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The nature of the harvest
Research question: Were harvests in pre-industrial England “self-contained?”

Beveridge
Long-run cycles in the weather

Hoskins
Consumption of seed corn

Modern literature
Grain stores
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Our findings:
seed yield evidence from the Winchester Estates (1268-1349) is consistent
with Hoskins’ hypothesis
same evidence suggests persistent harvests were not responsible for runs in
grain prices



A simple model of the harvest

Assumptions

agents allocate annual harvest between
consumption, stores, and seed
agents face subsistence constraint (C)
yields (σ) increase in sow rates (K) at a
diminishing rate
yields are non-increasing in sow rates beyond
K′

Definition: “grain on hand”
= harvest + stores - subsistence

Gt = Ht + S − C

Kt

σt+1

K' 

Yield

Famine Harvest Scarce Harvest Good Harvest

K'

Gt

HtHf Hs

harvests 
persist

harvests do 
not persist

Grain 

0 Ha

K = 0

Implications:
only famine and scarce harvests persist
harvests persist at the level sow rates are chosen (i.e., the manor)



Empirical results

Reproducing tests from the literature

yields lower after scarce harvest X

yields display autocorrelation X

yields display too few runs X

Data

Source: Titow (1972)
Coverage: 38 Manors from the
Winchester Estates
Period: 1268 - 1349

harvest are the same as those following a typical harvest is rejected.

Table 1: Mean yields by manor following average (Ĥ) and scarce (Hs) harvests.

Sub-period

1268-74 1283-92 1297-1302 1305-18 1324-32 1335-49

Wheat

following Ĥ 1.21 1.25 1.42 1.21 1.32 1.12

following Hs 0.88 0.91 1.03 0.93 1.03 0.89

di↵erence 0.33** 0.34** 0.39** 0.29** 0.29** 0.23**

Barley following

following Ĥ 1.94 1.69 1.91 1.87 1.95 1.98

following Hs 1.25 1.26 1.44 1.45 1.38 1.42

di↵erence 0.69** 0.43** 0.47** 0.42** 0.57** 0.56**

Oat following

following Ĥ 1.43 1.37 1.38 1.25 1.24 1.14

following Hs 1.04 1.01 1.44 1.09 1.09 1.00

di↵erence 0.39** 0.36** -0.06 0.16** 0.15** 0.14**

Notes: ** di↵erence in means significant at 1% level.

Figure 2 plots the distribution of yields following an average harvest and a scarce

harvest (over the entire sample, 1268-1349). A bad harvest in t � 1 truncates the

upper portion of the yield distribution and lowers the mean yield in period t.

Figure 2: Distribution of yields after scarce harvest.

subsistence and, therefore, a scarce harvest. We adopt Nielsen’s 85% of trend to maintain continuity
with the literature. All of the results in section 4 are robust to a range of assumptions regarding
subsistence consumption.
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Generally, self-contained harvests imply zero autocorrelation between yields and

lagged yields. Our model implies: (i) positive autocorrelation between yields and

lagged yields for average harvests; and, (ii) negative autocorrelation between yields

and scarce harvests. Table 2 reports the correlation coe�cient between yields and

lagged yields for average harvests (by manor) and yields and lagged yields for scarce

harvests (by manor).

Table 2: Correlation coe�cient between yields and harvest quality.

Wheat Barley Oats

Ĥ Hs Ĥ Hs Ĥ Hs

1268-1274 0.42** -0.23** 0.71** -0.32** 0.61** -0.30**

1283-1292 0.54** -0.32** 0.54** -0.27** 0.59** -0.32**

1297-1302 0.63** -0.29** 0.58** -0.32** 0.56** 0.04

1305-1318 0.40** -0.23** 0.53** -0.26** 0.37** -0.09

1324-1332 0.55** -0.28** 0.73** -0.30** 0.31** -0.16

1335-1349 0.25** -0.18** 0.67** -0.26** 0.48** -0.11

Notes: ** significant at 1% level.

In each sub-period yields display statistically significant positive autocorrelation

with lagged yields and statistically significant negative autocorrelation with bad har-

vests.

Another indication that poor harvests persisted is their relative frequency. Table

3 reports the expected rate of consecutive scarce harvests relative to the observed

rate; there are roughly twice as many consecutive bad harvests as we would to see in

each sub-period if harvests were random.

Table 3: The frequency of consecutive scarce harvests.

Period

1268-74 1283-92 1297-1302 1305-18 1324-32 1335-49

Predicted frequency 1.0% 1.5% 1.0% 1.0% 3.0% 2.5%

Observed frequency 2.0% 3.0% 2.5% 2.0% 5.0% 3.0%

Lastly, consider the information content of the current harvest. For self-contained

harvests the conditional probability that next year’s harvest will be scarce is simply

15

Generally, self-contained harvests imply zero autocorrelation between yields and

lagged yields. Our model implies: (i) positive autocorrelation between yields and

lagged yields for average harvests; and, (ii) negative autocorrelation between yields

and scarce harvests. Table 2 reports the correlation coe�cient between yields and

lagged yields for average harvests (by manor) and yields and lagged yields for scarce

harvests (by manor).

Table 2: Correlation coe�cient between yields and harvest quality.

Wheat Barley Oats
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Empirical resultsequal to the unconditional probability that any harvest may be scarce. Self-contained

harvests contain no information about future harvests. On the other hand, if har-

vests persist then the current harvest contains information about future harvests.

Stated more formally (with Hg = good harvest and Hs = scarce harvest): (i) if har-

vests are self-contained then, Prob(Hg,t|Hg,t�1) = Prob(Hg), and Prob(Hs,t|Hs,t�1) =

Prob(Hs); (ii) if harvests persist then, Prob(Hg,t|Hg,t�1) > Prob(Hg), and

Prob(Hs,t|Hs,t�1) > Prob(Hs). Table 4 reports a summary of the probabilities by

period.

Table 4: Conditional and unconditional probabilities of harvest type.

Sub-period

1268-74 1283-92 1297-1302 1305-18 1324-32 1335-49

Prob(Hg,t|Hg,t�1) 94% 92% 94% 96% 87% 86%

Prob(Hg) 89% 87% 88% 93% 82% 83%

Di↵erence 5% 5% 6% 3% 5% 3%

Prob(Hs,t|Hs,t�1) 42% 44% 33% 37% 48% 38%

Prob(Hs) 10% 12% 11% 6% 17% 18%

Di↵erence 32% 32% 22% 31% 31% 20%

Consistent with correlated harvests, manors experiencing a good harvest have a

higher conditional probability of experiencing a subsequent good harvest than would

be expected randomly; manors experiencing a bad harvest have a higher conditional

probability of experiencing a subsequent bad harvest than would be expected ran-

domly.15

15 Interestingly, the asymmetry in the e↵ect of good and bad harvests in table 4, as well as our
findings in section 5, are consistent with the historical literature that yields were strongly concave
in seeding densities (see, for example, Osmaston (1985)). If, in an average year, agents implemented
a sow rate close to or at the optimum, then good harvests would have a very small or zero positive
impact on yields in the next period. However, at the same sow rate, scarce harvests could have a
significant negative impact on yields in the next period.
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Table 5: Regression, wheat yields per acre (38 Winchester manors 1268-1349).

Yield by manor Average yield

(1) (2) (3) (4) (5) (6)

Model Pooled Pooled GLS FE FE FE

Options robust robust standard standard robust robust

No. Obs (1692) (1692) (1692) (1692) (1692) (1692)

Lagged sow rate 0.13** 0.13** 0.17** 0.13** 0.13 0.06

(0.03) (0.02) (0.02) (0.03) (0.10) (0.04)

Lagged scarce harvest -0.22** -0.22** -0.25** -0.11** -0.12** 0.01

(0.02) (0.02) (0.04) (0.02) (0.02) (0.01)

Lagged fodder crops -0.13** -0.12** -0.20** -0.13** -0.13** 0.00

(0.02) (0.02) (0.07) (0.03) (0.02) (0.01)

Rainy weather -0.07** -0.07** -0.07* -0.07* 0.13 -0.08**

(0.03) (0.03) (0.03) (0.03) (0.10) (0.01)

Dry weather 0.14** 0.14** 0.13** 0.15** 0.14** 0.06**

(0.03) (0.04) (0.04) (0.03) (0.10) (0.04)

Cold weather 0.03 0.03 0.04 0.04 0.13 0.00

(0.03) (0.03) (0.04) (0.03) (0.10) (0.01)

Hot weather 0.00 0.00 0.00 0.03 0.13 0.02**

(0.03) (0.05) (0.03) (0.02) (0.10) (0.01)

Manor controls yes no no no no no

Population controls yes no no no no no

F-stat [p-value] 14.76 [0] 35.60 [0] 125.5 [0] 16.94 [0] 8.19 [0] 4719 [0]

R-squared 0.15 0.14 – 0.13 0.13 0.08

Standard errors are in parentheses. Significant at the ** 1% level, * 5% level.

cluster by manor, we also present a Fixed E↵ects estimation with robust error cor-

rection in column (5). Lastly, in column (6) we report the results of the model when

the dependent variable is a time series of wheat yields averaged over all manors in

the sample (i.e., the average annual yield per acre).

The hypothesis that the coe�cients are jointly insignificant is rejected in all spec-

ifications of the model. Further, the coe�cients of interest are precisely estimated

in every specification with one exception: lagged sow rates are insignificant in the

robust FE estimation. Importantly, all three variations of the model—Pooled, GLS,

and FE—produce similar estimates. The results in table 5 are robust to a range of
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Information content of the harvest

scarce harvests increase probability of subsequent scarce harvest X

lagged harvests predict lower yields X



Conclusions

Effects of scarce wheat harvest

a scarce harvest in t reduces the
expected mean yield in t+ 1 by
10% − 20%
a scarce harvest in t shifts the
distribution closer to a subsistence
event in t+ 1 by 25% − 50% of
one standard deviation
a scarce harvest in t increases
probability of a scarce harvest in
t+ 1 by 200% - 300%

Mean yield whole sample (1.2 qtrs)

0
.5

1
1.

5

Density

0 .25 .5 .75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 3
wheat yield per acre (in quarters)

Density distribution following scarce harvest

Density distribution following average harvest

Yield frequency by harvest type

So...
Hoskins is correct, poor harvests persisted, but correlation of yields between
manors is low enough that the impact of “Hoskin’s effect” on regional grain
supplies was likely quite small
Results do tell us something about the structure of risk faced by peasants
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