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PIK — an Overview

Potsdam Institute for Climate Impact Research P 1 K
Founded: 1992 - Member of Leibniz Association
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Resources: ~270 employees (ca. 170 scientists; 20 student assistants/interns)

Mission: interdisciplinary insights on global change, climate change and
sustainable development; policy advice

Main tool:  high-performance computer with 258 TeraFlops: system & scenario
analysis, qualitative & quantitative modeling

Michelson House IBM nextscale cluster



PIK modeling portfolio
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Food and weather




Climate, Agriculture, Markets

U.S. corn production and exports
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Climate change impacts on agriculture

Water availability,
labor productivity,
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Modeling agricultural productivity
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Miuller et al. 2011
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Sources of uncertainty: climate, T

e Global, decadal mean surface air temperature
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Sources of uncertainty: climate, P

(b) Internal variability Model uncertainty Scenario uncertainty
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Don’t know much about history...
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Simulated heat unit

Sources of uncertainty: data
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Sources of uncertainty: models

COMMENTARY:

Crop-climate models need
anoverhaul

Reimund P. Rétter, Timothy R. Carter, Jergen E. Olesen and John R. Porter
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Crop modeling

Model processes Model inputs Key model outputs
Phenological development Meteorological variables  Grain yield

Light interception and utilization Soil properties

Growth allocation to crop organs Cultivar parameters

Root distribution Management

Soil water dynamics
Soil nutrient dynamics
Evapotranspiration
Environmental stresses
Effects of elevated CO,

ity

Emergence Tillering

Stem elongation Heading/Flowering

Ripening

Carter et al. 2013



Statistical modeling

gi (Output)
A Production function
In(q) = BX - u
Frontier production
IN(qa) = BXa + Va — Uy, ,
VA > 0 A Noise (vg)
w- Inefficiency (u
R )'{ y (Us)
. !
Noise (va) {!;1 ! Frontier production
\ In(ge) = BXp + VB — Ug,
: ifvg <0
> Inefficiency (ua) :
X |
QA |ocoocooo fo . * : >Observed
: E production (Rxg)
: >Observed E
. [ production (3xa) !
o ) )/ S o
== XA XB Xi (Inputs)
P 1 K

Neumann et al. 2010



Process-based modeling
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Beyond productivity: production
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Economic agricultural modeling
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Biophysics meet economy
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Irrigation also matters downstream

Inflow of discharge from .
. Livestock
upstream grid cells, Q;, B
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Indirect impacts, limits to adaptation

Elliott et al. 2014



Agricultural Econmics in AgMIP/ISI-MIP
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Beyond production: nutrition
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Quality matters

Protein in wheat (%)
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The “lamp post problem”?
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Current Climate change CO, fertilization and climate change
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Beyond nutrition:
multiple objectives
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Not just food...
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change in landuse share

Externalities
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Beyond modeling:
the holy grail : learning & informing
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GGCMI Phase 1: understanding the past

e Ten reanalysis-based historical weather products
spanning 1901-2012

e 14 GGCMs supplying data

e Harmonized on fertilizer, sowing, maturity, etc.
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Establishing a public benchmark
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National level

Color Key and Histogram
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Spatio-temporal performance
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What do model results represent?

Adverse
event(s) All possible events
(circle: b+c) (circle: a+b+c+d)
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Implications of uncertainties

e Uncertainties cannot be eradicated

e Well-described uncertainties
facilitate decision processes

e Climate change impact analysis needs to be
— more comprehensive (scenarios)
— more explicit (mean, tails, likelihoods, ...)
— more cross-sectoral

¢ Visions of desired states needed
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How can large-scale modeling help?

» Extrapolation to unobserved conditions

e Deeper Understanding of processes, complex
systems, nonlinear system behavior

e Provides a mechanism to test a set of complex
hypotheses

e “Mind Games”: What would happen, if ...?

— different scenarios
— extreme conditions

* Reducing Uncertainty in system responses
* Consistency for large-scale dynamics
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The road ahead:
managing management
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Technological change
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single cro

sequential cropping

] 1971-2000
[] 2071-2099

Adaptation through managemept

Southern Africa
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Mitigation through management
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