic nitrogen was the major 
constituent of TKN rather than 
ammonia.

• In Fall 2015 - spring 2016, TKN 
concentration in the first runoff event 
was much lower than in fall 2014 –
spring 2015, and TKN concentrations 
stayed around 2 mg/L during the second 
year of the study

Presenter
Presentation Notes
The highest concentration of TKN (which was 11.7 mg/L) was in the first runoff event on Oct. 13, 2014 in Year 1, while the highest TKN concentration during the rest of the Year One study period was only 3.9 mg/L. Ammonia concentrations in the same samples were much lower. Then, in the fall of 2015 through the spring of 2016, TKN concentrations stayed around 2 mg/L for all four measured events during Year Two of the study period.
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Results: Dissolved Phosphorus
• Highest DP concentrations: Fall 

runoff events.

• Lowest DP concentrations: Late 
spring runoff events.

• Relatively small range of difference 
between high and low 
concentrations

• Poultry litter fertilizer application 
could be the reason for higher DP 
concentrations in early fall runoff 
events.

DP 
(fall 2014 – spring 2015)

DP 
(fall 2015 – spring 2016)

Presenter
Presentation Notes
While the range of difference was relatively small between the highest and lowest dissolved phosphorous concentrations for each year of the monitoring period, dissolved phosphorous concentrations trended from higher in the fall to the lowest in the spring. Total phosphorous concentrations showed no observable trend, and concentrations remained below 1.5 mg/L during Year One and below 4 mg/L during Year Two.  The runoff event with the highest TP concentration did not coincide with the event with the highest DP concentration.
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Results: TSS

• Higher TSS concentrations in storm runoff events with the higher flow rates.
• Higher flow rate events also had higher measured TP concentration.

Presenter
Presentation Notes
Total Suspended Solids concentration measured as high as 1322 mg/L in a storm runoff event with higher flow rates, but measured much lower in runoff events with lower flow rates, as one might expect. This data shows the importance of slowing the movement of water as it leaves the field, so that it takes less sediment and nutrients with it as it flows off the field. 
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Results from Storage 
Pond Grab Samples

Presenter
Presentation Notes
We also collected routine grab samples from the pond (every 3 weeks during the growing season and every 6 weeks during the off-season) to determine nutrient levels in the pond as compared to the edge-of-field storm runoff samples.
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Results: Nitrate

• Nitrate concentrations were considerably lower than in the storm runoff events captured.
• Lowest concentrations were measured in the fall of each year prior to fall fertilizer 

application and major rainfall events.
• Concentration increased after the fall runoff events, and started decreasing in the spring 

in both years of study.

Presenter
Presentation Notes
Nitrate concentrations in pond grab samples are much lower than in storm samples on corresponding dates, as a result of dilution and denitrification. Nitrate concentration increased after the fall and peaked around april, which matches the rainfall pattern in the winter and early spring. Nitrate concentrations were below 10 mg/L for most of the study period. The good news is that even when the storage pond may have lost water downstream (when at maximum capacity and overflowing around April and May), the nitrate concentration was the same or lower than in the storm runoff events. And when nitrate concentrations were the highest in fall stormwater samples <click>, this was when corresponding concentrations in the pond were the lowest.  Fall is also the driest time of the year, with the least rainfall and typically the lowest water level in the storage pond, so the pond is able to capture and hold fall runoff events that may have high nutrient concentrations.
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Results: Total Nitrogen

• TN followed a similar trend to nitrate.
• Lowest concentrations were measured in the fall of both years of study.
• Concentration in the pond was lower than in the storm runoff events.

Presenter
Presentation Notes
The Total Nitrogen concentration in storm runoff measured up to 45 mg/L on Oct. 31, 2015, so again, we see much lower concentrations in the pond during the fall when we are experiencing higher concentrations at the edge of the field.
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Results: TKN

• Highest TKN concentration measured was 5.31 mg/L on October 9, 2014 which coincided 
with the first runoff event after poultry fertilizer application.

• Unlike 2014, TKN concentration did not increase after poultry litter application and 
runoff events in fall 2015.

Presenter
Presentation Notes
For TKN, concentrations in the storage pond followed the same trend as TKN concentrations in storm runoff samples, with a single peak in October 2014.  In general, TKN concentrations were also lower in the pond grab samples than in the edge of field storm samples.  

The ammonia concentration in the pond was less than 0.1 mg/L for most of the monitoring period, with storage pond concentrations again measuring lower than ammonia concentrations in the storm runoff samples. 
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Results: DP and TP
• DP concentration was below the detection limit of 0.05 

mg/L in 24 of the 29 samples collected and analyzed 
throughout the study period.

• TP was below the detection limit in most samples during 
the growing season in both years of study, but detectable 
in most samples (up to 0.425 mg/L) during the non-
growing season for both years of study.

• DP and TP concentrations in the storage pond were lower 
than the concentrations recorded in the storm runoff 
samples.

Presenter
Presentation Notes
DP concentration was below the detection limit of 0.05 mg/L in 24 of the 29 samples collected and analyzed throughout the study period. TP was below the detection limit in most samples during the growing season in both years of the study, but detectable in most samples (up to 0.425 mg/L) during the non-growing season for both years of the study. DP and TP concentrations in the storage pond were lower than the concentrations recorded in the storm runoff samples, likely due to dilution and settling of sediments.
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Results: Irrigation

• 29.4 million gallons (90.8 ac-ft), 33.6 million gallons (103.4 ac-ft), and 31.4 million gallons 
(96.5 ac-ft) for irrigation in 2014, 2015, and 2016, respectively.

• Irrigated 339 acres each year.

Presenter
Presentation Notes
Over three years, the on-farm water storage system at this site provided 155 acre-feet of water for irrigation applied via center pivot onto 339 acres. One thing to keep in mind is that in this part of the state, surface water is not normally used as a backup supply for groundwater. In this case, the water supplied by the on-farm water storage system is the sole source of water for this farm and must be counted on to provide enough water to irrigate these fields through the entire growing season. With proper planning, these systems can be an effective source of irrigation in East MS and in regions with similar weather like the Mississippi Delta.
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Results: Yield

• Irrigated corn yield was higher by an average of 39, 23, 34, and 59 bushels per acre, in 
2013, 2014, 2015, and 2016, respectively.

• Irrigated soybean yield was higher by an average of 9, 5, and 21, and 12 bushels per acre 
in 2013, 2014, 2015, and 2016, respectively.

Presenter
Presentation Notes
This slide simply shows the importance of irrigation in East MS, with regard to yield increases and profit, even with 54 inches of rainfall annually.
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Results: Nutrient Recycling

Presenter
Presentation Notes
Because the storm runoff samples had relatively high nutrient concentrations and grab samples in the pond showed the presence of nitrate, we wanted to see if the producer’s fertilizer application could potentially be reduced. We found, however, that from four sampling events during an irrigation application, nitrate concentrations in the center pivot samples were lower than nitrate concentrations in corresponding grab samples collected from the storage pond. On the other hand, the ammonia concentrations were much higher in the samples taken from the center pivot. So, although nitrogen is being recycled, the nitrogen levels in the recycled water that is reapplied to the field are insufficient and inconsistent to justify a reduction in commercial fertilizer application. The intake for the center pivot irrigation system is located at the bottom of the pond, where anoxic conditions and the presence of nitrate and organic matter create an ideal environment for denitrification and could be the reason for lower nitrate concentrations in the irrigation water.

Corn nutrient demand: 1.3lbs/bushel, 260 lbs per acre at 200 bushels per acre
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Conclusions from Monitoring
• Nutrient and sediment concentrations in storm runoff samples were considerably 

higher than in grab samples collected from the storage pond, demonstrating how 
OFWS systems can be effective in controlling downstream nutrient and sediment 
loading.

• Even if water is lost downstream through the pond’s overflow pipe when the pond 
is at maximum capacity, nutrient concentrations are considerably lower in the 
pond than in storm runoff events.

• These systems can be an effective irrigation source – 63 million gallons of water for 
irrigation in 2014 and 2015.

• Higher yields were obtained for irrigated acres for both soybean and corn, 
highlighting the importance of irrigation in East Mississippi where OFWS systems 
can be effective.

• Although some nutrients are being recycled, levels in applied irrigation water are 
not high enough or consistent enough to allow a reduction in commercial 
fertilizer application.

Presenter
Presentation Notes
To wrap up our analysis of the benefits of on-farm water storage systems, we’ll summarize conclusions from our monitoring work. We found that nutrient and sediment concentrations in storm runoff samples were considerably higher than in grab samples collected from the storage pond, demonstrating how OFWS systems can be effective in controlling downstream nutrient and sediment loading. Also, even if water is lost downstream through the pond’s overflow pipe, nutrient concentrations are considerably lower in the pond than in storm runoff events. These systems, if properly designed, can supply sufficient water for irrigation – 94 million gallons or 155 ac-ft of water for irrigation from 2014 through 2016. Higher yields were obtained from irrigated acres for both soybean and corn, highlighting the importance of irrigation in East Mississippi. And although some nutrients are being recycled, levels in applied irrigation water are not high enough or consistent enough to allow a reduction in commercial fertilizer application.
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Part B, OFWS as a Tool to 
Reduce Risk: Objectives

Determine net present value of  OFWS over 
the investment period
Determine feasibility of irrigating from an 

OFWS vs. rain-fed production

Presenter
Presentation Notes
We had two main objectives for the economics portion of this project. First, we determine the net present value of an on-farm water storage system over a period of twenty five years. Second, we determined the feasibility of irrigating from an on-farm water storage system when compared to the alternative of rain-fed production without irrigation at all. 
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Study Site and Data
• Site
 Noxubee County, Brooksville, located in the Mississippi Blackland Prairie
 Field size is about 408 acres with about 339  irrigated acres
 Pond size: 17 acres, 25 feet deep
 3 Center pivot irrigation systems 

• Crop prices
 Projected baseline prices

 Food and Agriculture Policy and Research (FAPRI) 
 Futures prices

 Livestock Marketing Information Center (LMIC)
• Noxubee County Crop yields
 Risk Management Agency (RMA)

• Weather 
 PRISM

• Budgets
 From MSU Planning Budgets, 2016

Presenter
Presentation Notes
To conduct this study, we needed to collect information on the study site as well as price, yield, and weather data. 
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Additional Scenarios
• Also looked at typical 80 acre field and 

160 acre field
– Applicable to more producers
– 80 acre- 1/4 mile pivot making a half circle
– 160 acre: 1/4 mile pivot making a full circle 

Presenter
Presentation Notes
In addition to looking at the study site mentioned earlier, we looked at two other scenarios that will likely be typical of an east Mississippi producer. Among those scenarios, we look at an 80 acre field and a 160 acre field. The 80 acre field was assume to have a ¼ mile long center pivot that made a half circle while the 160 acre field has a ¼ mile center pivot that makes a full circle. The size of the reservoir was scaled down so that the reservoir to field size ration was proportionate to that of the study site.
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Methods
• Creating Budgets

– Price*Yield – Costs = Profit

• Mississippi State University Planning 
Budgets
– Assume a Corn/Soybean Rotation

Presenter
Presentation Notes
Once all of the data was collected and the scenarios were created, enterprise budgets were constructed that assume a 50-50 corn-soybean rotation. The 2016 Mississippi State University Planning Budgets were used to estimate the production costs of each crop as well as the cost of operating the center-pivot irrigation system. 
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Methods Continued
• Prices are simulated from historical futures 

market data

• Yields are simulated from de-trended 
historical Mississippi yield data

• Weather is simulated from historical 
Mississippi weather data

Presenter
Presentation Notes
It is nearly impossible to predict markets, yields, or even weather several years into the future. One solution is to simulate these variables to create a distribution of expected outcomes. To simulate prices, we started with projected prices released by FAPRI based out of the University of Missouri. These estimates are often used by legislators when analyzing policy impacts. We use historical futures price volatilities in combination with the FAPRI projected prices to simulate prices.

Yields, precipitation, and the average growing season temperature are simulated from detrended historical Mississippi yield data and historical Mississippi weather data while also taking care that yields are also correlated with weather. In other words, if there is a hot, dry summer; that will be reflected by lower yields.
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The Simulation
• Simulated net returns over 25 years with 

random prices, yields, and weather
– Used to calculate the Net Present Value

• Accumulated over 25 years while accounting for 
the time-value of money (Money is worth more 
now than later.)

• Looked at 80 acre, 160 acre, and 408 acre 
fields

Presenter
Presentation Notes
Once our prices, yields, and weather have been simulated, those values are used to calculate a 25 simulated annual net returns representing a 25-year useful lifespan of the OFWS system. Each year’s net return is then used to calculate the accumulated net present value over those 25 years. We also incorporate an interest rate to account for the time value of money. By doing this, we are giving more weight or importance to outcomes in the early years and less weight to the outcomes in later years. 

This whole process is repeated 1,000 times to create a distribution of net present values representing a range of possible outcomes from investing in an OFWS system.

We also looked at two different scenarios with respect to how the OFWS system was funded. The first is assuming that the system is paid in full up front. The second is assuming that the system was financed over a ten year period with a 5% interest rate.
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Simulated Mean Yields, Temperature, and 
Precipitation

Average
Non Irrigated Soybean Yield 41.7

Non Irrigated Corn Yield 140.2
Irrigated Corn Yield 176

Irrigated Soybean Yield 51.49
Temperature 75

Precipitation (Accumulated 
March – August) 22.8

Presenter
Presentation Notes
This is a snapshot of the average yields, temperatures, and precipitation from our simulation. They are representative of the conditions that would be seen in East Mississippi.
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Net Present 
Value with Up-
Front Payment 

for 80 Acre 
Field

4% 6% 8%
I R I R I R

NI
Mean($) (122) 518 (347) 424 (517) 353 

Min($) (1,537) (2,788) (1,723) (2,245) (1,835) (1,926)

Max($) 1,600 4,141 1,063 3,453 658 2,931 

70%
Mean($) 198 873 (85) 715 (296) 597 

Min($) (883) (604) (1,038) (517) (1,151) (446)

Max($) 1,756 4,068 1,186 3,392 756 2,878 

75%
Mean($) 270 918 (25) 751 (246) 627 

Min($) (739) (455) (915) (395) (1,050) (344)

Max($) 1,808 4,030 1,233 3,359 798 2,850 

80%
Mean($) 331 938 26 767 (296) 641 

Min($) (596) (350) (793) (308) (1,151) (271)

Max($) 1,831 3,957 1,253 3,298 756 2,797 

85%
Mean($) 364 917 53 750 (179) 626 

Min($) (473) (280) (707) (249) (884) (221)

Max($) 1,809 3,849 1,235 3,206 802 2,717 

Presenter
Presentation Notes
Here is a table of results from an 80 acre field with the system paid for up-front. We looked at several scenarios, including three discount rates and five crop insurance coverage levels ranging from no insurance at all to 85% coverage. As you can see in this table, in an 80 acre field, rainfed is always more profitable than irrigation with an ofws system. There are several reasons for this, but the biggest driver is that on an 80 acre field, one would have to pay the full cost of a center pivot but those costs would be spread over fewer acres since it can only make a half circle. 
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Net Present 
Value with Up-
Front Payment 
for 160 Acre 

Field

4% 6% 8%
I R I R I R

NI
Mean($) 376 518 151 424 (18) 353 

Min($) (1,018) (2,788) (1,204) (2,245) (1,317) (1,926)

Max($) 2,062 4,141 1,528 3,453 1,127 2,931 

70%
Mean($) 696 873 415 715 204 597 

Min($) (354) (604) (509) (517) (628) (446)

Max($) 2,228 4,068 1,660 3,392 1,233 2,878 

75%
Mean($) 768 918 474 751 255 627 

Min($) (210) (455) (387) (395) (526) (344)

Max($) 2,279 4,030 1,706 3,359 1,273 2,850 

80%
Mean($) 831 938 526 767 306 641 

Min($) (67) (350) (265) (308) (338) (271)

Max($) 2,302 3,957 1,726 3,298 1,216 2,797 

85%
Mean($) 864 917 554 750 322 626 

Min($) 58 (280) (178) (249) (356) (221)

Max($) 1,809 3,849 1,711 3,206 1,280 2,717 

Presenter
Presentation Notes
We see similar results for the 160 acre field and up-front payments, however the gap between irrigated and rainfed values are much smaller. Something else worth noting here is that the range of outcomes is much smaller for irrigated production than for rainfed production. In other words, irrigated production is less risky. For example, at a 4% discount rate, the minimum value is a loss of $67 for irrigated compared to a loss of $350 for rainfed.
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Net Present 
Value with Up-
Front Payment 
for 408 Acre 

Field

4% 6% 8%
I R I R I R

NI
Mean($) 248 518 22 424 (148) 353 

Min($) (1,156) (2,788) (1,342) (2,245) (1,456) (1,926)

Max($) 1,980 4,141 1,439 3,453 1,032 2,931 

70%
Mean($) 571 873 287 715 75 597 

Min($) (498) (604) (654) (517) (767) (446)

Max($) 2,143 4,068 1,569 3,392 1,136 2,878 

75%
Mean($) 644 918 347 751 126 627 

Min($) (352) (455) (530) (395) (665) (344)

Max($) 2,194 4,030 1,615 3,359 1,177 2,850 

80%
Mean($) 706 938 399 767 170 641 

Min($) (208) (350) (407) (308) (569) (271)

Max($) 2,216 3,957 1,634 3,298 1,195 2,797 

85%
Mean($) 739 917 427 750 194 626 

Min($) (85) (280) (320) (249) (499) (221)

Max($) 2,193 3,849 1,615 3,206 1,179 2,717 

Presenter
Presentation Notes
Again, similar results for the 408 acre study site when the costs of the OFWS system are paid for up-front. This indicates that at least when the costs are paid for up-front, the returns from investing in an OFWS system are lower than the alternative of relying on rainfall. However, an OFWS system is still profitable and does reduce risk.
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Net Present 
Value with 

Financing for 
OFWS on a 160 

Acre Field

4% 6% 8%
I R I R I R

NI
Mean($) 445 518 299 424 203 353 

Min($) (1,053) (2,788) (1,149) (2,245) (1,024) (1,926)

Max($) 2,201 4,141 1,739 3,453 1,399 2,931 

70%
Mean($) 774 873 570 715 427 597 

Min($) (354) (604) (425) (517) (493) (446)

Max($) 2,358 4,068 1,863 3,392 1,497 2,878 

75%
Mean($) 850 918 633 751 480 627 

Min($) (206) (455) (299) (395) (387) (344)

Max($) 2,417 4,030 1,916 3,359 1,545 2,850 

80%
Mean($) 915 938 688 767 527 641 

Min($) (58) (350) (173) (308) (285) (271)

Max($) 2,441 3,957 1,937 3,298 1,565 2,797 

85%
Mean($) 951 917 717 750 552 626 

Min($) 65 (280) (80) (249) (204) (221)

Max($) 2,420 3,849 1,920 3,206 1,551 2,717 

Presenter
Presentation Notes
When the OFWS system is financed over 10 years, we begin to see the differences narrow even more. In one case, at an 85% insurance coverage rate, the OFWS system is more profitable than relying on rain-fed production. Delaying the payment of the OFWS system into future years can take advantage of the concept that money is worth more now than it is in the future.
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CDF at 6% discount rate on 80 acre 
field and OFWS costs paid up-front
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Presenter
Presentation Notes
Here is a graph of all of the outcomes from the simulation using an 80 acre field where the OFWS system costs are paid up-front. Notice the group of lines to the right are all of the rainfed alternatives while the group of lines to the left are the irrigation alternatives with the OFWS system. 
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CDF at 6% discount rate on 160 acre 
field and OFWS costs paid up-front
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Presenter
Presentation Notes
Here is a graph of all of the outcomes from the simulation using a 160 acre field where the OFWS system costs are paid up-front. In this case, the lines get much closer together, however the rainfed alternatives have more upside potential. 
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CDF at 6% discount rate on 160 
acre field and OFWS costs financed
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Presenter
Presentation Notes
Finally, here is a graph of all of the outcomes from the simulation using a 160 acre field where the OFWS system costs are financed over 10 years. In this case, the rainfed alternatives still have more upside potential, but the gap closes even further. The range of outcomes for OFWS also become much steeper. This indicates that while OFWS does have less upside potential, it also comes with much less risk and more consistency than rainfed alternatives.
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What about Cost-Sharing
• Reduced cost of the construction of the 

reservoir
– 20% Cost Share
– 40% Cost Share

• Available from NRCS in Delta, but not in 
Non-Delta Areas

Presenter
Presentation Notes
So far, it seems that in most cases rainfed production is still more profitable than constructing an OFWS system. However, as Dr. Tagert alluded to earlier, an OFWS system brings value in other ways besides simply providing an irrigation water source. An OFWS system also captures nutrients, sediment, and chemicals that would have otherwise ended up in our river system and ultimately in the Gulf of Mexico; contributing to the hypoxia problem there. Because of these added benefits, there is already a program in place in many Delta counties where the NRCS will help producers to cover the construction costs of the OFWS system. 

With that in mind, we incorporated a what-if scenario into our analysis and looked at the potential outcomes if producers would received a 20% and a 40% cost share allowance for the construction of the OFWS system.
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Net Present Value with Cost Share on 
160 acre field and up-front payment

% Cost Share 4% 6% 8%

NI
20 453 (518) 229 (424) 61 (353)

40 530 (518) 306 (424) 139 (353)

70%
20 942 (873) 632 (715) 400 (597)

40 1,018 (873) 709 (715) 478 (597)

75%
20 908 (918) 604 (751) 377 (627)

40 984 (918) 681 (751) 454 (627)

80%
20 846 (938) 552 (767) 333 (641)

40 923 (938) 629 (767) 410 (641)

85%
20 774 (917) 493 (750) 283 (626)

40 851 (917) 570 (750) 360 (626) NPV for Rainfed in parentheses. 

Presenter
Presentation Notes
Here are some of the results when a 20 and 40% cost share are included on a 160 acre field with the cost of the system paid for up-front. At a lower discount rate, OFWS becomes more profitable than rainfed production in several scenarios. 
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Net Present Value with Cost Share on 160 
acre field and OFWS System Financed

% Cost Share 4% 6% 8%

NI
20 523 (518) 370 (424) 191 (353)

40 600 (518) 440 (424) 249 (353)

70%
20 852 (873) 641 (715) 385 (597)

40 928 (873) 711 (715) 443 (597)

75%
20 928 (918) 704 (751) 431 (627)

40 1,004 (918) 773 (751) 489 (627)

80%
20 993 (938) 758 (767) 471 (641)

40 1,069 (938) 827 (767) 528 (641)

85%
20 1,029 (917) 788 (750) 493 (626)

40 1,105 (917) 857 (750) 551 (626) NPV for Rainfed in parentheses. 

Presenter
Presentation Notes
Here are some of the results when a 20 and 40% cost share are included on a 160 acre field with the cost of the system financed over ten years. Under all but the highest discount rate, a cost-share program helps to make an OFWS system feasible when compared to relying on rainfall.
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Conclusions
 Estimated NPV of OFWS depends heavily upon the 

scenario in which it is used
 Costs must be spread out over as many acres as possible

 Maximize efficiency
 Better to take out a loan than to pay upfront
 Lower discount rates are better (depends on alternative)

 Government incentives will make irrigation more attractive
 Cost share program is instrumental

 When combined with crop insurance, OFWS dramatically 
reduces income variability and is an effective risk 
management strategy

Presenter
Presentation Notes
Overall, the feasibility of an OFWS systems relies upon the scenario that is used. First, field size matters. Constructing an OFWS system and the accompanying center pivot irrigation system is a significant investment, and the more acres that investment can be spread over, the better. This lowers the per-acre cost of the system and increases the system’s efficiency.

It is also better to take out a loan for the system than it is to try to pay the cost of the system up-front. Much of this comes down to the idea that more now is better, and spreading the costs well into the future means that they will be discounted.

On a similar note, lower discount rates are better, but the discount rate is dependent upon what alternative investments will look like. If the only alternative is putting money into a savings account then the discount rate will reflect the returns from that saving account. Alternatively, if the alternative is investing in the stock market and receiving a rate of return close to 10%, then the discount rate will be closer to 10%.

Additionally, a cost share program makes a significant difference in the feasibility of an OFWS system by reducing the up-front cost of installing the system without reducing any benefit from the system.

Finally, we found that when used in combination with crop insurance, OFWS systems are an excellent risk management tool. Even in scenarios where the average profitability of an OFWS system is lower than that of rainfed production, the variability in income is dramatically reduced, particularly when it comes to limiting downside risk.
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