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Resilience communication (2020)

3 resilience aspects —robustness (resisting change, shock) absorption),
adaptability (adjusting existing practices) and transformation (structural
change of practices).

The EU green deal: emphasis on transformation

Many aspects need quantitative metrics along different dimensions
(financial, social/innovation, governance and climate/environmental) but
data are not always available or of sufficient quality.
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Definitions and Outline

Definition: ecological resilience is amplitude of the largest disturbance that
the system can absorb without losing its structure and functions (Holling)

Assumptions: 1) larger disturbances are rarer 2) larger disturbances have
larger impacts 1 + 2) Production resilience can be measured by the return
period of the total (or large) production losses.

Annual Production Resilience Indicator (R, = y* )

Effect of diversity: large spatial aggregations, multi-crop systems, open-
source software (ReciPy or PyResPro)

Summary and Outlook: relevance for farms, climate scenarios,
adaptation, how to measure climate related shocks
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external forcing return period (T *, years)

The Annual Production Resilience Indicator:
computation from model and real data

MODEL DATA: Single Field or
Homogeneous Cropping Area

Example forcing and production time-series
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Total production loss is
never observed for
diversified and large
spatial aggregations.
How to interpret this?

Effect of diversity
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R, of a diversified production system is proportional
to the effective number of equivalent uncorrelated
production units* (different crops and/or conditions
related to management, environment, climate)

Spatial aggregations of large numbers of uncorrelated crop production reach very high R, values and the
probability of total production losses is close to zero, consistently with the diversity property of R,

*hint for demonstration: think of the sum of two uncorrelated production time series with same p and o
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Diversity: multiple crops, cereals in Italy
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United States of America crop production system resilience
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Wheat Production (MTons)
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Linking production resilience to climatic factors
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of the CSI with national yields data
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Conclusions

The Annual Production Resilience Indicator (R,) is simple but powerful, straightforward
iInterpretation, and rich of properties (diversity, factorization)

R, can be coupled to other indicators for a more comprehensive resilience assessment and
computed for other variables (e.g. natural vegetation primary production, farm factor income)

In comparative studies with similar climate conditions adaptation strategies that increase total
production stability could be captured by R,

At the farm level, the length of the time series might be an issue. Country/regional level
analyses as well as model results could also be useful to drive decision at farm level. R, computed
on farm factor income could be a proxy of adaptive capacity

Resilience of what to what? It depends on the data being used. R, is sensitive to all sources of
variability. The specific drivers have to be identified with other indicators (water, heat, spring frost..)
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Thanks for the attention!
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Assumptions and definitions

| | ecological resilience is amplitude of the largest
Production system response to parameter perturbation — gistrhance that the system can absorb without losing

1.6 — system potential its structure and functions, but how to measure it?
—— perturbation distribution
1.4 1 — production
- ASSUMPTIONS:
S 101 larger disturbances are rarer
>
© 0.8 . :
5 larger disturbances have larger impacts
© 0.6
0.4 - DEFINITION:
0.2 A . Cy
Production resilience can be measured by the
0.0

) 15 10 —os oo  os 10 1s Lo returnperiod (inverse frequency) of the larger

parameter space Impacts (production losses)

NOTES:

- Focus on production. Other functions are not considered.

- Changes of structure are allowed as well as shifts in the basi equilibrium state (ADAPTATION).
- Return periods of extreme impacts are expected to get shorted under climate change.

European
Commission




Proof 1

Binomial distributed production p =P or O

Let fbe the frequency or probability of production failure (f = 1/T*,,y)
We have uy=P((1-Hando’*=P?(1-Hf

Re=(1-H/f=1/f=R, g.e.d.

arXiv 2019 - STOTEN 2020
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PFOOf 2 External forcing statistics and crop production damages:
conceptual model
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Proof 2

Crop Resilience R for different adaptation levels

100 97 —— Rc=T* max
—— high
——- high'
Results 801 4
r_CU ——== mid’
o S i
G 60 - low o~
c ——= low'
=
S
T 40 -
o
20 A
O_ I 1 1 I

20 40 60 80 100
return period of total yield loss (T*yax), years

European
Commission

arXiv 2019 - STOTEN 2020



Effects of diversity: basic property

The APRI is proportional to the number of equivalent uncorrelated
production time-series

If we have two production time series p, and p, with
gy =M,,0,=0,,and Cov,,=0
we have Hisp = My + = 2 -y,
M1 =4 - PPy
0%, = 0%+ 0% =2 0%

Rp142 =2 Ry, then by induction.
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Real time-series

Using the fact that the 20.0 -

Indicator depends on
the ratio between L

and o and not on the
Individual terms, it is

possible to normalize 14
by the running mean / ;.
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Accuracy
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