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SECTION I. EXECUTIVE SUMMARY

Irrigation is used to increase agricultural crop production, maintain landscapes, support re-
vegetation of disturbed soils, preserve soil structure, suppress dust, and protect plants from cold
or freeze damage. From the perspective of crop insurance, increased crop production and plant
protection are the primary foci. For the purposes of this deliverable, the effect of differing levels
of irrigation on crop production, and particularly the effect of reduction in water application
relative to historical applications, is the focus.

In the production of agricultural crops, irrigation either supplements natural precipitation or
replaces natural precipitation in areas with little or no rainfall. Irrigation supports greater
evapotranspiration in a crop field than would occur if the crop were not irrigated.
Evapotranspiration is responsible for the movement of nutrients throughout the plant, support for
the movement of carbon dioxide into the plant for photosynthesis, and maintenance of the plant’s
temperature. All these contribute to the growth of the plant. In general, more growth ofa crop
plant means a greater yield potential.

Solicitation D13PS59998, Indefinite-Delivery/Indefinite-Quantity (IDIQ) Contractor for Insuring
Irrigation, was issued by the United States (U.S.) Department of Interior (DOI) on behalf of the
United States Department of Agriculture (USDA) Risk Management Agency (RMA). The
solicitation identifies the objective of the IDIQ contract overall as “to conduct research and
analysis regarding irrigation policy for potential crop insurance program development.”’

The Solicitation for the second Task Order (TO 2)* of the IDIQ contract calls for a first
deliverable focusing on data collection related to insurance of irrigated crops under Federal Crop
Insurance Corporation (FCIC) yield-based plans of insurance (including yield-based revenue
plans). TO 2 also calls for an outline of recommended policy and procedures modifications to
those yield-based crop insurance products to appropriately address changes in the amount of
irrigation water applied to insured irrigated acreage. This document represents the deliverable to
fulfill these requirements.

From year to year, the amount of irrigation water applied to each acre of commercial irrigated
cropland may vary substantially. The amount applied is affected by the crop being produced; the
amount of natural precipitation; temperature and wind; changes in water supply; management
practices (e.g., tillage practices and planting times); and the irrigation technology being used.
The amount of water a producer chooses to apply is also affected by economic decisions the
producer makes related to the cost of applying irrigation water (whether these costs are for the
water itself or the delivery of the water) and the potential revenue from the crop produced.

The FCIC insurance documents do not define “irrigation.” They do, however, define “Irrigated
Practice,” and frequently use this term in describing insurance offers and loss adjustment. An
“Irrigated Practice” is defined in the Basic Provisions and the Crop Insurance Handbook (CIH)
as:

1'U.S. DOL, 2013, Solicitation Number D13PS59998, pages 1, 3, and 10.
2 U.S. DOL, 2013, Solicitation D14PD00062 under IDIQ contract D13PC00032, pages 6, 8 and 9.
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A method of producing a crop by which water is artificially applied during the
growing season by appropriate systems and at the proper times, with the intention
of providing the quantity of water needed to produce at least the yield used to
establish the irrigated production guarantee or amount of insurance on the
irrigated acreage planted to the insured crop.>*

The reader should note this definition does not require the producer to maximize the yield. The
definition only requires the producer to follow management practices intended to achieve the
insured yield by “providing the quantity of water needed to produce at least the yield used to
establish the irrigated production guarantee or amount of insurance on the irrigated acreage
planted to the insured crop.”

The Solicitation introduces two new definitions related to the effects of reducing the amount of
irrigation on insurance for commercial crops which are grown under an irrigated practice. The
definitions for “Efficient Irrigation” and “Limited Irrigation” refer respectively to applying less
irrigation water to an insured crop than was historically applied that will “likely not result” and
will “likely result” in lower actual yields than “the average yield for the irrigated practice for that
location.” Another way to say this is “Efficient Irrigation” involves applying less irrigation
water to an insured crop than was historically applied yet likely results in a yield at least equal to
the average yield for the irrigated practice for that location. “Limited Irrigation” occurs when
applying less irrigation water than was historically applied yet most likely results in a yield lower
than the average yield for the irrigated practice for that location.

The distinction between Efficient and Limited Irrigation is especially important when
considering policy and procedures modifications to crop insurance programs to address
appropriately any changes a producer makes in the management practices used for insured
irrigated acreage. In the first case, changes are not required other than those that recognize
Efficient Irrigation as an acceptable management practice under the definition of Irrigated
Practice. This may include refinement of the definition of Efficient Irrigation. In the case of
Limited Irrigation, if the crop is to be insured as irrigated, changes are required first so that
insurance of the crop with an Irrigated Practice is allowed and then so the crop is neither insured
with a higher than appropriate liability nor with an incorrect trigger for an indemnity payment;
which may necessitate adjustments to expected yield.

The Contractor considered publicly available data from government and private sources that
could support appropriately modifying the policy and procedures for crop insurance for irrigated
crops when the producer uses Efficient or Limited Irrigation. The publicly available data include
in the USDA National Agricultural Statistics Service (NASS), RMA, state irrigation survey, and
published research data. NASS data reviewed included aggregate data published in the NASS

3 USDA, RMA, 2013, 2014 Crop Insurance Handbook (FCIC 18010), page 512.

* It should be noted that although there is a single definition for Irrigated Practice, for 2015, crops that are insured as irrigated are
insured under 182 different practice codes. The different codes incorporate other elements of the management, such as the
organic practice, tillage, and planting period.
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2007 Census of Agriculture (Census)’ as well as data available from Quick Stats, and the Census
Farm and Ranch Irrigation Survey (2008)° (FRIS). The published research data are primarily
useful in confirming the assumption that the amount of water available for evapotranspiration is
correlated to the yield as long as no other factors are limiting production. Published data are
useful in identifying locations where crops are produced under irrigation and identifying major
commodity crops and yields of those crops from surveys. The only reports of the amount of
water applied per acre are in the FRIS and in some state survey reports. However, the Contractor
found no reports where both yield and amount of water applied were documented for production
crops in a time series at any finer level than for whole states.

The Contractor reviewed and analyzed the RMA insurance experience data at the level of the
insured to assess the potential contributions of these data to developing recommendations for
modifications to policy and procedure. The focus of this research was on Type P11 (acreage
reports), Type P15 (yield reports), and Type P21 (production loss reports).” While the RMA data
include information about the number and location (i.e., county) of insured irrigated acres as well
as reports of irrigated yields, they contain no information about the amount of irrigation water
applied. RMA data are the only data available to identify the states, counties, crops, and acreage
of the insured irrigated crops. The Contractor’s research on RMA data focused on crop years
2003 and 2008 (the crop years reported in the most recent FRIS reports), 2007 (the crop year
reported in the most recent Census available for inclusion in this deliverable at the time the
research effort was begun), and 2012 (the most recent crop year with a relatively complete
insurance experience record). The RMA data show about 90 crops insured as irrigated, with
slight variations in that number from year to year. Almost every state has at least one insured
irrigated crop each year.

The Census reports 922,095,840 acres of land on U.S. farms. Of this land in farms, 406,424,909
acres (approximately 44 percent) are in cropland. A total of 317,013,499 acres were either
harvested or had “failed or abandoned” crops. The remaining cropland acres were used for
pasture, were idle, were in cover crops, or were in summer fallow. The Census reports that
56,599,305 irrigated acres were harvested in 2007, representing about 17.8 percent of the planted
cropland that year (13.9 percent of total cropland acres).

The Census also reports 222,267,817 acres “enrolled” in FCIC insurance programs administered
by RMA.® The RMA database shows approximately 31 million acres insured under irrigated
practice codes in 2007. Consequently, the cropland used to produce insured irrigated crops
accounts for slightly less than 3.5 percent of the land on farms in the United States; about 8
percent of the total NASS-reported U.S. croplands; and less than 15 percent of the FCIC reported

The 2012 Census of Agriculture U.S. Summary and State Data and State and County Data Online Reports were released on
May 2, 2014. The Contractor reviewed these reports to verify that the conclusions reached concerning the utility of the Census
of Agriculture data were not changed. However, time constraints prevented updating all the Tables, Appendices, and files
before the delivery date of this report.

® USDA NASS, 2009, 2007 Census of Agriculture: Farm and Ranch Irrigation Survey (2008).

The Contractor includes records in the predecessor Type 11, 15, and 21 records when using this newer record naming system.
FCIC’s Summary of Business reports 271.6 million net acres insured in 2007. The difference between the net acres reported by
FCIC and the 222.3 million acres reported by the Census is due to insured acres of pasture and rangeland and inclusion of net
acreage of insured trees and of the fruits of those trees separately in the RMA Summary of Business.
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insured acreage. This implies a crop insurance participation rate for irrigated lands of
approximately 55 percent.

The Contractor reviewed state irrigation surveys to see if these reports might provide useful
information for developing modifications to crop insurance policy and procedure regarding
Efficient and Limited Irrigation. The state surveys available are not particularly useful because
of the infrequency of collection, limited sample size, and substantially different data collection
methods between states and between years within a state. Few of the surveys have yield data.
Most of the data are focused on extraction of water from reservoirs, rivers, and aquifers. These
surveys focus on hydrology rather than agricultural production.

The FRIS reports on estimated yields for 18 irrigated crops and the estimated average amount of
water applied to these crops by various irrigation systems at the state level.” State-level data
have a coarser level of granularity than the data that are normally used for establishing crop
insurance parameters. The Contractor also assessed respondent-level (unpublished) data at the
NASS Data Lab. These data were obtained by queries to the FRIS survey database documenting
the survey responses. These data revealed no strong correlation between the amount of
precipitation and the amount of irrigation water applied. Some producers apply more irrigation
water per acre when there is more precipitation, especially in areas where surface waters are the
primary source of water for irrigation. This behavior reflects a drive to maximize the potential
production. Some producers apply less irrigation water per acre when there is more
precipitation, especially in areas where ground waters are the primary source of water for
irrigation. This behavior reflects a drive to reduce costs of producing the crop.

Between 2003 and 2008, there were relatively few substantive changes in the amounts of water
applied per acre at the state level. There were substantially greater applications of water by
efficient methods in 2008 than in 2003. Data for the 2013 FRIS survey should be available
sometime in October 2014. Publication of these data was delayed by the 2013 government
shutdown.

The Contractor explored precipitation data to understand better the relationship of annual
precipitation to the amount of water used for irrigation. Most weather datasets are incomplete
and many cover a relatively short period. Gridded precipitation values and cleaned, filled, data
are available commercially. The Contractor used data extracted from a proprietary dataset built
from National Oceanic and Atmospheric Administration (NOAA) data that is cleaned, filled, and
backcast for analysis. Not surprisingly, the amount of precipitation in a given location varies
from year to year. Geographically, that variability is itself quite variable (either as an empirical
or relative value), as is the average precipitation.

Just as the amount of natural precipitation is highly variable from region to region, so is the
amount of water applied for irrigation. This is evident in a review of the FRIS data. In some
areas, when precipitation is abundant, the amount of water used for irrigation (generally from
surface sources) is high. In other areas, particularly those with ground water sources for
irrigation, when precipitation is high, the amount of applied irrigation water is lower. However,

% Ibid. Tables 27 and 28.
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these patterns are highly variable from crop to crop, from region to region, and even within a
region. Testimony suggests that when water is limited, or when the cost of water is particularly
high, the most valuable crops get watered first with remaining water going to lesser valued crops.
In other words, producers behave as rational “economic” decision makers.

In gathering input from stakeholders, the Contractor identified 20 changes in irrigation
management practices that would support Efficient Irrigation. Though not all can be applied
concurrently, it is conceivable that a very substantial change in the amount of water needed to
achieve the Approved Yield could be realized over the period required to establish an Approved
Yield. As rational economic decision makers, many insureds who produce crops under an
Irrigated Practice have been implementing changes as needed to achieve Efficient Irrigation.
The USDA, extension offices, other state entities, seed companies, irrigation supply companies,
and private consultants have provided educational material related to irrigation and water
conservation for commercial producers.

Water Board records are not generally useful for a wide-ranging analysis of farm-level
phenomena. Relatively few water rights are allocated at the crop insurance unit level. Most are
allocated at the farm level. Some are allocated at the water board or district level. Consequently,
the best data available for the purposes of analyzing water applied to a unit are those maintained
by the producer. Some producers indicated they maintain these records only as long as required
(i.e., three years under the Irrigated Practices Guidelines).'”

The Irrigated Practices Guidelines provided to producers insuring crops on irrigated land outline
the types of data a producer is required to maintain and the expected duration of the maintenance
period. Data on irrigation water applied are maintained by the producer under these guidelines to
support adjustment of insurance claims. Since the crop, soil characteristics, weather, and
changes in technology (i.e., method of application, timing of application, etc.) all affect the
amount of water required for an “Irrigated Practice,” an analysis of the yield per amount of
applied water on a unit is only possible by using a combination of the yield data already in the
RMA database and the data maintained by the producer under the Irrigated Practices Guidelines.
Considering that many producers have already been practicing Efficient Irrigation, both the scale
of'an analysis along these lines and the lack of an approach to appropriately address the changes
in irrigation technology already implemented make such an analysis infeasible. In addition, such
an effort would require clearance by the Office of Management and Budget for the conduct of a
survey. Even if this clearance were sought, the probabilities of a successful effort most likely are
low because producers are required to keep records pertaining to the insured crop only for a
period of three years after the end of the insured crop year. This period of time may not be
sufficient to identify any trends or patterns.

However, the Contractor believes sufficient data are available in the RMA database, producer
records, and weather datasets to construct a meaningful insurance approach to address Efficient
Irrigation and Limited Irrigation. The simplest approach will be to use yield data for the
irrigated crops from the annual yield reports entered into the Data Acceptance System (DAS) by
the Approved Insurance Providers (AIPs), while providing the producer with additional guidance

10 USDA, RMA, 2013, Document and Supplementary Standards Handbook (FCIC-24040-02 (02-2013), page 146ff.)
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on sufficient irrigation records so appropriate underwriting and loss adjustment for Efficient
Irrigation and Limited Irrigation can be achieved. This must be done in a manner that does not
impose greater respondent burden than the agency presently is allowed, or more respondent
burden hours under the Paperwork Reduction Act will be required. The weather data are
required to obtain a measure of how much water in total has been available to the crop
historically and will be available to the crop under the Efficient Irrigation and Limited Irrigation
scenarios.

To implement Efficient and Limited Irrigation policies and procedures, definitions for “Efficient
Irrigation” and “Limited Irrigation” need to be provided in the CIH. The definition of Irrigated
Practice must be refined to permit gradations of amounts of water applied relative to the amount
applied to establish the insurance guarantee. Successful Efficient Irrigation requires changes in
management practices. The Contractor proposes that such changes can be any of the Efficient
Irrigation techniques identified in this report. These techniques were identified primarily in
conversations with extension specialists and producers and in irrigation reports published by the
National Institute of Food and Agriculture (NIFA)/Cooperative State Research, Education, and
Extension Service (CSREES) supported extension programs. Some of these irrigation water
conservation techniques are described by the Natural Resources Conservation Service (NRCS)
on their website. Documentation by the producer of implementation of approved techniques to
obtain Efficient Irrigation will be required by the underwriting. AIPs and insurance agents will
need appropriate Efficient Irrigation underwriting guidelines.

However, some reductions in the amount of irrigation water available and/or intended to be
applied to an acre are too large for Efficient Irrigation to be possible. The current insurance
procedures provide the producer two options when the Irrigated Practice, as defined, cannot be
followed for all the historically irrigated acreage: insure fewer acres as irrigated (applying the
historical amount of water per acre to the reduced acreage) or insure the acreage as non-irrigated
(if that option is available for the county) in spite of the fact that some irrigation water will be
applied.

The Contractor believes a relatively simple, Limited Irrigation/reduced Approved Yield
approach can be implemented. However, implementing this approach requires acceptance of
several assumptions, including:
e Smaller changes in the amount of water applied to an acre can be offset by modifications
in management practices to produce Efficient Irrigation;
e There is a limit to the efficiencies than can be realized by Efficient Irrigation; and
e Over an appropriate range of values of irrigation water applied, the reduction in yield
under Limited Irrigation is linearly correlated to the proportion of the historical water
available to the crop.
Consideration of any reduction in irrigation water available or anticipated to be applied too large
to support the assumption of Efficient Irrigation will require additional work by the agent and
AIP. However, the vast majority of the insured acreage is not irrigated. The vast majority of the
insured irrigated acreage is irrigated as required under the Irrigated Practice definition. Some of
this acreage will be irrigated with an amount of water essentially the same as the amounts
applied historically. Some has been maintained under an Irrigated Practice by implementing
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Efficient Irrigation. Consequently, recognizing Efficient Irrigation in RMA’s policies and
procedures will appropriately recognize current farming practices.

The offer of a Limited Irrigation approach then provides the small number of insureds who are
faced with a substantially limited supply of irrigation water three options to address their risk
management rather than the current two. These are:

e [Irrigate and insure as managed under an Irrigated Practice a smaller number of acres than
have been irrigated historically (sometimes with the possibility of receiving Prevented
Planting indemnities for the acreage that is not irrigated that might otherwise have been);

e Insure the acreage that is irrigated with substantially less water than was used historically
as non-irrigated (if the practice is accepted for the crop in the county); or

e Choose a Limited Irrigation Approved Yield to address the reduction in irrigation water
anticipated to be available or to be applied to the irrigated acreage.

None of these options is intended to be punitive. Instead they are intended to provide an insured
whose irrigation inputs are known to be limited at the time the insurance attaches alternatives in
choosing the appropriate management practices for the operation and appropriate risk
management tools, without creating opportunities for beneficial gain.

The Contractor believes properly addressing Efficient Irrigation along with the current
procedures for addressing a reduced irrigation water supply will be the best approach. Itisa
change that will be accepted by insureds. It is a change that recognizes current farming
practices. Furthermore, the current procedures allow a case by case decision to provide a
reduced Approved Yield if that is the option the insured would prefer. Implementing Limited
Irrigation nationwide for all crops is unlikely to resolve any issues that currently exist and is
likely to create problems that do not now exist.
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SECTION II. INTRODUCTION

On October 18, 2012, the U.S. DOI issued a combined synopsis/solicitation on behalf of the
USDA RMA for an IDIQ contract addressing “research and analysis regarding irrigation policy
for potential crop insurance program development.”'' The solicitation provided background for
the respondents. Some of that text is included below to provide the reader with context for this
report.

Throughout the United States there are areas where the amount of irrigation
water available to producers can vary from year to year.... Many producers
already face reductions from their historical water use, or will in the future.... As
a result, the RMA is evaluating the feasibility of establishing a limited irrigation
guarantee for producers who apply less water than their irrigated guarantee is
based on.

Current crop insurance policies and procedures require a producer to timely
apply the quantity of water needed to produce 1) at least the yield used to
establish their production guarantee or, 2) the amount of insurance for the
irrigated acreage planted to the insured crop. Producers who intend to apply less
water have the following options:

o Apply the amount of water needed to produce the irrigated production
guarantee or amount of insurance on a reduced number of acres and
report the remaining acres as nonirrigated, or

o Apply less water to the total acreage and report the total acreage as non-
irrigated.

RMA has worked with several interested parties to develop a reliable estimate of
the expected reduction in yield corresponding with the intended reduction of
applied water used to reduce a producer’s fully irrigated production guarantee to
a limited irrigation production guarantee, but still be consistent with an irrigated
production practice.

This was intended to help growers better understand the potential trade-off they
face between irrigation and production, and provide them with an additional tool
for their crop management decisions. The model was developed only for corn and
soybeans in a limited number of specified counties in Colorado, Kansas and
Nebraska. [The model provided a basis for adjusting] the approved APH yield
reflecting [language] in 3(h)(3) of the Common Crop Insurance Policy and
Section 18E of the Crop Insurance Handbook."”

While irrigation is used to increase plant growth, maintain landscapes, help re-vegetate disturbed
soils, protect plants from cold or freeze damage, preserve soil structure, and suppress erosion
from wind, the focus of irrigation in this report is on its use to increase commercial crop
production as compared to production that occurs without the application of water by the

"1U.S. DOI, 2013, Solicitation Number D13PS59998, pages 1.
12 U.S. DO, 2013, Solicitation Number D13PS59998, pages 9-10.
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producer. The Solicitation for TO 2 of the IDIQ contract calls for a report focusing on data
collection related to insurance under FCIC yield-based plans of insurance for commercial crops
grown under an irrigated practice. These plans include Yield Protection (01), Revenue
Protection (02), Revenue Protection with Harvest Price Exclusion (03), and Actual Production
History (90) (APH). TO 2 also calls for an outline of recommended policy and procedures
modifications to those insurance programs to appropriately address changes in the amount of
irrigation water applied to insured irrigated acreage.

The term “Irrigated Practice” is defined in the Common Crop Insurance Policy Basic Provisions
as:
“A method of producing a crop by which water is artificially applied during the
growing season by appropriate systems and at the proper times, with the intention
of providing the quantity of water needed to produce at least the yield used to
establish the irrigated production guarantee or amount of insurance on the
irrigated acreage planted to the insured crop.”"”

The Area Risk Protection Insurance Policy (ARPI) Basic Provisions contains a similar

yet distinct definition of Irrigated Practice:
“A method of producing a crop by which water, from an adequate water source,
is artificially applied in sufficient amounts by appropriate and adequate irrigation
equipment and facilities and at the proper times necessary to produce at least the
(1) yield expected for the area; (2) yield used to establish the production
guarantee or amount of insurance/coverage on the irrigated acreage planted to
the commodity, or (3) producer’s established Approved Yield, as applicable.
Acreage adjacent to water, such as but not limited to a pond, lake, river, stream,
creek or brook, shall not be considered irrigated based solely on the proximity to
the water. "

A primary difference between the two definitions is the recognition that ARPI insurance
offers are not based on individual yields but rather on area yields. Hence, the
requirement that sufficient water be applied to produce at least the yield expected for the
area. In practical terms, if the irrigated ARPI offer is based on NASS data, this requires
that the producer seek to achieve the county average yield. Conditions 2 and 3 apparently
reflect introduction of the trend adjustment option, under which the “yield used to
establish the production guarantee” and the “producer’s established Approved Yield”
differ because the Approved Yield based on APH procedures is increased by the trend
adjustment process. However, the definition does not state that the “higher of” applies.
This definition presumably is the definition of Irrigated Practice that will be proposed
whenever the current Basic Provisions (11-BR) is revised. The Contractor notes this
definition does not differ in conceptual underpinnings relative to the definition currently
contained in the Basic Provisions.

13 USDA, RMA, 2010, Common Crop Insurance Policy: Basic Provisions (11-BR), pp. 3-4, with the same language appearing in
05-BR for policies on crops harvested before the 2011 crop year.
14 Federal Register Volume 78, Number 123 (Wednesday, June 26, 2013).
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The reader should note that neither definition of irrigated practice requires the producer to seek
to maximize the yield. Thus, producer A might irrigate with the intention of providing the
quantity of water needed to produce at least 200 bushels per acre (the yield used to establish the
irrigated production guarantee or amount of insurance on the irrigated acreage), while his
neighbor, producer B, might irrigate with the intention of providing the quantity of water needed
to produce at least 180 bushels per acre (the yield used to establish the irrigated production
guarantee or amount of insurance on the irrigated acreage). This difference could result from
innumerable factors, including an economic decision by producer B that attempting to produce
180 bushels of production will provide higher net revenues than by attempting to produce a
higher yield. The difference in expected yield for these similarly situated growers is explicitly
considered in the determination of their premium rates.

FCIC crop insurance programs do not require what the scientific literature calls “full irrigation.”
This term is used to describe the amount of irrigation needed to support maximum
evapotranspiration. Full irrigation is applying sufficient irrigation water so a factor other than
the amount of soil water limits the growth and productivity of the plant and therefore of the crop.

A producer insuring a crop grown under an Irrigated Practice is free to follow whatever
management practices make the greatest economic sense in his/her situation. The requirement of
the definition of Irrigated Practice is the producer must have the intention of providing irrigation
sufficient to result in a yield at least equal to the yield on which the production guarantee is
based. The Irrigated Practice Guidelines'” contained in the Document and Supplementary
Standards Handbook, introduce the idea that the producer should have “reasonable expectations,
at the time coverage begins, of receiving adequate water to carry out a good irrigation practice.”
“Reasonable expectation” is then defined by excluding from a reasonable expectation: if “the
insured knew or had reason to know that the amount of his/her irrigation water may be reduced
before coverage begins.” Prevented planting indemnities are introduced as a potential risk
management strategy for producers who have no reasonable expectation of receiving adequate
water for irrigating the number of acres normally planted to produce an irrigated crop.

The Contractor noted the insurance documents do not always speak of “the” irrigated practice
but rather of “an” irrigated practice. RMA insures crops grown under irrigated practices under
13 plans of insurance (Table 1). Ofthese plans, only the Yield Protection, Revenue Protection,
Revenue Protection with Harvest Price Exclusion, and APH plans address a producer’s
Approved Yield in establishing a guarantee, and if appropriate, an indemnity. Yield affects
annual revenue used in the Actual Revenue History (ARH) insurance. In the 2014 insurance
offers, 182 practice codes are included as Irrigated Practices (Appendix A, Tables Al and A2).
The Contractor considered the applicability of these practice codes by insurance plan, crop, and
type. Yield Protection, Revenue Protection, Revenue Protection with Harvest Price Exclusion,
and APH plans are the principal focus of the remainder of this report.

'S USDA, RMA, 2013, Document and Supplementary Standards Handbook, (DSSH), (FCIC-24040-02, 02-2013), pp. 146-
149.
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Table 1. FCIC Plans of Insurance providing offers of Insurance for Crops Grown
under an Irrigated Practice for the 2015 Crop Year

Code Plan
01 Yield Protection
02 Revenue Protection
03 Revenue Protection with Harvest Price Exclusion
04 Area Yield Protection
05 Area Revenue Protection
06 Area Revenue Protection - Harvest Price Exclusion
40 Tree Based Dollar Amount Of Insurance
41 Pecan Revenue
47 Actual Revenue History
50 Dollar Amount Of Insurance
51 Fixed Dollar
55 Yield Based Dollar Amount Of Insurance
90 Actual Production History
Source: The Contractor’s Research department after RMA’s 2014 Actuarial Data Master
(2014)

For 2014, RMA offers coverage for 75 crops grown under the Irrigated Practice and insured with
one of the approved-yield-based plans (Table 2). RMA also offers coverage for 8 of these crops

under other plans (Table 3) and as well as for 13 crops that are not covered under an approved-

yield-based plan.

Table 2. Crops Grown under an Irrigated Practice and Insured under at Least One
of the FCIC Approved-yield-based Plans of Insurance

Crop Crop Crop
Alfalfa Seed Fresh Market Beans Potatoes
All Other Grapefruit Fresh Market Tomatoes Processing Apricots
Almonds Fresh Nectarines Processing Beans
Apples Grain Sorghum Processing Cling Peaches
Avocados Grapefruit Processing Freestone
Barley Grapes Prunes
Blueberries Grass Seed Pumpkins
Buckwheat Green Peas Rice
Burley Tobacco Late Oranges Rio Red & Star Ruby
Cabbage Lemons Ruby Red Grapefruit
Canola Macadamia Nuts Rye
Comn Mandarins/Tangerines Saftlower
Cotton Millet Sesame
Cotton Ex Long Staple Mint Silage Sorghum
Cucumbers Mustard Soybeans
Cultivated Wild Rice Oats Sugar Beets
Dry Beans Olives Sugarcane
Dry Peas Onions Sunflowers
Early & Midseason Oranges Sweet Corn
Oranges
Figs Peaches Sweet Potatoes
Flax Peanuts Table Grapes
Flue Cured Tobacco Pears Tangelos
Forage Production Pistachios Tomatoes
Fresh Apricots Plums Walnuts
Fresh Freestone Peaches Popcorn Wheat
Source: The Contractor’s Research department after RMA’s 2014 Actuarial Data Master
Use or disclosure of information or data 11 Risk Management Agency

contained on this sheet is subject to the
restrictions on the title page of this report.

Order No: D14PD00062



\
WR&A Crop Insurance Division
Data Gathering Analysis and Outline of Proposed Policy and Procedures Modifications Report A Division of Warrs and Associates Inc.

~

Table 3. Crops Grown under an Irrigated Practice and Insured under
an FCIC Plan of Insurance not based on a Producer’s Approved Yield'

Crop Crop Crop

Cherries Fresh Market Tomatoes Oranges
Chile Peppers Grain Sorghum Pecans
Corn Grapefruit Trees Peppers

Cotton Hybrid Corn Seed Soybeans

Forage Production Hybrid Sorghum Seed Strawberries
Forage Seeding Macadamia Trees Tangerine Trees

Fresh Market Sweet Corn Orange Trees Wheat

Source: The Contractor’s Research department after RMA’s 2014 Actuarial Data Master
! Crops in bold are also insured under at least one Approved-Yield-based plan.

In 2012, FCIC insured at least 1 irrigated crop in 49 of the 50 states (Appendix B). The
remaining state, Rhode Island, had no insured irrigated crops in 2012, but has had insured
irrigated crops in the past.

The Solicitation introduces two definitions addressing irrigation of commercial crops grown
under an irrigated practice:
Efficient Irrigation - A method of producing a crop by which less water is
artificially applied during the growing season by appropriate systems and at the
proper times than the quantity of water that was used to establish the irrigated
approved APH yield, that will likely not result in lower actual yields than the
average yield for the irrigated practice for that location.

Limited Irrigation - A method of producing a crop by which less water is
artificially applied during the growing season by appropriate systems and at the
proper times than the quantity of water that was used to establish the irrigated
approved APH yield, that will likely result in lower actual yields than the average
yield for the irrigated practice for that location.'®

Limited Irrigation was first proposed as a defined FCIC term in the IDIQ solicitation.'” The
definitions for “Efficient Irrigation” and “Limited Irrigation” refer to applying less irrigation
water to an insured crop than was historically applied that will “likely not result” and will “likely
result” in lower actual yields than “the average yield for the irrigated practice for that location,”
respectively. The distinction between Efficient and Limited Irrigation is especially important
when considering policy and procedures modifications to address appropriately changes in the
management practices used for insured irrigated acreage. In the case of Efficient Irrigation,
modifications to the policy and procedures are not required other than those that recognize
Efficient Irrigation as an acceptable management practice under the definition of Irrigated
Practice. In the case of Limited Irrigation, if the crop is to be insured as irrigated, changes are

16.S. DO, 2014, Task Order D14PD00062 under IDIQ contract D13PC00032, Page 6.

17U.8. DOI, 2013, Solicitation Number D13PS59998, on page 7 defines Limited irrigation as “A method of producing a crop by
which less water is artificially applied during the growing season by appropriate systems and at the proper times than the
quantity of water that was used to establish the irrigated production guarantee or amount of insurance on the irrigated acreage
planted to the insured crop.”
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required so the crop is neither insured with a higher than appropriate liability nor with an
incorrect trigger for an indemnity payment.

The background material provided by RMA in the IDIQ solicitation and cited at the beginning of
this introduction shows existing policies and procedures do not address the differences in
expectation between producing a crop under Efficient Irrigation and producing a crop under
Limited Irrigation. Efficient Irrigation under the proposed definition could be construed as one
form of management under the current definition of the Irrigated Practice. Limited Irrigation
could not be interpreted this way.

Irrigation is used in the production of crops either to supplement natural precipitation or to
replace natural precipitation in areas with little or no rainfall. Irrigation supports greater
evapotranspiration than would occur if the land were not irrigated. Evapotranspiration is a
measure of the loss of water from the surface of the Earth through a combination of evaporation
from the soil and transpiration from plants. Evapotranspiration is responsible for movement of
nutrients throughout the plant; support for the movement of carbon dioxide into the plant for
photosynthesis; and maintenance of the plant’s temperature. The movement of mineral nutrients
throughout the plant supports both cellular metabolic processes and maintenance of turgor. The
first is required for cell growth and cell division. The second is required to maintain the upright
stature of the plant. Carbon dioxide is required for photosynthesis. Without an adequate supply
of photosynthetic sugars, a plant will metabolize stored sugars. The result is a plant that shrinks
rather than grows. Excessive temperatures have many deleterious effects on plant growth and
metabolism. Thus, sufficient evapotranspiration is essential to plant growth and consequently to
crop production.

Nonetheless, from year to year, the amount of irrigation water applied to each acre of
commercial irrigated cropland may vary substantially. The amount applied is affected by the
crop being produced; the amount of natural precipitation; temperature and wind; changes in
water supply; management practices; and the irrigation technology being used. It is important to
note all these parameters may affect a producer’s decisions about the amount of water required to
obtain an optimum economic outcome. These producer decisions in turn affect the actual yield
realized that contributes to the development of an Approved Yield. The definition of Irrigated
Practice accommodates the variability in the amount of irrigation water applied to each acre of
commercial irrigated cropland each year. What is less well accommodated is the reduction in
water intended to be applied under Efficient Irrigation.

The NASS 2007 Census of Agriculture (Census) reported 922,095,840 acres of land on U.S.
farms. Of this land on farms, 406,424,909 acres were in cropland. The Census also reported
222,267,817 acres “enrolled” in FCIC insurance programs administered by USDA RMA. The
RMA database shows 30,822,581 of those acres insured under irrigated practice codes in 2007.
Consequently, the cropland used for insured irrigated crops accounts for about 8 percent of the
total NASS reported U.S. croplands and slightly less than 3.5 percent of the land on farms in the
United States.

From an examination of the FRIS data, the Contractor has concluded a very small proportion of
cropland insured under an Irrigated Practice was likely managed under Efficient Irrigation during
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any one of the years between 2003 and 2008. However, testimony from producers and extension
specialists suggests that proportion was likely higher during the years between 2008 and 2013.
NASS has distributed the FRIS survey questionnaires for 2013, but has not completed the
analysis of the responses, so quantitative verification of this testimony cannot be made at this
time. The Contractor estimates it is likely producers implement new Efficient Irrigation
techniques on less than 3,000,000 acres of cropland insured under an Irrigated Practice in any
given year. The number of acres affected by Limited Irrigation is undoubtedly much smaller.
The strongest drivers of Limited Irrigation are administrative actions and disappearance of
irrigation water supplies. In the listening sessions, producers expressed substantial concern
about water rights for urban and suburban development taking precedence over long-standing
rights for agriculture.

The IDIQ Solicitation identifies the “objective of the IDIQ [Indefinite Delivery/Indefinite
Quantity] contract overall [as] to conduct research and analysis regarding irrigation policy for
potential crop insurance program development.”'® The TO 2 Solicitation identifies the
“objective of the second task order under the IDIQ as “to obtain a detailed report that
[documents] further analysis of any issues/obstacles that need to be resolved in order for the
Contractor to implement nationwide for all crops their recommended approach contained in
option 3a from Watts” Task Order 1, Deliverable 2.”'° Option 3a calls for maintaining the
existing irrigation policy and procedures but changing the definition for the Irrigated Practice so
the definition focuses on all management practices collectively [i.e., Efficient Irrigation] that are
required to obtain the Approved Yield.

Furthermore, the TO 2 Solicitation calls for the Contractor to “explore the possibility of a limited
irrigation break point where, within a range of reduced irrigation, there is the potential to not
obtain the irrigated approved APH yield even with the reasonable utilization of other production
management practices and there should be a yield reduction which would result in an approved
APH yield less than the irrigated practice but greater than the non-irrigated practice yield.”*

The Contractor is also asked to consider if Limited Irrigation should be a separate third practice
and “consider Option 7 elements for yield reduction function modeling, or any other feasible
yield reduction functions to adjust the irrigated approved APH yield for reduced irrigation.”*'

The following sections address, in order: Section III. Regional Study Areas; Section I'V.
Stakeholder Input; Section V. Available Programs/Support; Section VI. Quantitative Data
Collection Summary; Section VII. Irrigation Production Management Practices; Section VIII.
Available Irrigation Water Use Records; Section IX. Risk Analyses; Section X. Outline of
Proposed Modifications; and Section XI. Research Findings.

8 USDA, RMA, 2012, Solicitation, page 1.

1% From the Solicitation page 3 of 19. The emphasis is the Government’s.
20 Solicitation page 5 of 19.

2 Solicitation page 5 of 19.
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SECTION III. REGIONAL STUDY AREAS

This section of the report deals with the requirement in the Solicitation that: the “Contractor
shall delineate regional areas of study and justify their selection.”** The Solicitation requires: “a
report that provides the analysis and results about insuring reduced irrigation nationwide for all
crops.”” To the extent that quantitative data can be gathered nationwide, the United States has
been the study area.

The Contractor also addressed issues for which data are not available for the entire country. An
example of this is available irrigation educational resources. These resources are generally
targeted at state-level audiences. To the extent these resources are available in a state, the state
became the study region and all states with available resources were included in the study. The
Contractor collected testimonial information from extension agents. Conversations were
conducted with extension agents in all states that were responsive to the Contractor’s request.
Finally, the Contractor collected testimonial information through listening sessions. The
selection of locations for the listening sessions was based primarily on mapping of the insured
irrigated acreage (Figure 1).

Figure 1. 2007 FCIC Insured Irrigated Acreage in the Contiguous 48 States™*

Source: W&A Underwriting Department after RMA insurance experience data.

While Alaska and Hawaii are not included in this map, insured irrigated acreage in Alaska and
Hawaii is very limited. In Alaska a small amount of potato production is occasionally insured as
having been produced under an Irrigated Practice. This insured irrigated potato production

22 D0, 2013, Solicitation D14PD00062 under IDIQ contract D13PC00032, page 5

2 Ibid., page 5.

2% This is a map of FCIC Insured Irrigated Acreage in the Contiguous 48 States and the table underlying the map is available on
the RMA website.
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represents much less than 1 percent of the potato production in Alaska and just more than % of
one percent of the acreage insured in Alaska. In Hawaii, macadamia trees and the production
from those trees is insured as managed under the Irrigated Practice. Most of the macadamia
production is in Hawaii County, Hawaii. About halfthe production is on the dry side of the
island. For these operations, water is transported from the rainy side to the dry side. The
macadar?sia operations represent almost % of the $102,670,452 FCIC insured liability in Hawaii
in2013.

The Contractor noted the map of insured irrigated acreage in the United States is basically
similar to the map of all U.S. irrigated acreage published by NASS based on the Census (Figure
2).

Figure 2. 2007 Census Irrigated Acreage in the United States

-
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i
Acres of Irrigated Land: 2007
S
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United States Total
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OF-MOED

U8 Department of Agricuiture, Mational Agricultural Statistics Service
Source: USDA, NASS, 2012,

http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Ag Atlas Maps/Farms/Land in Farms and Land Use/07-
MO080-RGBDot1-largetext.pdf

25 USDA, RMA, 2014, FCIC Crop Year Statistics for 2013 by State/Crop,
http://www3.rma.usda.gov/apps/sob/current_week/stcrop2013.pdf, accessed May, 2014.
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The specific locations for listening sessions were selected considering first the map of insured
acreage managed under an Irrigated Practice. The Contractor identified nine clusters of counties
with large amounts of acreage insured under an Irrigated Practice. The largest of these includes
portions of Colorado, Kansas, and Nebraska. Listening sessions to gather stakeholder input from
these three states were held under the first task order in Colby, Kansas, on March 13,2013, and
in Kearney, Nebraska, on March 14, 2013. Consequently under TO 2, listening sessions were
scheduled in other locations. Stakeholder input from the Kansas and Nebraska sessions is
available on the RMA website.

The FRIS reports nearly 56.6 million acres in the United States were irrigated in 2008.
Furthermore, the FRIS identifies 20 Water Resources Regions NASS has designated for tracking
water usage. The Solicitation limited the number of listening sessions under TO 2 to six.
Consequently, the Contractor selected six locations for listening sessions providing the
opportunity to gather information from producers and stakeholders in the largest number of
additional Water Resources Regions.

The listening session in Tifton, Georgia provided stakeholders from the Tennessee and South
Atlantic Water Resources Regions an opportunity to provide input regarding their nearly 2.6
million irrigated acres. The Contractor invited stakeholders from Alabama, Florida, Georgia,
Mississippi, North Carolina, South Carolina, and Tennessee to this listening session.

The listening session in Lubbock, Texas, provided opportunities to gather input from
stakeholders in 8 states with nearly 4.6 million irrigated acres. The Water Resources Regions
addressed through this listening session include the Arkansas-White-Red, the Rio Grande, and
the Texas-Gulfregions. These regions encompass portions of Arkansas, Colorado, Kansas,
Louisiana, Missouri, New Mexico, Oklahoma, and Texas.

California producers irrigate nearly 7.5 million acres. The listening session in Sacramento,
California provided an opportunity to obtain stakeholder input from many of these producers and
from the state and regional water regulatory leadership for the California Water Resources
Region. The Water Resources Region encompasses portions of California, Nevada and Oregon.

The listening session in Monticello, Arkansas was located at the confluence of five Water
Resources Regions: the Arkansas-White-Red, the Lower Mississippi, the Missouri, the Ohio, and
the Upper Mississippi. These regions encompass portions of the states of Arkansas, Colorado,
[llinois, Indiana, lowa, Kansas, Kentucky, Louisiana, Maryland, Minnesota, Mississippi,
Missouri, Montana, Nebraska, New Y ork, North Carolina, North Dakota, Ohio, Oklahoma,
Pennsylvania, South Dakota, Tennessee, Texas, Virginia, West Virginia, Wisconsin, and
Wyoming. There are nearly 28.3 million irrigated acres in these Water Resources Regions.

Pocatello, Idaho was the location for a fifth listening session. The session provided opportunities
to collect information from the Great Basin, Lower Colorado, Pacific Northwest, and Upper
Colorado Water Resources Regions. These regions cover portions of Arizona, California,

26 The Contractor for USDA, RMA, 2013, Insuring Irrigation Feasibility Report,
www.rma.usda.gov/pubs/2013/insuringirrigationfeasibilityreport508.pdf, accessed May, 2014.

Use or disclosure of information or data 17 Risk Management Agency
contained on this sheet is subject to the Order No: D14PD00062
restrictions on the title page of this report.



\
WR&A Crop Insurance Division
Data Gathering Analysis and Outline of Proposed Policy and Procedures Modifications Report A Division of Warrs and Associates Inc.

~

Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming.
There are nearly 3.9 million irrigated acres in these Water Resources Regions.

A final listening session was held in the Tri-City area of Washington (Kennewick, Pasco, and
Richland) where stakeholders from the Pacific Northwest Water Resources Region were invited
to provide input. The Pacific Northwest Water Resources Region contains almost 7 million
acres of irrigated land in seven states: Idaho, Montana, Nevada, Oregon, Utah, Washington, and
Wyoming.

Consequently, stakeholders in 14 of the 20 NASS Water Resource Regions had an opportunity to
participate in the listening sessions offered under the two task orders. Producers in these Water
Resource Regions irrigate nearly 53.6 million acres of land. That represents nearly 95 percent of
all irrigated acreage in the United States documented in the FRIS.

Use or disclosure of information or data 18 Risk Management Agency
contained on this sheet is subject to the Order No: D14PD00062
restrictions on the title page of this report.



\
WR&A Crop Insurance Division
Data Gathering Analysis and Outline of Proposed Policy and Procedures Modifications Report A Division of Warrs and Associates Inc.

~

SECTION 1V. STAKEHOLDER INPUT

This section of the report deals with the requirement in the Solicitation that:
The Contractor shall contact insurance providers, various producers, and leaders
representing producers at the state and national levels to identify the following:
o The issues/obstacles that are currently faced by insured producers with
reduced irrigation including economic, physical, and regulatory water
restrictions.
o The risks that producers encounter in their operations and the coverage
that interests them.
o Their perceptions of any potential conflicts and difficulties. Describe the
production activities of these producer(s).
e  Review of actual water application records and the utilization of water
metering.27

The Contractor gathered stakeholder input during discussions with producers, insurance industry
representatives, educators, and government personnel in 6 listening sessions and in more than
150 one-on-one conversations. The listening sessions were conducted in Tifton, Georgia on
February 18, 2014; Monticello, Arkansas on February 20, 2014; Sacramento, California on
March 6, 2014; Lubbock, Texas on March 18, 2014; Pocatello, Idaho on March 20, 2014; and
Pasco, Washington on March 28, 2014. The sessions were broadly advertised. On the advice of
agricultural extension educators, the Contractor provided a press release (Appendix C, Exhibit 1)
to newspapers serving the location where listening sessions were to be held. An advertisement
(Appendix C, Exhibit 2) of the listening session was also prepared. Both the press release and
the advertisements were reviewed by RMA before release. The press release was also sent to
crop associations in the states where the sessions were being held, extension services offices in
the counties where the sessions were conducted, and extension services offices in contiguous
counties. Copies of the advertisements were provided to RMA Regional Offices (ROs). RMA
distributed the press release to AIPs to recruit insurance industry stakeholders; insurance
agencies were encouraged to extend invitations to key producers.

Listening session input was obtained from stakeholders from 6 states: Arkansas (at least 22
stakeholders), California (9 stakeholders), Georgia (2 stakeholders), Idaho (2 stakeholders),
Texas (22 stakeholders), and Washington (3 stakeholders). Stakeholder input was solicited from
at least one individual in each of the states not represented in the listening sessions. Most of
those contacted were extension agents.

Sixty individuals (not including the Contractor’s representatives) attended the listening sessions
Attendees included 29 producers. Some producers were also among the 21 insurance industry
representatives and 11 grower association representatives attending. The remaining attendees
included 10 extension educator/researchers, 2 state government officials representing offices
with authority over irrigation water, and 2 RMA RO representatives. Additional follow-up
conversations outside the listening session venues were held with RMA personnel, extension
specialists, and insurance agents in the six locations where the listening sessions were held. The

27 TO 2 Solicitation, page 5.
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producers indicated their primary crops include corn, cotton, grain sorghum, potatoes, rice,
soybeans, and wheat. Although substantial efforts were made to solicit participation at listening
sessions from stakeholders with interests in Category C crops, none attended any of the sessions.
Input from extension agents representing Category C crops were solicited when the listening
sessions were completed.

Information was collected from stakeholder comments in compliance with the contract
requirements regarding the Paperwork Reduction Act. The flow of the listening sessions was
controlled by an agenda (Appendix C, Exhibit 3). The Contractor refrained from asking
questions in any way that might be construed as a survey of the group; however individuals were
queried to seek clarification of comments they made. Information obtained in this manner is
qualitative and cannot be interpreted to represent a statistically valid sample. Nevertheless, the
information gleaned from the voluntary comments of stakeholders provides substantial value
concerning agricultural management techniques; risks, acceptance of the existing risk
management products, and reaction to possible new risk management approaches like the
proposed Limited Irrigation construct. Although the Contractor provided an email address for
comments, no input was received through that channel.

Summary of Stakeholder Input

To preserve the anonymity of individual stakeholders, comments gathered at the six listening
sessions are summarized collectively. Individual comments and categorical characterization of
sources (i.e., producer, insurance agent, educator, etc.) are documented in Appendix C, Exhibit 4.

At each session, as much as half the input from stakeholders was in the form of questions about
the existing insurance language regarding irrigation and how that language impacts insurance.
After providing summary information reflecting the results of the Contractor’s first deliverable
under this IDIQ contract and addressing in very general terms some of the underpinnings of the
policy language identified therein, the Contractor referred stakeholders to RMA RO personnel,
policy and underwriting documents, and their insurance agents for answers to specific questions.
From these questions it was clear many producers and insurance industry stakeholders were
previously unaware of some of the policy language pertaining to irrigation and were concerned
by the constraints current procedural language places on their options if the supply of irrigation
water is reduced. The stakeholders expressed notable concern about two issues. The first was
the insurance options available if knowledge of the reduction in irrigation water supply precedes
the acreage reporting date. The second was how RMA and the AIPs would respond to a loss
associated with a legislative body or regulatory authority removing access to necessary irrigation
water. These comments from stakeholders indicate limited familiarity with current policy
provisions. That limitation suggests a substantial educational effort will be needed to achieve an
appropriate level of awareness if changes to irrigation procedures are made.

Producers indicated that from year to year, soil moisture at planting, heat units, wind, and many
other factors including amount and timing of natural precipitation affect how much irrigation
water is required to grow a crop. Furthermore, they confirmed that different crops require
different amounts of irrigation water. From region to region, soil quality, slope, and the aspect of
the slope (the direction the slope faces) also impact how much water is needed to have a good
economic outcome.
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Virtually all stakeholders in every category recognize and acknowledge the importance of
irrigation to agricultural production and the changes in production under the irrigated practice
that are likely to occur as irrigation water becomes more limited. Stakeholders at all six listening
sessions corroborated what had previously been identified by producers from Colorado, Kansas,
and Nebraska: reductions in water allocations have occurred, are currently occurring, and will
continue to occur in the foreseeable future.

Another recurring theme during the listening sessions was that producers have responded and are
likely to respond to changes in supply of irrigation water in accordance with their understanding
of the crop and their farmland. Some have chosen to target their available water on fewer acres
of higher revenue crops. Others are planting new crops. Many indicated they have implemented
Efficient Irrigation techniques. None indicated they applied less irrigation water with an
expectation of achieving a yield less than their Approved Yield. Insureds are very aware of their
deductible and the effect on their net revenue when the Approved Yield is not achieved.

The Contractor identified 20 broad categories of technological innovations and/or management
practices that have been adopted by producers to address reduced irrigation water access. In
each session, the Contractor was presented with anecdotes of how producers have adapted their
practices in an effort to maintain their yields. In one instance, a producer stated he had nearly
tripled his cotton yield merely by changing his irrigation method from flood to pivot drip. In this
case, the producer was using far less water for irrigation and achieving far greater yields. In
another session, a potato consolidator indicated the yield and quality of potatoes are damaged by
over-irrigation. Reductions of as much as 30 percent in water use could increase yields and
provide even larger increases in revenue due to the better quality of the harvested product.

Producers, producer associations, and insurance industry personnel believe crop insurance is a
vital risk management tool for producers. Crop insurance is further viewed as an essential tool
for developing appropriate strategies to optimize economic outcomes. The current two options
of reporting crops grown with reduced irrigation as non-irrigated (if allowed) or uninsurable are
viewed as unfair. Additionally, creating a new practice for Limited Irrigation that encompasses
Efficient Irrigation is not considered to be sensible. Producers voiced their support for the
modification of policy language and procedures to address both Efficient and Limited Irrigation.
Some voiced opposition to the creation of break points in amounts of water applied between
irrigated and non-irrigated practices. Concern was expressed about unintended consequences of
introducing Limited Irrigation. The impact of the timing of application of water was raised
during these sessions. In Arkansas, producers are beginning to use cover crops to maintain soil
moisture in an effort to reduce the need for pre-plant irrigation. Planting into the cover crop
without tilling preserves soil moisture. However, in some instances, this approach is specifically
prohibited for an insured crop.

Insurance industry personnel expressed concerns about how various management strategies
could be addressed through modifications to the existing insurance, but expressed reluctance and
trepidation when discussing the creation of a newly defined Limited Irrigation practice. These
respondents noted that irrigation water is not metered in Georgia, Arkansas, Texas, Idaho,
California, or Washington. In some of these states, Georgia and Arkansas in particular, the
amount of water used for irrigation is estimated based on reviewing the power and fuel bills and

Use or disclosure of information or data 21 Risk Management Agency
contained on this sheet is subject to the Order No: D14PD00062
restrictions on the title page of this report.



\
WR&A Crop Insurance Division
Data Gathering Analysis and Outline of Proposed Policy and Procedures Modifications Report A Division of Warrs and Associates Inc.

~

records of the producer in an attempt to substantiate that any loss on irrigated acres was not due
to failure to apply the appropriate quantity of water.

Educators who attended the sessions were very vocal about the large number of variables that
affect production. Educators encouraged the Contractor to consider very carefully the fact the
producer’s history encompasses all these variables and the effects of these variables are captured
to some extent in the producer’s Approved Yield. They noted as producers change their
management practices to adapt to the amount of available water, changes in technology, changes
in seed and hybrid technology, environmental changes, etc., the effects of all these changes will
be incorporated into the Approved Yield over time.

The National Sorghum Producers representative attended the sessions in Kansas, Nebraska, and
Texas. He indicated his association was quite concerned that the proposed Limited Irrigation
approach for corn and soybeans would distort the markets for crops where sorghum is grown and
allowing a Limited Irrigation practice to be insured might lead fewer producers to grow crops
with low water requirements. He indicated the T-yields for irrigated sorghum and corn are
already creating disincentives for switching from corn to sorghum, and adding Limited Irrigation
insurance for corn would only exacerbate that situation.

As noted previously, the most notable themes in stakeholder input were:

e Reduced availability of irrigation water and higher costs for the application of irrigation
water are currently problems for some producers;

e Reduced availability of irrigation water and higher costs for the application of irrigation
water will continue to be issues for producers for the foreseeable future;

e Many (if not most) producers are changing management strategies to achieve Efficient
Irrigation;

e Conserving water for all purposes is an appropriate public policy, even for agricultural
production; and

e Addressing limited availability of water in the crop insurance program must be done with
caution, with appropriate care to avoid unintended consequences.
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SECTION V. AVAILABLE PROGRAMS/SUPPORT

This subtask is a continuation of data collection focused on the TO 2 Solicitation requirement
that:
The Contractor shall list and summarize the provisions and benefits of all state
and federal programs that currently support or subsidize these producers for
irrigation. The Contractor shall also research and describe any private
insurance program that is available to these producers. The Contractor shall note
any gaps in coverage and constraints of the private insurance programs, if
applicable.

Producers can avail themselves of a variety of support programs from the federal, state, and
private sectors. Few of these programs specifically address risk; none specifically address risk
inherent in applying less irrigation water. Many assist in risk management by providing
information that allows the producer to make informed decisions.

Federal Programs
Federal programs in support of producers are offered primarily by agencies of the USDA.

Agricultural Marketing Service (AMS)
Producers benefit from general services of the AMS including the following programs:
e Promotion and Research,
e Marketing and Economic Research,
e Organic Standards, and
e Plant Variety Protection Act (PVPA).
AMS also provides support for extension research into disease prevention, including
management of disease vectors which is generally applicable to crops. AMS standards
applicable to organic crop production practices provide a mechanism to leverage certain
production practices to gain a higher price.

Animal and Plant Health Inspection Service (APHIS)

APHIS is responsible for protecting and promoting U.S. agricultural health. APHIS has been
tasked with responsibility for enforcing the obligations of the United States under phytosanitary
rules such as the Codex Alimentarius, responding to plant health import requirements of other
countries, and assisting in negotiating science-based trade restrictions. APHIS programs support
export of most crops. APHIS documents, such as the “Export Program Manual”*® provide useful
information for producers about phytosanitary requirements.

National Institute of Food and Agriculture (NIFA, formerly Cooperative State Research,
Education, and Extension Service (CSREES))

NIFA is the federal administrative authority that offers programs in research, extension, and
education to provide important educational and consultancy resources for producers in all areas.
The extension services also provide programs for consumers. State extension services have

28 USDA, APHIS, 2010, Exports (08/2010-07),
http://www.aphis.usda.gov/import_export/plants/manuals/domestic/downloads/xpm.pdf, accessed April, 2013.
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produced research addressing the impact of irrigation on crop production. State extension
services also provide support for research into disease prevention and disease vector
management, which is broadly applicable to insured crops, including irrigated crops.

Economic Research Service (ERS)
ERS provides data and analysis on product supply and demand, as well as information on
industry structure, pricing, trade, production policies, production systems, and processing.

Farm Service Agency (FSA)

FSA provides financial assistance to producers facing losses from natural disaster (i.e., drought,
flood, fire, freeze, tornadoes, pest infestation, and others). FSA’s Noninsured Crop Disaster
Assistance Program (NAP) provides payments to producers of non-insurable crops when low
yields, loss of inventory, or prevented planting occur due to a natural disaster. Eligible producers
include landowners, tenants, and sharecroppers who share in the risk of producing an eligible
crop. The average non-farm adjusted gross income of the producer cannot exceed $500,000. A
payment limitation of $100,000 per individual or entity per crop year applies. The natural
disaster causing the loss must occur before or during harvest and must directly affect the eligible

crop. The specific rules for inclusion of production under the FSA programs are contained in 7
CFR 1437.303.”

FSA also administers Conservation Reserve Enhancement Programs (CREP), which are federal-
state cooperative conservation programs that address “targeted agricultural-related environmental
concerns. CREP participants voluntarily enroll in 14- to 15-year Conservation Reserve Program
(CRP) contracts with USDA’s (FSA). Participants receive financial incentives to remove
cropland and marginal pastureland from agricultural production.” CREP has been used to
“reduce irrigation water use, increase water quality, reduce soil erosion and sedimentation and
increase wildlife populations.”*® Removing marginal irrigated acreage from production reduces
the pressure on water supplies for other producers in an area.

Food Safety and Inspection Service (FSIS)

FSIS employees identify, assess, and define emerging and standing issues affecting procedures,
policies, activities, or resources for food safety. They are responsible for identifying food safety
concerns associated with production, transportation, and marketing. FSIS personnel are also
responsible for outreach and liaison activities to develop and sustain risk reduction strategies
regarding food safety in agricultural production.

Foreign Agricultural Service (FAS)

FAS maintains internet links to resources for producers. These links focus on sites that identify
production practices and data, including the UN FAO import and export data. There are no links
specifically targeting different irrigation production practices.

2 CFR, Title 7, Subtitle B, Chapter XIV, Subchapter B, Part 1437, Subpart D, Section 1437.303.

30 hitp//www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=
prfactsheet&type=detail&item=pf 20060501 consv_en idaho06.html, accessed May 2014. There are several FSA press
releases about various CREP at http://search.usa.gov/search?utf8=%E2%9C%93&affiliate=
usdafarmserviceagency &query=irrigation
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National Agricultural Statistics Service (NASS)

NASS is the primary data collection and publication service of the USDA. Its data series are
widely used by producers, businesses, and researchers. Data are collected as part of the Census
of Agriculture and from surveys sent to sample producer populations.

Risk Management Agency (RMA)

RMA provides numerous products for insuring crops. Approximately 100 crops can be insured
as managed under an Irrigated Practice. The insurance of these crops when the amount of water
being applied is less than the amount applied during the development of an Approved Yield is
the subject of this report.

Rural Development (RD, formerly Rural Business—Cooperative Service (RBS))

RD is a small agency with limited funding and staff whose purpose is to finance and facilitate
development of small and emerging private business enterprises, and promote sustainable
economic development in rural communities.’’

State Government Programs

State programs and regulations affect crop production and crop risk management. Some states
have regulations that replace or complement federal phytosanitary or environmental standards.
The various regulations are similar to federal standards, often referencing them as minima. The
purpose of these regulations is to reduce risks of diseases and the vectors that carry those
diseases. States also provide support for the NIFA programs. State governments often are
involved in the cooperative CREP administered by FSA.

Water Regulatory Programs

The Contractor identified scores of water regulatory authorities which have impacts on
agricultural water use. Information about these authorities is documented in Appendix D and in
the section of the report on Available Irrigation Water Use Records.

Private Insurance Inventory
Private insurance companies offer coverage to commercial crop operations; available coverage is
described below.

Weather Insurance Coverage

Private weather insurance is available from a number of traditional and online insurance
companies. These products are often reinsured by major reinsurance companies (e.g., Munich
Re, Swiss Re, Renaissance Re, etc.). The policies are generally “one off” contracts, customized
to reflect specific named perils identified by the insured. This insurance can be structured to
cover any one weather event (e.g., extreme cold or excessive rainfall) or combinations of
weather the producer chooses from available options. These policies have relatively high
premiums and are not subject to premium subsidies. They cover losses only from the specific
named perils. These products do not mirror the structure of any existing FCIC insurance. Instead
these products focus on limited, producer-identified, named perils.

31 USDA, RD, 2011, Business, http://www.rurdev.usda.gov/Business.html, accessed May, 2011.
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Crop-hail and fire coverage is an exception to the one-off nature of other weather insurance
products. It is a more or less standardized product subject to state regulation. Variations among
insurance companies can occur but the basic coverage is substantially the same. Crop-hail
indemnities are based on the percent of damage to the vegetative structure of the plant and stage
of growth. These factors are converted into a percent of loss of ultimate potential yield, not
actual yield. The amount ofloss is the amount of insurance purchased by the insured multiplied
by the percent of loss. Fire coverage applies to mature fields that may be struck by lightning and
set afire. Producers who purchase both additional coverage crop insurance policies and crop-hail
can request that the premium for the multi-peril coverage be reduced by waiving the right to any
indemnity from the multi-peril policy for hail or fire damage.

Basic Business Liability
Basic business liability insurance is available. Business liability coverage does not provide any
insurance on a growing crop.

Employers Contingent Liability
Employers Contingent Liability is available with the ability to add employees as insureds.
Contingent liability does not provide any coverage on a growing crop.
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SECTION VI. QUANTITATIVE DATA COLLECTION SUMMARY

The Contractor examined publicly available data from government and private sources that
might support appropriately modifying the policy and procedures for crop insurance for crops
insured under an Irrigated Practice code when the insured uses Efficient or Limited Irrigation.
The Contractor’s efforts included research into weather, crop yield, and irrigation data. The
focus was on identifying data that might be useful in implementing insurance procedures for all
crops, nationwide. A longitudinal study of the impact of irrigation on yield requires farm-level
data on the amount of irrigation water applied, the method of application, and the resulting yield.
The Contractor examined publicly available data from NASS, National Climate Data Center
(NCDC), RMA, and state irrigation surveys. The Contractor reviewed published research
reports on the effects of irrigation at different levels to determine their potential contributions to
implementation of Efficient and Limited Irrigation procedures. The Contractor also examined
the potential for using unpublished data in both the NASS and RMA databases to determine if
these data might be useful in addressing Efficient and/or Limited Irrigation. Finally, the
Contractor explored the utility of private weather data as a potential source of information for
implementation of Efficient and Limited Irrigation Procedures. This report addresses the
weather data first because of the Contractor’s use of weather data in analysis of the NASS FRIS
unpublished producer-level data.

Weather Data

Irrigation is occasionally used to address extreme high and low temperatures. However,
irrigation water is more often applied to address the water balance™ of the plant. Precipitation,
which maintains water balance by providing soil moisture, therefore plays a more substantial role
in the requirements for irrigation than does temperature. Precipitation directly impacts the
amount of irrigation water required to produce a yield at least equal to the Approved Yield. With
the exception of data on temperature and precipitation, weather data are rather spotty.*>
Furthermore, the Solicitation requires a simple approach to addressing Efficient and Limited
Irrigation, not dependent on annual updating. Consequently, the focus of the Contractor’s efforts
on weather was on the precipitation available for crop growth and development. The Contractor
examined available sources of precipitation data.

32 Dainty, J., 1976, “Water relations of plant cells” in Transport in Plants, U. Luttge and M. Pitman, eds., Springer, Berlin, pp.
12-35; Milburn, J. A., 1979, Water Flow in Plants. Longman, London; Smith, J.A.C., and Griffiths, H., 1993, Water Deficits:
Plant Responses from Cell to Community. BIOS Scientific, Oxford. Tyree, M.T., and P.G.Jarvis, P. G., 1982, “Water in tissues
and cells” in Physiological Plant Ecology II: Water Relations and Carbon Assimilation, O.L. Lange, P.S. Nobel, C.B. Osmond,
and H. Ziegler, eds., Springer, Berlin, pp. 35-77; Weatherly, P.E., 1982, Water uptake and flow in roots in Physiological Plant
Ecology II: Water Relations and Carbon Assimilation, O.L. Lange, P.S. Nobel, C.B. Osmond, and H. Ziegler, eds., Springer,
Berlin, pp. 79-109; Zeiger, E., G. Farquhar and I. Cowan, eds., 1987 Stomatal Function, Stanford University Press, Stanford,
CA.

33 Elliott, D.L., C.G. Holladay, W.R. Barchet, H.P. Foote, and W.F. Sandusky, 1986, Wind Energy Resource Atlas of the United
States, http://rredc.nrel.gov/wind/pubs/atlas/titlepg.html, and especially Table A-2, Principal Sources of Wind Data,
http://rredc.nrel.gov/wind/pubs/atlas/tables/A-2T.html, accessed May, 2014; NCDC, 1998, Climatic Wind Data for the United
States, http://www.ncdc.noaa.gov/sites/default/files/attachments/wind1996.pdf, accessed May, 2014; Google.Org, 2012,
RE<C: Surface Level Wind Data Collection, http://www.google.org/pdfs/google heliostat wind data collection.pdf, accessed
May, 2014; U.S. Department of Energy, National Renewable Energy Laboratory, 2012, National Solar Radiation Data Base,
http://rredc.nrel.gov/solar/old_data/nsrdb/, accessed May, 2014; and U.S. Department of Energy, National Renewable Energy
Laboratory, Solar Radiation Research Laboratory, 2013, Solar Radiation Research,
http://www.nrel.gov/solar_radiation/facilities.html, accessed may, 2014.
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The National Climate Data Center (NCDC) is the principal government source for weather data.
The National Oceanic and Atmospheric Administration (NOAA) of the U.S. Department of
Commerce administer NCDC. NCDC maintains an extensive archive of weather data, including
time series of temperature and precipitation data. NCDC’s “Climate Data Online (CDO)
provides free access to NCDC’s archive of historical weather and climate data in addition to
station history information. These data include quality controlled daily, monthly, seasonal, and
yearly measurements of temperature [and], precipitation... Customers can also order most of
these data as certified hard copies for legal use.”** Subscription services are also available to
download NCDC weather data series.

Most weather data series in the NCDC archive are incomplete and many cover relatively short
periods. Although the NCDC data are in an easy to handle format and data fields are adequately
described in documentation provided by NCDC, the data contain holes and flags that need to be
addressed. The NCDC datasets contain daily values for precipitation for most days. They also
include flags to identify aberrant, suspect, and missing data. For analysis of average
precipitation and the standard deviation of the precipitation for any block of consecutive days in
a county, complete datasets are required for that block. Published weather data from the NCDC
are not sufficient to complete this analysis. Gridded precipitation values® and cleaned, filled
data’® are available commercially.

The precipitation most logically affecting irrigation requirements is the precipitation that falls
during the growing season. The growing season could be considered to include the days when
pre-plant moisture is deposited in the soil. Furthermore, during ripening, precipitation often
reduces the quality and/or quantity of a crop that can be harvested. Consequently, the growing
season precipitation window varies from location to location, from crop to crop. It should not be
defined as the period between planting and harvest. The Contractor notes growing season is not
defined in the CIH or the Basic Provisions. Growing Season is defined in the Vegetative and
Rainfall Index products as “a period of time designated in the Actuarial Documents during which
the crop is planted.”

The Solicitation requires a simple approach addressing all crops nationwide. The growing
season is not well documented in all locations for all crops. Nonetheless, the Contractor believes
there is useful information regarding irrigation risks in the precipitation statistics for a county,
even using a “standard growing season.” First, the amount of precipitation an insured expects
affects any decision about how much water is sufficient to irrigate at the appropriate time with
the appropriate equipment. Then, that decision of sufficiency is also affected by the variability
of the amount of precipitation expected, which grows from the experience of variability in
precipitation from year to year. The greater the variability, the more water must be held in
reserve to address a particularly dry growing season.

#us. Department of Commerce, NOAA, NCDC, 2014, Climate Data Online, http://www.ncdc.noaa.gov/cdo-web/, accessed
March, 2014.

35 RMA has used gridded historical precipitation data in development of its Rainfall Index product. Climate Corporation is one
commercial source of such data.

36 Weather Source has cleaned and filled historical weather datasets. Weather Source lists the USDA ARS on its client list.
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Consequently, the Contractor considered the period from April 1 through September 30 to
represent the nominal growing season precipitation. While the crop being grown, the timing of
the rainfall, the soil composition, and the slope and aspect of the field all affect how useful the
precipitation is to plant growth, some measure of the average available precipitation, acted upon
by a factor capturing the crop, timing, etc. will be used in establishing the irrigation protocol.

The Contractor therefore extracted for each crop year for each county in which production was
insured under an Irrigated Practice code the amount of total precipitation during the nominal
growing season window. The values by county were then averaged over the period 1950 to
2012. The Contractor calculated the standard deviation of the nominal growing season
precipitation values by county. The Contractor then documented the average growing season
precipitation and the standard deviation of that precipitation in each county counties in which
crops are insured under an Irrigated Practice code (Appendix E). Sixteen of the 20 counties with
the highest growing season precipitation are in Florida, with four in Louisiana (Table 4).

Table 4. The 20 Counties/Parishes in which Crops Are Insured under an Irrigated Practice
Code with the Highest Average Growing Season (April through September) Precipitation

. Standard
State County/Parish Average Deviation
Florida Palm Beach 394 7.0
Florida Hendry 38.0 6.0
Florida Miami-Dade 37.9 9.4
Florida Dade 36.8 7.4
Florida Collier 36.2 6.4
Florida Martin 35.6 7.6
Florida Manatee 35.6 7.4
Florida Levy 354 8.0
Florida Liberty 35.1 7.7
Florida Lee 35.0 6.3
Louisiana Terrebonne 34.9 8.9
Louisiana St. Martin 34.9 8.4
Florida Glades 34.9 6.3
Louisiana Plaquemines 349 8.2
Florida Wakulla 34.6 8.3
Florida Desoto 34.5 7.4
Louisiana Lafourche 344 7.2
Florida Gulf 344 8.9
Florida Highlands 34.2 6.3
Florida Hardee 34.0 6.3

Source: The Contractor’s Research Department after cleaned, filled, and backcast NCDC data

The amount of precipitation in a given location varies from year to year. Geographically, that
variability is itself quite variable (either as an empirical or relative value), as is the average
precipitation. The 20 counties with the lowest growing season precipitation are all in the desert
Southwest (Table 5).
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Table 5. The 20 Counties in which Crops Are Insured under an Irrigated Practice Code
with the Lowest Average Growing Season (April through September) Precipitation

Standard
State County Average Deviation

California Imperial 0.6 0.7
California Inyo 1.0 0.6
California Kings 1.1 0.9
California Ventura 1.4 1.4
California Kern 1.4 1.0
California Riverside 1.4 1.0
California Orange 1.5 1.3
California Stanislaus 1.6 1.2

Arizona Yuma 1.6 1.0
California Merced 1.6 1.1
California Los Angeles 1.7 1.6
California San Bernardino 1.8 1.0
California San Luis Obispo 1.8 1.5
California Santa Barbara 1.8 1.6
California San Benito 1.9 1.5
California San Joaquin 2.0 1.2
California Sacramento 2.1 1.2

Nevada Clark 2.1 1.1

Arizona La Paz 2.1 1.1

Source: The Contractor’s Research Department after cleaned, filled, and backcast NCDC data

When a crop generally receives ample growing season precipitation, irrigation is used primarily
to supplement the precipitation during brief dry periods. Therefore, in areas with abundant
precipitation, the variability of that precipitation from year to year is the parameter imposing the
requirements for an adequate supply of irrigation water. The 20 counties with the highest
standard deviation of the growing season precipitation all have on average more than 22 inches
ofrain during the growing season. Only Miami-Dade and Gulf counties in Florida and
Terrebonne Parish in Louisiana are on both the maximum average growing season precipitation
list and the maximum standard deviation of growing precipitation list. The reader should note,
the high variability of rainfall in counties with abundant precipitation indicates that in some
years, precipitation in these counties cannot support even 15 acre inches of evapotranspiration.
This is one underlying cause of higher insurance rates for non-irrigated crops than for irrigated
crops in counties that generally have ample rainfall to support an abundant harvest.

It is important to understand the impact of precipitation variability on irrigation requirements.
Soybean requires approximately 20 inches of water for full evapotranspiration.®” Harris and
Matagorda counties in Texas and Greenwood County in Kansas all receive more than enough
water on average during the growing season to support full evapotranspiration (Table 6).
However, considering the standard deviation of the growing season precipitation in these
counties, in some years maintaining an Approved Yield for a soybean crop grown under the
Irrigated Practice will require having access to a substantial quantity of water for irrigation, even
if the Approved Yield was achieved at evapotranspiration levels substantially lower than full
evapotranspiration.

37 Al-Kaisi, M., 2000, Crop water use or evapotranspiration, IC-484:84-86, http://www.ipm.iastate.edu/ipm/icm/2000/5-29-
2000/wateruse.html, accessed May, 2014.
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Table 6. The 20 Counties/Parishes in which Crops Are Insured under an
Irrigated Practice Code with the Highest Standard Deviation of Growing Season
(April through September) Precipitation

. Standard

State County/Parish Deviation Average
Oklahoma Johnston 11.4 32.7
Florida Dixie 9.9 333
Texas Chambers 9.6 27.5
Arizona Cleveland 9.5 322
Kansas Neosho 9.4 33.7
Florida Miami-Dade 9.4 37.9
Louisiana St. John The Baptist 93 31.8
Louisiana Pointe Coupee 9.2 27.8
Georgia Seminole 9.1 30.7
Louisiana Terrebonne 8.9 34.9
Florida Gulf 8.9 344
Kansas Saline 8.6 27.2
Texas Harris 8.6 23.5
Texas Matagorda 8.6 23.0
North Carolina Yancey 8.6 29.4
Louisiana Vermilion 8.6 324
Mississippi Hancock 8.6 32.9
Texas Orange 8.5 27.4
Kansas Greenwood 8.5 23.8

Source: The Contractor’s Research Department after cleaned, filled, and backcast NCDC data

When very limited growing season precipitation falls, irrigation is used primarily to replace
rainfall rather than to supplement the rainfall. Therefore, in areas with very limited precipitation,
the variability of that precipitation from year to year is unlikely to impose requirements for more
irrigation water than is normally used. Instead, producers manage their crops to avoid
overwatering when natural precipitation does fall. The 20 counties with the lowest variability in
the standard deviation of the growing season precipitation all have less than 4 inches of rain on
average during the growing season (Table 7). LaPaz County in Arizona; Imperial, Inyo, Kern,
Kings, Merced, Riverside, San Bernardino, Stanislaus, and Yuma counties in California; and
Clark County in Nevada all have very limited average growing season precipitation as well as
very little variability in the amount of precipitation from year to year.
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Table 7. The 20 Counties in which Crops Are Insured under
an Irrigated Practice Code with the Lowest Standard Deviation
of Growing Season (April through September) Precipitation

Standard
State County Deviation Average

California Inyo 0.6 1.0
California Imperial 0.7 0.6
Washington Benton 0.8 24
Washington Yakima 0.9 2.7
Washington Franklin 0.9 2.8
California Kings 0.9 1.1
Washington Grant 0.9 2.6
California Kern 1.0 1.4
California Riverside 1.0 1.4
California Yuma 1.0 1.6
California San Bernardino 1.0 1.8
Nevada Clark 1.1 2.1
Oregon Wasco 1.1 3.0
Washington Adams 1.1 35
Arizona La Paz 1.1 2.1
California Merced 1.1 1.6
California Stanislaus 1.2 1.6
Oregon Gilliam 1.2 3.7
Oregon Sherman 1.2 33

Source: The Contractor’s Research Department after cleaned, filled, and backcast NCDC data

During the preparation of the second deliverable of the first Task Order under this IDIQ, a very
important issue was raised concerning the period of natural precipitation that supports crop
production. The issue was first raised in a conversation with an extension agent in northwestern
Kansas. The agent and other stakeholders in the area reported the precipitation that falls in
October is just as important to corn production the next calendar year as precipitation falling
after planting, during emergence, or during the development of the ear. Since the general
consensus on the window of precipitation that supports plant growth is that pre-plant moisture
and growing season moisture through maturity are the two essential sources of moisture, these
stakeholders were suggesting, in this area, pre-plant moisture was the moisture collected by the
soil from October through planting.

The Contractor tested this suggestion by examining the correlation from 1972 to 2012 between
planted yields for non-irrigated corn in Sheridan County, Kansas, and of the amount of
precipitation falling during various periods (i.e., April through September, January through
September, and October of the prior year through September of the crop year). The Contractor
considered both total precipitation and weighted totals of the precipitation. The Contractor
considered both a simple weighting approach (with the April through September precipitation
weighted higher than precipitation that fell earlier and January through September moisture
weighted higher than the moisture that fell earlier) and graded weighting (with earlier pre-plant
precipitation weighted less than the precipitation falling nearer to planting).

The highest correlation for yields of non-irrigated corn to precipitation was for the un-weighted
precipitation total from October through September of the crop year (0.49). This was also the
period of strongest correlation between the irrigated corn yield and any period of precipitation
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(0.08). However, because natural precipitation plays a limited role in the growth and
development of irrigated crops, the correlations between precipitation and yield were much
lower for irrigated corn than for non-irrigated corn. Discussions with extension agents in several
locations about these unusual results led to the conclusion that the area in question must be
underlain with a relatively impervious subsoil layer. Consequently, any moisture falling on the
soil is banked for future evapotranspiration. In the absence of transpiration (i.e., after the crop
has been harvested), the only loss of water from the soil is by evaporation from the surface.

This concept of “critical precipitation window” advanced by the Kansas extension service led the
Contractor to inquire about the “critical precipitation window” for crops in other states. The
intent was to understand better some of the limits of the construct “during the growing season ...
at the proper times” in the definition of the Irrigated Practice.

The Contractor succeeded in discussing this concept with extension agents in 40 states. For
simplicity the focus was on growing season, an extended pre-plant period and growing season,
and from the end of harvest one year through maturity the next. Most considered the April to
September (i.e., an arbitrary “growing season”) to be the most crucial period for precipitation
(Appendix F), with a limited period of pre-plant moisture contributing to production. Extension
specialists representing New Hampshire, Oklahoma, and the eastern half of Kansas indicated that
any precipitation after the beginning of the calendar year was crucial to crop productivity. In the
remaining 13 states (Table 8), according to testimony, the precipitation from harvest one year
through the maturation of the crop the following year is the best measure of the available water
for crop production.

Table 8. States Where the Total Precipitation from the Preceding Harvest
through the End of the Harvest was Identified as Crucial for Crop Production

Arizona North Dakota
California Oregon
Idaho South Dakota
Kansas - West Utah
Nebraska - West Washington
Nevada Wyoming - Northwest
New Mexico

Source: The Contractor’s Research Department after discussion with
state extension specialist

The Contractor is not suggesting irrigation of a harvested field is irrigating “during the growing
season ... at the proper times”. Instead the lesson from this effort is that well-informed
producers who understand their soil’s moisture holding capacity are likely to change their
irrigation approach from year to year to address appropriately the available soil moisture.
Furthermore, deep soil moisture in some areas will play a substantially greater role than in other
locations. The appropriate granularity of the requisite information about soil moisture holding
capacity is not at the state level and not likely at the county level. Within a county, and even on
an enterprise, soil differences are an important element of identifying what can be accomplished
with Efficient Irrigation. Consequently, a simple approach, not requiring annual updating, to
address Efficient and Limited Irrigation will need to allow decisions that represent good
management practices without restricting the management decisions of the most knowledgeable
producers.
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Finally, recognizing that a healthy plant is essential to the production, by perennials, of their fruit
and nut crops, the entire year’s precipitation is important for these Category C crops. This is true
even for Category C crops grown under irrigation. An extended dry period in any part of the
year can damage the growing points of woody species. Ifa drought is severe enough, it can even
damage dormant buds. Consequently, having sufficient irrigation water to supplement natural
precipitation throughout the year is crucial to maintenance of an Approved Yield for Category C
crops insured under an Irrigated Practice code. The producers of these crops understand this
requirement. It was evident in comments at listening sessions and in discussions with extension
agents. The literature published by extension offices provides good evidence that producers of
these perennial crops have been among the pioneers in the development of Efficient Irrigation
techniques.™®

NASS

NASS data are useful in identifying locations where crops are produced under irrigation. NASS
conducts surveys and prepares reports covering a wide range of topics concerning U.S.
agriculture. The Contractor reviewed NASS aggregate data published in the Census as well as
data available from Quick Stats and the FRIS. NASS is especially conscientious about
documenting their sampling methods and reporting the methods used to develop results
estimated from samples. NASS survey reports identify major irrigated commodity crops and
estimated yields of those crops. The only USDA reports of the amount of water applied per acre
are in the FRIS, a follow-up survey to the Census of Agriculture, and in evaluations of the FRIS
datasets by the ERS* and ARS.* The Contractor found no reports from NASS where both yield
and amount of irrigation water applied at any finer level than for whole states were published.

NASS Census Data

NASS conducts a Census of Agriculture every five years. The Census of Agriculture is unusual
among NASS data collection instruments in that NASS distributes census questionnaires to the
complete list of farms NASS maintains. For the purpose of the Census of Agriculture NASS
defines a farm as “any place that produced and sold, or normally would have sold, $1,000 or
more of agricultural products during the Census year.”*' Most NASS surveys other than the
Census of Agriculture are distributed to limited samples of total potential respondent
populations.

38 See, for example: Black, B., R. Hill and G. Cardon, 2008, Orchard Irrigation: Cherries, Utah State University Extension,
https://extension.usu.edu/files/publications/publication/Horticulture Fruit 2008-03pr.pdf, accessed May, 2014; Harrison, K.,
University of Georgia, 2009, Factors to Consider in Selecting a Farm Irrigation System
,http://'www.caes.uga.edu/publications/pubDetail.cfm?pk 1D=6979, accessed May, 2014; R.L. Parsons and B. J. Boman, 2013,
Microsprinkler Irrigation for Cold Protection of Florida Citrus, http://edis.ifas.ufl.edu/ch182, accessed May, 2014; and Moyer,
M., R.T. Peters and R. Hamman, Washington State University extension, 2013, Irrigation Basics for Eastern Washington
Vineyards, http://cru.cahe.wsu.edu/CEPublications/EM061E/EMO061E.pdf, accessed May, 2014;

3 See, for example: Wiebe, K., and N. Gollehon, USDA ERS, 2006, Agricultural Resources and Environmental Indicators, 2006
Edition; pp. 24-32, http://www.ers.usda.gov/publications/eib-economic-information-bulletin/eib16.aspx, accessed April, 2014,
and USDA, ERS, 2013 Western Irrigated Agriculture, http://www.ers.usda.gov/data-products/western-irrigated-
agriculture.aspx#37000, accessed May, 2014.

40 See, for example: USDA, ARS, 2001, Irrigation and Drainage,
http://www.ars.usda.gov/is/np/irrigationdrainage/IrrigDrain Bro.pdf, accessed May, 2014.

41 USDA, NASS, 2102, Census of Agriculture: Your Voice, Your Future, Your Responsibility,
http://www.agcensus.usda.gov/Partners/Brochures/2012_Census_Brochure FINAL ENGLISH.pdf, accessed April, 2014.
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The Census of Agriculture provides the only source of detailed agricultural data for every county
in the United States. NASS collects these data using a uniform and consistent methodology,
carefully documenting changes in the form and analytical methods from one census to the next.
At the same time, NASS is required by law to preserve producer confidentiality. Title 7, U.S.
Code, Section 2276 and the Confidential Information Protection and Statistical Efficiency Act
prohibit public disclosure of individual information. Personal information, including personally
reported data, is protected from legal subpoena and Freedom of Information Act requests. NASS
identifies confidentiality and data security as their top priorities.

The 2007 Census reports 922,095,840 acres of land on U.S. farms. Of this land on farms,
406,424,909 acres are in cropland. The Census also reports 222,267,817 acres “enrolled” in
FCIC insurance programs administered by USDA RMA. The RMA database shows
approximately 31 million of those acres insured under irrigated practice codes in 2007.
Consequently, the cropland used to produce insured irrigated crops accounts for slightly less than
3.5 percent of the land on farms in the United States; about 8 percent of the total NASS-reported
U.S. croplands; and slightly less than 14 percent of the FCIC insured acreage. Table 36 of the
2012 Census of Agriculture Census (Table 32 of the 2007 Census) documents the yield per acre
of 26 crops grown with and without Irrigation (Table 9). These aggregate yields provide an
overview of the benefits of irrigation, but provide no useful information about the effects of the
amount of irrigation water applied.
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Table 9. Yield per Acre of 26 Crops Grown With and Without Irrigation
. Irrigated Non-irrigated

Crop (unit for the crop) Yield Yield

Barley for grain (bushels) 100.7 55.8
Corn for grain (bushels) 171.1 111.1

Corn for silage or greenchop (tons) 23.8 13.5

Cotton, all (bales) 23 1.6

Upland cotton (bales) 2.2 1.6

Pima cotton (bales) 3.1 -

Dry edible beans, excluding limas (cwt) 22.8 17.8

Oats for grain (bushels) 87.1 59.4
Peanuts for nuts (pounds) 4,362.0 3,875.1
Rice (cwt) 74.3 -

Sorghum for grain (bushels) 80.7 47.7
Soybeans for beans (bushels) 494 37.6
Sugar beets for sugar (tons) 32.8 26.2
Sugarcane for sugar (tons) 35.7 34,7

Tobacco (pounds) 2,616.1 2,153.8

Wheat for grain, all (bushels) 81.8 42.9
Winter wheat for grain (bushels) 76.8 443
Durum wheat for grain (bushels) 96.0 329
Other Spring wheat for grain (bushels) 89.1 40.8

Alfalfa hay (tons, dry) 4.6 2.2

Small grain hay (tons, dry) 3.3 1.8

Tame hay other than alfalfa, small grain, and Wild hay
2.6 1.8
(tons, dry)
Wild hay (tons, dry) 1.2 1.3
Haylage or greenchop from alfalfa or alfalfa mixtures 75 6.4

(tons, green)
All other haylage, grass silage, and greenchop (tons, green) 10.7 4.1

Source: The Contractor’s Research Department the 2012 Census of Agriculture, Volume 1, Table 36, page 26.

The remaining information on irrigation in the census is of limited use for assessing the
appropriate approach for addressing Efficient and Limited Irrigation. Table 37 of the 2012
Census documents U.S. farm numbers and acreage with irrigated production of camelina, canola,
dry peas, flaxseed, hops, lentils, pineapples, popcorn, rye, safflower, and sunflower seed of
various types. There is no information on yields or on the amount of irrigation water required.
Table 1 of the 2012 Census state level summaries reports the number of farms with irrigation and
the number of irrigated acres in each state for the crops identified in Table 9. Table 10 of the
2012 Census state level summarizes reports on these parameters by size of operation and by
state. Table 25 of the 2012 Census state level summaries documents the number of farms and
acreage with irrigated production for nine additional crops: buckwheat, cowpeas, emmer and
spelt (one crop), mustard seed, rape seed, sugar beets for seed, sugar beets for seeds, triticale, and
wild rice. Table 26 of the 2012 Census state level summaries reports the number of farms and
acreage with irrigated production for grass and field seed. Tables 27 through 29 of the 2012
Census state level summaries report number of farms and acreage with irrigated production for
other crops (from dill to taro), vegetable, and orchards respectively, while Table 32 addresses
berries.

As stated previously, these data are useful in identifying major irrigated crops. For the major
commodity crops it would be possible to mine the respondents’ data to establish yield under
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irrigated and non-irrigated practices, but not using the insurance definition of Irrigated Practice.
However, since NASS conducts a census only once every five years, these producer-level yield
data would represent a very limited time series. Furthermore, the NASS confidentiality
requirements would reduce the number of counties for which yields could be reported.

NASS Quick Stats
The NASS agricultural database for the United States is enormous. NASS developed Quick
Stats (http://www.nass.usda.gov/Quick Stats/) as a research tool for extraction of relevant data
from the database. The Quick Stats database contains almost 31 million records of aggregated
parameters derived from the census data and from analysis of survey responses. Each record
addresses 39 parameters (http://quickstats.nass.usda.gov/param_define). No producer-level data
is available through Quick Stats, but NASS supports research visits to analyze the unpublished
data if such analysis can be completed without violating the requirements of Title 7, U.S. Code,
Section 2276 and the Confidential Information Protection and Statistical Efficiency Act. The
Contractor reviewed the Quick Stats summary data to understand better any value that might be
obtained from research of producer-level responses to NASS surveys. NASS describes its
general survey methodology as follows:

Most of the [INASS] estimates are based on data collected from a sample of a

given population. The samples are designed so that the chance, or probability, of

including a particular operation in the sample is known before the survey is

carried out. The sample data can be used to measure how much the survey

estimates could differ from the population values. This measure of variability,

due to selecting a sample rather than conducting a census is ... the sampling

error.

The data from a probability-based sample can then be used to make precise
inferences about the population. This survey technique has distinct advantages
over a census, it takes less time, costs less, and can actually be more accurate
because fewer errors are made in reporting and handling the smaller quantities of
data. Also, the results of the survey stand alone; they do not depend on
relationships to other sets of data, such as the Census of Agriculture **

Quick Stats provides reports on 29 crops that are insured under an Irrigated Practice code (Table
10). Harvested acreage is reported for all 29 crops, but not for all counties where the crops are
produced commercially. NASS documents harvested acreage from both the census reports and
estimates of harvested acreage based on analysis of survey results. NASS only publishes
production and yield estimates in Quick Stats from their survey analyses. These values likely
have more limited value to the insurance of Efficient and Limited Irrigation because of the errors
associated with the sampling and analyses.

2 USDA, NASS, 2014, NASS Surveys: The Foundation of Estimates,. http://www.nass.usda.gov/Education_and_Outreach/
Understanding_Statistics/Foundation_of Estimates/Probability Surveys/index.asp, accessed May, 2014.
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Table 10. NASS Data on Irrigated Crops Available from the 2012 Census
of Agriculture and Various NASS Surveys through the USDA NASS Quick Stats Tool

Crop Planted Acres Harvested Acres Yield Production
Barley Survey Census and Survey Survey Survey
Buckwheat Census
Canola Census and Survey
Corn Survey Census and Survey Survey Survey
Cotton' Survey Census and Survey Survey Survey
Cultivated Wild Rice Census
Dry Beans® Survey Census and Survey Survey Survey
Dry Peas Census and Survey
Flue Cured Tobacco Census and Survey Survey Survey
Forage Production Census and Survey
Grain Sorghum Survey Census and Survey Survey Survey
Millet’ Census and Survey
Mint Census and Survey
Mustard Census and Survey
Oats Survey Census and Survey Survey Survey
Peanuts Survey Census and Survey Survey Survey
Popcorn Census
Potatoes Survey Census and Survey Survey Survey
Rice Census and Survey Survey
Rye Census and Survey
Safflower Census and Survey
Sesame Census
Silage Sorghum Census and Survey Survey Survey
Soybeans Survey Census and Survey Survey Survey
Sugar Beets Census and Survey Survey
Sugarcane Census and Survey Survey
Sunflowers Census and Survey
Sweet Potatoes Census and Survey
Wheat Survey Census and Survey Survey Survey

" Available for Pima Cotton, Irrigated and Upland Cotton, Irrigated

% Available for specific types only
* Proso Millet only

Source: The Contractor’s Research Department after USDA, NASS 2012 Census of Agriculture and surveys accessed through Quick Stats,
May, 2014.

NASS publishes production data for some crops at the state level in the census reports* and
yield data are documented in the census reports for a number of crops and states as noted above.
However, except for data on harvested acres, many of these data are not mined by the Quick
Stats algorithms. Corn is by far the best documented crop in the dataset. The Contractor has
extracted the data for acreage, production, and yield for irrigated corn for 2012. Tables 11 and
12 are included to illustrate the limits of these Quick Stats data.

43 See, for example: USDA, NASS, 2014, 2012 Census Publications, http://www.agcensus.usda.gov/Publications/2012/, accessed
May, 2014.
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Table 11. NASS Quick Stats Data on the Ten counties in the United States
with the Largest Number of Planted Irrigated Acres in 2012 — Corn

| 2 Yield' Production’
State County Planted Acres Harvested Acres bushels/acre bushels
Colorado Yuma 223,000 178,203 205.4 41,700,000
Nebraska Dawson 198,000 174,894 192.5 37,925,000
Nebraska Custer 192,500 185,237 189.5 36,235,000
Nebraska York 189,000 175,324 210.1 39,454,000
Nebraska Hamilton 188,000 165,996 208.7 39,056,000
Nebraska Holt 185,500 175,114 194.2 34,814,000
Nebraska Hall 183,000 174,796 190.6 34,830,000
Nebraska Lincoln 181,000 165,425 198.3 35,670,000
Nebraska Buffalo 176,500 168,461 210.3 36,904,000
Nebraska Antelope 171,000 143,184 196.4 33,529,000
' Survey
% Census
Source: The Contractor’s Research Department after USDA, NASS 2012 Census of Agriculture and surveys accessed through Quick Stats, May,
2014.
Table 12. NASS Quick Stats Data on the Ten Counties in the United States
with the Smallest Number of Planted Irrigated Acres in 2012 — Corn
| 2 Yield' Production'
State County Planted Acres Harvested Acres bushels/acre bushels
Nebraska Otoe 3,000 4921 179.0 537,000
Kansas Geary 2,700 2,020 168.8 422,000
Texas Bexar 2,400 1,716 114.6 275,000
Colorado Lincoln 2,200 1,676 143.9 259,000
Texas Bee 2,200 1,539 76.2 167,600
Texas Lamar 2,000 2,772 128.0 224,000
Kansas Ottawa 1,700 1,600 146.7 220,000
Kansas Marion 1,600 2,140 153.3 230,000
Kansas Saline 1,300 486 150.0 180,000
Nebraska Pawnee 1,000 3,127 171.0 171,000
" Survey
Census
Source: The Contractor’s Research Department after USDA, NASS 2012 Census of Agriculture and surveys accessed through Quick Stats, May,
2014.

The Contractor notes first that the estimates for planted acres, yields, and production derived
from the surveys are all rounded to address significance of the sample data used in the
calculations. The Contractor is reminded by this rounding that these NASS figures are evidence-
based estimates. Furthermore, limitation on reports for irrigated corn in some counties in both
the Census of Agriculture (Appendix G, Table G1) and Quick Stats (Appendix G, Table G2),
illustrates the challenges of using NASS Quick Stats survey data to address Efficient and Limited
Irrigation even for a major commodity crop. The 2012 Census documents corn for grain
irrigated acres harvested for 1,852 counties in 46 states. The Quick Stats Survey data for 2012
document corn for grain irrigated planted acreage in only 116 named counties and only 4 states.
The Contractor has been asked to identify a simple approach not requiring frequent updating for
all irrigated crops nationwide that are insured under a yield-based plan. With these disparities in
reporting, the additional Quick Stats data on yield provide very limited useful information for
addressing Efficient and Limited Irrigation as a construct for crop insurance.
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Examination of the Quick Stats Survey data for peanuts, a specialty crop with substantial
production, further illustrates the barrier to using Quick Stats data, or its underlying producer-
level dataset, to develop an approach to support implementation of Efficient and Limited
Irrigation procedures. The 2007 Census documents peanut production in 237 counties in 15
states (Appendix G, Table G3). The most recent surveys for peanuts (2007) document irrigated
planted acreage, harvested acreage, production, and yield in only 4 named counties and only in
Texas (Appendix G, Table G4).

NASS FRIS

Over time, the U.S. government has collected substantially more data addressing on-farm
irrigation. The 11" U.S. Census in 1890 included questions about agricultural practices,
including Irrigation. In 1894, the Department of Interior Bureau of the Census issues a report on
irrigated agriculture almost a thousand pages long.** The collection of agriculture statistics
remained the purview of the Bureau of the Census until 1997. They conducted special
quinquennial FRIS from 1979 through 1994. The Bureau of Census transferred responsibility for
agricultural census activities to the USDA NASS in 1997. The 1998 FRIS was the first survey to
collect and publish data for irrigation in each of the 50 States. Prior to that, NASS collected data
for leading irrigation states.

The 2008 FRIS is the seventh survey devoted entirely to collecting on-farm irrigation data for the
United States. For the first time, irrigation data for horticultural specialty operations with sales
0f' $10,000 or greater were included in the survey. The 2008 FRIS provides data that supplement
the basic irrigation data collected from all farm and ranch operators in the 2007 Census of
Agriculture. The summary of irrigation data collected in this survey provides the most complete
and detailed profiles of irrigation in the United States. NASS focuses the data collection effort
for FRIS to complement the census dataset and allow meaningful estimates of a wide range of
parameters for U.S. irrigation. Almost 207,000 farms were irrigating in 2008, with almost 55
million acres irrigated using just more than 91 million acre feet of water.

FRIS reports on estimated yields for 16 irrigated crops and the estimated average amount of
water applied to these crops at the state level (Table 13).* State-level data are more granular
than the data that are normally used for crop insurance analyses.

# Porter, R.P. and C.D. Wright, DOI, Bureau of the Census, 1894, Report on Agriculture by Irrigation in the Western Part of the
United States, http://www.agcensus.usda.gov/Publications/Historical Publications/1890/1890a_v5-14.pdf, accessed May,
2014.

* [bid. Tables 27 and 28.
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Table 13. Irrigation Parameters by Crop for the United States
for Crops with Yield Estimates

. Average Average
Crop Farms Irrﬁated ?(éres Yield / Acre-Feet
arveste Acre Applied

Corn for grain or seed (bushels) 33,571 11,991,515 181 1.0
Soybeans for beans (bushels) 23,024 7,044,546 49 0.7

Alfalfa and alfalfa mixtures
(dry hay, greenchop, and silage) (tons, dry) 48,315 6,187,983 4.3 24
Wheat for grain or seed (bushels) 16,265 4,107,464 75 1.4

All other hay

(dry hay, greenchop, and silage) (tons, dry) 29,553 3,351,986 2.8 1.8
All cotton (Ibs., lint) 6,612 3,123,664 1,103 1.3
Rice (cwt) 5,265 2,683,363 70 23
Corn for silage or greenchop (tons, green) 9,135 1,633,540 25 2.1
Sorghum for grain or seed (bushels) 4,118 1,042,392 77 0.9
Barley for grain or seed (bushels) 4,334 762,240 100 1.5
Peanuts for nuts (pounds) 2,535 540,577 4,187 1.0
Beans, Dry Edible (cwt) 2,849 431,329 24 1.4
Sugarbeets for sugar (tons) 1,590 382,267 30 2.6
Other small grains (oats, rye, etc.) 2,975 344,195 1.4
Tobacco, all types (pounds) 811 23,614 2,634 0.4
Total United States 190,952 43,650,675 N/A 1.4'

I Acre-weighted average for these 15 crops and crop groupings.
Source: The Contractor’s Research Department after USDA, NASS, 2009, 2007 Census of Agriculture: Farm and Ranch Irrigation Survey
(2008).

For some crops, the number of farms irrigating changed dramatically between 2003 and 2008
(Table 14). These changes reflect producer decisions about which crops to plant and which
crops to irrigate. They also capture the growth of larger farms and the disappearance of smaller
farms. Furthermore, they reflect changes in technologies that allow production without irrigation
(e.g., drought tolerant varieties and changes in tillage). Although the total number of farms
irrigating for these 22 crops/crop groupings increased by 1 percent, the total number of farms
irrigating in the United States decreased 1.6 percent from 2003 to 2008.

Table 14. Percent Change between 2003 and 2008 by Crop
in the Numbers of U.S. Farms Irrigating

Crop Farms Crop Farms
Wheat for grain or seed 20.3 Corn for grain or seed 4.2
Peanuts for nuts 19.9 Land in orchards, vineyards, and nut trees -1.1
Potatoes 19.2 Tomatoes -2.7
All berries 13.3 Barley for grain or seed -6.8
Soybeans for beans 9.3 Corn for silage or greenchop 9.7
All other hay 7.7 Rice -23.0
Lettuce and romaine 7.4 Cotton - Pressure Systems -233
Sweet corn 7.1 Sorghum for grain or seed -32.9
Land in vegetables 5.9 Sugarbeets for sugar -36.3
Beans, Dry Edible 5.6 Tobacco, all types -46.2
Other small grains 53 Cotton - Low-flow Systems -48.3
Alfalfa and alfalfa mixtures 4.6 Total United States 1.0
Source: The Contractor’s Research Department after USDA, NASS, 2009, 2007 Census of Agriculture: Farm and Ranch Irrigation Survey
(2008).
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NASS estimates the total farmland acreage irrigated, including pastures, increased by 4.6 percent
between 2003 and 2008. The total cropland acreage irrigated for 13 named crops/crop groupings
increased by 7.4 percent between 2003 and 2008, with changes in acreage ranging from an
increase of almost 32 percent for soybeans to a decrease of about the same amount for sugar
beets and tobacco. Once again, these changes reflect producer decisions on which crops to plant
and which crops to irrigate.

NASS reported in the FRIS that about 75,000 farms made changes to reduce their energy costs or
to conserve water between 2003 and 2008. Almost 60 percent of these respondents indicated
they used less water. Consequently, approximately a fifth of the farms irrigating in 2008 had
practiced Efficient Irrigation as a result of the changes made to reduce their energy costs or to
conserve water. However, the reader should remember the FRIS is only conducted every five
years. Furthermore, because it is a survey and because of its frequency, the FRIS provides at
best a snapshot of U.S. irrigation practices.

Perhaps the most interesting data in the FRIS from the perspective of addressing Efficient and
Limited irrigation for crop insurance are the changes made for 13 named crops/crop groupings
between 2003 and 2008 in the amount of irrigation water applied and the resultant yields
achieved. For eight crops, the average irrigation water applied decreased, while the average
yield only decreased for one of these eight crops. That crop was wheat, whose percent decrease
in yield was much less than the percent decrease in irrigation water applied. Only hay (of all
types) showed poorer yields although additional irrigation water was applied. Such a pattern
might be expected if the hay were grown primarily in areas with adequate precipitation in 2003,
but under drought conditions in 2008 (Table 15). The distribution of hay production in the
United States and the drought conditions across the nation those two years support this
hypothesis.

Table 15. Percent Change in U.S. Irrigated Acres, Irrigation Water
Applied per Acre, and Yields between 2003 and 2008 by Crop

Irrigated Average

Crop Acres Acre-Feet A;?éi%e
Harvested Applied
Corn for grain or seed (bushels) 23.0 -16.7 1.7
Soybeans for beans (bushels) 31.8 -12.5 2.1
Beans, Dry Edible (cwt) -5.9 -12.5 43
Sorghum for grain or seed (bushels) -6.0 -10.0 2.7
All cotton (Ibs, lint) -23.3 -7.1 10.9
Wheat for grain or seed (bushels) 25.7 -6.7 -1.3
Corn for silage or greenchop (tons, green) 24.5 -4.5 0.0
Sugarbeets for sugar -31.9 -3.7 34
Barley for grain or seed (bushels) -23.1 0.0 4.2
Rice (cwt) -10.4 0.0 1.4
Tobacco, all types (pounds) -32.6 0.0 9.2
Alfalfa and alfalfa mixtures (dry hay, greenchop, and silage)
-0.3 43 -10.0
(tons, dry)
All other hay (dry hay, greenchop, and silage) (tons, dry) 33 5.9 0.0
Total United States 7.4 -3.6 N/A
Source: The Contractor’s Research Department after USDA, NASS, 2009, 2007 Census of Agriculture: Farm and Ranch Irrigation Survey
(2008).
Use or disclosure of information or data 42 Risk Management Agency
contained on this sheet is subject to the Order No: D14PD00062

restrictions on the title page of this report.



\
WR&A Crop Insurance Division
Data Gathering Analysis and Outline of Proposed Policy and Procedures Modifications Report A Division of Warrs and Associates Inc.

~

FRIS Unpublished Data*

The Contractor also assessed respondent-level (unpublished) data provided in response to the
FRIS at the NASS Data Lab. The target population for the 2008 FRIS was all farms in the
United States irrigating in the reference year 2008. Reporting irrigated acreage in response to the
Census in 2007 was required to be considered among all farms in the United States irrigating in
the reference year 2008. This includes some operations in the target population who irrigated in
2007 but not in 2008. NASS corrects for this sampling error. It also excludes operations which
did not report irrigation in the Census. These fall mainly into three categories: Those who
irrigated in 2008 who did not irrigate in 2007; those who did not respond to the Census by
choice; and those whose operations are so small that they are not included in the Census target
population. All three categories likely include some limited resource producers. There is no
mechanism to correct for this sampling error.

NASS identified 217,604 records in the 2007 Census having irrigation activity on their farm or
ranch. The population was divided into those with irrigated horticultural production and those
without. NASS selected a final sample for the FRIS 0f 23,089 operations. NASS expected a
final response rate of 70 percent, taking the expected responses to about 7.5 percent of the target
population. The responses are then handled to eliminate forms that have not addressed queries
appropriately (e.g., misinterpreted questions or answered inconsistently between related
questions). The survey instrument is available for review as Appendix B on pages B-11 through
B-26 of the FRIS summary report.*’ The final FRIS unpublished data included 14,503 records
(reports from producers), with more than 100 attributes reported for each record.

The Contractor was excited by the possibility that these data could support quantitative models
for addressing benchmarks for Efficient Irrigation and adjustments to Approved Yield for
Limited Irrigation. The FRIS Survey Overview notes, “FRIS is the most comprehensive source
of information on irrigation water use throughout the agricultural industry and results are
reported not only on the national and state levels, but by water resources regions.”*** The
survey analysis accounts for 97.1 percent of all land reported as irrigated in the 2007 Census of
Agriculture. The survey parameters address the crucial irrigation characteristics associated with
that land. However, the Contractor notes the association with the land is the focus, with
association with crops receiving less attention.

The confidentiality requirement for NASS survey data require that all unpublished data research
be conducted in a secure USDA NASS data facility. The Contractor sent two analysts to the
NASS Data Lab in Washington, D.C. The first day of work was spent gaining familiarity with
the database structure and its relationship to the survey instrument. Thereafter, the analysts

*¢ The Contractor would like to thank Robert Hunt and Jim Burt of the USDA NASS Data Lab for their warm welcome and their
efforts in preparing the FRIS data for the Contractor’s queries.

4T USDA, NASS, 2010, 2007 Census of Agriculture: Farm and Ranch Irrigation Survey (2008),
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Farm and Ranch Irrigation Survey/fris08.pdf, accessed
May, 2014.

8 The 20 NASS defined Water Resources Regions each include at least parts of multiple states and in most cases, multiple states.
They reflect primarily surface water resources.

49 USDA, NASS, 2010, 2007 Census of Agriculture: Farm and Ranch Irrigation Survey (2008) fact sheet,
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Fact_Sheets/Practices/fris.pdf, accessed May, 2014.
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mined the data to understand the extent to which these data would inform an analysis of
irrigation activities at the state and county levels.

The Contractor’s initial analysis focused on obtaining an understanding of the relative proportion
of the 14,503 records which could be used to assess county-level irrigation practices. Since
Efficient and Limited Irrigation address changes in management, the Contractor sought to
identify counties that had at least 5 respondents in 2003 (the previous FRIS) and 2008. The
Contractor was surprised that only 351 of the 3,144 counties (or county-like entities) in the
United States had data that could support irrigation comparisons between surveys at the county
level (Table 16). Even considering that only about two thirds of these counties and county-like
entities have insured irrigated production, the utility of the FRIS unpublished data in addressing
Efficient and/or Limited Irrigation became a concern.

Table 16. Number of Counties with 10 or More 2008 FRIS Respondents, by State

Number of Counties

Number of Counties with

State with 10 or More State 10 or More Respondents
Respondents
Alabama 18 Nebraska 38
Alaska 1 Nevada 9
Arizona 8 New Hampshire 2
Arkansas 25 New Jersey 8
California 23 New Mexico 17
Colorado 22 New York 6
Connecticut 4 North Carolina 5
Delaware 3 North Dakota 16
Florida 18 Ohio 2
Georgia 36 Oklahoma 15
Hawaii 4 Oregon 17
Idaho 25 Pennsylvania 10
Ilinois 19 Rhode Island 2
Indiana 18 South Carolina 11
Iowa 9 South Dakota 17
Kansas 28 Tennessee 14
Kentucky 9 Texas 35
Louisiana 16 Utah 18
Maine 1 Vermont 0
Maryland 9 Virginia 5
Massachusetts 2 Washington 12
Michigan 22 West Virginia 1
Minnesota 20 Wisconsin 22
Mississippi 17 Wyoming 16
Missouri 13 Total 698
Montana 30

Source: The Contractor’s Research Department after USDA, NASS FRIS unpublished data.

The Contractor then examined the potential for the FRIS data to be of use at the crop, rather than
the county level. If enough counties could be mined for a crop, a crop specific pattern of
irrigation might be discerned. So for example, if corn irrigation and precipitation together
generally resulted in 30 acre inches of water being available to the corn crop, then the mining of
weather data could be used as a proxy. The Contractor sought to identify the number of counties
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that had at least 10 respondents in 2003 (the previous FRIS) and 2008 for each of the 16 named
crops in the survey (Table 17).

Table 17. Number of Counties with 10 2008 FRIS Respondents, by Crop

Number of Counties
Crop with 10 or More
Respondents
Corn for Grain 160
Alfalfa 106
Soybeans 104
Wheat 69
Rice 41
Cotton 38
Corn Silage 28
Barley 18
Potatoes 14
Sweet Corn 13
Sorghum 9
Peanuts 7
Sugar Beets 7
Beans 5
Lettuce 4
Tomatoes 4
Tobacco 1

Source: The Contractor’s Research Department after USDA,
NASS FRIS unpublished data.

There are some crop/county combinations that have especially rich data. To illustrate the
limitations of these data-rich counties to be useful in addressing Efficient and Limited Irrigation,
all county/crop combinations with more than 50 respondents are provided in Table 18. The data
for all county/crop combinations are provided in Appendix G, Table GS5.
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Table 18. Crop County Combinations with More than 50 Respondents

State County Crop Rl\ilslliré?ge(r)lfs
Washington Grant Wheat 95
Delaware Sussex Corn for Grain 82
Mississippi Bolivar Soybeans 82
Missouri New Madrid Soybeans 80
Illinois Mason Corn for Grain 80
Missouri Stoddard Soybeans 79
Michigan St Joseph Corn for Grain 69
Missouri New Madrid Corn for Grain 68
Delaware Sussex Soybeans 68
Missouri Stoddard Corn for Grain 67
Mississippi Washington Soybeans 64
Mississippi Bolivar Rice 61
lowa Monona Corn for Grain 61
Michigan St Joseph Soybeans 60
Iowa Monona Soybeans 60
Nevada Elko Alfalfa 59
Illinois Mason Soybeans 57
Mississippi Sunflower Soybeans 57
Mississippi Leflore Soybeans 56
Missouri New Madrid Peanuts 53
Washington Grant Corn for Grain 52
Louisiana Acadia Rice 52
Oklahoma Texas Wheat 51
Minnesota Dakota Corn for Grain 50

WR&A Crop Insurance Division

A Division of Warrs and Associates Inc.

Source: The Contractor’s Research Department after USDA, NASS FRIS unpublished data.

To understand if there was a possibility of bridging between precipitation data and amount of
irrigation water applied, the Contractor examined the correlation between the amount of water
applied to irrigated crops per acre in a county from the FRIS unpublished data and the natural
precipitation falling on the county (Table 19). The Contractor first looked at correlations at the
county level and then at the Crop Reporting District (CRD) level. As these correlations showed
no discernible pattern, the Contractor continued to an even coarser granularity. Correlation
coefficients are reported in Table 19 at the state level. The reader should note the wide range of
both positive and negative correlations. In conversations, Texas producers express an opinion
that the positive correlations might reflect states with primarily surface water supplies, the
negative correlations might represent states with primarily ground water supplies, and the weak
correlations might represent states with a wide mix of water supplies. This is an interesting
hypothesis, but not relevant to the current analysis of data that might be of use to an insurance
approach to address Efficient and Limited Irrigation.
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Table 19. Correlations of the Amount of Irrigation Water used for Irrigation
in a County and the Amount of Growing Season Precipitation: Top 25 Counties'

State Correlation Coefficient State Correlation Coefficient
South Dakota -0.8252 Wisconsin -0.2773
Iowa -0.8045 Michigan -0.2755
Mlinois -0.7261 West Virginia -0.2705
Washington -0.646 Nevada 0.269
Montana -0.5581 Washington -0.2468
Maryland 0.5466 Indiana 0.2404
Oklahoma 0.4949 Utah 0.2299
Colorado -0.4175 Georgia -0.2235
Arizona 0.391 California 0.1743
Louisiana 0.3887 Wisconsin -0.1705
New Mexico 0.3689 Wyoming -0.1573
Alabama 0.3558 Oregon -0.1547
Virginia -0.3337

'The ranking was established by absolute value of the correlation but the correlation is reported with its sign.
Source: The Contractor’s Research Department after USDA, NASS FRIS unpublished data.

The Contractor used a similar approach to examine the correlation between the amount of water
applied to irrigated crops per acre and the natural precipitation falling on the crops (Table 20).

Table 20. Correlations of the Amount of Irrigation Water used
for a Crop and the Amount of Growing Season Precipitation: Top 10 Crops®

Crop Correlation Coefficient
Tobacco -0.621
Sweet Corn -0.396
Sugar Beets 0.388
Lettuce -0.335
Tomatoes -0.308
Corn for Grain -0.297
Sorghum 0.272
All Berries 0.218
Beans -0.191
Potatoes -0.166

“The ranking was established by absolute value of the correlation
but the correlation is reported with its sign.
Source: The Contractor’s Research Department after USDA,
NASS FRIS unpublished data.

These data revealed that there is no strong correlation between the amount of precipitation and
the amount of irrigation water applied. It appears some producers apply more irrigation water
per acre when there is more precipitation, especially in areas where surface waters are the
primary source of water for irrigation. It appears some producers apply less irrigation water per
acre when there is more precipitation, especially in areas where ground waters are the primary
source of water for irrigation. Between 2003 and 2008, there were negligible changes in the
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amounts of water applied per acre nationwide.® Nonetheless, Table 15 of this report shows
evidence of the effects of Efficient Irrigation. The FRIS provides the opportunity to map the
distribution of those efforts by county (Figure 3).

Figure 3. Map of the Proportion of the Respondents in each County Indicating
Implementation of Improvements in their Irrigation Systems Based on Question 1 of
Section 18 of the FRIS for Operations without Horticultural Production®’

Source: The Contractor’s Research Department after USDA, NASS FRIS unpublished data.

The FRIS also provides useful information about sources of irrigation information producers use
(Table 21). Knowledge of these sources and the distribution of their use by producers will be
particularly useful in drafting underwriting language if RMA implements Efficient and/or
Limited Irrigation. Data to establish these sources are reported at the state level in the FRIS and
may be mined at the county level from FRIS unpublished data for many major agricultural
counties.

30 USDA, NASS, 2010, 2007 Census of Agriculture: Farm and Ranch Irrigation Survey (2008), Table §,
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Farm_and Ranch_Irrigation Survey/fris08.pdf, accessed
May, 2014.

3! This is a map of the Proportion of the Respondents in each County Indicating Implementation of Improvements in their
Irrigation Systems Based on Question 1 of Section 18 of the FRIS for Operations without Horticultural Production and the
table underlying the map is available on the RMA website.
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Table 21. Proportion of the Respondents Using Specified Sources of Irrigation Information

Source Proportion (%)
Extension Agent/University Specialist 36
Paid Crop Consultant/Irrigation Specialist 23
Irrigation Equipment Dealer 28
Irrigation District Employee 15
Government Specialist 17
Media Reports 13
Neighbor 38
Internet, etc. 12

Source: The Contractor’s Research Department after USDA, NASS, 2010,

FRIS Table 42.

If the FRIS were a census, rather than a survey, the unpublished data would provide a basis for
better analysis of the effects of application of different amounts of irrigation water. A census
attempts to obtain data from the entire target population, while the survey samples from the
population. Furthermore, if this hypothetical irrigation census were offered every year or every
other year, the data time series would be more useful in analyzing the impacts of changes in
irrigation amounts and the effects of weather on producer decisions about irrigation. Since the
data for precipitation can be known at the county level, and if the FRIS were an annual census, it
would then be possible to know the average total water available to a crop (in acre inches). This
would involve nothing more difficult than adding the average precipitation at the county level to
the average irrigation water applied at the county level. Regrettably, the survey nature of the
FRIS and the interval between surveys severely limits the utility of the FRIS unpublished data in
addressing Efficient and Limited Irrigation. Nonetheless, data for the 2013 FRIS survey should
be available sometime in October 2014. It seems likely the 2013 FRIS report will document an
even greater effort to achieve efficient irrigation.

RMA Unpublished Data

The Contractor reviewed and analyzed the RMA insurance experience data at the level of the
insured to assess the potential contributions of these data to developing recommendations for
modifications to policy and procedure. The focus of this research was on Type P11 (acreage
reports), Type P15 (yield reports), and Type P21 (production loss reports).52 While the RMA
data include information about the number and location of insured irrigated acres as well as
reports of irrigated yields, they contain no information about the amount of irrigation water
applied. RMA data are the only data available to identify the states, counties, crops, and acreage
of the insured irrigated crops. The research on RMA data focused on crop years 2003 and 2008
(the crop years reported in the most recent FRIS reports), 2007 (the crop year reported in the
most recent Census when the research was begun),” and 2012 (the most recent crop year with a
relatively complete insurance experience record). These data were selected because they
facilitate analysis in context with the NASS census data and other available datasets. The RMA
data show about 90 crops insured as irrigated, with slight variations in that number from year to
year. Almost every state has at least one insured irrigated crop each year (Appendix H).

32 The Contractor includes records in the predecessor Type 11, 15, and 21 records when using this newer record naming system.

>3 As noted earlier, the 2012 Census of Agriculture U.S. Summary and State Data and State and County Data Online Reports
were released on May 2, 2014. The Contractor reviewed these reports to verify that the conclusions reached concerning the
utility of the Census of Agriculture data were not changed.
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State Survey

The Contractor reviewed state irrigation surveys to see if they might provide useful information
for developing modifications to crop insurance policy and procedure regarding Efficient and
Limited Irrigation. The Contractor was able to identify surveys on irrigation from 13 states.
(Table 22, Appendix I). These state surveys are not particularly useful because of the
infrequency of data collection, limited sample size, and substantially different data collection
methods between states and between years within a state. Most of the data are focused on
extraction of water from reservoirs, rivers, and aquifers. These surveys focus on hydrology
rather than on agricultural production.

Table 22. State Irrigation Surveys and the Years for which
Some Element of Irrigation is Documented

State Survey Years
Arkansas 2009 2005
California 2010 2010
Colorado 2013
Georgia 2008
Illinois 1991
Kansas 2012 2011
Kentucky 1999
Michigan 2006
Missouri 2004 2000 1998
Nebraska 2008
South Carolina 2000
Texas 2009 2000 1994

Source: The Contractor’s Research Department.

Research Reports

The published academic research data are useful primarily in confirming the assumption that the
amount of water available for evapotranspiration is correlated to the yield as long as no other
factors are limiting production. Deficit irrigation is defined in the academic literature as
irrigation that supplies less than the water required for full evapotranspiration. In this respect,
for the plant physiologist and agronomist, deficit irrigation is an equivalent construct in relation
to full irrigation as Limited Irrigation is to the amount of irrigation water applied to achieve the
Approved Yield. However, they are in no way synonymous, since the Irrigated Practice does not
require full irrigation. Full irrigation should not be used as a term defining the amount of water
required to produce the Approved Yield. The analysis of scientific research in search of insight
about Limited Irrigation is confounded by the scientists emphasis on the only limiting factor
being the irrigation water applied. That is certainly the case for the initial reductions in applied
irrigation water if the producer is expecting to get a production potential not less than the
Approved Yield. However, if the expectation is a lesser amount of production, and if the
producer reduces other inputs, then one of those other inputs could become limiting.

The Contractor did not attempt to duplicate the work commissioned by the RMA from the
University of Nebraska regarding yields from plants whose productivity is limited by the
available water supply.>* The essential conclusion from this work is that, over some reasonable

>* Procedures for Adjusting APH when Implementing a Deficit Irrigation Insurance Practice.
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range of amounts of water applied for irrigation, when water is limiting, the yield for corn and
soybean in three states increases linearly with the increase in available water. While this has not
been documented for every crop, the partitioning of water by the crop plant between that
required for vegetative growth and that required for reproductive growth makes it generally
reasonable to accept the linearity of the relationship. The Contractor identified no primary
research reports or reviews that examined time series effects of Efficient, Limited or deficit
irrigation.
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SECTION VII. IRRIGATION PRODUCTION MANAGEMENT PRACTICES

Producer production decisions are driven by many factors. Producers consider input costs such
as the costs of seed, fertilizer, energy, rent, and water used for irrigation. They also consider
revenue factors such as which crop is likely to bring the highest net revenue per acre at harvest
and the opportunity costs of storing production. Many producers make their decision regarding
which crop to plant based primarily on personal histories and experiences.

Producers cannot have perfect knowledge about the availability of water for production prior to
planting. They cannot know how much natural precipitation will fall. Consequently, they
cannot know how much water they will need to apply. Producers dependent on surface water for
their irrigation water supply cannot know the rate at which snowpack will melt. Adding to this
uncertainty is the recent trend of state and local governmental entities making determinations
about available water for irrigation at the legislative level. These administrative actions may not
come prior to the planting date. These statements are not intended to imply that producers never
know when water available for crop production may be limited. Some limitations can be known
in advance, but the nature of information available and its timing can be expected to vary widely.

Producers in many states have been proactively seeking ways to improve or at least maintain
their yields using techniques for irrigation that require less water applied to each irrigated acre.
In those states where “banking” water is offered, some producers are using Efficient Irrigation to
allow them to set aside a portion of their water allocation for future use. In other states,
implementing the Efficient Irrigation techniques identified below has allowed an increase in the
acreage managed under irrigation, an ability to address more severe natural precipitation
shortfalls, a way to decrease input costs, or a way to deal with the actions of administrative
bodies which control the amount of water available for irrigation.

From an economic perspective, the potential for emergence of market-driven allocation of water,
whether it be in the form of salable allotments, credits for reduced application, or other potential
market-based incentives for investment in improved irrigation techniques, can be expected to
have positive impacts on water usage overall. The implications on crop insurance, however, are
not obvious. Some growers may indeed realize increases in expected yield or reductions in
variability (both of which would contribute to reduced losses and therefore rates) as a result of
increased investment in irrigation technologies. Others may change their crop mix or find
alternative markets for the available water, with unpredictable results.

VIIL.A. Efficient Irrigation Techniques

The Contractor learned of some of these techniques through input during the listening sessions.
The Contractor also contacted extension specialists in each state to discuss techniques being used
by producers to apply less water to a crop while maintaining yields. It became apparent that
while producers are using various means to address limitations in water availability, in many
cases they are not using a single technique. Based on input from extension specialists and
producers, the Contractor developed descriptions of 20 techniques currently used by producers to
limit the amount of irrigation water required to maintain yields and 2 techniques that may result
in Efficient Irrigation. The descriptions follow.
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Changing the Irrigation Method

The Unites States Geological Survey (USGS) defines 9 primary methods to control the
“application of water for agricultural purposes through manmade systems to supply water
requirements not satisfied by rainfall.”>> These methods, in general order of increasing water use
efficiency, are:

Gravity: Irrigation in which the water is not pumped but flows and is distributed by
gravity.

Flood: The application of irrigation water where the entire surface of the soil is covered
by ponded water.

Furrow: A partial surface flooding method of irrigation normally used with clean-tilled
crops where water is applied in furrows or rows of sufficient capacity to contain the
designed irrigation system.

Surface: Irrigation where the soil surface is used as a conduit, as in furrow and border
irrigation as opposed to sprinkler irrigation or sub-irrigation.

Traveling Gun: Sprinkler irrigation system consisting of a single large nozzle that rotates
and is self-propelled. The name refers to the fact that the base is on wheels and can be
moved by the irrigator or affixed to a guide wire.

Center-Pivot: Automated sprinkler irrigation achieved by automatically rotating the
sprinkler pipe or boom, supplying water to the sprinkler heads or nozzles, as a radius
from the center of the field to be irrigated. Water is delivered to the center or pivot point
of the system. The pipe is supported above the crop by towers at fixed spacings and
propelled by pneumatic, mechanical, hydraulic, or electric power on wheels or skids in
fixed circular paths at uniform angular speeds. Water is applied at a uniform rate by
progressive increase of nozzle size from the pivot to the end of the line. The depth of
water applied is determined by the rate of travel of the system. Single units are ordinarily
about 1,250 to 1,300 feet long and irrigate about a 130-acre circular area.

Drip: A planned irrigation system in which water is applied directly to the Root Zone of
plants by means of applicators (orifices, emitters, porous tubing, perforated pipe, etc.)
operated under low pressure with the applicators being placed either on or below the
surface of the ground.

Sprinkler: A planned irrigation system in which water is applied by means of perforated
pipes or nozzles operated under pressure so as to form a spray pattern.

Sub-irrigation: Applying irrigation water below the ground surface either by raising the
water table within or near the root zone or by using a buried perforated or porous pipe
system that discharges directly into the root zone.

The USGS includes in their list, two methods of control that affect the amount of water used, but
not the efficiency of the irrigation.

Rotation: A system by which irrigators receive an allotted quantity of water, not a
continuous rate, but at stated intervals.

Supplemental: Irrigation to ensure increased crop production in areas where rainfall
normally supplies most of the moisture needed.®

%5 https://water.usgs.gov/edu/irquicklook.html
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Switching to a more sophisticated distribution technique generally results in Efficient Irrigation.
However, producers consider the capital costs when changing their irrigation approach. For
example, when changing from flood irrigation to center pivot, the producer exchanges the cost of
labor for managing the distribution of the water for the cost of machinery to distribute the water.
The producer must decide if the opportunity for greater yields under the pivot irrigation system
and the lower labor costs will, over time, offset the substantial costs of machinery and power to
operate the center pivot system. The Contractor heard substantial testimony about producers
realizing greater yields with less irrigation water following a change to a more efficient irrigation
method. In short, the producers used less water with a more modern irrigation method and
achieved larger yields than their Approved Yield. However, the data supporting this testimony
are anecdotal or based on very limited field trials.

Computerizing Irrigation

The cost of irrigation is substantial. Inefficient use of irrigation can destroy a farming business.
Since the onset of personal computers in the early 1970s, producers have been using personal
computer applications to monitor irrigation and schedule its timing. Agricultural specialists have
developed tools for use by producers to help them get the most value from irrigation water.
These tools range from simple spreadsheets to interactive applications for smart phones.
Sophisticated computerized scheduling of irrigation can use a wide range of inputs including
weather history, average historical evapotranspiration rates for the specific crop being irrigated,
heat units, humidity levels, soil moisture monitoring devices, etc. The outputs are highly
customized irrigation schedules. Furthermore, most recently-installed mechanical irrigation
systems support wireless control of the machinery. Therefore, a producer can set the irrigation
schedule and let a computer manage the plan with minimal oversight.

Some state regulatory agencies have been given the authority to monitor and even take control of
these computerized irrigation systems. In Nebraska, the Natural Resources Districts have the
authority and ability to turn off active pivot irrigation systems. In Colorado, state water
resources personnel operate the opening and closing of irrigation canal gates from computers in
their offices, thereby effectively managing when and the quantity of water to which a producer
has access during the growing season.

Using an Automated Variable Rate Irrigation Systems

Traditional pivot irrigation systems water the covered area using a uniform water application
rate. Due to topography and soil type differences within the field, a uniform application of water
to an entire field may leave some areas of the field too dry while inundating other areas.”’ This
leads to inefficiencies in water use and reduced yields in parts of the field. Variable rate
irrigation systems address these inefficiencies. Variable rate irrigation systems use technology,
including producer set control modules, to adjust water application rates based on the soil type,
topography of the field, and individual crop water requirements. The variable rate irrigation
system adjusts, at the level of individual sprinkler heads, the amount of water being applied to
different portions of a field. Correctly engineered, this system ensures crops receive the
appropriate amount of water for production while limiting the amount of water to only that
amount necessary for that crop, soil type, and soil moisture level. An automated variable rate

37 hitp://edis.ifas.ufl.edu/pdftiles/ AE/AE49000.pdf
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irrigation system may also enable a producer to practice Efficient Irrigation by reducing the
inefficiencies inherent in the ability of a traditional pivot irrigation system to address
microclimate variable.

Limiting Cultivation

Cultivation is “loosening and breaking up (tilling) of the soil. The soil around existing plants is
cultivated (by hand using a hoe, or by machine using a cultivator) to destroy weeds and promote
growth by increasing soil aeration and water infiltration. Soil being prepared for the planting of
a crop is cultivated by a harrow or plow.””® In the context of irrigation, limiting cultivation (the
number of times the soil is mechanically disturbed by the producer) decreases the loss of soil
water to evaporation. The University of Nebraska identifies six primary tillage approaches:
Plow, Chisel, Disk, Ridge Plant, Strip-till, and No-till.”> Plow, Chisel and Disk tillage result in
relatively high soil moisture losses.®’ In Ridge Plant, Strip-till, and No-till systems, the number
of times the soil is disturbed and the amount of disturbance decreases and the soil moisture
retention increases. Soil type and slope play a substantial role when a producer chooses a tillage
system. However, many extension experts indicated the producers in their state are more
frequently choosing a tillage system which allows them to disturb the soil less frequently,
thereby increasing the soil moisture retention. The Contractor received substantial testimony
about producers limiting cultivation in an effort to improve soil water retention. No till and
limited tillage systems have been adopted by producers practicing Efficient Irrigation.

Tiling

Tiling was originally used to drain soil for industrial and agricultural uses. Substantial portions
of Midwestern agricultural land from Ohio to Minnesota and from Michigan to Missouri are
drained by tiles. Producers in North Dakota are currently tiling fields to control runoff and to
capture that run-off for later irrigation. Furthermore, the tile may be used as a conduit for sub-
irrigating the crop, thereby reducing evaporation of the soil water. By capture, storage, and sub-
irrigation, producers enhance the efficiency of the irrigation process, reducing the amount of
surface or ground water that is required for maintaining yields.

Using Soil Moisture Monitors

Soil moisture monitors can be used to assess many parameters regarding soil moisture. The most
common are overall soil moisture, changing soil moisture status, and the “wetting front” location
as water moves down through the root zone. Some monitors require manual reading and
recording of information while others are connected to data recording devices. Soil moisture
monitors which have been integrated into the irrigation schedule enable producers to selectively
target when and where they use their water allocation for best resource allocation.®’ Soil probes
can be used by a producer to collect small soil samples from multiple locations in the field. The
soil characteristics can be used to estimate the samples’ moisture based on physical
characteristics (e.g., compaction, friability). Soil water sensors can measure soil moisture using
water tension, electrical resistance, or soil capacitance to estimate actual available water in the

38 http://www.merriam-webster.com/dictionary/cultivation

> http://cropwatch.unl.edu/tillage

60 https://cropwatch.unl.edu/tillage/advdisadv

81 http://www.growingproduce.com/uncategorized/soil-moisture-based-irrigation-scheduling/
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soil profile. A tensiometer uses a vacuum pressure gauge placed into the soil at a desired depth
(usually within with the root zone) to register the drying of the soil. “Electrical resistance
sensors consist of a formed block ... that contains a water absorption material like sand or
gypsum in which electrodes to measure the electrical conductivity of the solution are embedded.
Electrical resistance between the electrodes varies with the soil water content, and this has been
related to soil water tension.”® Capacitance sensors estimate volumetric water content in the
soil. Sensors that are left in the field for the entire growing season generally monitor soil water
status in annual crops better than those monitors that are placed and removed each time a
measurement is taken.” The additional information available from soil moisture meters allows
the producer to limit the irrigation to the most appropriate times and control the amount of
irrigation so as to not overwater.

Using Natural Precipitation Schedules

The Contractor received input from extension specialists about irrigation efficiencies being
realized by timing of planting so peak water requirements of the crop are better coordinated with
peak periods of natural precipitation. This is essentially the technique used for crops in
developing countries with monsoon and dry periods. Very few agricultural areas in the United
States have a monsoon/dry period pattern. Even fewer have growing season temperatures that
would support substantial changes in planting dates. However, when an insured can document
successful use of this strategy, it should be recognized as Efficient Irrigation as defined for the
crop insurance.

Using Evapotranspiration Schedules

Estimation of evapotranspiration rates is important in planning irrigation schemes.®* In many
states, extension specialists report producers using simple evapotranspiration schedules to
schedule irrigation and determine the amount of irrigation water required for their fields. For
most crops in most areas, most of the irrigation water applied to the crop ends up in the
atmosphere through evapotranspiration. There are many models used to estimate
evapotranspiration rates in row crops. In general, evapotranspiration rates differ during the
various growth stages of a crop. Most moisture loss in early stages of production is from
evaporation from the soil. As the crop matures and more of the ground is shaded by the leaves of
the crop, most moisture loss is from transpiration of the plants. Extension specialists in major
agricultural states have been educating producers about the benefits of understanding
evapotranspiration rates and using that understanding to achieve Efficient Irrigation.

Using Crop Water-use Calculators

More sophisticated evapotranspiration models are incorporated into crop water-use calculators.
These tools are primarily developed by extension offices. The calculators indicate when a crop
needs water and how much is needed based on the growth stages of the crop. Water application
estimates used in the calculators may be based on a proxy crop for that region. Furthermore,
crop water use is impacted by several factors, including crop species, soil type, available soil

62 http://hightunnels.cfans.umn.edu/files/2012/11/10-Irrigation.pdf
63 7y
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moisture, prevailing weather conditions, and growth stage of the crop.® Nonetheless, if properly
constructed, crop water-use calculators can support Efficient Irrigation.

Using Irrigation Charts

Irrigation charts provide an alternative view of the information in evapotranspiration schedules
or the output from crop water-use calculators. If generic regional charts are used, the producer
sacrifices accuracy for simplicity. Online or stand-alone charting applications developed by
universities have included inputs as diverse as crop species, soil type, available soil moisture,
weather, solar radiance, degree days, and number of rainy days per month. Properly constructed
irrigation charts provide an alternate view of the information provided by crop water-use
calculators.

Using Evapotranspiration Monitors

The primary factors affecting evapotranspiration rates are weather conditions (wind speed, air
temperature, relative humidity, and sun light), plant type, soil conditions (chemistry and salinity),
and geographic location.®® “An [evapotranspiration] station consists of weather sensors, a data
logger, a solar panel to provide electric power and radio telemetry. The radio telemetry
communicates the weather data in real time back to a computer where a program calculates the
reference evapotranspiration. The typical sensors included on an [evapotranspiration] station are
an anemometer for wind speed and direction, a relative humidity sensor, air temperature sensor,
pyrometer for solar radiation measurements, a barometer, and rain gauge.”®’ By using
evapotranspiration monitors, producers are able to schedule their irrigation applications more
efficiently. Many extension specialists have been encouraging the use of evapotranspiration
monitors in conjunction with soil moisture monitors to help producers develop sophisticated,
customized irrigation schedules.

Use of Water Flow Meter

“Measuring irrigation flow helps producers better manage and schedule irrigation. Measuring
flow also is a tool for estimating irrigation water use.”® In some states (e.g., Kansas), metering
water is required for all non-exempt diversions.®” In other states, water usage is not metered and
not monitored. Producers who choose to install a meter are adding data to the processes they are
using for making irrigation management decisions. In many cases, meters are added to monitor
energy costs associated with irrigation. However, an added benefit is that the data may support
the use of less irrigation water per acre.

Mulching

Mulching is used by vegetable growers to control soil moisture; provide weed control; reduce
fertilizer leaching, soil rot, soil compaction, and root pruning; and improving plant growth
generally. Mulching materials can be either organic or inorganic. Using plastic mulch to warm
soils early in the growing season can accelerate the harvest of those crops by up to two weeks.

% Ibid

% http://www.stevenswater.com/articles/etbasics.aspx

57 Ibid

88 http://www.lsuagcenter.com/NR/rdonlyres/780D6F0A -61DE-4D45-8BSF -
4926E093F3F 6/53894/IrrigationFlowMeasurementpub3082.pdf
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Shorter growing periods may require less water. Mulching materials also offer opportunity for
regulating soil moisture by providing a ready environment for draining excessive precipitation
when needed and limiting opportunity for moisture loss through soil evaporation during times of
low precipitation. This latter benefit, coupled with subsurface irrigation or targeted drip
irrigation, allows the producer to use dramatically less irrigation water on the same acreage and
maintain or exceed historical yields. Some mulches help to cool soils during the summer. Less
water will evaporate from cooler soils.”

Using Soil Amendments that Increase the Soil’s Water Holding Capacity

There are three main factors which influence the ability of a plant to extract moisture from the
soil. These are infiltration, water holding capacity, and the plant root system. Infiltration, the
movement of the water into the soil, affects the amount of run-off. This in turn affects the ability
of the soil to capture moisture from precipitation and/or irrigation. Water holding capacity refers
to the ability of soil to retain moisture. The plant root system impacts the efficiency with which
plants retrieve the stored moisture provided by the soil.”' The number of branch roots, the depth
of the roots, the presence of root hairs, and the presence of mycorrhizal fungi all influence the
efficiency of a root system.

Soil amendments are materials added to improve the physical or biological properties of a soil.
Unlike mulches which are used primarily on the surface of the soil, soil amendments are mixed
into the soil. Amendments are generally organized into organic or inorganic categories. Organic
amendments are materials that were once alive or living material like innocula for mycorrhizae
or nitrogen fixing symbioses. Organic amendments increase the organic matter in soil which,
over time, improves the soils’ water infiltration characteristics and water holding capacity. "
Both these soil characteristics are beneficial to a producer trying to maximize available irrigation
water. Inorganic amendments are generally mined (e.g., vermiculite made from mica).
Producers generally consult an extension specialist when choosing the appropriate amendment
for their region and soil type. The Contractor documented incorporation of soil amendments as
an Efficient Irrigation technique through input primarily by state extension specialists.

Leveling Cropland

According to the USDA Natural Resources Conservation Service, irrigated land leveling is the
practice of “reshaping the surface of irrigated land to planned grades.”” In practice, this is the
systematic relocation of soil from high spots in a field to low spots in an effort to obtain a
uniformly graded surface area. The practice assists the producer to apply irrigation water to the
planted crop more efficiently and uniformly while limiting soil erosion and also limiting damage
due to waterlogging to the soil and crops. The most sophisticated leveling systems use
machinery guided by a global positioning system (GPS) and laser transit/levels to ensure
uniformity of the leveled field. Large scale land leveling generally involves specialists including
civil engineers. In the state of Washington, producers reported that the top soil was so thin that

7% http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Document-1099/F-6034%20web.pdf
" http://www.fao.org/docrep/009/a0072¢/a0072¢07. htm#bm07.2

2 http://www.ext.colostate.edu/pubs/garden/07235 html

7 http://www.nres.usda.gov/Internet/FSE_ DOCUMENTS/nrcs143_026413.pdf
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efforts to achieve Efficient Irrigation by leveling could destroy the soil structure and render the
agricultural land useless for decades.

Terracing

A terrace is “a flat area created on the side of a hill and used especially for growing crops.
Terracing then is the practice of reshaping the surface of the land to accommodate agriculture,
particularly steeply sloped land. The primary benefits associated with terracing are: adding land
suitable for cultivation; reducing soil erosion; protecting water quality by capturing run-off; and
improving soil quality and productivity.” Terracing enables a producer to irrigate land in ways
previously impractical because the land was too steep to efficiently retain the applied water.
Some producers are terracing land they previously used for dry-land forage production and
repurposing the land for row crop production. In some cases, producers are terracing land so
they can switch from one form of irrigation to another, more efficient form. Correctly terraced
fields may produce higher yields with less irrigation water. Terraces may allow greater
infiltration of natural precipitation, thereby reducing the demand for artificially applied water.
Finally, the soil structure of a terraced field may also improve, so more water is retained.

274

High Tunnel Production

“A high tunnel is a low-cost version of a standard greenhouse... The definition of a high tunnel
is a freestanding or gutter-connected covered structure, without heating or electrical power, using
passive ventilation for air exchange and cooling, and an irrigation system for crop production.””®
High tunnel farming is used primarily on vegetable and nursery crops. Producers are able to
extend their growing season through the use of these structures by being able to plant earlier and
harvest later. The high tunnel creates a micro-climate wherein the producer controls virtually all
the inputs for the crop. The producer has some control over the plants’ exposure to direct
sunlight, access of pests to the crop, relative humidity within the structure, and
evapotranspiration rates throughout the growing season. Producers adopting this technique are
able to apply irrigation water when and where it is needed within the controlled environment.
They are better able to monitor the efficacy of the water application. Furthermore, producers
have reported building these structures with a water retention and collection system. This allows
the producer to capture runoff from irrigation and condensation from evapotranspiration. This
water can then be reused for irrigation. High tunnels are not conducive to traditional row crop
production, but have been used for production of high value specialty crops.

Targeted Crop Selection Based on Soil Mapping and Soil Type

Producers understand that different crops grow better in different soil types. Furthermore,
producers understand that many fields contain different soil types. Several state extension
services offer soil mapping services for producers. Some producers have begun selectively
planting crops based on the soil type most suited to that crop. This practice benefits the producer
by potentially increasing the yield of the crop best suited to that soil type while decreasing the
amount of water applied by targeting the irrigation for that particular crop/soil combination.

™ http//www.merriam-webster.com/dictionary/terrace
75 http://www.mda.state.mn.us/protecting/conservation/practices/terrace.aspx
78 http://msucares.com/crops/hightunnels/
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Using Varieties Requiring Less Water for Evapotranspiration

Seed companies are developing and producers are planting varieties of crops that fare better
during times of reduced natural precipitation. This has been particularly important to dry land
farmers. However, with recent legislative attention focused on availability of water for
municipalities, producers who have traditionally irrigated crops have been buying more of these
drought resistant varieties. According to Kansas State University agronomist Kraig Roozeboom,
the new drought resistant varieties of corn tend to have bigger roots which absorb more water
and smaller tassels that save the plant’s energy and water.”” Agricultural companies such as
Monsanto, DuPont Pioneer, and Syngenta have started releasing varieties with claims of higher
yields under drought conditions. These companies have been conducting research to develop
and/or select drought-resistant varieties through targeted selection and through genome
manipulation. As producers who irrigate lose access to water for irrigation, these drought-
resistant varieties offer the possibility of maintaining yields under Efficient Irrigation. Many
drought-resistant varieties are being marketed for corn, wheat, and soybeans.

Reusing Runoff as an Irrigation Water Supply

The practice of building reservoirs or holding ponds to collect run-off for later use in irrigation
goes back before recorded history. In the United States, using captured run-off as an irrigation
water supply is overseen by the Environmental Protection Agency (EPA) at the federal level and
by various state agencies (Departments of Agriculture and Water Quality Departments). For
example, in Colorado, this practice is strictly monitored by the state and prohibited without
appropriate licensing and state approval. Producers in other states can collect spring runoff
water for irrigation without constraint or regulation except under the EPA guidelines. By itself,
collecting run-off may reduce the amount of ground or surface water that is required for
irrigation. However, it may only result in Efficient Irrigation if the water would otherwise have
been lost to the crops.

VII.B. Techniques that May Result in Efficient Irrigation

The Contractor identified several techniques which result in Efficient Irrigation some of the time.
Unlike the techniques described previously, more careful underwriting will be required when an
insured proposes these techniques as an Efficient Irrigation strategy. Local good practices and
input from extension agents or other disinterested third-party experts may be required before the
technique is accepted as meeting the requirements for Efficient Irrigation.

Planting into a Cover Crop

The literature regarding water requirements and cover crops is diverse and full of conflicting
results. Planting into a cover crop is used primarily for soil conservation. The benefits of a
cover crop can include: “reduced soil erosion; improved soil quality; reduced weed pressure;
[and] reduced insect, nematode and other pest problems.””® Cover crops can reduce evaporation,
but increase transpiration. Cover crops can also increase the amount of soil organic material.

"7 Kraig Roozeboom, 2012, Midwest Drought Allows Farmers to Test Drought-resistant Crops,
http://www.realscience.us/2012/08/16/midwest-drought-allows-farmers-to-test-drought-resistant-crops/, accessed February,
2014.

78 http://www.covercrops.msu.edu/pdf_files/covercrop.pdf
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One pound of soil organic matter can absorb 18 — 20 pounds of water.” Producers who have the
soil type to take advantage of this additional available water gain the benefit of reducing the
amount of irrigation water they need to apply. Consequently, in some regions, for some crops,
planting into a cover crop is also a logical water conservation practice. In other regions, and for
other crops, a cover crop has been shown to reduce the available water for the cash crop. A
study conducted in Illinois using perennial ryegrass, red clover, white clover, and canola as cover
crops resulted in reduced yields of okra and peppers. The authors of the study attributed this
reduction in yield to the moisture competition the living mulch introduced. However, the authors
opined that the use of targeted drip irrigation for the cash crop might reverse the outcome.*
RMA currently restricts planting into cover crops in many areas and for many crops. This
technique should only be allowed to support Efficient Irrigation when sufficient local experience
is available to support an appropriate decision. The interaction of existing policy constraints on
cover crops and the desire to support Efficient Irrigation creates confusion for producers® as
well as a research question beyond the scope of this effort.

Changing Cropping Sequence in the Crop Rotation

Crop rotation is “the practice of growing different crops in succession on the same land chiefly to
preserve the productive capacity of the soil.”** As producers plan crop rotation schedules, they
consider fertility, soil structure, insects, disease, weeds, and pesticide requirements.™ Producers
also consider irrigation requirements. For example, if the historical rotation pattern was corn-
corn-soybeans-corn-soybeans, a change to corn-soybeans-soybeans-corn-soybeans will reduce
the water requirements overall. This approach is especially useful to producers in states such as
Kansas where some local water districts are allocating water on a multi-year basis. They are also
useful in areas where irrigators have the ability to “bank” their water (e.g., northern Texas).
While this technique improves the overall efficiency of the producer’s irrigation, it only supports
Efficient Irrigation if the new rotational practice changes the soil characteristics sufficiently to
require less water in every year of the rotation. The impact on profitability of the farming
operation also is a factor since corn would be grown only two of every five years under the
alternative rotation.

VIIL.C. Techniques that Reduce the Requirements for Irrigation Water on an Operation
without Supporting Limited Irrigation

The Contractor identified several techniques which reduce the irrigation requirements of an
operation or decrease the peak irrigation requirements of an operation. These do not reduce the
amount of water required to maintain the crop yield and are consequently not Efficient Irrigation
techniques under the definition proposed by RMA for the crop insurance program.

Targeted Irrigation of High Revenue Crops/Reduce Number of Irrigated Acres
Irrigation decisions, like other production related decisions, are rooted in economics. Upon
receiving notice that their water allocation has been reduced, producers decide how to use that

™ http://ohioline.osu.edu/anr-fact/pdf/Using_Cover crops.pdf

89 http://www.entomology.wisc.edu/mben/misc506.html

81 hitp://www.agriculture.com/crops/cover-crop-complications_135-ar22779
82 http://www.merriam-webster.com/dictionary/crop%?20rotation

8 http://www.agannex.com/production/crop-rotation-considerations
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water most economically. In many cases, a producer will use the water on the crop that is
expected to bring the most net revenue at harvest. If the notice comes after planting but before
the acreage reporting date for insurance, the producer may only have the option of reducing the
number of acres irrigated. The producer’s options for use of irrigation water become more
limited the later the notice of a reduction in available water is delivered. Several extension
specialists indicated producers tend to combine strategies to reduce the number of irrigated acres
and plant those irrigated acres to a higher revenue producing crop. Even in combination, these
techniques do not result in Efficient Irrigation as defined for the insurance.

Changing Crop Species in Crop Rotation

The producer may add or remove a crop from the rotation in an effort to lower the overall use of
irrigation water over time. For example: if a producer who typically did a corn-corn-soybeans-
corn-soybeans rotation under historical irrigation water levels may consider adding grain
sorghum, alfalfa, or pearl millet to the rotation to conserve water. Once again, this approach is
of special interest to producers in states where irrigation water can be “banked” or is being
allocated on a multi-year basis and where there is a market for the alternative crop. In these
areas, a producer may change the crop species in their cropping sequence by planting a drought
resistant crop. The irrigation water saved that year can then be used when they are producing a
less drought resistant crop on another portion of their land. However, this approach does not
result in Efficient Irrigation as defined for the insurance.

Staging Crop Maturity

A producer initially may plant one half of a field with a crop and later plant the second half of
the field to the same crop. The two halves of the field then likely require different amounts of
water at different times. A pivot can be set so the two sides are irrigated at appropriate rates to
address water requirements based on maturity of the plants in each portion of the field. While
this can be used to limit peak irrigation volume requirements, it does not reduce the overall
irrigation water requirements. Consequently, this approach does not result in Efficient Irrigation
as defined for crop insurance.

Split Field Planting

A producer may plant one half of a field with one crop and the second half of the field with a
different crop. If the crops are chosen appropriately, the two halves of the field will require
different amounts of water at different times. A pivot can be set so the two sides are irrigated at
appropriate rates to address the crops’ needs. While this may limit peak irrigation volumes, it
does not reduce the overall irrigation water requirements for each crop. Consequently, this
approach does not result in Efficient Irrigation as defined for the insurance.
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SECTION VIII. AVAILABLE IRRIGATION WATER USE RECORDS

This section of the report deals with the requirement in the Solicitation that, “The Contractor
shall investigate the availability and review of irrigation water use records, as well as
information available for water restrictions.”

VIII.A. Water Use Records

Federal management of water resources is primarily assigned to the Environmental Protection
Agency. Agency rules and regulations are controlled by both law and Executive Order. The
relevant laws include the Federal Water Pollution Control Act as amended by the Clean Water
Act of 1977, the Safe Drinking Water Act, and the Resource Conservation and Recovery Act.
Numerous Executive orders have influenced the actions of the EPA. Some curbing of
agriculture water use has resulted from cases brought under the Endangered Species Act and
other federal conservation and environmental programs. However, neither the federal acts
themselves nor the regulations provide sources of useful records for evaluating crop production
under an Irrigated Practice or Efficient Irrigation.

Water extraction from ground and surface water is controlled primarily at the state level. The
principles, laws and regulations controlling water rights vary enormously. Furthermore, recent
state-level legislative action has upset some long-standing principles, as urban development (i.e.,
drinking water requirements) and industrial uses have been given higher priority for water rights
than agricultural production. Links to the voluminous state water laws and regulations are
documented in Appendix J.

The Contractor identified two forms that assist in understanding agricultural water use at the
state level. First are applications for water extraction and/or use. Second are annual reports of
use submitted to state agencies or water districts. Twenty-eight states require a producer to
indicate the number of acres to be irrigated when an initial application for surface water
diversion or well drilling is made (Table 23). Hawaii, Montana, Oklahoma, and Oregon require
separate applications for surface and ground water extractions. According to producer
testimony, California requires applications only for surface water.

Louisiana,* Maryland, West Virginia,* and Wisconsin®® exempt agricultural users from any
application requirements for extraction of surface or ground water. In Kentucky, row crop
producers are exempt from application requirements, but specialty crop and nursery crop
producers are not. In Rhode Island, any user anticipating extraction of less than 153 acre feet of
water is exempt from application requirements. Based on Census and FRIS data, only about one
quarter of Rhode Island farms irrigate. Furthermore, the average Rhode Island farm size is 56
acres and the typical irrigation application is less than 1 acre-foot per acre. Consequently,
application records for irrigation water extraction are incomplete for Rhode Island. Wyoming
water use permits require limited information about the purpose of the extraction and the location
of the water source. In spite of numerous attempts to discuss water use applications with
regulators in Illinois, the Contractor was unable to determine the content of applications for that

84 Robert Romero, Department of Natural Resources, 2014, personal communication, March, 2014.
85 Bryan Carson, West Virginia Department of Environmental Protection, 2014, personal communication, March, 2014.
8 Chris Fuchsteiner, Wisconsin Department of Natural Resources, 2014, personal communication, March, 2014.
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state. Additional information documented on water use applications, but less relevant to the
assessment of the Irrigated practice and Efficient Irrigation is included in Appendix K, Table K1.

Table 23. Irrigation Information Contained in State Water Use Applications by State

Average Max Average  Irrigation

Location . .
Withdrawal . Acres Acre period
of Well, Water Source Withdrawal frrigated Tnches to  (start and

. (gals/year
State Pump, (Aquifer/Surface (gal/day or from be end dates

A or .
Diversion Name) gal/min or Source applied or total
feet/year) each year days)

Works acre cubic ft/sec)
X X X X X

X X
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Connecticut
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Towa
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Maine
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Michigan
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Mississippi
Missouri
Montana
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Nevada
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New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
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South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont

Virginia X
Washington X X X

X
X
X
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Source: The Contractor’s Research Department from various state offices representing natural resources, water quality, and environmental
quality.
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The other state-level documentation useful for understanding water used for irrigation are annual
(or in some cases monthly) water use reports. The Contractor documented reporting
requirements in 47 states, but was unable to locate a source for report documents from Delaware.
Arizona, Florida, Kansas, and Nebraska require reports to water districts rather than to a state
authority. Kentucky, Louisiana, and Wyoming do not require reporting. Utah requires reports
“as requested.” Only 15 states require information in the reports on the number of acres irrigated
(Table 24). Information about the crop irrigated and yield are not components of these reports.
Only parts of Nebraska and Texas require reports from meters on center pivot irrigation systems.
Even in those two states, the well-level reporting is not required in every water district.
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Table 24. Irrigation Information Contained in Water Use Reports by State

. Irrigation Usage Irrigation Usage
State Extraction Acres (acre feet) (Gallons)

Location Irrigated Unit Crop  Farm | Unit Crop Farm

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut

Florida X
Georgia
Hawaii
Idaho
Illinois
Indiana
TIowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi X
Missouri X X
Montana X X

Nebraska varies some some | some some

X
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Nevada
New Hampshire
New Jersey
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New York
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North Dakota
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Washington varies some some
West Virginia
Wisconsin
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Source: The Contractor’s Research Department from various state offices representing natural resources, water quality, and environmental
quality.
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Additional information documented on water use applications, but less relevant to the assessment
of the Irrigated practice and Efficient Irrigation is included in Appendix K, Table K2. The
Contractor is supplying RMA with a disc containing images of the reporting forms that were
used in developing Table 24 and Appendix K.

VIII.B. Water Use Restrictions

State regulatory agencies have the authority to limit access to water. Generally water extraction
is loosely monitored. However, as water becomes a limited resource, mechanisms to enforce
restrictions are becoming more sophisticated. The Nebraska Natural Resources Districts have
the authority and ability to shut down active pivot irrigation systems remotely. In Colorado,
state water resources personnel can operate the opening and closing of irrigation canal gates from
computers in their offices. In Idaho, irrigation companies remotely operate gates for canals
linked to surface water sources, while groundwater sources in Idaho are essentially unmonitored.
In Georgia, the state water resources personnel have the authority to turn irrigation pumps off.
However, according to producer testimony, they do not have the ability to shut down these
pumps remotely.

Testimony from extension officers in most states suggested that trends toward greater
enforcement actions and toward more technological control of access are likely to continue.
Producers expressed the greatest concerns about these trends in states under drought conditions.
Extension experts were more generally concerned that producers will face more limited supplies
of irrigation water in most parts of the United States. Even where water will not be limiting for
producers with the most senior water rights, junior right holders are likely to be faced with
restrictions. This disparity between restrictions placed on junior and senior water rights holders
will need to be addressed in the underwriting for Efficient and Limited Irrigation scenarios, since
producers in any one area may have substantially different outcomes because of the access to
irrigation water.
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SECTION IX. RISK ANALYSES

This section of the report deals with the solicitation requirement that:
The Contractor shall define the economic risks; collect data to identify and
quantify any risks that the producers face when applying less than their historical
average of irrigation water, identify any data that is available regarding
irrigation application, identify any areas that data availability is considered a
problem for the development of this program;, identify any unavailable data, but
necessary, to quantify these risks, estimate the frequency and severity of the risks
that currently are uninsured, classify each of the perils as insurable or
uninsurable and justify the classification of the risk. The Contractor shall also
identify man made or created perils that can restrict water availability and
describe when and how these perils can occur.”’

The economic risks associated with Efficient Irrigation and Limited Irrigation can be defined by
two fundamental questions:

e Has the management of an Irrigated Practice using Efficient Irrigation introduced any
risks that are not already identified and appropriately covered in the FCIC insurance
offers?

e [fa Limited Irrigation insurance offer is made, are any risks that are not already identified
and appropriately covered in the FCIC insurance offers introduced?

If the answer to either of those questions is “yes,” then additional risk analysis is required.

Testimony from producers and extension officers indicates that regardless of the incorporation of
the “Efficient Irrigation” term in the crop insurance lexicon, producers have been managing their
Irrigated Practices using Efficient Irrigation for years, if not decades. The underlying yield-
based insurance constructs identify the risks, classify them as insurable or non-insurable, and
capture the frequency of these risks appropriately in the rating. The Contractor identified no
data, quantitative or testimonial, which suggested Efficient Irrigation introduces new risks. The
actual yields of producers managing their Irrigated Practices with Efficient Irrigation have been
used by RMA in the updating of insurance rates. To the extent that the rates already address
producer differences in risk based on rate yields, any added or decreased risk associated with
Efficient Irrigation is addressed by the existing rating functions. If the existing rating functions
do not address these differences in producer risk, there are no data to support the introduction of
a new rating approach to address Efficient Irrigation.

It is not as easy to be unequivocal about the impact of Limited Irrigation on risk. There is
literature addressing the increased susceptibility of plants to disease and insects if they are water
stressed.®™ While these effects are not well documented for every species for which an offer of
insurance is made for production under the Insured Practice, there is a recurring theme that stress

$7U.S. DOI, 2013, Solicitation D14PD00062 under IDIQ contract D13PC00032, page 9.

88 See, for example, Dutky, E.M. , 2006, How Drought Stress Predisposes Trees and Shrubs to Diseases
http://www.bgohio.org/departments/public-works-department/arborist/files/droughtstr.pdf, accessed March, 2014; Longstroth,
M., 2012, Drought Stress Symptoms in Blueberries,
http://blueberries.msu.edu/uploads/files/Blueberry %20Drought%20Symptoms.pdf, accessed April, 2014; Pearson, K., 2005,
How and When Does Water Stress Impact Plant Growth and Development?,
http://waterquality. montana.edu/docs/irrigation/a9 bauder.shtml, accessed April, 2014.
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increases the susceptibility to losses from other causes. This then introduces a corollary to the
fundamental question about Limited Irrigation: If a Limited Irrigation insurance offer is made,
and the mechanism to address the Limited Irrigation is an adjustment of actual yield and rate
yields, do the rates and the guarantee reflecting the new parameters appropriately address the
risks introduced by the decrease in irrigation water applied?

Plants exhibit water stress when the water supply to the roots becomes limiting or when the rate
of transpirational water loss exceeds the rate at which water may be taken up by the plant.®
With the exception of plants grown hydroponically, most crop plants undergo periods of mild
water stress, alternating with periods when water is not the factor limiting their growth. Plants
have evolved to tolerate fluctuations in available water and to recover normal function after
water stress. These processes contribute to the maintenance of high yield under cyclic dry and
wet periods (e.g., immediately following irrigation and just prior to irrigation).”® In fact,
exposure to excess moisture also creates suboptimal conditions for plant growth. Consequently,
the yield response to different levels of water stress is an essential issue in the analysis of risks
associated with Limited Irrigation.

The Contractor will not attempt to duplicate the work commissioned by the RMA from the
University of Nebraska regarding yields from plants whose productivity is limited by the
available water supply.”’ The essential conclusion from this work is that, over some reasonable
range of amounts of water applied for irrigation, when water is limiting, the yield increases
linearly with the increase in available water. While this has not been documented for every crop,
the partitioning of water between that required for vegetative growth and that required for
reproductive growth makes it generally reasonable to accept the linearity of the relationship.

The problem then becomes defining the starting and ending point for a “reasonable range” of
amounts of water applied for irrigation. In areas where non-irrigated production is appropriate, it
is logical to assume the endpoint of the beneficial effect of irrigation, and consequently of the
linear yield response is when no irrigation water is applied. The yield at that point will be the
unit’s non-irrigated yield if one is documented. Otherwise it could be the non-irrigated reference
yield, or better yet, the non-irrigated reference yield multiplied by a factor that reflects the
producer’s experience with the crop compared to the experiences of all the producers in the
county (i.e., the Approved Yield / the county reference yield).

Establishing a starting point for the reduction in yield resulting from a reduction in applied
irrigation water is more challenging. The simplest assumption is to use the insured’s rate yield
and the simple average of the amount of water applied during the period to establish the
parameters of the starting point. This implicitly assumes there are no additional Efficient
Irrigation management practices that can be implemented. If the producer makes no other
changes than applying less irrigation water, this is in fact an appropriate starting point. However,
if the insured implements additional Efficient Irrigation management practices at the same time

8 Blum, A., 1988, Plant Breeding for Stress Environments. CRC Press, Baco Raton, Florida;.Rahman, LM.M., and H.
Hasegawa, 2012, Water Stress, InTech,. Rijeka, Croatia.

% Blum, A., 1996,. Crop responses to drought and the interpretation of adaptation, Plant Growth Regulation.20:135-148.

! Procedures for Adjusting APH when Implementing a Deficit Irrigation Insurance Practice.
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Limited Irrigation is implemented, some reduction in the amount of water required needs to be
incorporated into the Limited Irrigation Approved Yield calculations.

The Contractor has not identified any data that can be used to address simultaneous
implementation of Efficient Irrigation techniques and Limited Irrigation. In the absence ofa
data-based establishment of the required amount of water to trigger a Limited Irrigation
reduction in Approved Yield, use of any value other than a producer’s estimate of the historic
amount of water applied for irrigation will have no objective basis. Nonetheless, if during the
establishment of that yield Efficient Irrigation was implemented, using the full irrigation history
for the Approved Yield is unfair to the insured. Consequently, the Contractor recommends using
only that portion of the irrigation history that has followed the implementation of Efficient
Irrigation techniques that have already been implemented.

It is less clear how to address the simultaneous implementation of Efficient Irrigation techniques
and Limited Irrigation. If RMA chooses to implement a Limited Irrigation alternative to the
existing approaches available to an insured, the Contractor proposes RMA uses the standard
deviation of the natural precipitation as a basis to adjust for the beneficial effects of the Efficient
Irrigation technique(s) affected at the time Limited Irrigation is also implemented. In areas
where little natural precipitation falls, using this value would “start” the yield reduction at a
smaller relative change to the amount of water applied, whereas in regions with substantial
natural precipitation, which varies substantially, the yield reduction imposed on the producer
would reflect both the larger chance that an Approved Yield would be achieved and the less
critical role the irrigation water plays in many years.

The underlying yield-based insurance identifies the risks, classifies them as insurable or not
insurable, and captures the frequency and severity of these risks in the rating for crops produced
under an Irrigated Practice. The Contractor identified no data to suggest Efficient Irrigation
introduces risks, including the risks incumbent in water stress, that are not already addressed in
the rating for crops grown under an Irrigated Practice. The actual yields of producers applying
different amounts of irrigation water have been used by RMA in the updating of insurance rates
for crops grown under the Irrigated Practices and insured under an Irrigated Practice code. To
the extent that the rates already address producer differences in risk based on rate yields, any
added risk associated with Efficient Irrigation should be addressed by the existing rating
functions. If the existing rating functions do not address these differences in producer risk, there
are no data to support the introduction of a new rating approach to address Limited Irrigation.

In this data limited environment, there are three approaches that can be taken regarding the
rating. The first is to assume the rating for crops grown under the Irrigated Practice captures
sufficient information to address any production under Limited Irrigation. In cases where the
irrigation applied is reduced substantially, this may not be the case. The academic studies often
use irrigation rates down to one quarter of the full irrigation. A producer may have already been
irrigating at much less than full irrigation. Furthermore, these studies are comparing production
within a year and not between years. Finally, these studies have focused primarily on major
commodity crops, while scores of plants under hundreds of Irrigated Practice management
scenarios are insured. A decision to accept the current rates for an irrigated practice code seems
excessive. The Contractor cannot recommend this course for all crops in all states nationwide.
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At the least, crops grown in counties where the non-irrigated practice is not allowed should be
excluded from having this option. In these counties, too large a reduction in the amount of
irrigation water applied will result in an attempt at production under water stress conditions that
have never been attempted in the county before.

The second approach is to assume the rating for crops grown under the Irrigated Practice
captures sufficient information to address production under Limited Irrigation for a particular
level of reduction of irrigation water applied. For example, it is reasonable to accept that a
reduction of 25 percent will be captured by the existing rating data for the top 50 percent of
producers by the amount of irrigation water they apply. From an actuarial perspective, looking
only at the predicted performance of the insurance, an arbitrary limit such as the 25 percent
might be allowed so sufficient insurance experience can be gathered to fine tune the rate
structure. The most likely outcome of this approach will be a slight rise in rates over time so the
irrigators applying the most water, who are most likely to achieve the best yields, have smaller
increases in their premiums than those who implement the largest reduction. This might work
where a crop is represented by a large population of producers, each of whom is implementing
Limited Irrigation with a range of changes in the amount of irrigation water applied. It is less
likely to be effective in counties where there is a more limited number of producers or counties
where water restrictions cause the whole population to reduce their irrigation by a comparable
amount. In these cases, the rating adjustment process may be poorly equipped to deal with the
distribution of the data. Furthermore, this will not support an approach with limited
requirements for updating.

The final is to assume the rating for crops grown under the Irrigated Practice does not capture
sufficient information to address production under Limited Irrigation. In cases where the
irrigation applied is reduced below Efficient Irrigation levels, this is not an unreasonable
hypothesis. Since the academic studies use full irrigation as their starting point and producers do
not necessarily (and most likely do not) irrigate their crops fully, it is challenging to imagine any
mechanism that does not place enormous faith in the current rating and rate updating paradigms
that would bridge the gap between the data in the academic studies and actual production of
scores of crops grown under an Irrigated Practice code in any county where that insurance is
allowed. This would require accepting the linear reduction in production under Limited
Irrigation for all crops under all Irrigated Practice codes. While it is defensible to say that is the
best available approach, it is less defensible to say it is the course to follow. The Contractor
finds it less easy to accept the universal applicability of the Limited Irrigation construct than to
accept the universality of the Efficient Irrigation construct.
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SECTION X. OUTLINE OF PROPOSED MODIFICATIONS

This section of the report deals with the requirement in the Solicitation that states:

The report shall identify what issues/obstacles need consideration when

modifying the current policies and procedures. RMA [seeks] to understand how

the modifications for reduced irrigation will work best for insured producers and

for RMA.
The reader should note, per the Solicitation, this outline does not delineate specific modifications
to the underwriting procedures, rates, loss adjustment procedures, data reporting requirements,
CIH, LAM, Appendix III (Manual 13), insurance policies, or loss adjustment standards
handbooks. If RMA exercises its options under the Contract, those details will be addressed in
the optional Draft Program Modifications Package and the optional Final Program Modifications
Package.

Instead, as directed by the Solicitation, this section of the report focuses on:
e Issues and obstacles to addressing both Efficient Irrigation and Limited Irrigation in the
FCIC yield-based crop insurance programs;
e Issues and obstacles specific to addressing Efficient Irrigation;
e How addressing Efficient Irrigation will work best for insured producers;
e How addressing Efficient Irrigation will work best for RMA;
e Issues and obstacles specific to addressing Limited Irrigation;
e How addressing Limited Irrigation will work best for insured producers; and
e How addressing Limited Irrigation will work best for RMA.

In order for the Contractor to address issues, obstacles and benefits of implementing defined
Efficient Irrigation and Limited Irrigation as part of the yield-based FCIC insurance programs,
certain assumptions must be made about the changes that will be implemented. Based on
language in the Solicitation, the Contractor assumes implementation of “option 3a from Watts,
Task Order 1, Deliverable 2...nationwide for all crops”*. Option 3a calls for “maintain[ing]
existing irrigation policy and procedures but change[ing] the definition for Irrigated Practice.
The changes to the definition of Irrigated Practice incorporate the concept of Efficient Irrigation
into currently allowed crop management under an Irrigated Practice. Efficient Irrigation is: “a
method of producing a crop by which less water is artificially applied during the growing season
by appropriate systems and at the proper times than the quantity of water that was used to
establish the irrigated approved APH yield, that will likely not result in lower actual yields than
the average yield for the irrigated practice for that location.”**

993

The Contractor believes incorporating the definition of Efficient Irrigation into acceptable
management activities under an Irrigated Practice requires objective standards for “the quantity
of water that was used to establish the irrigated approved APH yield” (i.e., the historical quantity
of irrigation water applied) and “less water... that will likely not result in lower actual yields

92U.S. DOI, 2013, Solicitation D14PD00062 under IDIQ contract D13PC00032, p. 3.

93 Watts and Associates, Inc., 2013, Task Order 1: Limited Irrigation Analysis & Evaluation, Deliverable 2: Limited Irrigation
Feasibility Report, p. 71, www.rma.usda.gov/pubs/2013/insuringirrigationfeasibilityreport508.pdf, accessed May, 2014.

4 U.S. DOI, 2013, Solicitation D14PD00062 under IDIQ contract D13PC00032, p. 3.
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than the average yield for the irrigated practice for that location” (i.e., the minimum amount of
water to be applied under Efficient Irrigation).

The only data to establish the historical quantity of irrigation water are those that might be kept
by the producer.”> The amount of water actually applied to an acre of land insured under an
Irrigated Practice code differs from year to year, depending on a large number of factors. The
Contractor proposes a lower limit on the amount of water available for and intended to be
applied for the upcoming crop year be established. This limit would be a percentage of the
historical water use by the producer. Its purpose is to define a point at which additional
underwriting considerations begin. The Contractor believes, based on the literature, some
minimum reduction in water use will not significantly affect the yield relative to the Approved
Yield. The lower limit would be established by modeling the yield impact for selected crops
(e.g., corn, cotton, and tomatoes) at various reductions in applied water. Such a model could
incorporate natural precipitation values, “full” evapotranspiration values where available, and
actual crop yield experiences to show the potential change in all areas where irrigation is
common for these crops.

The Contractor proposes, subject to analysis of impacts described below, any negative deviation
in available irrigation water for an insured acre managed under an Irrigated Practice that is
greater than a defined percent of the simple average of water applied per acre during the
development of the Approved Yield (based on the insured’s records) should require specific
underwriting procedures. This defined percent would be established during the second option of
the Task Order should the Government choose to implement that option. It is important to
understand the Contractor is simply defining a point at which added underwriting considerations
begin. However, given the general improvements in yields seen under lower irrigation levels in
the FRIS data, selecting some value other than zero seems logical. Furthermore this approach
would eliminate some paperwork without imposing substantial increased risk on the insurer. If
the implementation option is exercised, the Contractor will model the extent of the risk for the
insurer for certain sample crops (e.g., corn, cotton, and tomatoes) to show the deductible makes
the risk to the insurer de minimus. Such a model may incorporate natural precipitation values,
“full” evapotranspiration values where available, and actual crop yield experiences to show that
for all areas where these crops are heavily irrigated, a limited change in irrigation water applied
would not reduce the yield meaningfully unless some other cause of loss was involved.

A second underwriting step for Efficient Irrigation is intended to limit the paperwork burden on
the insured and the insurer. This will focus on the irrigation management practices the insured
used historically to increase the efficiency of the irrigation or decrease the amount of water
required for irrigation. Iftechniques to increase the efficiency of irrigation have been
implemented, and if the average actual yields for the period after that implementation are equal
to or greater than the Approved Yield, then the historical quantity of irrigation water can be
based on the average of the period after the implementation rather than the average during the
entire period used to establish the Approved Yield. Again this should not add substantial risk on

%5 The Contractor notes that the producer is required to maintain records of the insured crop for three years after the end of the
crop year. Hence, if records of applied water are available, those records may not include the entire production history
included in an APH database.
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the insurer, not only because the yields after implementation were equal to the Approved Yield,
but also because the deductible assigns the initial risk to the insured.

The third underwriting step for Efficient Irrigation is to consider techniques the insured will be
using for the first time during the forthcoming crop year to increase the efficiency of irrigation.
There are no precise data to quantify the gains in efficiency that can be realized by any one of the
Efficient Irrigation techniques. Furthermore, it is possible that more than one Efficient Irrigation
technique will be implemented in the same year, depending on the producer’s management
decisions. When more than one technique is implemented, the gains in efficiency might be
additive, synergistic, or might together produce a smaller gain than gains realized if a single
technique were employed. The potential gains differ by many factors, including crop, soil type,
slope, etc. In the absence of a set of values for efficiencies realized by the improved irrigation
techniques, the Contractor believes that allowing a small (e.g., 5 to 10 percent) reduction in the
historical quantity of irrigation water provides the insured recognition of the improved efficiency
to be realized, without creating significant risk for the insurer. If the implementation option is
exercised, as stated previously, the Contractor will model the extent of the risk for the insurer of
varying percent reductions for several sample crops to determine the correct value that
appropriately limits the risk to the insurer.

The final underwriting step for Efficient Irrigation is to allow the producer to maintain the
Approved Yield with an even larger reduction in the amount of water to be applied relative to
their historical quantity of irrigation water. If the insured can provide documentation from a
disinterested third party that supports obtaining the Approved Yield even with a greater
reduction in the available water than the amount established under the third underwriting
procedure, the insurer will maintain the Approved Yield without revision. This will allow
practices that have been demonstrated locally to provide substantially greater efficiencies in
irrigation to be considered a good management practice under an Irrigated Practice. Requiring
documentation from an appropriate disinterested third party would limit fraud, waste, and abuse
based on losses associated with reduction in irrigated water available or applied.

X.A. Issues and Obstacles to Addressing Efficient and Limited Irrigation

The definition of Irrigated Practice contains many terms. Some of these terms, such as “artificial
means” and “appropriate systems” have objective meanings. Other terms, such as “appropriate
time” to irrigate and “intention,” are more subjective. However, the reader should note the
definition of Irrigated Practice has been included in the Basic Provisions since the 1998-BR. The
definition was introduced in a proposed rule dated August 12, 1997 (FR 43236) and adopted in
the final rule published December 10, 1997. The Contractor is unaware of any issues regarding
the suitability of the definition, in spite of the elements of subjectivity in its interpretation. That
being said, the addition of Efficient Irrigation and Limited Irrigation definitions must improve
the insurance available for an Irrigated Practice and not introduce any barriers to implementation
of'a crop insurance product identified in RMA’s feasibility requirements.

Consequently, irrigation with less water than historically applied is an Irrigated Practice as long

as the: “water is artificially applied during the growing season by appropriate systems and at the
proper times, with the intention of providing the quantity of water needed to produce at least the
yield used to establish the irrigated production guarantee or amount of insurance on the irrigated
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acreage planted to the insured crop.” As long as the crop insurance procedures and regulations
are followed, the insured producer has the flexibility to follow whatever practices make the
greatest economic sense in his/her situation. The only requirement is that the producer must
follow the practice of providing irrigation intended to be sufficient to result in a yield at least
equal to the yield on which the production guarantee is based. The addition of definitions of
Efficient Irrigation and Limited Irrigation provides a subjective measure of the intention (e.g.,
“that will likely not result in lower actual yields than the average yield for the irrigated practice
for that location.”). However, the Contractor notes “likely” is a subjective term.

It will be important to refine the Efficient Irrigation and Limited Irrigation definitions to clarify
the meaning of “location.” The Contractor assumes the intention in development of this
definition was to refer to a unit. If that is the case, then Efficient Irrigation and Limited
Irrigation can only be established when sufficient records are available to establish an “average”
of actual yields. Alternatively, if the intention were to allow T-yields under an Irrigated Practice
to be used (i.e., if the intention is that “location” is on the scale of a county), then establishing the
amount of irrigation required to establish the T-yield is much more challenging. T-yields reflect
a wide range of different irrigation management practices.

There is some logic to not allowing a new irrigator to change the management practices used to
establish the Approved Yield under the Irrigated Practice too rapidly. However, the essence of
individual Approved Yields is to capture sufficient producer-specific information so differences
in the success of a particular producer are reflected in the insurance the producer can purchase.
The flexibility offered by the definition of Irrigated Practice allows changes to the management
practices used to establish the Approved Yield. The addition of the Efficient Irrigation and
Limited Irrigation definitions should decrease rather than increase any ambiguity in the
underlying Irrigated Practice definition. Therefore, if the implementation option is exercised, the
Contractor will consider ways the definitions of Efficient Irrigation and Limited Irrigation can be
refined to further decrease the possibility of misinterpretation in the definition of Irrigated
Practice.

Generally producers do not irrigate to obtain full evapotranspiration. Instead, as pointed out in
earlier reports, producers use irrigation management practices to optimize economic outcomes.
Due to the many differences between operations, even if they are located in close proximity to
one another, the producers’ perceptions of an optimum economic outcome for a particular crop
are likely to be quite different. This is one reason the continuous rating functions address the
producer’s actual average historical yields relative to the reference yield for the county. This
allows the rates to be customized to reflect the particular outcome of the producer’s management
decisions. In many cases, producers who are neighbors have obtained very different Approved
Yields under the same Irrigated Practice code. Any attempt to address Efficient Irrigation and
Limited Irrigation must allow management decisions to continue to be made by the insureds and
take into account the outcomes of the insured’s decisions in establishing the Approved Yield.

As noted in the first deliverable of TO 1, there are inconsistencies in the language in the policies

and procedural documents. In establishing Efficient Irrigation and Limited Irrigation procedures,
it will be important to eliminate potential misunderstandings that might arise because terms such

as “irrigated acreage” are used without definition and because terms such as “Irrigation Water
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Supply” are defined in the CIH and again in the Irrigated Practices Guidelines rather than in the
policy. The definition does not address aquifers, but appears to focus on surface waters.
“Adequate Irrigation Facilities” is not defined in the Basic Provisions, but is defined in the
Irrigated Practices Guidelines. In developing procedures to deal with Efficient Irrigation and
Limited Irrigation, it will be essential to eliminate as many of these inconsistencies as possible,
first by including additional definitions in the Basic Provisions and then by a careful expansion
of the Irrigated Practices Guidelines (which is provided to insureds and potential insureds).

The Data Acceptance System does not currently require or accept information on amount of
irrigation water applied. This is not seen by the Contractor as a barrier to addressing Efficient
and Limited Irrigation constructs. The proposed modifications can use the data required by the
Irrigation Practices Guidelines on water applied to the crop grown under an Irrigated Practice.
Heretofore those data on the amount of water applied to a crop grown under an Irrigated Practice
have been used during loss adjustment to determine if an uninsured cause of loss appraisal
should be made. As described previously, the proposed modifications will use data from both
the yield histories and the insured’s irrigation records in establishing break points and in
establishing an Approved Yield under Limited Irrigation. This change in the timing of the use of
the data is likely to create logistic problems. Producers have indicated they maintain their
irrigation records for only a few years, and are required to maintain records pertaining to the
insured crop for only three years after the end of the insured crop year. Therefore, both
producers and insurance industry personnel will need to be educated about this change and about
mechanisms to address sparse data situations.

Reports to water boards generally do not incorporate all the information needed to establish
water applied under an Irrigated Practice at the unit level. These reports are not required in every
region. Even where these reports are required, often only the total water use by an entity must be
reported. Data to document water applications at the unit level may only be in the hands of the
producer. Consequently, simple and generally applicable procedures for Efficient and Limited
Irrigation will need to utilize an insured’s data. This is no different than the approach used for
other inputs such as fertilizer or pest management chemicals. Therefore, while it will require
development of additional underwriting guidelines, the general approach will be familiar to both
the insurance industry and insureds.

When producers have more than one source of irrigation water, maintaining records for
application to different crops/types/practices may be especially challenging. One producer with
surface water rights and a legal, but undocumented, well had indicated that when water prices
were high, water from the well could be sold, while Prevented Planting could be claimed on a
crop not planted because of restrictions on the use of the surface water. Care will need to be
taken to assure that implementation of Efficient and Limited Irrigation do not create moral
hazards that encourage this sort of fraudulent activity.

The Contractor is aware that present policy and procedure for Irrigated Practices are the result of
many years of dealing primarily with the issue of fluctuating water supplies, i.e., changes from
year to year that affect availability. It is becoming evident that more permanent restrictions on
water availability for individual insured producers may be the norm, at least in some areas.
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Production practices that prevailed when more plentiful supplies were available may and likely
will no longer be possible.

X.B. Efficient Irrigation

Many producers have already implemented changes to irrigation management practices to realize
Efficient Irrigation. The producer’s Approved Yield reflects the changes they have already
made. Procedures to unravel the historical changes in management practices used to maintain an
Irrigated Practice could be very complex. Anecdotally, a reduction of 30 percent in the amount
of applied irrigation per acre in one case resulted in Efficient Irrigation (i.e., the Approved Yield
was realized). Based on comments from extension educators and producers other than the one
claiming a successful Efficient Irrigation with a 30 percent reduction in applied water, the
Contractor believes most changes in irrigation management practices will result in smaller
reductions in the amount of water required to have a reasonable expectation for Efficient
Irrigation. That is the basis for the third and final underwriting suggestions proposed for
Efficient Irrigation.

Recognizing and defining Efficient Irrigation will correct an information asymmetry that exists
between the insured and the insurer under the existing Irrigated Practice definition and
procedures. The existing insurance has accepted substantial variation in the quantity of irrigation
water applied to an insured crop from year to year. Introducing Efficient Irrigation and Limited
Irrigation will help to assure that good communication between the insured and insurer occurs. It
will also help to assure there are no surprises on either side during loss adjustment about the
amount of water that was available to be applied to a field insured under an Irrigated Practice
code. However, documentation of amounts of irrigation applied has been required only in the
case of a loss. Introducing the Efficient Irrigation concept will encourage documentation of
improvements made to the irrigation management practices. It will assist in the insurer and the
insured having the same understanding about the amount of water that is required to be available
and/or applied when the insurance attaches. This will improve the performance of the crop
insurance program and make it more responsive to current developments in the agricultural
industry.

X.C. Limited Irrigation

The Solicitation requires the Contractor to “consider option 7 elements for yield reduction
function modeling, or any other feasible yield reduction functions to adjust the irrigated
approved APH vyield for reduced irrigation” in identifying issues and obstacles to addressing
Limited Irrigation. Option 7 is using “the [RMA] suggested Limited Irrigation insurance
approach, but replace the yield reduction tables with a formula based on average annual rainfall
for the county and the insured’s historic and expected irrigation amounts.””’

There are not sufficient data to support a yield reduction curve for each insured irrigated crop.
The linearity of the yield reduction is documented for the few crops in limited locations where
sufficient data are available to establish a yield reduction function. The linear function applies

96 17.:
1bid.,p. 5.

97 Watts and Associates, Inc., 2013, Task Order 1: Limited Irrigation Analysis & Evaluation, Deliverable 2: Limited Irrigation
Feasibility Report, p. 72, www.rma.usda.gov/pubs/2013/insuringirrigationfeasibilityreport508.pdf, accessed May, 2014.
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only where water is the limiting growth factor. Nonetheless, the Contractor proposes using a
linear Approved Yield reduction function when the insured chooses Limited Irrigation as the
approach to address a decrease in available irrigation water supply. In other words, if unable to
meet the Efficient Irrigation underwriting standards, an insured would have the choice of
reducing irrigated acreage or insuring under the Limited Irrigation construct.

In areas allowing production without irrigation, the starting point for the linear reduction will be
the Approved Yield and the historical quantity of irrigation water. As with Efficient Irrigation, if
techniques to increase the efficiency of irrigation have been implemented and if the average
actual yields for the period after that implementation are equal to or greater than the Approved
Yield, then the average of those yields will be the starting point for the linear reduction function,
along with the amount of water applied. If the insured has an Approved Yield for the crop and
type managed under the non-irrigated practice in the area, then the end point will be zero water
applied and the insured’s non-irrigated yield for the crop and type. If the producer does not have
a non-irrigated Approved Yield for the crop and type even though the non-irrigated practice is
allowed in the area, then the end point would be zero water applied and the non-irrigated
transitional yield for the crop and type. The Limited Irrigation Approved Yield would be
extrapolated between these two points based on the amount of irrigation water available under
the Limited Irrigation scenario relative to the historical quantity of irrigation water.

The Solicitation requires: “Any yield reduction function ... to be simple, applicable nationwide
for all crops, and not reliant on updated data maintenance.””® The Contractor’s proposed
function takes into account the linear patterns seen in the limited number of location-specific,
crop-specific studies that do look at the effects of reducing the amount of irrigation water when
the available amount of irrigation water is the limiting factor. It provides limits on the extent of
the reduction that reflect both the producer’s experience and differences in locations. It provides
a mechanism to address all crops nationwide. Furthermore, a simple tool (Appendix L) can be
constructed to return a value for the Limited Irrigation Approved Yield. Thus, while the
description of the approach cannot be said to be extremely simple, the math itselfis simple.
Furthermore, the calculations of a Limited Irrigation Approved Yield can be established using
the producer’s irrigation records, the producer’s APH database and a limited set of data (i.e., the
non-irrigated transitional yield, the average precipitation for the county, and the standard
deviation of the precipitation for the county) that can be supplied either in the Special Provisions
or as a look-up table behind the “Limited Irrigation Approved Yield Calculator.” The Limited
Irrigation Approved Yield can be used in cases where the available or applied irrigation water is
reduced for a single year. It can be used to populate a Limited Irrigation database in the case
where a reduction in available or applied irrigation water is permanent. In areas that do not
allow the crop and type to be managed under the non-irrigated practice, Limited Irrigation, if
implemented, should not be allowed.

8 U.S. DOI, 2013, Solicitation D14PD00062 under IDIQ contract D13PC00032, p. 5.
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SECTION XI. RESEARCH FINDINGS

The most comprehensive data on production, yield, and risks for plants grown under an Irrigated
Practice are the data in the RMA Type P11 (acreage, formerly Type 11), Type P15 (yield,
formerly Type 15) and Type P21 (indemnity, formerly Type 21) databases. Collectively, these
records document the acreage irrigated, the production and yield from that irrigated acreage and
the causes of loss when a loss occurs. These data do not provide a perfect basis for
implementing Efficient Irrigation and Limited Irrigation procedures for the scores of crops that
are insured as irrigated. However the imperfections of the data are no greater for implementing
these procedures than for implementing the FCIC crop insurance program in general.

There are three elements missing from these RMA data that are required to conclude whether a
decrease in the amount of irrigation water applied will result in Efficient Irrigation or Limited
Irrigation. The first of these is the amount of irrigation water applied historically. The
producer’s own records provide the only consistent source of information about the historical
application of irrigation water. These records can be expected to be sparse and highly variable.
Water authority records are not generally collected in a way that provides the information
required. They can be used to support the producer’s records. In the cases where the water
authority records do include requisite information (e.g., in the cases where water authorities
require pivot well-head meters), the meter records are part of the producer’s irrigation
documentation as required under the crop insurance Irrigation Practices Guidelines. However, it
1s much more common that water authorities monitor water extraction facilities, total farm-level
extraction, or point of diversion extraction. In these cases, the only records which capture unit-
level irrigation are those maintained by the insured.

The second missing element in the RMA databases is the historical precipitation in the location
of the insured acreage. While some producers are beginning to maintain farm-level precipitation
records, those records are generally too short to capture the historical mean precipitation and
variability in the precipitation. The Contractor believes an understanding of the extent to which
the water for crop evapotranspiration comes from precipitation is essential to evaluating whether
a lesser application of irrigation water is likely to result in Efficient or Limited Irrigation. The
variability of the precipitation provides a measure of whether the application of smaller amounts
of irrigation water will increase the risk to the crop from natural causes.

The final element missing in the RMA databases is the characterization of changes in
management practices that justify identifying a reduced application of irrigation water as
Efficient Irrigation. The Contractor has identified 20 changes in irrigation techniques that
contribute to Efficient Irrigation. Of these, those that are appropriate for a particular farm cannot
be determined by research such as that documented in this report. Appropriate Efficient
Irrigation techniques are influenced by numerous factors including crop, variety, soil type,
weather, air quality, slope, and aspect. In making decisions about how to irrigate efficiently, the
producer uses production experiences within the locale, the condition of the soil, the cost of the
irrigation water, the cost of delivering the irrigation water, the specific crop being grown, and the
cost of the changes to the irrigation system to determine if one or more of the Efficient Irrigation
techniques should be implemented.
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Still, the Contractor believes implementation of at least one of the Efficient Irrigation techniques
identified in this report or of an Efficient Irrigation strategy approved by a local or regional
disinterested authority is required for Efficient Irrigation. In the absence of such changes in the
irrigation techniques, reducing the amount of irrigation water applied will, on average, result in a
reduced yield if the amount of water has been a limiting factor for the crop production.
Consequently, when a producer has advance knowledge that less irrigation water will be
available either the current policies and procedures should be required, or the production should
be insured, if possible, under a Limited Irrigation practice.

The Contractor has identified numerous references to irrigation in the Common Crop Insurance
Basic Provisions, the crop provisions, the special provisions, the CIH, and the LAM. Some of
these will require modification to address Limited Irrigation if the practice is accepted as
insurable. Most of the language in RMA documents is not fundamentally affected by Efficient
Irrigation, provided this term is properly defined. Changes to the Irrigated Practice Guidelines
will provide a mechanism to address details concerning Efficient Irrigation without requiring
changes to every document that address the concept of irrigation. However, using irrigation
terminology consistently in the Common Crop Insurance Basic Provisions, the crop provisions,
the CIH, and the LAM, will simplify communication about Efficient Irrigation as an appropriate
management practice for crops insured under an Irrigated Practice code.

While the introduction of the Efficient Irrigation concept is likely to simplify the insurance of
irrigated crops by recognizing the evolving management techniques used for irrigation,
introducing Limited Irrigation will complicate insurance of irrigated crops. The Contractor
believes three complications require special attention in the decision about adding Limited
Irrigation as a construct in the FCIC insurance. First, and foremost, although it is possible to
propose a relatively simple system for assigning a Limited Irrigation Approved Yield, the
calculation of this assigned Approved Yield requires acceptance of several assumptions that
could be called into question by insureds and AIPs. This introduces the potential for substantial
increases in the burden on RMA and the insurer.

Secondly, while some insureds may need to insure under Limited Irrigation for one year (e.g., a
producer in the Sheridan 6 Local Enhanced Management Area (LEMA) who has used more than
80 percent of the assigned five year water allocation), others will be starting a permanent Limited
Irrigation practice (producers whose water allocation has been permanently reduced as a result of
legislative or legal or administrative action). This disparity makes decisions about RMA yield
history databases particularly difficult. If Limited Irrigation is implemented at all, it should be
implemented for one or the other of these cases. The remaining situation can be addressed
through the mechanisms already in place that allow an RO to assign an Approved Yield under
unusual circumstances.

Finally, one barrier to insuring fewer acres under an Irrigated Practice than were insured
historically is being addressed by irrigation technologies. The change from flood irrigation to
pivot circles seemed to make the circle the smallest unit that could be irrigated. It is now
possible to irrigate portions of a circle. Consequently, if there is a reduction in the supply of
water available for irrigation, fewer acres can be irrigated and the amount of the decrease in
acreage is technologically manageable.
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The benefit of adding a Limited Irrigation practice is providing an additional option for
producers facing limits in the supply of available water. While many producers were not happy
that they might be required to irrigate fewer acres with a limited water supply, none indicated
they would prefer to water the same number of acres with less water per acre and a reduced
Approved Yield.

The Contractor believes properly addressing Efficient Irrigation along with the current
procedures for addressing a reduced irrigation water supply will be the best approach. Itisa
change that will be accepted by insureds. It is a change that recognizes current farming
practices. Furthermore, the current procedures allow a case by case decision to provide a
reduced Approved Yield if that is the option the insured would prefer. Implementing Limited
Irrigation nationwide for all crops is unlikely to resolve any issues that currently exist and is
likely to create problems that do not now exist.
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Appendix A

2014 Insurance Offers under an Irrigated Practice
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Table Al. 2014 Practice Codes on Insurance Offers for Crops
Grown under an Irrigated Practice

Practice

Practice

Code Practice Code Practice

2 Irrigated 190 Fall Planted Late Season Irr.(OC)
10 Irrigated Without Cover Crop 191 Fall Planted Late Season Irr.(OT)
12 Irrigated With Cover Crop 192 Spring Planted Early Season Irr.(OC)
26 Irrigated (Spring) 193 Spring Planted Early Season Irr.(OT)
27 Irrigated (Fall) 194 Spring Planted Late Season Irr.(OC)
32 Irr. With Frost Protection 195 Spring Planted Late Season Irr.(OT)
32 Irrigated - Tray Dried 196 Winter Planted Early Season Irr.
42 Irr. Without Frost Protection 197 Winter Planted Late Season Irr.
42 Irrigated - Natural 198 Winter Planted Early Season Irr.(OC)
82 Fall Seeded (Irr.) 199 Winter Planted Early Season Irr.(OT)
85 Nibr-I 200 Winter Planted Late Season Irr.(OC)
92 Ibr-1 201 Winter Planted Late Season Irr.(OT)
92 Spring Seeded (Irr.) 202 Fall Pltd Seed-To-Seed (Irr)

94 Nfac (Irrigated) 211 Winter Planted Irrigated

95 Fac (Irrigated) 220 Winter Planted Irr.
102 Established Stand (Irr) 230 Winter Direct Seeded Irr.
110 Spp (Irrigated) 240 Winter Transplanted Irr.
111 Dpp (Irrigated) 240 Winter Transplanted Irrigated
114 Early (Irrigated) 241 Witr. Transpltd Irr Staked
115 Late (Irrigated) 250 Standard Density (Irrigated)
120 Fall Planted Irr. 251 Standard Density (Irrigated) (OC)
121 Spring Irrigated 252 Standard Density (Irrigated) (OT)
123 Fall Irrigated 253 High Density (Irrigated)
130 Fall Direct Seeded Irr. 254 High Density (Irrigated) (OC)
130 Fall Direct Seeded Irrigated 255 High Density (Irrigated) (OT)
140 Fall Transplanted Irr. 256 Super High Density (Irrigated)
141 Fall Transpltd Irr Staked 257 Super High Density (Irrigated) (OC)
143 Fall Transpltd Irr Mulch Staked 258 Super High Density (Irrigated) (OT)
144 Fall Transpltd Irr Unmulch Staked 302 Spring Pltd Seed-To-Seed (Irr)
181 Fall Planted Early Season Irr. 320 Spring Planted Irr.

182 Fall Planted Mid Season Irr. 330 Spring Direct Seeded Irr.

183 Fall Planted Late Season Irr. 340 Spring Transplanted Irr.

184 Spring Planted Early Season Irr. 341 Spr. Transpltd Irr Staked

185 Spring Planted Late Season Irr. 343 Spr Transpltd Irr Mulch Staked
186 Fall Planted Early Season Irr.(OC) 344 Spr Transpltd Irr Unmulch Stake
187 Fall Planted Early Season Irr.(OT) 347 Spr Transpltd N-Irr Mulch Stake
188 Fall Planted Mid Season Irr.(OC) 420 Summer Planted Irr.

189 Fall Planted Mid Season Irr.(OT) 503 Irr. Mulch Staked
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Pgaoc(;iece Practice Pgaoc(;ice Practice

702 Organic (Certified) Irr. 787 Witr. Transpltd Irr Staked(OC)
702 Organic(Certified) Irr. 788 Wtr. Transpltd Irr Staked(OT)
702 Organic(Certified)Irr. 791 Spr. Transpltd Irr Staked(OC)
703 Early Spring Planted 792 Spr. Transpltd Irr Staked(OT)
704 Fall Planted Irrigated 793 Irr. With Frost Protection(OC)
705 Spring Planted Irrigated 794 Irr. With Frost Protection(OT)
706 Summer Planted Irrigated 795 Irr. Without Frost Protection(OC)
712 Organic (Transitional) Irr. 796 Irr. Without Frost Protection(OT)
712 Organic(Transitional) Irr. 797 Irrigated Without Cover Crop(OC)
712 Organic(Transitional)Irr. 798 Irrigated Without Cover Crop(OT)
739 Nfac (Irrigated)(OC) 813 Irrigated With Cover Crop(OC)
740 Nfac (Irrigated)(OT) 814 Irrigated With Cover Crop(OT)
741 Fac (Irrigated)(OC) 817 Fall Direct Seeded Irrigated(OC)
742 Fac (Irrigated)(OT) 818 Fall Direct Seeded Irrigated(OT)
747 Fall Seeded (Irr.)(OC) 819 Winter Transplanted Irrigated(OC)
748 Fall Seeded (Irr.)(OT) 820 Winter Transplanted Irrigated(OT)
749 Spring Seeded(OC) 837 Spp (Irrigated)(OC)
750 Spring Seeded(OT) 838 Spp (Irrigated)(OT)
751 Spring Seeded (Irr.)(OC) 839 Dpp (Irrigated)(OC)
752 Spring Seeded (Irr.)(OT) 840 Dpp (Irrigated)(OT)
759 Fall Planted Irr.(OC) 845 Early (Irrigated)(OC)
760 Fall Planted Irr.(OT) 846 Early (Irrigated)(OT)
761 Winter Planted Irr.(OC) 847 Late (Irrigated)(OC)
762 Winter Planted Irr.(OT) 848 Late (Irrigated)(OT)
763 Spring Planted Irr.(OC) 851 Spring Irrigated(OC)
764 Spring Planted Irr.(OT) 852 Spring Irrigated(OT)
769 Fall Direct Seeded Irr.(OC) 855 Fall Irrigated(OC)
770 Fall Direct Seeded Irr.(OT) 856 Fall Irrigated(OT)
771 Fall Transplanted Irr.(OC) 857 Nibr-I(OC)
772 Fall Transplanted Irr.(OT) 858 Nibr-I(OT)
773 Winter Direct Seeded Irr.(OC) 861 Ibr-1(OC)
774 Winter Direct Seeded Irr.(OT) 862 Ibr-1(0T)
775 Winter Transplanted Irr.(OC) 865 Irrigated - Tray Dried(OC)
776 Winter Transplanted Irr.(OT) 866 Irrigated - Tray Dried(OT)
777 Spring Direct Seeded Irr.(OC) 867 Irrigated - Natural(OC)
778 Spring Direct Seeded Irr.(OT) 868 Irrigated - Natural(OT)
779 Spring Transplanted Irr.(OC) 915 Irrigated (Spring)(OC)
780 Spring Transplanted Irr.(OT) 916 Irrigated (Spring)(OT)
783 Fall Transpltd Irr Staked(OC) 917 Irrigated (Fall)(OC)
784 Fall Transpltd Irr Staked(OT) 918 Irrigated (Fall)(OT)

Use or disclosure of information or data Risk Management Agency
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Panc(;iece Practice

929 Summer Planted Irr.(OC)

930 Summer Planted Irr.(OT)

931 Fall Transpltd Irr Mulch Staked(OC)

932 Fall Transpltd Irr Mulch Staked(OT)

933 Fall Transpltd Irr Unmulch Staked(OC)

934 Fall Transpltd Irr Unmulch Staked(OT)

937 Spr Transpltd Irr Mulch Staked(OC)

938 Spr Transpltd Irr Mulch Staked(OT)

939 Spr Transpltd Irr Unmulch Stake(OC)

940 Spr Transpltd Irr Unmulch Stake(OT)

945 Irr. Mulch Staked(OC)

946 Irr. Mulch Staked(OT)

959 Established Stand (Irr)(OC)

960 Established Stand (Irr)(OT)

961 Fall Pltd Seed-To-Seed (Irr)(OC)

962 Fall Pltd Seed-To-Seed (Irr)(OT)

963 Spring Pltd Seed-To-Seed (Irr)(OC)

964 Spring Pltd Seed-To-Seed (Irr)(OT)

977 Winter Planted Irrigated(OC)

978 Winter Planted Irrigated(OT)

981 Fall Planted Irrigated(OC)

982 Fall Planted Irrigated(OT)

983 Spring Planted Irrigated(OC)

984 Spring Planted Irrigated(OT)

985 Summer Planted Irrigated(OC)

986 Summer Planted Irrigated(OT)
Use or disclosure of information or data A3 Risk Management Agency
contained on this sheet is subject to the Order No.: D14PD00062
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Data Gathering Analysis and Outline of Proposed Policy and Procedures Modifications Report

Table A2. 2014 Insured Crops Grown under an Irrigated Practice
By Crop, Plan, Type, and Practice

g(r)(()f; Crop 5531; Plan Egl()iz Type nggge Practice
11 Wheat 1 Yield Protection 15 Durum 2 Irrigated
11 Wheat 1 Yield Protection 11 Winter 2 Irrigated
11 Wheat 1 Yield Protection 12 Spring 2 Irrigated
11 Wheat 1 Yield Protection 997 No Type Specified 2 Irrigated
11 Wheat 2 Revenue Protection 997 No Type Specified 2 Irrigated
11 Wheat 2 Revenue Protection 12 Spring 2 Irrigated
11 Wheat 2 Revenue Protection 15 Durum 2 Irrigated
11 Wheat 2 Revenue Protection 11 Winter 2 Irrigated
1 Wheat 3 Revenue Prot with. Harvest Price 15 Durum 5 Frrigated

Exclusion
11 Wheat 3 Revenue Prot with. Harvest Price 1 Winter ) Frrigated
Exclusion
11 Wheat 3 Revenue Prot with. Harvest Price 1 Spring ) Frrigated
Exclusion
11 Wheat 3 Revenue Prot With. Harvest Price 997 No Type Specified 2 Irrigated
Exclusion
11 Wheat 4 Area Yield Protection 11 Winter 2 Irrigated
11 Wheat 4 Area Yield Protection 15 Durum 2 Irrigated
11 Wheat 4 Area Yield Protection 12 Spring 2 Irrigated
11 Wheat 4 Area Yield Protection 997 No Type Specified 2 Irrigated
11 Wheat 5 Area Revenue Protection 997 No Type Specified 2 Irrigated
11 Wheat 5 Area Revenue Protection 15 Durum 2 Irrigated
11 Wheat 5 Area Revenue Protection 11 Winter 2 Irrigated
11 Wheat 5 Area Revenue Protection 12 Spring 2 Irrigated
11 Wheat 6 Area Revenue Protection - Harvest 997 No Type Specified 2 Irrigated

Price Exclusion

1 Wheat 6 Area Revenge Protectl.on - Harvest 15 Durum > Trrigated
Price Exclusion

1 Wheat 6 Area Revenye Protectl.on - Harvest D Spring > Frrigated
Price Exclusion

Use or disclosure of information or data A4 Risk Management Agency
contained on this sheet is subject to the Order No.: DI4PD00062
restrictions on the title page of this report.
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~
Crop Plan Type Practice .
Code Crop code Plan Code Type Code Practice
11 Wheat 6 Area Revenge Protectl'on - Harvest 11 Winter 2 Irrigated
Price Exclusion
11 Wheat 1 Yield Protection 15 Durum 702 Organic(Certified) Irr.
11 Wheat 1 Yield Protection 11 Winter 702 Organic(Certified) Irr.
11 Wheat 1 Yield Protection 997 No Type Specified 702 Organic(Certified) Irr.
11 Wheat 1 Yield Protection 12 Spring 702 Organic(Certified) Irr.
11 Wheat 2 Revenue Protection 15 Durum 702 Organic(Certified) Irr.
11 Wheat 2 Revenue Protection 11 Winter 702 Organic(Certified) Irr.
11 Wheat 2 Revenue Protection 997 No Type Specified 702 Organic(Certified) Irr.
11 Wheat 2 Revenue Protection 12 Spring 702 Organic(Certified) Irr.
1 Wheat 3 Revenue Protwith Harvest Price 5 Durum 702 Organic(Certified) Irr,
Exclusion
11 Wheat 3 Revenue Prot Wlth. Harvest Price 997 No Type Specified 702 Organic(Certified) Irr.
Exclusion
1 Wheat 3 RevenueProtwith Harvest Price Winter 702 Organic(Certified) I,
Exclusion
1 Wheat 3 RevenueProtwith Harvest Price Spring 702 Organic(Certified) I,
Exclusion
11 Wheat 4 Area Yield Protection 15 Durum 702 Organic(Certified) Irr.
11 Wheat 4 Area Yield Protection 12 Spring 702 Organic(Certified) Irr.
11 Wheat 4 Area Yield Protection 997 No Type Specified 702 Organic(Certified) Irr.
11 Wheat 4 Area Yield Protection 11 Winter 702 Organic(Certified) Irr.
11 Wheat 5 Area Revenue Protection 11 Winter 702 Organic(Certified) Irr.
11 Wheat 5 Area Revenue Protection 997 No Type Specified 702 Organic(Certified) Irr.
11 Wheat 5 Area Revenue Protection 12 Spring 702 Organic(Certified) Irr.
11 Wheat 5 Area Revenue Protection 15 Durum 702 Organic(Certified) Irr.
1 Wheat ¢  /reaRevenue Protection - Harvest g9y No Type Specified 702 Organic(Certified) Trr.
Price Exclusion
11 Wheat ¢  AreaRevenue Protection - Harvest ) 5 Durum 702 Organic(Certified) I,
Price Exclusion
1 Wheat 6  ArcaRevenue Protection - Harvest Winter 702 Organic(Certified) I,
Price Exclusion
11 Wheat 6 Area Revenue Protection - Harvest 12 Spring 702 Organic(Certified) Irr.
Use or disclosure of information or data A5 Risk Management Agency

contained on this sheet is subject to the

restrictions on the title page of this report.

Order No.: D14PD00062



Data Gathering Analysis and Outline of Proposed Policy and Procedures Modifications Report

@

W&A Crop Insurance Division
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~
Crop Plan Type Practice .
Code Crop code Plan Code Type Code Practice
Price Exclusion
11 Wheat 1 Yield Protection 15 Durum 712 Organic(Transitional) Irr.
11 Wheat 1 Yield Protection 11 Winter 712 Organic(Transitional) Irr.
11 Wheat 1 Yield Protection 997 No Type Specified 712 Organic(Transitional) Irr.
11 Wheat 1 Yield Protection 12 Spring 712 Organic(Transitional) Irr.
11 Wheat 2 Revenue Protection 15 Durum 712 Organic(Transitional) Irr.
11 Wheat 2 Revenue Protection 11 Winter 712 Organic(Transitional) Irr.
11 Wheat 2 Revenue Protection 12 Spring 712 Organic(Transitional) Irr.
11 Wheat 2 Revenue Protection 997 No Type Specified 712 Organic(Transitional) Irr.
11 Wheat 3 Revenue Prot w1th' Harvest Price 12 Spring 712 Organic(Transitional) Irr.
Exclusion
11 Wheat 3 Revenue Prot Wlth. Harvest Price 11 Winter 712 Organic(Transitional) Irr.
Exclusion
11 Wheat 3 Revenue Prot Wlth. Harvest Price 15 Durum 712 Organic(Transitional) Irr.
Exclusion
11 Wheat 3 Revenue Prot Wlth. Harvest Price 997 No Type Specified 712 Organic(Transitional) Irr.
Exclusion
11 Wheat 4 Area Yield Protection 997 No Type Specified 712 Organic(Transitional) Irr.
11 Wheat 4 Area Yield Protection 15 Durum 712 Organic(Transitional) Irr.
11 Wheat 4 Area Yield Protection 12 Spring 712 Organic(Transitional) Irr.
11 Wheat 4 Area Yield Protection 11 Winter 712 Organic(Transitional) Irr.
11 Wheat 5 Area Revenue Protection 11 Winter 712 Organic(Transitional) Irr.
11 Wheat 5 Area Revenue Protection 12 Spring 712 Organic(Transitional) Irr.
11 Wheat 5 Area Revenue Protection 15 Durum 712 Organic(Transitional) Irr.
11 Wheat 5 Area Revenue Protection 997 No Type Specified 712 Organic(Transitional) Irr.
11 Wheat 6 Area Revenge Protectl'on - Harvest 997 No Type Specified 712 Organic(Transitional) Irr.
Price Exclusion
11 Wheat 6 Area Revenge Protectl'on - Harvest 12 Spring 712 Organic(Transitional) Irr.
Price Exclusion
11 Wheat 6 Area Revenge Protectl'on - Harvest 11 Winter 712 Organic(Transitional) Irr.
Price Exclusion
11 Wheat 6 Area Revenge Protectl'on - Harvest 15 Durum 712 Organic(Transitional) Irr.
Price Exclusion
Use or disclosure of information or data A6 Risk Management Agency
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~
Crop Plan Type Practice .
Code Crop code Plan Code Type Code Practice
12 Blueberries 90 APH 6 Early To Late Highbush 2 Frrigated
(Group B)
12 Blueberries 90 APH 4 Lowbush 2 Irrigated
. Very Late Highbush & .
12 Blueberries 90 APH 7 Rabbiteye (Group A) 2 Irrigated
12 Blueberries 90 APH 1 Rabbiteye 2 Irrigated
12 Blueberries 90 APH 2 Highbush 2 Irrigated
12 Blueberries 90 APH 2 Highbush 32 Irr. With Frost Protection
12 Blueberries 90 APH 1 Rabbiteye 32 Irr. With Frost Protection
12 Blucberries 90 APH | Rabbiteye 4 frr. Without Frost
rotection
12 Blueberries 90 APH 2 Highbush ) frr. Without Frost
Protection
12 Blueberries 90 APH 2 Highbush 702 Organic(Certified) Irr.
12 Blueberries 90 APH 6 Early To Late Highbush 702 Organic(Certified) Trr.
(Group B)
12 Blueberries 90 APH 1 Rabbiteye 702 Organic(Certified) Irr.
. Very Late Highbush & . .
12 Blueberries 90 APH 7 Rabbiteye (Group A) 702 Organic(Certified) Irr.
12 Blueberries 90 APH 4 Lowbush 702 Organic(Certified) Irr.
12 Blueberries 90 APH 4 Lowbush 712 Organic(Transitional) Irr.
12 Blueberries 90 APH 6 Early To Late Highbush 712 Organic(Transitional) Irr.
(Group B)
12 Blueberries 90 APH 1 Rabbiteye 712 Organic(Transitional) Irr.
. Very Late Highbush & . .
12 Blueberries 90 APH 7 Rabbiteye (Group A) 712 Organic(Transitional) Irr.
12 Blueberries 90 APH 2 Highbush 712 Organic(Transitional) Irr.
. . Irr. With Frost
12 Blueberries 90 APH 2 Highbush 793 Protection(OC)
. . Irr. With Frost
12 Blueberries 90 APH 1 Rabbiteye 793 Protection(OC)
. . Irr. With Frost
12 Blueberries 90 APH 1 Rabbiteye 794 Protection(OT)
. . Irr. With Frost
12 Blueberries 90 APH 2 Highbush 794 Protection(OT)
Use or disclosure of information or data A7 Risk Management Agency
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W&A Crop Insurance Division

A Division of Watrs and Associates Inc.

~
Crop Plan Type Practice .
Code Crop code Plan Code Type Code Practice
. . Irr. Without Frost
12 Blueberries 90 APH 2 Highbush 795 Protection(OC)
. . Irr. Without Frost
12 Blueberries 90 APH 1 Rabbiteye 795 Protection(OC)
. . Irr. Without Frost
12 Blueberries 90 APH 2 Highbush 796 Protection(OT)
. . Irr. Without Frost
12 Blueberries 90 APH 1 Rabbiteye 796 Protection(OT)
. Fall Planted Whites & .
13 Onions 90 APH 223 Yellows (Processed) 2 Irrigated
13 Onions 90 APH 205 Fall Planted Whites & 2 Trrigated
Yellows
13 Onions 90 APH 170 Reds 2 Irrigated
13 Onions 90 APH 215 Spring Planted Whites & 2 Frrigated
Yellows
13 Onions 90 APH 180 Whites 2 Irrigated
13 Onions 90 APH 208 Winter Planted Whites & 2 Trrigated
Yellows
13 Onions 90 APH 190 Yellows 2 Irrigated
13 Onions 90 APH 190 Yellows 10 Irrigated ‘é’r‘ég"“t Cover
13 Onions 90 APH 170 Reds 10 Irrigated \gr‘;gout Cover
13 Onions 90 APH 180 Whites 10 Irrigated \gr‘g;"“t Cover
13 Onions 90 APH 190 Yellows 12 Irrigated With Cover Crop
13 Onions 90 APH 170 Reds 12 Irrigated With Cover Crop
13 Onions 90 APH 180 Whites 12 Irrigated With Cover Crop
. Fall Direct Seeded
13 Onions 90 APH 200 Granex (Non-Storage) 130 Frrigated
13 Onions 90 APH 200 Granex (Non-Storage) 240 Winter Transplanted
Irrigated
13 Onions 90 APH 180 Whites 320 Spring Planted Irr.
13 Onions 90 APH 190 Yellows 320 Spring Planted Irr.
13 Onions 90 APH 170 Reds 320 Spring Planted Irr.
Use or disclosure of information or data A8 Risk Management Agency
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~
Crop Plan Type Practice .
Code Crop code Plan Code Type Code Practice
13 Onions 90 APH 180 Whites 702 Organic(Certified) Irr.
13 Onions 90 APH 205 Fall Planted Whites & 702 Organic(Certified) I,
Yellows
13 Onions 90 APH 190 Yellows 702 Organic(Certified) Irr.
13 Onions 90 APH 215 Spring Planted Whites & 702 Organic(Certified) Irr.
Yellows
13 Onions 90 APH 228 Winter Planted Whites & 702 Organic(Certified) Irr.
Yellows
13 Onions 90 APH 170 Reds 702 Organic(Certified) Irr.
. Fall Planted Whites & . .
13 Onions 90 APH 223 Yellows (Processed) 702 Organic(Certified) Irr.
13 Onions 90 APH 205 Fall Planted Whites & 712 Organic(Transitional) Irr.
Yellows
13 Onions 90 APH 190 Yellows 712 Organic(Transitional) Irr.
13 Onions 90 APH 215 Spring Planted Whites & 712 Organic(Transitional) Irr.
Yellows
13 Onions 90 APH 180 Whites 712 Organic(Transitional) Irr.
. Fall Planted Whites & . -
13 Onions 90 APH 223 Yellows (Processed) 712 Organic(Transitional) Irr.
13 Onions 90 APH 170 Reds 712 Organic(Transitional) Irr.
13 Onions 90 APH 228 Winter Planted Whites & 712 Organic(Transitional) Irr.
Yellows
13 Onions 90 APH 190 Yellows 763 Spring Planted Irr.(OC)
13 Onions 90 APH 170 Reds 763 Spring Planted Irr.(OC)
13 Onions 90 APH 180 Whites 763 Spring Planted Irr.(OC)
13 Onions 90 APH 190 Yellows 764 Spring Planted Irr.(OT)
13 Onions 90 APH 170 Reds 764 Spring Planted Irr.(OT)
13 Onions 90 APH 180 Whites 764 Spring Planted Irr.(OT)
13 Onions 90 APH 170 Reds 797~ [lrrigated Without Cover
Crop(OC)
13 Onions 90 APH 190 Yellows 797~ [lrrigated Without Cover
Crop(OC)
13 Onions 90 APH 180 Whites 797~ [lrrigated Without Cover
Crop(OC)
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