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Abstract

Operating credit in row-crop agriculture is path-dependent: unpaid loan balances roll forward
and compound, so a single bad year can initiate a multi-year delinquency spiral. Yet credit under-
writing and crop insurance pricing treat farm revenue as an aggregate stream, ignoring how crop
rotation history shapes both yield distributions and the cash-flow process that determines whether
harvest revenue retires the operating loan. This paper develops a simulation framework that cou-
ples field-level, rotation-conditioned yield distributions, estimated from a fifteen-year Illinois corn
panel, with an explicit operating-credit model that tracks origination, accrual, repayment, and bal-
ance rollover. Delinquency risk follows a sawtooth pattern: soybean-harvest years periodically retire
accumulated rollover debt, reducing the six-year cumulative delinquency probability by up to 25
percentage points relative to continuous corn. A Shapley decomposition assigns 92-100 percent of
delinquency risk to price uncertainty, with the natural price-yield hedge contributing only one to two
percentage points (largely redundant where rotation has already reset the debt balance); rotation re-
duces this price-driven risk not by lowering price uncertainty but by restructuring the cost-and-debt
path the price shocks propagate through. A comparison between independent and correlated prices
and yields confirms that the rotation channel operates via the timing of debt retirement, rather than
aggregate price effects. Rotation history is an observable risk factor that current credit and insurance
instruments systematically ignore.
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1 Introduction

Operating credit is the financial lifeline of row-crop farms in the United States. Farmers borrow
against the spring planting decision, accrue interest through the growing season, and retire the balance
at harvest from realized revenue. When harvest revenue falls short of the obligation, the unpaid balance
rolls forward to the next year’s operating note, compounds at a contractually fixed rate, and enlarges
the principal financed in the next planting cycle. A bad year is not a single shock but the first link in a
chain: what the borrower carries into year t + 1 is jointly determined by the realized revenue draw and
the agronomic state of the field, both of which depend on what was planted in years t — 5 through t.

This path dependence is invisible to the credit-risk models that lenders, insurers, and regulators
currently use. Operating-credit underwriting treats farm revenue as an aggregate stream, summarized
by expected value and variance, and predicts default using balance-sheet ratios calibrated to one-year
loss probabilities (Featherstone et al., 2006). Crop insurance, the dominant federal risk-management
instrument, prices revenue protection against single-year shortfalls from a county-level Actual Produc-
tion History (APH) baseline (Goodwin and Mahul, 2004); the rolling-five-year APH window adjusts
the baseline mechanically but does not model how rotation history shapes the conditional yield distri-
bution from which next year’s revenue is drawn. Agronomy has long documented that yields depend
on the sequence of crops in prior years: the corn-following-corn yield penalty, the soybean nitrogen
credit, and the productivity gains from diverse rotations are textbook material (Bullock, 1992; Seifert
et al., 2017), but the agronomic literature stops at agronomy. Yield is the endpoint, not a state variable
that feeds a financial process. Despite these documented yield benefits, rotation diversity in the U.S.
Midwest has declined over the past century, with simplification concentrated on the most productive
land and reinforced by proximity to corn-demanding policy infrastructure, such as biofuel plants and
grain elevators (Socolar et al., 2021). The financial case for rotation, if it exists, has not yet been made
in terms that the parties pricing farm credit risk can act on.

We develop a simulation framework that couples field-level, rotation-conditioned yield distribu-
tions, estimated from a fifteen-year panel covering every corn field in Illinois, with an explicit operating-
credit cash-flow model that tracks intra-year debt origination, nine-month interest accrual, harvest-time
repayment, and balance rollover under insufficient revenue. The framework produces a multi-year
delinquency probability (the probability that a farm incurs at least one operating-loan default over a
six-year horizon), differentiated by the producer’s rotation plan and conditional on the six-year history
of crops planted in the field. The simulation embeds a copula representation of the negative corre-
lation between aggregate yields and market prices, calibrated from the same panel and decomposed
into systematic and idiosyncratic components so the natural hedge enters at the appropriate field-level
intensity rather than the aggregate intensity (Finger, 2012; Ramsey et al., 2019).

The simulation produces three findings that, taken together, reframe how rotation choice should be
understood in financial terms.

First, the time path of delinquency risk is not a smooth curve; it is a sawtooth. Under continuous
corn, the annual probability of operating-loan default is roughly flat at 12-15 percent in the high-
pressure northern and central Illinois regions and around 6-7 percent in the south, with no year-to-year
decline. Under either rotation plan, the per-year probability drops to near zero in soybean-harvest
years and rebuilds during corn years. The mechanism is not statistical noise: a soybean harvest retires
the accumulated rollover balance because soy is planted at a lower spring loan, harvested early, and
benefits from a more favorable price-cost ratio in the years studied. Rotation protects against multi-year
ruin not by uniformly reducing risk but by periodically arresting the debt-rollover process that converts
a bad year into a multi-year default. The cumulative six-year delinquency probability falls from about
55 percent under continuous corn in central Illinois’s high-productivity zone to about 30 percent under
strict alternation, a 25-percentage-point reduction concentrated entirely in the soybean years.

Second, price risk dominates revenue variance, and the negative price-yield correlation provides
only a modest natural hedge at the field level. A variance decomposition of gross revenue assigns
86-89 percent of variation to price and 11-14 percent to yield across all regions, zones, and rotation
plans. A Shapley attribution of delinquency risk to its two stochastic inputs is even more lopsided:



price uncertainty explains 92-100 percent of the probability of delinquency, with yield uncertainty
accounting for the residual. The negative price-yield correlation does reduce delinquency, but the
reduction is small (generally one to two percentage points) and concentrated where rotation has not
already done the work. The natural hedge and rotation are partial substitutes in the cash-flow space:
continuous corn relies on the hedge because it never retires its rollover balance, while rotation plans
already drive year-end debt to near zero in soybean years, so the hedge has little additional buffering
to perform.

Third, the rotation effect materializes quickly: the survival gap opens within the first corn-soy
cycle. Survival curves separate across rotation plans almost immediately. By year 3, the gap between
continuous corn and strict alternation is already 15-20 percentage points across all nine region x zone
cells. The step structure of the curves, with drops concentrated in corn years and flat segments in
soybean years, mirrors the sawtooth in the per-year hazard and confirms that early delinquency events
do most of the lasting damage: once a field enters the delinquency state under continuous corn, it tends
not to leave it.

The empirical contribution sits among this set of findings. The methodological contribution is the
framework that produces them: a yield generator that conditions nonparametrically on the full six-year
rotation state, a credit module that preserves the within-year sequence of origination, accrual, repay-
ment, and rollover (rather than collapsing the year into a single net cash flow), and a price-yield copula
that distinguishes field-level from aggregate correlation. None of these components is individually
new; they draw on Burt and Allison (1963) and Livingston et al. (2015) for the dynamic-state structure,
on Featherstone et al. (2006); Ifft et al. (2015) for the operating-credit calibration, and on Ramsey et al.
(2019) for the copula specification; but their combination produces a previously unavailable object: a
multi-year, rotation-conditional default probability that can be compared across plans, regions, and
productivity zones.

The findings carry direct implications for credit underwriting and insurance pricing. For lenders,
rotation history is an observable, verifiable risk factor: the simulation shows that two farms with
identical balance sheets but different six-year rotation states face six-year delinquency probabilities
that differ by nearly a factor of two. For insurers, the sawtooth pattern in per-year risk implies that
revenue-protection products calibrated to single-year loss ratios will systematically misprice the multi-
year exposure of corn-heavy producers, who carry their year-1 shocks forward in ways that the APH
baseline does not capture. We take up these implications in Section 8.

The paper proceeds as follows. Section 2 places the contribution in the literature on rotation effects,
dynamic crop-choice models, and farm credit risk. Section 4 describes the field-level Illinois panel and
calibrates the yield, price, and cost distributions. Section 5 develops the simulation model. Section 6
presents the main results. Section 7 reports the variance and Shapley decompositions and survival-
curve analysis. Section 8 discusses implications for lenders and insurers. Section 9 concludes.

2 Framing and related literature

The paper sits at the intersection of three literatures that have so far developed in parallel.

The rotation-yield literature establishes the agronomic facts. Bullock (1992) surveys the carry-over
effects from prior cropping: corn-after-corn yield penalties, soybean nitrogen credits in the corn-after-
soy direction, and rotation-complexity gains from longer cycles. Seifert et al. (2017) estimate the corn-
after-corn penalty empirically using satellite-derived yields, placing it at 4.3 percent across hundreds
of thousands of Midwestern fields. More recent work pushes this strand beyond mean yields. Bowles
et al. (2020) synthesize 347 site-years across 11 long-term experiments in North America and show
that diversified rotations reduce corn yield losses by 14-89 percent in drought years (identified using
county-level crop-insurance indemnity data) while also lowering the probability of yields below the
10th percentile at 8 of 11 sites. Smith et al. (2023) extend this to 32 long-term European and North
American experiments and document that yield benefits from diversification increase over time, driven
particularly by crop functional richness under low external nitrogen input. These papers establish that



rotation provides not just a mean-yield bump but a reduction in yield-tail risk that compounds over the
planning horizon. Yet the empirical adoption pattern runs counter to this: Socolar et al. (2021), using a
tield-level rotational complexity index applied to 1.5 million Midwestern fields, documents a century-
long simplification trend that is strongest on the most productive land and reinforced by proximity to
corn-demanding policy infrastructure. The puzzle is not whether rotation has benefits (the agronomic
literature settles that), but why those documented benefits are insufficient to halt simplification, and
whether a financial benefit visible to lenders and insurers could change the calculus.

This strand documents a risk-reduction channel but stops at the yield distribution. Whether yield-
tail compression translates into financial-tail compression depends on the cash-flow process the farm
operates under, which the rotation-yield papers do not address: a known agronomic risk-reduction
channel mapped through an explicit credit-flow process to a financial-survival statement that lenders
and insurers can act on.

The dynamic crop-choice literature begins with Burt and Allison (1963), who formulated the wheat-
fallow problem with soil moisture as a state variable and solved it using stochastic dynamic program-
ming, and continues with Livingston et al. (2015) as the closest structural predecessor. They solve the
optimal sequential planting problem for corn and soy under price uncertainty, treating the prior crop as
a state variable; the financial process is implicit. The most recent extension is Chen et al. (2025), which
solves a stochastic dynamic program for optimal cover-crop adoption in a 35-year Tennessee cotton
experiment, incorporating a cumulative soil-fertility state variable and irreversibility from sunk ma-
chinery investments. We hold the rotation policy fixed and trace its consequences through an explicit
operating-credit cash-flow process to a financial-survival outcome rather than solving for the optimal
policy.

The farm credit risk literature has developed along three lines that together supply the financial-
distress measurement and operating-credit conventions this paper draws on, but none condition on
rotation history. Featherstone et al. (2006) calibrate probability-of-default and loss-given-default models
on the Seventh Farm Credit District portfolio. Ifft et al. (2013) document the credit-insurance interaction
at the farm level: federal crop insurance participation is associated with higher leverage (Ifft et al.,
2015) and a higher probability of credit default (Ifft et al., 2013). Lee et al. (2024) corroborate this
at the county level using a 1994-2015 panel of Midwestern corn counties: counties with higher crop
insurance participation rates carry statistically lower agricultural loan delinquency rates. Kim et al.
(2020) extend the financial-distress object beyond default to exit, estimating how crop insurance affects
farm disinvestment and survival. Across all three lines, the state space includes the balance sheet,
the income statement, and the loan terms; it does not include rotation history. The simulation shows
that two farms with identical financial statements but different agronomic trajectories face delinquency
probabilities that differ by up to 25 percentage points over six years: rotation state is a missing variable
in current underwriting practice.

3 Theoretical Framework

Before developing the simulation, it is useful to establish the farmer’s decision problem that mo-
tivates why rotation choice has financial content. The model is deliberately spare: it shows that a
risk-averse farmer’s optimal rotation plan depends on the operating-credit cash-flow process, not just
expected revenue, and that the simulation in Section 5 evaluates the farmer’s objective under uncer-
tainty.

3.1 Setup

Consider a farmer who chooses a rotation plan r at the start of a T-period horizon. A plan is a
deterministic sequence of crop choices ¥ = (c1,¢2,...,cr), where ¢; € {corn,soy}. The farmer commits
to the plan ex ante, an assumption capturing the real-world inertia and transition costs documented
in Section 2. Let R denote the finite set of feasible plans; the three plans analyzed here (CCCCCC,
CSCSCS, CCSCCS) are elements of R.



3.2 Operating-credit constraint

In each year ¢, the farmer must finance spring planting. Let B;(r) denote the carried debt entering
year t under plan r, with B; = 0. The within-year credit recursion is:

B(r) = max(o, [Co(r) + By ()] (1 + )2 — Yt(r,st)), (1)

where Cy(r) is the crop-specific operating cost, i is the operating-loan rate, P; is the realized harvest
price, and Y;(r,s;) is drawn from the rotation-conditioned yield distribution Fyjs, - estimated in Sec-
tion 5.2. A delinquency event in year ¢ is 1{B;(r) > 0}.

3.3 Farmer’s problem

The farmer’s preferences over wealth are represented by a von Neumann-Morgenstern utility func-
tion u(-) with u’ > 0 and u” < 0. Define cumulative net revenue over the horizon as:

T
Wr(r) = Z‘St*l [Pt Yi(r,s¢) — Ce(r) —i- Le(r)], (2)
=1

where § is a discount factor and i - L;(r) is the interest cost of the spring operating loan. The farmer
chooses the rotation plan to maximize expected utility of terminal wealth net of the shadow cost of
delinquency:

T
r* = argmax E|u(Wr(r)) — A Y 6" '1{Bi(r) > 0} (3)
reR =
where A > 0 is the shadow cost of a delinquency event, capturing reputational, legal, and credit-access
penalties beyond the direct financial loss.
Because R is finite and discrete, the problem does not admit classical first-order conditions. The
solution is a comparison of the objective across plans, precisely what the simulation in Section 5 com-
putes.

3.4 Propositions
3.4.1 Lower-tail stochastic dominance

Full first-order stochastic dominance of Fcg over Foc would require Fes(y) < Fec(y) for all y: too
strong and almost certainly false at the upper tail. What the agronomic literature supports, and what is
sufficient for the utility result, is the weaker condition of lower-tail dominance: there exists a threshold
7(c,z) such that:

FYlSCS,C,Z (y) < FY\SCC,C,Z (y) v Yy < y(C,Z). (LTD)

Agronomic mechanism: The yield penalty from continuous corn is concentrated in stress years,
not symmetric around the mean. Two mechanisms produce this asymmetry. First, rootworm pressure
accumulates under continuous corn, causing root lodging precisely in drought years when plants are
already water-stressed and least able to compensate for root damage. Second, the soil pathogen and
pest cycle that the soybean break interrupts operates nonlinearly: at high pest densities (which build up
over multiple consecutive corn years) losses are severe and correlated with other stressors. The rotation
benefit is largest exactly when conditions are worst.

Empirical support in the Illinois panel: The nonparametric yield distributions estimated in Sec-
tion 5.2 allow direct verification of (LTD) within each (c,z) cell. The dominance condition holds at
both the 10th and 25th percentiles in all g cells, with no exceptions across region or productivity zone."
Figure 1 plots the two CDFs for the central-high cell (the sharpest left-tail separation) and illustrates
the single crossing in the upper tail that is the hallmark of lower-tail dominance.

'The uniform result reflects the severity of stress embedded in the 15-year Illinois panel, which includes the 2012 drought.



Empirical CDFs: Corn-soy rotation vs. continuous corn

Dotted line = cell-specific delinquency threshold y(c,z).
LTD holds where the blue (CS) curve lies below the orange (CC) curve to the left of y.
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Figure 1: Cumulative distribution function of yields by region

Proposition 1 (Lower-tail dominance and the rotation utility premium). Let P denote the median harvest
price and define §j(c,z) = C;(1+1)°/12/ P, the yield level at which revenue exactly covers the accrued operating
cost at the median price. Suppose (LTD) holds at ij(c,z). Then for any A > 0 and any u with u” < 0,

u(Wr(CC)) — A i SM{By(CC) > 0}|. (a)

t=1

E |u(Wr(CS)) — A i 5~11{B,(CS) > 0}
t=1

> E

Remark. The inequality is strict whenever Pr[Y < i(c,z)] > 0 under CCCCCC.

Proof. Decompose the expectation into Y < 7 and Y > . In the region Y > 7, delinquency does not
occur under either plan, so the A terms vanish, and the comparison reduces to the expected utility
of Wr. By (LTD), Fcs places weakly less mass in Y < 7, so E[u(Wr(CS))] > E[u(Wr(CC))] by the
standard result that lower-tail dominance is sufficient for expected utility ranking under concave u. In
the region Y < , delinquency occurs, contributing —A to the objective. By (LTD), Pr[B;(CS) > 0] <
Pr[B;(CC) > 0] for each f, so the A penalty is weakly smaller under CSCSCS. Both components are
weakly larger under CSCSCS. [ O



The dominance condition is set at 7(c, z), the delinquency threshold, not an arbitrary quantile: it is
precisely where the farmer’s utility is most sensitive to the distributional difference. The result holds
for any A > 0; delinquency costs need only be positive, not large.

3.4.2 Credit path dependence amplifies the rotation premium

Proposition 1 establishes that rotation dominates continuous corn in expected utility whenever
(LTD) holds. Proposition 2 establishes that this advantage is understated by a calculation that ignores
the operating-credit recursion.

Proposition 2 (Credit path dependence amplifies the rotation utility premium). Let Wr(r) denote cumu-
lative net revenue under plan r when annual revenues are treated as independent draws (i.e., Bi(r) = 0 for all t).
For any A > 0 and concave u:

E[u(Wr(CS)) — u(Wr(CC))] = E[u(Wr(CS)) — u(Wr(CC))]. (5)

Proof. The credit recursion introduces state-dependent compounding asymmetry across plans. Under
CCCCCC, a year-t revenue shortfall S; enters year t + 1’s spring principal already accrued at (1 +
i)°/12 ~ 1.07. A bad year-1 draw raises year-2’s repayment hurdle, increasing the probability that year-
2 also falls short. Under CSCSCS, the soybean year breaks this chain: soybean revenue is sufficient to
retire the operating loan under typical conditions, resetting B;(CS) ~ 0 and bounding the variance of
Y B+(CS) to approximately single-year variance, whereas ), B;(CC) grows geometrically. A risk-averse
farmer with strictly concave u places extra weight on the variance of Wy through the second-order
term; the compounding under CCCCCC raises Var(Wr(CC)) without a corresponding increase under
CSCSCS, so the expected utility gap widens when the recursion is preserved. [ O

Proposition 2 also provides a testable cross-sectional prediction: rotation adoption should be higher
among farmers facing tighter credit constraints or higher effective A (those with lower off-farm income,
thinner equity buffers, or weaker lender relationships), consistent with the adoption patterns in Ifft
et al. (2015).

3.5 Relation to the simulation

The simulation evaluates the probability of delinquency across three fixed rotation plans, treating A
and u as implicit. It does not solve for r* or estimate structural preference parameters. By Propositions 1
and 2, a lower delinquency probability under rotation translates into strictly higher expected utility for
any A > 0 and any concave u, and the gain is larger than a revenue-only calculation would suggest.

4 Data and Calibration

The simulation draws on three inputs: a rotation-conditioned yield distribution, a price distribution,
and operating costs, each estimated from a distinct source. Section 4.1 describes the Illinois field panel;
Section 4.2 the price and cost series; Section 4.3 the credit-cycle calibration.

4.1 The Illinois field panel

The yield panel covers every corn-planted field in Illinois from 2008 to 2022, a span chosen to
balance the availability of high-resolution yield maps (which begin in 2008) and the need for a window
long enough to estimate rotation-conditional moments in sparse cells. The panel is constructed by
intersecting four geospatial layers at the field-by-year level: the Cropland Data Layer (CDL)* for crop
identification and rotation history, the QDANN yield-mapping product (Ma et al., 2024) for realized
yields, GRIDMET?3 and TerraClimate for weather covariates, and gSSURGO* for soil characteristics.

2https://www.nass.usda.gov/Research_and_Science/Cropland/SARSla.php
3https://www.climatologylab.org/gridmet.html
4https://www.nrcs.usda.gov/resources/data-and-reports/gridded-soil-survey-geographic-gssurgo-database
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Field boundaries are defined as contiguous CDL pixels of the same crop in a given year, aggregated
to a stable spatial unit using the Common Land Unit (CLU) layer (Yan and Roy, 2016). We construct
six-year rotation histories by intersecting each field’s geometry with the CDL layer for each of the
preceding five years; we drop histories that overlap multiple CDL classes above a small threshold to
preserve a clean state definition (Figure 2). The resulting panel contains field-year observations with
(s,¢,2z,Y) as the primitive record, where s is the six-year rotation state, c is the climate region, z is the
productivity zone, and Y is the QDANN-estimated yield.

Corn as terminal crop Soybeans as terminal crop

42°N A 42°N

41°N A 41°N+

38°N - 38°N A

37°NA 37°NA

%\a\ﬂ gm”\“ %Q;\“ %%»\“ g,\nxﬂ QQN* %%nxﬂ %%exﬂ

@ Continuous Corn Perfect Rotation = 2 Com - 1 Soy Continuous Soybeans Perfect Rotation ~ * 2 Corn - 1 Soy

Figure 2: Spatial distribution of rotation practices (2016). Left panel conditions on corn as terminal crop;
right panel on soybeans. Color encodes rotation plan: continuous corn (red), perfect rotation (orange),
2-corn/1-soy (blue). The northern concentration of continuous corn is consistent with proximity to
biofuel infrastructure (Socolar et al., 2021).

The three climate regions (northern, central, southern Illinois) follow the standard partition used
by the Illinois Farm Business Farm Management> and Farmdoc®; the three productivity zones (high,
medium, low) are constructed by partitioning the average yield distribution into terciles. The full grid
is 3 x 3 = 9 cells. Within each cell, the panel contains hundreds of thousands to thousands of field-year
observations across the fifteen-year window, sufficient to estimate the conditional yield distribution
nonparametrically in all but the rarest rotation states.

Yields are detrended at the county level using a linear time trend before entering the simulation. The
trend captures long-run technological change in hybrids, fertilizer, and management; the simulation
uses residuals, the year-to-year deviations that drive credit risk.

Shttps://wuw.fbfm.org/
bhttps://farmdoc.illinois.edu/
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4.2 Prices and Costs

Harvest-time prices for corn and soybeans are drawn from a calibrated lognormal distribution
whose first two moments match the empirical 2008-2022 series of Illinois cash prices reported by USDA
NASS. The lognormal choice is conventional in the crop-insurance ratemaking literature and gives a
parametric form for the price marginal that the copula can attach to without the cell-by-cell sample-size
constraints that bind on the yield side.

Operating costs follow the University of Illinois Farmdoc cost-of-production estimates for corn and
soybean production on Illinois grain farms. Costs are crop-specific and held constant in real terms over
the simulation horizon; input-price shocks are treated as second-order relative to output-price shocks
for the financial question at hand. Appendix B reports robustness to the cost-shock specification, which
produces qualitatively identical results.

4.3 Credit-cycle calibration

The operating-loan interest rate is set to i = 9 percent annualized in the baseline calibration, the
midpoint of the 7-12 percent range reported by the Federal Reserve Bank of Chicago’s quarterly survey
of agricultural lenders over the sample period. The nine-month accrual window corresponds to a March
planting and a December harvest-and-marketing settlement in the Illinois corn belt. The credit ceiling
in the rationing analysis (Section 6.5) is benchmarked at $700, $900, and $1,200 per acre, spanning the
range of operating-line limits typical of Farm Credit System and commercial-bank lending to Illinois
corn-belt producers during the sample period. The three thresholds form a sensitivity grid, not point
estimates; the finding in Section 6.5 that median peak demand clusters at $500-$550 per acre holds
across reasonable perturbations of the ceiling values.

The delinquency threshold is set at B; > 0 in the baseline (the “end-balance-positive” rule): any
unpaid balance counts as delinquency, regardless of amount. An alternative rule, “over-limit” delin-
quency (L; > credit ceiling), is reported in Section 77 as a robustness check and produces broadly similar
comparative results across rotation plans at lower absolute levels.

5 The Simulation Framework

The simulation has three components: a rotation-conditioned yield generator, a price-yield de-
pendence structure, and an operating-credit cash-flow recursion. Each component is standard in the
literature; the contribution lies in their combination and in the recursion’s preservation of within-year
credit flow, which converts a single yield shock into multi-year default risk. Appendix A contains
calibration values and computational details.

5.1 Overview

For each cell ¢ = (region x zone), rotation plan r, and six-year history /, the simulation draws
N = 50,000 Monte Carlo paths over a six-year horizon. A path consists of six (price, yield) realizations
passed through the credit recursion to produce a sequence of year-end debt balances.

The six-year delinquency probability is the share of paths with at least one year-end balance above
the delinquency threshold:

N
Pr[delinquent over 6 yrs | ¢, 7, h| = ; {temlax6 D > 0}, (6)

where Dt(”) is the year-t carried debt on path n, defined recursively in Section 5.4. Per-year hazards,
survival functions, and revenue moments are functionals of the same simulated path set.

The simulation is forward-looking and policy-conditional: we fix the rotation plan r ex ante (con-
tinuous corn, strict alternation, or 2-corn/1-soy) and trace its financial consequences. This inverts the



usual dynamic-programming question of Burt and Allison (1963) and Livingston et al. (2015), who solve
for the optimal policy. The advantage of the policy-conditional framing is that the resulting probability
is directly comparable across plans, which is the quantity a lender or insurer needs.

5.2 Rotation-conditioned yield generator

Let Y; denote yield in year t (bu/ac, crop-specific) and let s; = (¢;—5,¢t—4,...,¢t—1,¢;) denote the
six-year rotation state ending in year t. The yield generator is the family of conditional distributions:

Fyjsezr s€S,c€C, z€ Z, 7)

where S is the set of six-year rotation states observed in the panel, C indexes the three Illinois climate
regions, and Z indexes the three productivity zones.

We estimate Fy|; ., nonparametrically as the empirical distribution of detrended QDANN yields
in the panel cell (s,c,z). We pool cells with fewer than 30 field-year observations with the closest
neighboring state (defined by Hamming distance on the crop sequence) to ensure sufficient support.

The nonparametric choice is deliberate. Parametric specifications (e.g., Beta or Gamma distribu-
tions, the standard in crop-insurance ratemaking) impose tail behavior that the rotation effect plausibly
distorts: continuous corn under high-pressure conditions may exhibit fatter lower tails than a Beta or
Gamma calibrated on mean and variance would predict. The conditional empirical distribution pre-
serves the data’s shape, at the cost of slightly noisier tails in sparse cells. Appendix B reports robustness
to a parametric fit.

Given an initial six-year history / and a rotation plan r, the state s; evolves deterministically: s; =
(St-1,St-2,--.,5t—6,7t), where r; is the planted crop in year t under plan r. The random component of
the simulation enters only through draws from Fy, ..

5.3 Price-yield dependence

Let P; denote the harvest-time market price of the crop planted in year t. Aggregate U.S. corn prices
and yields are negatively correlated at p ~ —0.45 over the sample period: high national yields depress
prices; low national yields raise them. The methodological question is how much of that hedge applies
at the field level.

Source and construction of p. The aggregate price-yield correlation p ~ —0.45 is estimated from
two USDA NASS series accessed through Quick Stats. The price series is the U.S. corn season-average
price received by farmers (dollars per bushel), a marketing-year average running from September of the
harvest year through August of the following year, the national price signal used in the crop-insurance
and natural-hedge literatures because it reflects the full marketing-season distribution of sales rather
than a single harvest-month spot price. The yield series is the U.S. national average corn yield per
harvested acre. Both series cover 2008-2022, a 15-year window matching the field panel and spanning
the commodity price cycle from the 2008-2012 price spike through the 2013-2022 period of lower and
more volatile prices.

Before computing the correlation, we linearly detrend both series to remove the secular upward
yield trend and the commodity-cycle price trend unrelated to the supply-demand mechanism driving
the natural hedge. The Pearson correlation between the residual series yields p ~ —0.45: years of
above-trend national yields (2014, 2016, 2018) correspond to below-trend prices, and years of below-
trend yields (2011, 2012) correspond to above-trend prices, consistent with a supply-driven mechanism.
The raw (non-detrended) correlation over the same window is approximately —0.38; the detrended
figure is more appropriate here because the yield generator also operates on detrended residuals. An
Illinois-specific cash price series exhibits near-identical year-to-year variation to the U.S. season-average,
and the correlation estimated for the two series differs by less than 0.03; we use the national series
throughout for consistency with Ramsey et al. (2019) and Finger (2012).

Variance decomposition of the yield shock. The two-way fixed-effects model estimated in Sec-
tion 5.2, Yf,t =af+7t+efs, partitions observed yield into three components, summarized in Table 1:
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Component What it captures Risk type

R%i eld = 0-195 Permanent field heterogeneity Not risk: a fixed characteristic
(soil quality, drainage, farmer ability) predictable from field identity

R%,ear =0.620 Common annual shocks once Systematic: correlated across
field quality is removed all fields, not diversifiable

1- R%Oth =0.184 Residual ef;: field x year specific Idiosyncratic: the true

unpredictable shock

Table 1: Component decomposition

The systematic component (the year fixed effect §;, capturing common weather, input-price shocks,
and aggregate demand conditions) accounts for 62 percent of total yield variance. Only ; correlates
with the national price: when aggregate yields across all Illinois fields are low in year t, 4; is negative,
and the national price tends to be high. The idiosyncratic residual ¢, is, by construction, orthogonal
to the year effect and therefore uncorrelated with price.

Copula calibration. We implement the price-yield dependence structure via a Gaussian copula on
the marginals Fp and Fy, .. The copula correlation parameter reflects only the systematic component’s
correlation with price, scaled by its share of yield variance:

* __ A Var(’?t) ~ __ ~
p =p-/ Var(y) ~ 04 V0.62 ~ —0.354. )

Applying the aggregate p directly to field-level yields, as if the entire yield shock moved prices, would
overstate the hedge by a factor of 1/+1/0.62 ~ 1.27.

For comparison, we also report results under two alternative dependence specifications: an inde-
pendence assumption (p* = 0), used to isolate the hedge benefit (Section 6.6), and the aggregate-p
misspecification (p* = p = —0.45 applied directly to field yields). Across all cells, the copula approach
falls between these two, and the delinquency probabilities differ by 1-3 percentage points across the
three specifications.

What the simulation draws from, and what it does not. The yield generator samples from the
residual pool {&s,} after removing both fixed effects, so each draw represents the idiosyncratic com-
ponent of the yield shock. The year effect §; is captured separately through the copula, which jointly
draws P; and the systematic yield component for each simulated year. Fields are drawn independently
conditional on the copula realization of (P;, 4;), which is the correct independence structure for within-
year cross-field variation.

For an insurer evaluating the aggregate loss distribution across a portfolio of Illinois fields, the sys-
tematic year shock induces cross-field correlation that substantially fattens the portfolio tail. Extending
the framework to portfolio insurance pricing would require reintroducing the year effect as a common
factor drawn once per simulated year and added to all fields” yields, a straightforward extension left
for future work.

5.4 Operating-credit cash-flow recursion

The credit module is the paper’s central methodological contribution. Standard practice in crop-
insurance and farm-finance modeling collapses each year into a single net cash flow Il; = P;Y; — C,
where C; is the year’s operating cost. This is correct for present-value calculations, but it loses the
within-year credit flow that drives multi-year default. The operating loan that funds spring planting
is a contractual obligation that accrues interest from origination to harvest and imposes a discrete
repayment event at harvest. A shortfall at that event rolls forward to the next spring’s principal at the
operating-loan rate, not at the risk-free discount rate.

We model the credit cycle explicitly. Let B; denote the carried debt entering year t, with B; = 0. The
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recursion in year ¢ is:

Ly = Ct + Bi (1) spring origination
H; = L;- (14112 (2) nine-month accrual
R; = PY; (3) harvest revenue

M; = min(Ry, Hy) (4) repayment
By = H; — M; (5) carry forward

where L; is the year-t operating loan, H; is the debt outstanding at harvest, R; is realized revenue, M;
is the payment, and i is the annualized operating-loan rate (9% in the baseline). We define delinquency
in year t as By > 0. We report robustness to a six- or twelve-month accrual window in Appendix B.

Equation (5) is where a bad year becomes a bad run. A revenue shortfall of S in year t enters
year t + 1’s principal as S - (1 +1)%/1? ~ 1.07S; a modest year-1 deficit becomes a non-trivial year-2
principal even if year-2’s yield is average. The compounding is mechanical; it requires no risk aversion
or behavioral structure.

The recursion has no consumption smoothing, no off-farm income, and no working-capital buffer
beyond what is implicit in equation (4)’s min(R;, H;). A buffer would attenuate the delinquency re-
sponse to any given shock but would not change the relative ranking of rotation plans. The simulation
therefore provides an upper bound on the effect of rotation on delinquency rather than a calibrated
point estimate; the appendix’s robustness checks incorporate a proportional working-capital buffer and
show the rotation effect is robust to its inclusion.

5.5 Outcomes and decompositions

The simulation produces three classes of output objects. The first is the delinquency probability
itself, in both six-year cumulative form (Section 6.3) and per-year hazard form (Section 6.4). The hazard
shows that intermittent debt resets drive the cumulative effect.

The second is a variance decomposition of gross revenue. Holding the joint distribution of (P,Y)
fixed, we decompose Var(PY) into the share attributable to price-only variation, to yield-only variation,
and to the covariance term. Because the copula imposes negative dependence, the covariance term is
negative; we report shares of gross variance (Var(P)E[Y]? and Var(Y)E[P]?) so the shares sum to 100
percent.

The third is a Shapley decomposition of the probability of delinquency into contributions from
price and yield uncertainty. Variance shares describe how revenue varies but not how often the variation
crosses the default threshold. Following Shorrocks (2013), the Shapley value for source s € {P,Y} is:

¢s =3 [V({s}) = V(D) + 3 [V{P.Y}) = V{P, Y} \ {s})], ©)

where V(A) is the delinquency probability when sources in A are stochastic and sources outside
A are fixed at their unconditional means. The Shapley values sum to V({P,Y}) — V(Q@), the total
delinquency-causing variation, with no interaction-term residual.

6 Results

Section 6 is organized around three questions. Why should rotation affect farm finances at all:
the agronomic mechanisms (Section 6.1)? How do those mechanisms transmit through the operating-
credit cash-flow process into measurable financial outcomes (Section 6.2)? And how much do the
natural hedge and price-yield correlation moderate or substitute for those effects (Sections 6.6-6.8)?

6.1 Agronomic benefits of crop rotation

The case for crop rotation rests on two distinct agronomic channels: soil health benefits that im-
prove expected yields and reduce yield-tail risk, and temporal diversification that reduces the farm’s
biological and agrochemical exposure to any single commodity.
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Soil health and yield effects. The yield benefit of corn following soybean rather than corn following
corn is one of the best-replicated findings in agronomy. Bullock (1992) documents a consistent yield
advantage of 5-20 percent for corn in rotation relative to monoculture; Seifert et al. (2017) estimate a 4.3
percent penalty for continuous corn using satellite data across hundreds of thousands of Midwestern
tields. The mechanism is multifactorial: soybeans fix atmospheric nitrogen through their root-nodule
symbiosis with Bradyrhizobium, supplying 50-150 lb/ac of plant-available nitrogen to the subsequent
corn crop and reducing synthetic fertilizer requirements. Rotation also interrupts the pest and pathogen
cycles that accumulate under monoculture: corn rootworm (Diabrotica spp.), northern corn leaf blight,
and gray leaf spot all depend on corn residue and are biologically suppressed when corn is absent for
a year. Bowles et al. (2020) synthesize 347 site-years of rotation experiments and show that diversified
rotations reduce yield losses in drought years by 14-89 percent and lower the probability of yields
falling below the 10th percentile, exactly the region that triggers operating-loan default.

Beyond mean yields, diverse rotations improve soil organic matter accumulation, water infiltration,
and aggregate stability over time, reducing yield sensitivity to precipitation extremes. Any compression
of the left tail of yields translates directly into reduced delinquency risk through the cash-flow channel
in Section 6.2.

Temporal diversification. A farm alternating between corn and soybeans faces two distinct input
cost profiles, two price series imperfectly correlated at the farm-gate level, and two distinct growing-
season weather sensitivities. Corn is most vulnerable to moisture stress during pollination in late July,
soybeans during pod fill in August; a weather event that devastates corn may be less damaging to soy-
beans and vice versa. This temporal diversification reduces the probability of consecutive catastrophic
revenue shortfalls, which is the sequence that drives the multi-year delinquency cascade. A single bad
corn year is survivable; two or three consecutive bad corn years, each rolling forward an unpaid balance
that enlarges the next spring loan, are not.

Temporal diversification also operates through input costs. Soybean production costs are roughly
70 percent of corn production costs in the FBFM data (Section 4.2), so a soybean year is planted on a
smaller spring loan regardless of how the prior corn year resolved. This cost differential directly drives
the debt-reset mechanism in Section 6.3: the smaller originating loan means a given revenue draw is
more likely to retire the full obligation, preventing rollover.

6.2 From agronomy to farm finances: the transmission channel

The agronomic benefits in Section 6.1 must pass through the operating-credit cash-flow process to
become financial outcomes. Three properties of the credit recursion (Section 5.4) govern how agronomy
enters the financial outcome.

Mean yield matters through R;. A higher expected yield raises expected revenue, increasing the
probability that R; exceeds the full obligation (C; + B;_1)(1 +i)?/!2. The corn-after-corn yield penalty
directly reduces E[R;] for continuous-corn producers, making revenue shortfalls more probable year
after year. The 5-20 percent yield difference documented in the agronomic literature (roughly 10-40
bu/ac at typical Illinois yields) corresponds to a revenue difference of $40-$160 per acre at average corn
prices. A persistent shortfall of this magnitude ensures that B;_; entering the next year is systematically
positive, enlarging the obligation the next year’s revenue must cover.

The left tail matters more than the mean. The delinquency indicator is binary: either revenue
covers the full obligation, or it does not. For multi-year delinquency, what matters is not expected
shortfall but the probability that the shortfall is large enough to leave a positive year-end balance. Left-
tail compression, documented by Bowles et al. (2020), slows the rollover chain before it starts. This
is why the rotation effect in the simulation is concentrated in the tails of the delinquency distribution
rather than at the median.

Cost structure interacts with the yield distribution through the debt reset. The soybean year is
planted on a lower spring loan C;, so the obligation (C; + B;_1) (14 1)°/1? is smaller by design, regardless
of how much B;_; accumulated in prior corn years. In sufficiently bad corn years, no plausible yield
draw will cover a large accumulated B;_1; but the soybean year creates a year in which the obligation is
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small enough to be covered at moderate revenue realizations. This is the debt reset: not a guaranteed
zero balance, but a structural reduction in the obligation that makes retirement of the carried debt likely
even without exceptional yields.

The simulation shows that the debt reset dominates in most cells: even holding the corn yield
distribution constant across rotation plans, the soybean year’s cost structure alone generates substantial
delinquency reduction. The yield effects add to this but are not the primary driver. Sections 6.3-6.4
present the quantitative results.

6.3 Six-year delinquency probabilities

Figure 3 reports the probability of at least one operating-loan delinquency event over the six-year
horizon for each combination of rotation plan, climate region, and productivity zone.

Pr(at least one delinquency over 6 years) — all regions x zones
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Figure 3: Six-year delinquency risk by region and productivity zone

Continuous corn carries the highest delinquency risk in every cell. In central Illinois’s high-
productivity zone (prime corn-growing land), it produces a six-year delinquency probability of ap-
proximately 55 percent. The probability runs 30-50 percent for northern and central regions across
all productivity zones, falling to 18-32 percent in the southern region, where lower production costs
partially offset lower expected yields.

Strict alternation cuts those probabilities by approximately 25 percentage points in the high-pressure
cells: 30 percent versus 55 percent in central-high, 27 percent versus 51 percent in northern-high. That
is nearly halving the multi-year default risk of a continuous-corn operation, not a marginal adjustment.

The 2-corn/1-soy plan falls between continuous corn and strict alternation, at 35-40 percent in the
high-pressure cells. More soybean years mean more debt-reset opportunities, but the relationship is
not strictly linear in soybean frequency, as Section 6.4 shows.
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Productivity zone barely moves the bars. High-, medium-, and low-productivity cells in the same
region look nearly identical. The rotation effect is not a soil-quality story; it operates through the
cash-flow timing mechanism regardless of land productivity.

6.4 Per-year hazard: the sawtooth

Figure 4 plots the year-by-year default probability for each plan in the central-medium cell. The
other eight cells tell the same story at different levels.

Delinquency probability by year — all regions x zones
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Figure 4: Soy years reset the debt cycle: the sawtooth

Continuous corn produces a flat hazard, roughly 12-15 percent per year, with a mild upward drift
as debt accumulates. The hazard stays elevated in every year, with no periodic relief. The rotation
plans differ in kind, not just in level. They produce a sawtooth: the hazard collapses to near zero in
soybean-harvest years and rebuilds during corn years. Under strict alternation, the flat segments fall
on years 2, 4, and 6. Under 2-corn/1-soy, they fall on years 3 and 6.

The mechanism is the debt reset. Soybean production costs roughly 70 percent of corn in the FBFM
data, so a soybean year originates on a smaller spring loan, making the harvest-time obligation easier
to clear even in a mediocre revenue year. When the soybean harvest retires the accumulated rollover
balance from prior corn years, the farm enters the next corn run with near-zero carried debt and starts
the cycle over. The six-year cumulative probability is not a smoothed average of annual risks. It results
from intermittent arrests in a compounding process.

The financial benefit identified here is partially independent of the yield benefit documented by
Bullock (1992) and Seifert et al. (2017). Even when corn yield distributions are held identical across
rotation plans (removing the yield-benefit channel entirely), rotation still reduces delinquency because
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the soybean year resets debt regardless of what it does to subsequent corn yields. Agronomic and
financial channels stack.

Survival: Pr(no delinquency yet) — all regions x zones
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Figure 5: Survival curves show where rotation pulls farms apart

Figure 5 plots the survival curves: the probability that a field has not yet experienced a delinquency
event by year t. The step structure mirrors the sawtooth: drops in survival concentrate in corn years, flat
segments in soybean years. By year 3 the survival gap between continuous corn and strict alternation
has widened to 15-20 percentage points; by year 6, alternation preserves 70-85 percent of fields in
solvency across regions and zones, while continuous corn retains only 45-82 percent. Early delinquency
events do most of the lasting damage: once a field enters the delinquency state under continuous corn,
it tends not to leave it.

16



6.5 Peak operating-loan demand

Natural hedge: peak gross spring loan — correlated vs. independent
Blue (correlated) upper tail narrower than red (independent) = hedge value
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Figure 6: Peak loan demand stays under common credit limits

A related concern for lenders is not just whether a borrower becomes delinquent, but whether the
demanded operating loan exceeds a credit ceiling the lender is willing to extend. Figure 6 reports
the distribution of peak gross spring loan demand (L; = C; + B;_1) over the six-year horizon, with
representative credit ceilings of $700, $900, and $1,200 per acre overlaid.

In every cell, the median peak loan clusters between $500 and $550 per acre, well below all three
ceiling values. Rationing is therefore rare under all three plans at any calibrated limit. The rotation
effect on the distribution of peak demand is nonetheless economically meaningful: continuous corn
produces a right tail approaching $7oo in the high-pressure cells, while strict alternation truncates the
distribution roughly $50 per acre lower. Rotation lowers both the probability of delinquency and the
exposure a lender faces if a delinquency does occur. A lender incorporating rotation history would price
risk lower for rotation borrowers on both dimensions simultaneously.

6.6 The natural hedge: rotation and correlation are partial substitutes

Figure 7 isolates the natural-hedge effect by reporting mean year-end carried debt under two spec-
ifications: the baseline correlated simulation (“hedge active”) and a counterfactual independent simu-
lation (“no hedge”). The vertical gap is the hedge benefit.
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Natural hedge from crop rotation: mean year-end debt

Solid = correlated prices/yields (hedge active) | Dashed = independent (no hedge)
Gap = hedge benefit; wider for CSCSCS (stronger soy correlation)
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Figure 7: The natural hedge mostly helps continuous corn

The hedge gap is widest for continuous corn, averaging 1-2 dollars per acre of year-end debt, and
narrows to essentially zero for the two rotation plans. Rotation and the natural hedge are partial
substitutes in the cash-flow space, not complements. Continuous corn benefits from the hedge because
nothing else arrests the debt-rollover process. Rotation plans benefit less because they have already
accomplished what the hedge would otherwise do, namely periodically driving carried debt to zero in
soybean years, so the hedge has little remaining buffering work to perform.

In a one-year revenue-protection setting, the natural hedge is unambiguously beneficial and additive
to whatever other risk management the farmer employs. In the multi-year credit-risk setting, the hedge
is most useful to the borrower with no other instrument (the continuous-corn borrower) and less useful
to the borrower who rotates. Field-level hedge magnitudes estimated on single-year revenue data may
therefore overstate the hedge’s marginal contribution to multi-year financial resilience, because they do
not net out the rotation channel operating in parallel (Finger, 2012; Ramsey et al., 2019).

6.7 The hedge benefit in delinquency probability space

Figure 8 translates the same comparison into the delinquency probability space, the paper’s headline
outcome. For each of the nine region x zone cells, it plots the six-year delinquency probability under
the independent specification (faded bar, no hedge) and the correlated specification (solid bar, hedge
active), side by side for each rotation plan. The gap between the two bars within a plan is the hedge’s
marginal contribution to delinquency reduction.
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Pr(at least one delinquency): independent vs. correlated prices
Faded = independent | Solid = correlated | Gap = natural hedge benefit
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Figure 8: Price-yield correlation dampens the effects of rotations

The hedge benefit is positive but uniformly small. In every cell and every rotation plan, the solid
bar is shorter than the faded bar. But the gap is narrow. In the northern and central rows, the hedge
reduces continuous-corn delinquency probability by about 2-4 percentage points; for rotation plans, 1-2
percentage points or less. Outside the southern region (the exception discussed below), the hedge never
moves the needle by more than 4-5 percentage points. Against a baseline continuous-corn probability
of 50-55 percent in the high-pressure cells, a 4-point reduction is modest.

The hedge benefit is largest for continuous corn and approximately zero for strict alternation.
The faded-to-solid gap is visually largest for CCCCCC in every cell, and it narrows progressively
across CCSCCS and CSCSCS, reaching near-zero for CSCSCS in most northern and central cells. A
rotation plan that resets carried debt in soybean years has already eliminated the rollover balance that
the hedge would otherwise partially protect against. With no accumulated deficit to offset, the price-
yield correlation is irrelevant.

The southern region is the partial exception. The hedge gap for continuous corn in the south row
is visibly wider (roughly 7-9 percentage points) than in the north and central rows. Operating costs
are lower, and the continuous-corn yield penalty is smaller in the south, so the baseline delinquency
probability for CCCCCC sits around 31-32 percent rather than 50-55 percent. At this lower baseline,
each percentage point of hedge benefit represents a larger relative risk reduction. In addition, the debt-
rollover chain under southern continuous corn is less entrenched, so the hedge has more proportional
room to arrest the process before it crosses the delinquency threshold.

Figures 7 and 8 make the same argument from two angles: the hedge reduces year-end carried debt
most for continuous corn and least for rotation plans, and this debt reduction translates into a modest
and asymmetrically distributed reduction in delinquency probability. Both effects are modest because
price risk dominates revenue variance (Section 7.1) and the hedge can only offset the covariance term;
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both effects are asymmetric because rotation preempts the rollover channel through which the hedge
would otherwise operate.

6.8 Yield-shock stress test: the hedge under a localized corn shortfall

Figure g isolates the hedge’s role under a specific shock: a —12 percent corn yield shortfall applied
only in year 3, with all other years at their unconditional means. The experiment runs under both
the correlated and independent price specifications; the gap between the two rows within each panel
is the natural-hedge benefit conditional on the shock, rather than averaged across the full simulation.
Because year 3 is a soybean year under the CCSCCS plan, CCSCCS is a null control: a corn yield shock
in a soybean year mechanically produces no delinquency response, a clean within-figure placebo.

-12% corn yield shock (year 3 only): correlated vs. independent prices
Positive = worsening | history = CCCCCC | CCSCCS: null control (soy in year 3)
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Figure 9: Yield-shock stress test

The top panel reports the change in six-year delinquency probability relative to the no-shock base-
line (positive values indicate worsening). The bottom panel reports the change in present value of net
cash flow over the six-year horizon ($/acre; negative values indicate a loss).

The delinquency response is large for CCCCCC and CSCSCS, and zero for CCSCCS. Under
continuous corn, a single —12 percent yield shock in year 3 raises six-year delinquency probability
by 6.4-7.7 percentage points across all cells under the correlated specification, and 6.2-7.1 under the
independent specification. The correlated-independent gap is small, roughly 0.3-0.7 percentage points,
confirming that the hedge provides only modest additional protection against this shock even when
active. Under strict alternation, year 3 is a corn year, so the shock hits; the delinquency response is
even larger, running 8.2-9.9 percentage points across cells. Under strict alternation, year 3 is the first
corn year after the initial year-2 soybean reset, so the field enters year 3 with near-zero carried debt (a
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favorable starting position), but a severe enough yield shortfall still generates a non-trivial probability
of a first delinquency event, which the year-4 soybean year will then be in a position to arrest. The
CCSCCS cells are uniformly near zero (—0.1 to +0.5 percentage points), as expected for a placebo
applied in a soybean year.

The PV cash response is symmetric across plans and specifications. All three plans planting corn
in year 3 show a cash loss of approximately $72-$83 per acre, nearly identical across the correlated
and independent rows. The hedge does not materially protect cash flow: the shock is a single-year
idiosyncratic yield draw that does not move national supply enough to produce a meaningful price
offset at the field level. The CCSCCS placebo shows near-zero cash changes of £$5 per acre.

The asymmetry between the two panels is the key finding. The PV cash response is roughly equal
across plans and price models: a —12 percent yield shock costs approximately the same dollar amount
regardless of rotation or hedge status. But the delinquency response differs substantially across plans:
CSCSCS converts a yield shock of the same cash magnitude into a larger delinquency spike because it
has not yet accumulated rollover debt going into year 3, meaning the shock must be absorbed entirely
within that year rather than being spread across a pre-existing debt stock. Delinquency probability and
cash-flow loss are not the same object: the path the debt takes through the credit recursion matters, not
just the terminal net present value. Rotation produces fields that are simultaneously more financially
resilient on average (lower six-year delinquency, as documented in Section 6.3) and more sensitive to a
point shock in a corn year, because they carry less buffering debt into that year. A lender underwriting
a rotation borrower therefore faces a different shape of credit risk: lower persistent default probabil-
ity but a sharper single-year spike, compared to the continuous-corn borrower’s flatter, more slowly
compounding hazard.

7 Decompositions and robustness

Rotation cuts delinquency; the natural hedge is a modest substitute. What source of uncertainty
drives the residual risk that rotation does not eliminate? The variance decomposition (Section 7.1)
attributes gross revenue variance to price and yield. The Shapley decomposition (Section 7.2) attributes
delinquency probability to the same two sources. Together they pin down why the hedge is modest:
price uncertainty dominates both variance and delinquency causation, so the hedge has little room to
operate.

7.1 Variance decomposition

For each plan-region-zone cell, we decompose the variance of annual gross revenue R = PY into
the share attributable to price-only variation (Var(P) - E[Y]? as a share of total gross variance) and
the share attributable to yield-only variation (Var(Y) - E[P]? as a share of total gross variance). The
covariance term 2E[P]E[Y]Cov(P, Y) is negative under the calibrated copula and is reported separately
as the hedge magnitude.
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Revenue risk composition: price vs. yield share of gross variance
Excludes covariance offset — see hedge efficiency figure
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Figure 10: Price dominates revenue variance

Figure 10 reports the result. The price share is 86-89 percent of gross variance in every plan, region,
and zone; the yield share is 11-14 percent. The split is stable across the simulation grid: rotation plans
do not change the composition of revenue risk, only its level. The empirical price variance over 2008-2022
dominates the empirical yield variance for Illinois corn and soybeans by approximately the same ratio;
the copula inherits an asymmetry already present in the data.

Even if price and yield were perfectly negatively correlated, the hedge would offset only the price-
yield covariance, at most a few percentage points of total variance, leaving the dominant price-driven
variance intact. Rotation, which operates through the within-year debt timing rather than through
revenue smoothing, sidesteps this limitation entirely.

7.2 Shapley decomposition of delinquency probability

A 50-50 variance split between price and yield is fully consistent with a 99-1 split in default cau-
sation if price shocks live in the tail that triggers rollover while yield shocks do not. We decompose
delinquency probability directly using the Shapley value ¢s defined in Section 5.5, following Shapley
(1953) as applied to risk-decomposition problems by Shorrocks (2013) and Israeli (2007).
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Shapley decomposition: share of delinquency risk from price uncertainty
Red = price-dominated | Blue = yield-dominated | Correlated prices | history = CCCCCC
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Figure 11: Shapley values: price drives nearly all delinquency

The price share of delinquency causation ranges from 92 percent in the central-low cell under
continuous corn to 100 percent in several southern-zone cells under strict alternation. Yield uncertainty
contributes meaningfully to delinquency only in the central region under continuous corn, and even
there accounts for less than one-tenth of the total.

The Shapley share is more lopsided than the variance share (92-100 percent versus 86-89 percent).
Yield shocks, while accounting for 11-14 percent of revenue variance, tend not to generate the tail
revenue draws that trigger rollover. Yield distributions are bounded below by physical floors (a zero-
yield outcome is exceptional in the Illinois corn belt), while price distributions have longer left tails.
Threshold-crossing events disproportionately arise from price shocks. The decomposition explains
why the natural hedge is modest: it can offset the small yield-driven component of delinquency, but
the dominant price-driven component is unhedged by construction.

7.3 Survival curves: when does the rotation effect materialize?

Figure 5 plots Pr[no delinquency by year ¢ for each plan across all nine region x zone cells. The
step structure mirrors the sawtooth: survival drops in corn years and holds flat in soybean years. By
year 3 (the end of the first full corn-soy cycle), CSCSCS lies 15-20 percentage points above CCCCCC
in every cell. The earliest delinquency events, occurring in the first corn run before any soybean reset,
matter most for the cumulative probability. The separation is durable: continuous corn provides no
debt-reset mechanism to recover from early delinquency.

Once a field enters the delinquency state, the carried balance enlarges the following year’s spring
principal, raising the revenue threshold required to return B;;; to zero. Without a soybean year to
break the chain, this threshold rises faster than the unconditional mean of revenue, so the conditional
probability of a second consecutive delinquency exceeds the unconditional annual hazard of 12-15
percent. Survival under continuous corn decays faster than a flat-hazard Kaplan-Meier curve would
predict; survival under rotation is approximately piecewise flat between resets.

The 15-20 percentage-point survival gap materializes within the first loan-renewal cycle. A lender
observing a borrower’s first two or three years of operating-loan history is already observing the con-
sequence of the rotation choice: the rotation borrower arrives at year-3 renewal with a near-zero carried
balance, while the continuous-corn borrower may be carrying a compounded deficit from one or more

23



prior shortfalls. Rotation history observable in CDL imagery predicts not only the eventual six-year
default probability but also the early trajectory of the credit relationship.

Under the alternative over-limit delinquency rule, absolute delinquency levels fall but the plan
ranking and sawtooth pattern both survive. Figure 14 in Appendix B reports the absolute Shapley
values underlying the normalized shares in Figure 11, confirming that the price-driven component
dominates not just relatively but in absolute terms.

8 Implications

For lenders, rotation history is an observable, verifiable risk factor that current underwriting does
not price. Two farms with identical balance sheets but different six-year rotation states face six-year
delinquency probabilities that differ by nearly a factor of two: 55 percent versus 30 percent in the
central-high Illinois area, with comparable multiplicative differences in other cells; CDL-derived rota-
tion histories are publicly available at the field level, requiring no additional borrower disclosure, and
the conditioning effect on delinquency is robust across the simulation grid. A credit-scoring model
incorporating rotation alongside conventional balance-sheet measures would assign strictly different
scores to the two otherwise-identical farms, in a direction the simulation argues is correct.

For insurers, the multi-year delinquency object identified here is not what Revenue Protection
(RP) products price. RP premiums are calibrated on the single-year loss-cost ratio, approximating
E[max(0, guarantee — revenue)] from a one-year distribution. The single-year objective does not see the
rollover channel that converts a year-1 shock into a multi-year default cascade. A corn-heavy producer
with a high one-year revenue distribution and a poor multi-year survival distribution may therefore
appear cheap to insure on the single-year metric and expensive on the multi-year metric. RP premi-
ums calibrated on single-year loss ratios systematically understate the insurance value of rotation, since
rotation’s largest financial benefit accrues specifically to the multi-year delinquency dimension that RP
does not see. The federal crop insurance program may be inducing greater debt use precisely because
the rate structure does not reward the rotation choice that would reduce multi-year ruin (Ifft et al., 2013;
Lee et al., 2024).

For extension and policy, the financial case for rotation now parallels the agronomic and soil-health
cases. Rotation’s documented benefits for soil organic carbon, nitrogen-use efficiency, and pest pres-
sure (Bullock, 1992) are matched here by a balance-sheet benefit that is independent of the agronomic
channel and additive. A 25-percentage-point reduction in six-year delinquency probability is an im-
mediately legible benefit to the producer, regardless of whether the producer values the soil-health
benefits. Conservation programs that promote rotation, cover crops, and reduced tillage now have a
balance-sheet argument to add to the soil-health argument. Rotation diversity across the Midwest has
been declining for a century, fastest on the most productive ground, driven partly by the infrastructure
of corn demand (Socolar et al., 2021). The agronomic argument has not been sufficient to halt this trend.
A financial argument visible to lenders and insurers (the parties who actually price farm credit risk)
is a candidate countervailing lever, operating not through producer education but through the price of
credit itself.

The case for incorporating rotation into underwriting is one of risk-pricing accuracy, not behavioral
mandate. The simulation does not model the reasons a farmer might rationally choose continuous corn
(off-farm income, livestock integration, non-standard cost structures). A lender or insurer that prices a
continuous-corn borrower at the same premium as an otherwise identical rotation borrower misprices
risk, regardless of whether continuous corn is the right choice for that farmer.

9 Conclusion

This paper develops a simulation framework that combines rotation-conditioned yield distributions
with an explicit operating-credit cash-flow recursion to produce multi-year delinquency probabilities
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for Illinois corn-belt farms. The rotation-yield literature stops at yield; the dynamic-crop-choice litera-
ture stops at the optimal policy; the farm-credit-risk literature treats yield as a single aggregate input.
The combination delivers an empirical object, the rotation-conditional six-year delinquency probability,
that current credit and insurance models do not produce.

Three findings emerge. Rotation reduces six-year delinquency probability by approximately 25
percentage points relative to continuous corn in high-pressure cells, with the reduction concentrated in
soybean-harvest years through a debt-reset mechanism; the per-year hazard exhibits a sawtooth pattern
that distinguishes this mechanism from any uniform risk-smoothing explanation. Price uncertainty
dominates both revenue variance (86-89 percent) and delinquency causation (92-100 percent), so the
natural price-yield hedge does little on its own; the hedge is most useful for the continuous-corn
borrower who has no other risk-management instrument and is essentially redundant for the rotation
borrower. The rotation effect arrives quickly: survival curves show a 15-20 percentage-point separation
between continuous corn and strict alternation by year 3, within the first corn-soy cycle, and that gap
does not close.

Rotation history is therefore a missing variable in the credit-risk and crop-insurance models used
by lenders, insurers, and regulators. The variable is observable and verifiable in publicly available CDL
imagery, and incorporating it would materially improve risk-pricing accuracy. The case is strongest for
multi-year insurance products that price ruin rather than single-year shortfall; the simulation suggests
these products would price rotation as a strictly favorable feature of the covered farm.

Three extensions are worth pursuing. Endogenizing the rotation choice under a credit-risk-sensitive
farmer would speak to the equilibrium response of adoption to a hypothetical credit-pricing reform.
A loss-given-default extension would convert the probability into a dollar-denominated expected loss
that maps directly into pricing. Extending the framework to a region with more heterogeneous crop
options (the southeastern U.S. cotton-peanut-soybean rotation, for example) would test whether the
debt-reset mechanism generalizes beyond the corn-soybean case.

Financial outcomes for farms are path-dependent in ways current models do not capture, and that
path dependence is rotation-conditional in ways current credit-risk models do not see. The resulting
mispricing has direct implications for an industry (agricultural lending and insurance) that interme-
diates approximately $220 billion of non-real-estate farm debt in the United States (U.S. Department
of Agriculture, Economic Research Service, 2026). The framework produces a number that has not
existed before: a rotation-conditional, multi-year delinquency probability that lenders and insurers can
observe, price, and act on.

A Appendix A: Calibration values and computational details

A.1 Baseline parameter values

Table 2 reports the baseline values of every parameter that enters the simulation. Values not directly
identifiable from the panel are calibrated from independent industry sources.
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Parameter Baseline value Source

Operating-loan rate i 9.0% APR Federal Reserve Bank of Chicago
AgLetter, sample-period midpoint

Accrual window 9 months Convention for Illinois corn belt
(March planting — December harvest/marketing)

Initial carried debt By $o / acre Steady-state simplification
Corn operating cost C¢ Crop-specific Farmdoc cost-of-production University of Illinois - Farmdoc
Soybean operating cost C* Crop-specific Farmdoc cost-of-production University of Illinois - Farmdoc
Aggregate price-yield —0.45 U.S. NASS season-average price
correlation and national yield, detrended,

2008-2022; see §5.3

Within-field systematic 0.620 Two-way FE decomposition
variance share R?,ear of field panel (§5.3)
Implied copula correlation p*  —0.354 p - /0.620

Price marginal Lognormal, moment-matched NASS Illinois cash prices
Yield marginal Empirical, conditional on (s, ¢, z) QDANN field panel

Credit ceiling (low) $700 / acre Sensitivity grid (see §4.3)
Credit ceiling (mid) $900 / acre Sensitivity grid (see §4.3)
Credit ceiling (high) $1,200 / acre Sensitivity grid (see §4.3)
Delinquency rule B; > 0 (end-balance-positive) Strictest definition;

alternative reported in §7.3

Table 2: Baseline parameter values

A.2 Computational details

Monte Carlo paths are drawn at N = 50,000 per (region x zone X plan x initial history) cell.
We check convergence by splitting the path set in half and confirming that the six-year delinquency
probability agrees within 0.3 percentage points across halves in every cell. Cells with fewer than 30
panel observations for a given six-year history are pooled with the closest neighboring state (defined
by Hamming distance on the crop sequence) to ensure sufficient empirical support for the conditional
yield distribution.

B Appendix B: Robustness exercises

Section 6 establishes the baseline results, and Sections 7.1—7.2 report the primary decomposition
and robustness exercises. This appendix collects the secondary robustness exercises that are forward-
referenced in the main text. Each exercise perturbs one calibration choice while holding the rest of
the simulation fixed and reports whether the qualitative ranking of rotation plans and the central
mechanism (the sawtooth) survive.
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B.1 Year-end debt distribution

Figure 7 in the main text reports mean year-end carried debt under two price-yield dependence
specifications (correlated and independent) to isolate the natural-hedge effect. We additionally examine
the 75—90 percentile band around the mean debt trajectory under the baseline (correlated) specification,
to check whether rotation bounds the upper tail of carried debt, not just its mean.

This distributional check surfaces two features that an aggregate-only view would miss. First, the
mean debt path under continuous corn is monotonically increasing in every cell, reaching $9-12 per acre
by year 6 in the high-pressure northern and central cells. The two rotation plans trace sawtooth paths
that touch zero in soybean years and rebuild during corn years, with maxima below the continuous-
corn level in every cell. Second, the 75-9o percentile band for continuous corn diverges from the band
for rotations as the horizon lengthens; the upper tail of debt grows under continuous corn but rotation
repeatedly truncates it. The substantive point of Section 6 is therefore robust to a distributional view:
rotation does not just lower mean debt; it bounds the upper tail, and the gap between plans is largest
in the tail that matters for lender exposure.

B.2 Parametric-fit robustness for the yield generator

Section 5.2 estimates the rotation-conditional yield distribution Fy,.. nonparametrically from the
panel and notes that it reports robustness to a parametric fit. The relevant question is whether the
dispersion of revenue at the rotation-plan level is preserved under a parametric (Beta or Gamma) alter-
native.

Figure 12 reports the coefficient of variation of discounted six-year revenue under the baseline
nonparametric yield generator and the calibrated price copula. The CV ranges from 41% in southern-
zone rotation cells to 52% in northern- and central-zone continuous-corn cells. Rotation cuts the CV
by roughly 5 percentage points in every cell, a small but stable risk-reduction in net-revenue terms,
distinct from and complementary to the delinquency-probability reduction documented in Section 6.

Two notes on interpretation. First, the CV here is based on discounted net revenue, which means the
price-yield covariance term has been netted out; this differs from the gross variance decomposition in
Section 5.5, which treats the covariance term separately. Second, when we replace the yield generator
with a Beta calibrated to the same first two moments, the CV estimates shift by less than one percentage
point in every cell, and the rotation effect is unchanged. The nonparametric choice is therefore con-
servative, in that any reasonable parametric alternative would produce the same revenue-dispersion
ranking.
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Total revenue risk: CV of discounted revenue by rotation plan
Includes price-yield hedge offset (var_net = gross variance + covariance)
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Figure 12: Coefficient of variation of discounted six-year revenue by rotation plan, climate region, and
productivity zone. The CV includes the price-yield hedge offset (net rather than gross variance).

B.3 Cumulative cash flow under the over-limit delinquency rule

Section 7.3 notes that the simulation is also run under an “over-limit” delinquency rule, in which
an event is recorded only if the spring loan demand exceeds the credit ceiling rather than whenever the
end-of-year balance is positive. The absolute delinquency rates fall under this stricter rule, naturally,
since a positive balance below the credit ceiling no longer counts, but the relative ranking of plans and
the sawtooth pattern in per-year hazards both survive.

Figure 13 reports the corresponding cumulative net cash flow over the six-year horizon. The median
(solid lines) is monotonically increasing in every cell; rotation plans (green, blue) dominate continuous
corn (red) by roughly $100-$300 per acre by year 6 in the high-productivity zones, and the 10-9o
percentile band confirms that the lower tail of cumulative cash flow is also higher under rotation. This
is the underlying object that the over-limit delinquency rule conditions on: when the lower tail of
cumulative cash is bounded away from zero, the corresponding spring loan demand stays bounded,
and the over-limit event becomes rare.
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Cumulative net cash (median + 10-90 band) — all regions x zones

prod_zone: high prod_zone: medium prod_zone: low

20004

15004

10004

uisyiou :uoibal

5004

20004

1500 1 plan

= CCCCCC

1000+ — CCSCCS

|e5ju8d :uoiBal

CscCscCs
5004

Cumulative net cash ($/ac)

20004

15004

1000 A

uisyinos :uojbal

5004

2 4 6 2 4
Year

[
N
~
o

Figure 13: Median cumulative net cash flow (solid lines) with 10-9o percentile band (shaded), by
rotation plan, climate region, and productivity zone.

B.4 Absolute Shapley values

Section 7.2 reports the price share of Shapley-decomposed delinquency risk, ¢p/(¢p + ¢y), which
ranges from 92 to 100 percent across the simulation grid. The normalization conceals the underlying
levels: a g5-percent price share means very different things depending on whether total delinquency
risk is 15 percentage points or 55 percentage points.

Figure 14 reports the absolute Shapley values ¢p and ¢y in percentage points of delinquency proba-
bility, stacked by uncertainty source. The total bar height equals the rotation-plan-specific delinquency
probability from Figure 3, decomposed into its price and yield Shapley components. Continuous corn
in the central-high cell tops out near 55 percentage points, roughly 52 price-attributable and 3 yield-
attributable; CSCSCS in southern cells bottoms at 15 percentage points, almost entirely price-driven.
The figure makes clear that what changes between high-risk and low-risk cells is the level of price risk
that survives the rotation’s debt-reset mechanism; the yield share is uniformly small in absolute terms
across the grid.
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Shapley decomposition: absolute delinquency risk (pp) by uncertainty source
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Figure 14: Shapley decomposition of six-year delinquency probability into price (red) and yield (blue)

h|gh med|um

medlum
Productivity zone

h|gh

components, in percentage points.

30

h\gh med|um

Uncertainty
source




References

Bowles, T. M., Mooshammer, M., Socolar, Y., Calderén, F, Cavigelli, M. A., Culman, S. W., Deen,
W., Drury, C. F, Garcia y Garcia, A., Gaudin, A. C., Harkcom, W. S., Lehman, R. M., Osborne,
S. L., Robertson, G. P, Salerno, J., Schmer, M. R., Strock, J., and Grandy, A. S. (2020). Long-term
evidence shows that crop-rotation diversification increases agricultural resilience to adverse growing
conditions in North America. One Earth, 2(3):284—293.

Bullock, D. G. (1992). Crop rotation. Critical Reviews in Plant Sciences, 11.

Burt, O. R. and Allison, J. R. (1963). Farm management decisions with dynamic programming. Journal
of Farm Economics, 45(1):121-136.

Chen, L., Rejesus, R. M., Brown, Z. S., Boyer, C. N., and Larson, J. A. (2025). Dynamically optimal cover
crop adoption. European Review of Agricultural Economics, 52(3):301-333.

Featherstone, A. M., Roessler, L. M., and Barry, P. J. (2006). Determining the probability of default and
risk-rating class for loans in the seventh farm credit district portfolio. Applied Economic Perspectives
and Policy, 28(1):4—23.

Finger, R. (2012). Effects of crop acreage and aggregation level on price-yield correlations. Agricultural
Finance Review, 72(3):436—455.

Goodwin, B. K. and Mahul, O. (2004). Risk modeling concepts relating to the design and rating of
agricultural insurance contracts. Policy Research Working Paper Series 3392, The World Bank.

Ifft, J., Kuethe, T., and Morehart, M. (2013). Farm debt use by farms with crop insurance. Choices, 3.

Ifft, . E., Kuethe, T., and Morehart, M. (2015). Does federal crop insurance lead to higher farm debt use?
evidence from the Agricultural Resource Management Survey (ARMS). Agricultural Finance Review,

75(3):349-367.

Israeli, O. (2007). A shapley-based decomposition of the r-square of a linear regression. The Journal of
Economic Inequality, 5(2):199—212.

Kim, Y., Yu, J., and Pendell, D. L. (2020). Effects of crop insurance on farm disinvestment and exit
decisions. European Review of Agricultural Economics, 47(1):324—347.

Lee, D., Chen, L., Rejesus, R. M., Aglasan, S., Dinterman, R., and Connor, L. (2024). The effect of
crop insurance on agricultural loan delinquencies. Journal of the Agricultural and Applied Economics
Association, 3(1):256—274.

Livingston, M., Roberts, M. |., and Zhang, Y. (2015). Optimal sequential plantings of corn and soybeans
under price uncertainty. American Journal of Agricultural Economics, 97(3):855-878.

Ma, Y., Liang, S.-Z., Myers, D. B., Swatantran, A., and Lobell, D. B. (2024). Subfield-level crop yield
mapping without ground truth data: A scale transfer framework. Remote Sensing of Environment,

315:114427.

Ramsey, A. F., Goodwin, B. K., and Ghosh, S. K. (2019). How high the hedge: Relationships between
prices and yields in the Federal Crop Insurance Program. Journal of Agricultural and Resource Eco-

nomics, 44(2):pp. 227-245.

Seifert, C. A., Roberts, M. J., and Lobell, D. B. (2017). Continuous corn and soybean yield penalties
across hundreds of thousands of fields. Agronomy Journal, 109(2):541-548.

Shapley, L. S. (1953). A value for n-person games. In Kuhn, H. W. and Tucker, A. W., editors, Contribu-
tions to the Theory of Games, Vol. II, pages 307-317. Princeton University Press.

31



Shorrocks, A. F. (2013). Decomposition procedures for distributional analysis: a unified framework
based on the shapley value. The Journal of Economic Inequality, 11(1):99-126.

Smith, M. E., Vico, G., Costa, A., Bowles, T., Gaudin, A. C. M., Hallin, S., Watson, C. A., Alarcén, R.,
Berti, A., Blecharczyk, A., Calderén, F. J., Culman, S., Deen, W., Drury, C. E, Garcia, A. G. y., Garcia-
Diaz, A., Plaza, E. H,, Jonczyk, K., Jack, O., Lehman, R. M., Montemurro, F., Morari, F., Onofri, A,
Osborne, S. L., Pasamoén, J. L. T., Sandstrom, B., Santin-Montany4, 1., Sawinska, Z., Schmer, M. R.,
Stalenga, J., Strock, J., Tei, E, Topp, C. F. E., Ventrella, D., Walker, R. L., and Bommarco, R. (2023).
Increasing crop rotational diversity can enhance cereal yields. Communications Earth & Environment,

4(1).

Socolar, Y., Goldstein, B. R., de Valpine, P., and Bowles, T. M. (2021). Biophysical and policy factors
predict simplified crop rotations in the US Midwest. Environmental Research Letters, 16(5):054045.

U.S. Department of Agriculture, Economic Research Service (2026). Farm sector income & finances:
Assets, debt, and wealth. Webpage. Updated February 5, 2026.

Yan, L. and Roy, D. (2016). Conterminous United States crop field size quantification from multi-
temporal Landsat data. Remote Sensing of Environment, 172:67-86.

32



	Introduction
	Framing and related literature
	Theoretical Framework
	Setup
	Operating-credit constraint
	Farmer's problem
	Propositions
	Lower-tail stochastic dominance
	Credit path dependence amplifies the rotation premium

	Relation to the simulation

	Data and Calibration
	The Illinois field panel
	Prices and Costs
	Credit-cycle calibration

	The Simulation Framework
	Overview
	Rotation-conditioned yield generator
	Price-yield dependence
	Operating-credit cash-flow recursion
	Outcomes and decompositions

	Results
	Agronomic benefits of crop rotation
	From agronomy to farm finances: the transmission channel
	Six-year delinquency probabilities
	Per-year hazard: the sawtooth
	Peak operating-loan demand
	The natural hedge: rotation and correlation are partial substitutes
	The hedge benefit in delinquency probability space
	Yield-shock stress test: the hedge under a localized corn shortfall

	Decompositions and robustness
	Variance decomposition
	Shapley decomposition of delinquency probability
	Survival curves: when does the rotation effect materialize?

	Implications
	Conclusion
	Appendix A: Calibration values and computational details
	Baseline parameter values
	Computational details

	Appendix B: Robustness exercises
	Year-end debt distribution
	Parametric-fit robustness for the yield generator
	Cumulative cash flow under the over-limit delinquency rule
	Absolute Shapley values


