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Slow drivers of systemic
food system risks
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Pathways to a resilient food system
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Risk layering approach/CatSIM
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Copulas: joint extreme event
modeling

ABMs/networks

Complex Systems
Th|nk|ng Gumbel Copula (Uttar Pradesh and Haryana)
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IIASA's GLOBIOM model
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Wheat price increases in %
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GLOBIOM-X: Capturing extreme climate events in a

partial-equilibrium model

Conventional PE models
(supply = demand at a certain price)

do not capture the short-term
production losses and market
disturbances because trade and
crop-production adjustments
occur simultaneously.
Therefore, introduce a two-step
solution framework in
GLOBIOM

Step 1: Maximize expected revenues
and fix crop-allocation decision

Climate models in combination with crop models show increased magnitude and frequency of

2011-2030

I— return period of 20 years (prob. 0.05)

% ars dprob 0.12)

Step 2: Solve demand and trade
relationships given the known crop
allocation and production (losses)

Producers’ profits

Producers’ MAX
MAX expected revenues Consumers’ utility
UNDER Constraints UNDER Constraints
MODEL ~ Croparea allocation (Ha) Prices (USS)
OUTPUTS Land use change area (Ha) MODEL Demand quantities (Tons)
OUTPUTS

Ayield-shock may take place

Production quantities (Tons)

Trade quantities (Tons)

2030-2050

climate-related yield shocks

2050-2070

This allows us to disentangle the effect of the shock to prices spikes, trade,

and next-year adjustments...

...In order to analyze the effects on adaptation policies such as trade and

stockholding
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95% confidence
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Boere et al.
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Step 2: Fitting a copula and estimate copula

parameter

1. Estimate copula parameter

Copula

Elliptical copulas
(Student t, Normal,..)
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Key concept. If we feed the arbitrary variable X through its own cdf,
we obtain a very special transformed random variable, which is called the

grade of X

U=Fx(X). (3
The distribution of the grade iz uniform on the unit interval regardless of
the original distribution fx

U~ Up 1y, (4)

The simple proof of this result proceeds as follows

Fy(u) = P{U=u}=P{Fx(X)=<u} (5)
F{X = Fx' (u)}=Fx (Fx' (u)=u

Therefore Fyy (u) = u, which iz the edf of a uniform distribution.

Bl ¥
grade joint X=(X,.X;) 1 marginal X,
U=F, (X}~ U([o.1])

Figure 2: Copulas are non-linear standardizations of multivariate distributions

X random variable with arbitrary distribution

Figure 1: The cdf maps an arbitrary random variable intc a uniform variable
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Example: Drought modeling with copulas (2)
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Fig 22: Popular copula families



