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This is the third in a series of articles celebrating the 20" anniversary of farmdoc. A list of all nine articles
in the series and authors can be found at the end of this article.

In preparation for the 20t Anniversary of the farmdoc program, we are highlighting several of the central
themes that have persisted through time and are identifying some of the ways in which the farmdoc
program has responded to, and continues to contribute to producers’ key decisions. Among the most
important risk management activities — dramatically highlighted by this year’s weather and developing
production situation — involves the ever-changing crop insurance options that a producer has access to,
and their interactions with other government programs. Simply put, crop insurance is the central part of
many producer’s risk management programs and is among the most visible components of the federal
farm programs. In response, the farmdoc team has developed several tools and educational materials to
help make sense of the complex decisions faced related to crop insurance, and to government farm
programs in general. The purpose of this post is to simply document the general features of the federal
crop insurance program through time, and to highlight the ways some of the tools can be used to improve
farm-level decision making.

Growth in importance of Crop Insurance

First, to understand the growth through time and current importance of the programs, see Figure 1 which
shows the total program liability and premiums through time from 1989 to present. The total liability, or
amount of insurance in place, peaked in 2013 at almost $124 billion and has averaged just under $110
billion per year over the most recent decade. Total premiums, or the amount paid for the insurance, has
averaged just over $10 billion over the past decade. Program wide, the premium rate, or the cost per
dollar of liability, has been around 9% since the advent of revenue-based insurance.

We request all readers, electronic media and others follow our citation guidelines when re-posting articles
from farmdoc daily. Guidelines are available here. The farmdoc daily website falls under University of
lllinois copyright and intellectual property rights. For a detailed statement, please see the University of
lllinois Copyright Information and Policies here.
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Figure 1. Total Crop Insurance Liability and Premium, 1989-2019
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Impressively, the Federal Crop Insurance Corporation supports nearly 200 different crop/policy
combinations from corn, soybeans, and wheat, to crops such as triticale, sesame, walnuts, processing
pumpkins, and nearly every commercially important crop grown by US producers. The program volume is
heavily concentrated in corn, soybeans and wheat however, with nearly 70% of the total program liability
and premiums represented by those three crops alone, and with usage concentrated in the corn belt, and
wheat growing regions.

Figure 2 shows the insured acres through time for these three crops by total insured acres (both revenue
and yield products), and Figure 3 shows the percentage of the total planted acres of each of these crops
is insured in some form in the federal crop insurance programs. It is very impressive to see that the vast
bulk of the total production is insured, and in fact, there are policy objectives that are intended to
encourage participation to a point that is great enough that ad hoc disaster programs can be realistically
limited. In short, crop insurance seems to be performing largely as intended in providing a meaningful
safety net for the majority of commercially important acreage, especially in the major row crop regions.

fdd Figure 2. Total Insured Acres for Corn, Soybeans, and wheat, 1989-2019
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Figure 3. Percentage of Total Planted Acres Covered under Federal Crop
Insurance, 1989-2019
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Complex Farmer Decisions

The previous graphs belie the complexity of the decisions that individual producers face annually when
deciding on the type, level, and units of production to insure. In general, a producer can choose to insure
their farm-level production, and then choose between yield or revenue insurance; or insure with a county-
level product (somewhat akin to a group policy). Within each type of insurance, there are coverage level
elections from 50% to 85% in most cases for farm level products, and from 70% to 90% for county-based
products. There are then unit decisions related to the aggregation of production for optional, basic,
enterprise, and whole-farm insurance; and to complicate further, revenue insurance can be purchased
with or without the option to increase the guarantee if prices increase. Additionally, many insurance
payments related to other federal program payments based on coverage (e.g. supplemental coverage
options), and thus the total relationship to revenue risk extends beyond the insurance coverage chose.
Finally, there are then a dizzying number of private product add-ons that allow options such as
determination of the indemnity price on an interval other than that provided for in the federal product, or
rearrangement of insured units, or the ability to buy-up the indemnity price or coverage level, and so forth.
Conservatively, if one considers only the coverage level, practice options, the choice of farm or group
policy, coverage factors in group products, and the unit structure, most producers have well over 100
possible policy choices each year. While the vast majority of producers of the major row crops choose
some form of revenue insurance, the cost per acre depends directly on previous production experience,
and on the level of coverage (which determines the underlying subsidy structure as well). Moreover,
every single county has a different rate structure and the rates paid by individuals in each county further
depend on both coverage level differentials and production ratios relative to county expected levels.
Finally, the prices for both the premiums and the indemnification are determined in windows each year
based on futures prices and local time windows for averaging. For example, corn projected prices in
much of the corn belt are determined by averaging the futures prices on the December contract during
trading days in February, with the volatility factor calibrated to the final five trading days’ outcomes.

farmdoc Tools in response

Sound confusing? It can be — and that fact led to the development of the farmdoc tools highlighted in this
post. At the core of the problem is the ability to quickly compare prices across products available to a
producer in a given location with a specific background experience, with myriad other conditions
determined by the producer and in most cases in a short window of time around the two-week window
during which most insurance can be purchased annually. Fortunately, one of the major crop insurance
tools available at the farmdoc website is a quoting system that dramatically simplifies the quoting
difficulties. Each spring, farmdoc provides updated and complete one-stop quoting software to allow a
producer to compare virtually all possible combinations of insurance and coverage for their own farm
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situation. First released in 2001, the iFARM Crop Insurance tools have now been accessed and used
literally several million times over the years by producers, agents, and others interested in quick and
concisely organized quotes for their own cases.

Figure 4 below shows a case for Champaign County lllinois for one of the most extensively utilized tools
in the form of the iIFARM Crop Insurance Premium Calculator (tool available here). This type of
information would take hours upon hours to recreate one quote at a time using other commonly provided
methods; and thus, the intent was to allow producers to have ready and free access to as much
information as needed to become fully informed about their crop insurance choices and options. The
calculator is available for the vast majority of the central US and has over 800 county cases included.
Additionally, the basic architecture has been broadly distributed for others to use in developing their own
versions of their quoter systems, but the on-line iFARM version remains one of the most extensively used
tools at our site. As can be seen in the figure below, the user enters only a few key pieces of information
and can immediately retrieve a full array of indicative quotes for virtually all the most popular
combinations of crop insurance products and coverage options available. Given the incredibly
compressed time period (generally two weeks) each spring during which crop insurance purchases are
completed, having timely and easily accessed information provided in an easily interpreted format is
viewed as a very meaningful contribution. (A downloadable version of the quoter is also available for
those who need to be able to access the information when not on-line.)

Figure 4. iFARM Crop Insurance Premium Calculator (2019)
Select State, County, Crop:
Select State: Select County: Crop:
llinois v Champaign ¥ } Com v

Individual Farm Level Policies

APH Yield Use TA adjustment TA Yield &2 Rate Yield
172.85 Yes ¥ 181.9 172.85
Risk Class Acres Type Practice
None ¥ 100 Grain v Non-Irrigated v
Prevented Planting
None v
Revenue Protection Revenue Protection With Harvest Price Exclusion Yield Protection
C ge Level ise Basic Optional Minil Enterprise Basic Optional Revenue Enterprise Basic Optional Yield
Revenue Guarantee Guarantee (Bu/Acre)
Guarantee
50% 0.46 0.80 117 364 0.38 065 091 364 0.40 0.67 101 91
55% 0.64 122 1.8 400 0.46 088 122 400 0.55 0.98 147 100
60% 0.88 177 252 437 0.50 108 156 437 0.75 135 198 109
65% 121 289 397 473 0.59 162 239 473 1.03 213 307 18
70% 179 433 5.8 509 0.80 229 330 509 1.47 3.03 428 127
75% 3.01 6.88 8.95 546 125 344 498 546 225 447 622 136
80% 6.01 1160 14.56 582 2.56 6.01 837 582 4.20 715 978 146
85% 1218 18.93 2298 618 5.36 9,94 13.29 618 7.89 10,98 14.76 155
Projected Price: $  4.00 Volatility Factor 015 Price and Volatility data as of Sep 4, 2019

County Level Products

Type Practice
Grain v Non-Irrigated v
Area Revenue Protection Area Revenue Protection With Harvest Price Exclusion Area Yield Protection
C ge Level Protection Factor Minimum Protection Factor Revenue Protection Factor Yield
120% 95 goy  Revenue 120% 95% 80% Guarantee 120% 95% 80%  Cudrantee
Guarantee
70% 5.9 4.67 393 542 4.2 3.26 275 542 472 3.74 335 136
75% 9.49 7.51 6.33 581 573 4.54 382 581 6.29 498 419 145
80% 1593 126 1062 620 9.79 775 6.53 620 N46 907 764 155
85% 2791 2210 18.61 658 18.53 14.67 12.35 658 16.47 13.04 1098 165
90% 4465 3535 29.77 697 32.32 25.59 2155 697 2436 1929 1624 174
Exp Yield: 193.60 Proj. Price $4.00 Vol. 015
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While the premium and guarantee information provided by the tool dramatically reduced the “search cost”
and information asymmetry around crop insurance costs by location and circumstance, producers also
consistently asked for information to evaluate the implications of different types of coverage. Early
educational seminars could allow an audience at a time to see, for example, that many of the group
products actually paid much more than they cost through time depending on location, but that the
payments were less correlated with on-farm revenue shortfalls than were the revenue products with
harvest price options for guarantee increases. This persistent line of inquiry led to the development of
one of the largest scale crop insurance simulation programs known to exist at the time of its deployment,
and to this date remains one of the most extensive analytical tools for crop insurance available for free.
Figure 5 below shows just a couple of example screen shots for the Champaign county case identified
above. (approximately 800 other counties are available here) The Crop Insurance Payment Evaluator has
been migrated from a set of individual computers to be now run on the National Center for
Supercomputing Applications (NCSA). It performs a large scale numeric simulation utilizing estimated
price and yield distributions for the on-farm case evaluated against the actual crop insurance products
being offered each year and then provides the user with a set of outputs including information on the
likelihood of payment, the size of expected payments, the correlation with crop revenue, the net cost of
insurance through time, and probabilistic information about the likelihood of achieving different revenue
outcomes with each option of insurance. Producers with less concern about a specific year’'s revenue
might opt for example for the highest average payback, while a producer with concern about specific cash
flow requirements might choose the option to maximize the likelihood of achieving that goal. Again, the
purpose of the development and deployment of the tool was to respond to producer needs with a high
quality and complete source of objective information that a producer can access on their own time to help
improve the quality of their crop insurance usage decisions.
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Figure 5. iFARM Crop Insurance Payment Evaluator

Describe Insurance Policy

Select State:
lliinois v
Unit:
Basic \ 4

e Results

Case Farm Info

Value at Risk Information

Est Premiums

Select County:

Champaign V¥

Acres:
320

Avg Payments

Case Farm Information

Farm Average Yield 188.02 bu/acre
Farm Std Dev of Yield 41.02 bu/acre
County Average Yield 188.02 bu/acre

County Std Dev of Yield 32.82 bu/acre
Average Futures Price 3.58 /bu
Std Dev of Price 0.34 /bu
Avg Harvest Cash Basis 0.35 /bu
Avg Gross Crop Rev 602.59 /acre

Freq Payment

30% of years yields below:
20% of years yields below:
10% of years yields below:

5% of years yields below:

Net Cost of Insurance

Select Crop:

Com

Farm Yield (bu/acre)
167.90
153.61
133.23
16.23

Avg Cross Rev

County Yield (bu/acre)

172.77
16132

144.10
129.46

Target Probability

Farm Trend-Adjusted APH
County TA Rate
Farm APH (ref)

Probabilities of Revenue with Insurance

60%

45%

30%

Probabilities of Revenue with Insurance

188.00 bu/acre
1.71 bu/acre/year
179.00 bu/acre

—— No Ins

— YP8S

~—— RP-HPES5
— RP85

— AYP90

—— ARPHPEP90

$200.00 $300.00

Estimated Net Average Cost of Insurance

$400.00

Coverage

Election YP
50% $-0.20
55% $-0.59
60% $-1.40
65% $-2.51
70% $-4.64
75% $-7.28
80% $-10.52
85% $-14.69
90%

The table above contains long run average net costs of insurance by product and election level. Net cost is defined as farmer-paid premium less average
payment recieved. A negative value indicates that the product pays back more on average than the farmer-paid premium for the case farm considered.

RP-HPE
$-0.49
$-1.34
$-3.04
$-5.66
$-9.82
$-15.36
$-2238
$-3149

$500.00 $600.00

RP
$-0.47
$-1.20
$-266
$-4.80
$-8.51
$-1270
$-17.78
$-2374

AYP

$-6.37
$-10.77
$-13.95
$-20.25
$-2718

Price and Volatility data as of Sep 4, 2019.

This graph shows the
impact of alternative
crop insurance
products, associating
the likelihood of
revenue outcomes with
their levels. It is
generally better to have
a higher likelihood of
higher revenue, so lines
that are below and to
the right are preferable.
Often, group products,
if offered in a county,
will have lower net
costs and improve
average revenue but do
less to mitigate the
likelinood for very low
outcomes, for example.
The No-Ins. line shows
the revenues and their
associated probabilities

ARP-HPE ARP
s$-122 S$-n.92
$-2127 $-19.55
$-33.05 $-2965
$-46.16 $-40.31
$-6118 $-53.09



Finally, after insurance has been purchased, but before harvest, producers are critically interested in
pricing of their crops and in the potential for different price outcomes after the production is in a situation
that it can be “priced”. Many marketing and price information services exist, and producers have access
to near real time futures price data at the touch of a screen in most cases. What seemed to be missing,
however, was the ability to quickly assess probabilistic information about price movements. For example,
if the current futures prices for December corn is $3.60, what is the likelihood that it will be above the $4
projected price by expiration, or what is the probability of a decline of more than $.10. To address this
type of information, another tool was developed that uses a broad array of traded option information to
deduce the market’s aggregate “beliefs” about the likelihood of price changes and provides producers
and others with both a visual display of the uncertainty inherent in the market, and a means to test the
likelihood implicit in market prices of price movements to specific levels. The tool focusses on corn and
soybeans and for the major traded months most relevant to the settlement of crop insurance, and
provides tabulations of the likelihood of prices and of the prices at pre-tabulated probabilities in near real
time from market prices. A screen shot is provided below showing the tool (available here) for December
corn as of September 4, 2019 at the close. For convenience in evaluating crop insurance, the projected
price of $4.00 was entered in the evaluation box near the bottom of the page. In this case, the market
currently views the likelihood of the price at expiration exceeding the projected price (and thus for the
Harvest Price option to be in effect) to be about 11.39%, or the probability for prices being at or below
$4.00 of being 88.61%. This tool solves for these likelihoods using a fitting routine across all traded
options that results in the lowest overall pricing error within the current market prices. As such, it provides
a reasonably defensible representation of the likelihoods and equivalently, the risk price of insuring
against price movements of a given magnitude.

The upper portion of the graph shows the likelihood of prices being at or below pre-tabulated price levels,
and the lower section shows equivalently, the prices at pre-tabulated probabilistic levels. Producers and
marketing professionals use this tool to assess the changing probabilities of price movements around
significant market events as well.
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Figure 6. iFARM Price Distribution Solver

Select Crop:
Crop: Futures Month: Year:
Com v Dec v 2019 v

@ Results

The charts below show the current Dec 2019 corn price distribution at expiration in two related forms. The top shows the cumulative
probability distribution for expiration prices and can be interpreted by identifying a price of interest and reading the associated probability on
the left axis. The lower chart contains the same information in a probability density form. The associated tables tabulate the information from
the charts by price and probability.
Price at Expiration Prob Below

$2.50 |0.01%

$§275 |0.29%

$3.00 |3.29%

$3.25 |16.04%

$350 |41.76%

$3.75 |69.94%

$4.00 |88.61%

$4.25 |96.77%

$4.50 |99.29%

C i ility of Prices at E

$255
$270
$285
$3.00
$315
$330
$345
$360
$375
$39
$4.05
$4.20
$435
$4.50
$4.65

of Prices at i At Expiration
Prob Below Price

5% |s$3.06

15% |$3.24

b 25% |$3.35
35% [S3.44

45% |$3.53

S0% |$3.57

55% |$3.61

0% 65% [s3.70
75% |$3.80

85% |$3.94

95% |S4.17

120%

60%

Relatre Frobabilly

0%

$255
$270
$285
$3.00
$315
$330
$345
$360
$375
$390
$4.05
$420
$435
$4.50
$4.65

Enter Price to Evaluate: 4.00
The implied distribution indicates that there is a 88.61% probability that the price will be below $4.00 at expiration.

Accessed Sep 4, 2019 10:32:35 PM
Copyright @ 2016. Futures: at least 10 minutes delayed. Information is provided "as is’ and solely for informational purposes, not for trading purposes or advice. To see all
exchange delays and terms of use, please see disclaimer

.

In addition to these standing tools, we have built dozens of other specific use “toolkits” and applications to
support producers’, crop insurance professionals, and policy-makers’ needs for objective and reliable
information related to crop insurance, and we intend to continue to create and maintain the most
extensive suite of crop insurance evaluation tools possible as the program continues to evolve to meet
producer needs.

For the past 20 years, the iIFARM Crop Insurance Tools were intended to provide producers with insights
needed to make informed crop insurance decisions most suitable for their own operations. We believe
that the farmdoc family of websites provides an incredibly convenient platform for the ever evolving two-
directional communication that identifies meaningful questions, and helps provide resources to address
the needs of our broad set of stakeholders.

We look forward to continuing to serve the agricultural community for the next 20 years and beyond.

8 farmdoc daily September 5, 2019



Visit the crop insurance tools section of farmdoc on the web at: http://farmdoc.illinois.edu/cropins/
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