Environmental Modelling & Software 81 (2016) 86—101

Contents lists available at ScienceDirect r e

Modelling & Software

—

Environmental Modelling & Software

journal homepage: www.elsevier.com/locate/envsoft

Multi-wheat-model ensemble responses to interannual climate
variability

@ CrossMark

Alex C. Ruane *, Nicholas I. Hudson °, Senthold Asseng ¢, Davide Camarrano ¢,

Frank Ewert ©*, Pierre Martre "¢, Kenneth J. Boote ¢, Peter J. Thorburn ",

Pramod K. Aggarwal ', Carlos Angulo ¢, Bruno Basso ’, Patrick Bertuzzi ¥,

Christian Biernath !, Nadine Brisson ™ ™, Andrew J. Challinor P, Jordi Doltra 9,
Sebastian Gayler ', Richard Goldberg °, Robert F. Grant °, Lee Heng !, Josh Hooker ",
Leslie A. Hunt ", Joachim Ingwersen , Roberto C. Izaurralde %, Kurt Christian Kersebaum *,
Soora Naresh Kumar Y, Christoph Miiller #, Claas Nendel *, Garry O'Leary “°,

Jorgen E. Olesen °°, Tom M. Osborne ¢, Taru Palosuo ad Eckart Priesack

Dominique Ripoche ¥, Reimund P. Rotter *°, Mikhail A. Semenov ¢, Iurii Shcherbak af
Pasquale Steduto ¢, Claudio O. Stockle ", Pierre Stratonovitch ¢, Thilo Streck ',

Iwan Supit #, Fulu Tao %%, Maria Travasso °*, Katharina Waha #", Daniel Wallach
Jeffrey W. White ", Joost Wolf *"

¢ National Aeronautics and Space Administration, Goddard Institute for Space Studies, New York, NY, USA

b Columbia University Center for Climate Systems Research, New York, NY, USA

¢ Agricultural & Biological Engineering Department, University of Florida, Gainesville, FL, USA

d James Hutton Institute, Invergowrie, Dundee, Scotland, United Kingdom

€ Institute of Crop Science and Resource Conservation, Universitdat Bonn, D-53 115, Germany

f National Institute for Agricultural Research (INRA), UMR1095 Genetics, Diversity and Ecophysiology of Cereals (GDEC), F-63 100 Clermont-Ferrand, France
& INRA, Montpellier SupAgro, UMR759 LEPSE, F-34060 Montpellier, France

" Commonwealth Scientific and Industrial Research Organization Agriculture, St Lucia, QLD 4067, Australia

! Consultative Group on International Agricultural Research, Research Program on Climate Change, Agriculture and Food Security, International Water
Management Institute, New Delhi 110012, India

I Department of Geological Sciences and Kellogg Biological Station, Michigan State University, East Lansing, MI, USA

¥ INRA, US1116 AgroClim, F-84 914 Avignon, France

! Institute of Biochemical Plant Pathology, Helmholtz Zentrum Miinchen, German Research Center for Environmental Health, Neuherberg D-85764, Germany
™ INRA, UMR0211 Agronomie, F-78 750 Thiverval-Grignon, France

™ AgroParisTech, UMR0211 Agronomie, F-78 750 Thiverval-Grignon, France

° Institute for Climate and Atmospheric Science, School of Earth and Environment, University of Leeds, Leeds LS29]T, United Kingdom

P CGIAR-ESSP Program on Climate Change, Agriculture and Food Security, International Centre for Tropical Agriculture, A.A. 6713, 763537 Cali, Colombia
4 Cantabrian Agricultural Research and Training Centre, 39600 Muriedas, Spain

" Institute of Soil Science and Land Evaluation, Universitat Hohenheim, D-70 599 Stuttgart, Germany

* Department of Renewable Resources, University of Alberta, Edmonton, AB T6G 2E3, Canada

! International Atomic Energy Agency, 1400 Vienna, Austria

" School of Agriculture, Policy and Development, University of Reading, RG6 6AR, United Kingdom

Vv Department of Plant Agriculture, University of Guelph, Guelph, Ontario N1G 2W1, Canada

W Department of Geographical Sciences, University of Maryland, College Park, MD 20782, USA

X Institute of Landscape Systems Analysis, Leibniz Centre for Agricultural Landscape Research (ZALF), D-15 374 Miincheberg, Germany

Y Centre for Environment Science and Climate Resilient Agriculture, Indian Agricultural Research Institute, New Delhi 110 012, India

* Potsdam Institute for Climate Impact Research, D-14 473 Potsdam, Germany

22 Landscape & Water Sciences, Department of Primary Industries, Horsham 3400, Australia

3 pepartment of Agroecology, Aarhus University, 8830 Tjele, Denmark

¢ National Centre for Atmospheric Science, Department of Meteorology, University of Reading, RG6 6BB, United Kingdom

2 Environmental Impacts Group, Natural Resources Institute Finland (Luke), FI-01370, Vantaa, Finland

2€ Computational and Systems Biology Department, Rothamsted Research, Harpenden, Herts, AL5 2JQ, United Kingdom

f Institute for Future Environments, Queensland University of Technology, Brisbane, QLD 4000, Australia

 Dr Nadine Brisson passed away in 2011 while this work was being carried out.
* Corresponding author. Climate Impacts Group, NASA Goddard Institute for Space Studies, 2880 Broadway, New York, NY 10025, USA.
E-mail address: Alexander.C.Ruane@nasa.gov (A.C. Ruane).

http://dx.doi.org/10.1016/j.envsoft.2016.03.008
1364-8152/Published by Elsevier Ltd.


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Alexander.C.Ruane@nasa.gov
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envsoft.2016.03.008&domain=pdf
www.sciencedirect.com/science/journal/13648152
http://www.elsevier.com/locate/envsoft
http://dx.doi.org/10.1016/j.envsoft.2016.03.008
http://dx.doi.org/10.1016/j.envsoft.2016.03.008
http://dx.doi.org/10.1016/j.envsoft.2016.03.008

A.C. Ruane et al. / Environmental Modelling & Software 81 (2016) 86—101 87

28 Food and Agriculture Organization of the United Nations, Rome, Italy

af‘ Biological Systems Engineering, Washington State University, Pullman, WA 99164-6120, USA
“f Earth System Science-Climate Change and Adaptive Land-use and Water Management, Wageningen University, 6700AA, The Netherlands
4 Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Science, Beijing 100101, China

3 nstitute for Climate and Water, INTA-CIRN, 1712 Castelar, Argentina

2l INRA, UMR1248 Agrosystemes et Développement Territorial, F-31 326 Castanet-Tolosan, France

M Arid-Land Agricultural Research Center, USDA-ARS, Maricopa, AZ 85138, USA

2" Plant Production Systems, Wageningen University, 6700AA Wageningen, The Netherlands

2° Georg-August-University Gottingen, Gottingen, Germany

ARTICLE INFO ABSTRACT

Article history:

Received 30 April 2015
Received in revised form

20 February 2016

Accepted 10 March 2016
Available online 1 April 2016

We compare 27 wheat models' yield responses to interannual climate variability, analyzed at locations in
Argentina, Australia, India, and The Netherlands as part of the Agricultural Model Intercomparison and
Improvement Project (AgMIP) Wheat Pilot. Each model simulated 1981—2010 grain yield, and we
evaluate results against the interannual variability of growing season temperature, precipitation, and
solar radiation. The amount of information used for calibration has only a minor effect on most models’

climate response, and even small multi-model ensembles prove beneficial. Wheat model clusters reveal
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common characteristics of yield response to climate; however models rarely share the same cluster at all
four sites indicating substantial independence. Only a weak relationship (R* < 0.24) was found between
the models’ sensitivities to interannual temperature variability and their response to long-term warming,
suggesting that additional processes differentiate climate change impacts from observed climate vari-
ability analogs and motivating continuing analysis and model development efforts.

Published by Elsevier Ltd.

1. Introduction

Process-based crop simulation models have become increas-
ingly prominent in the last several decades in climate impact
research owing to their utility in understanding interactions among
genotype, environment, and management to aid in planning key
farm decisions including cultivar selection, sustainable farm man-
agement, and economic planning amidst a variable and changing
climate (e.g., Ewert et al., 2015). In the coming decades climate
change is projected to pose additional and considerable challenges
for agriculture and food security around the world (Porter et al.,
2014; Rosenzweig et al., 2014). Process-based crop simulation
models have the potential to provide useful insight into vulnera-
bility, impacts, and adaptation in the agricultural sector by simu-
lating how cropping systems respond to changing climate,
management, and variety choice. Such gains in insight require
high-quality models and better understanding of model un-
certainties for detailed agricultural assessment (Rotter et al., 2011).
Although there have been a large number of studies utilizing crop
models to assess climate impacts (Challinor et al., 2014a), a lack of
consistency has made it very difficult to compare results across
regions, crops, models, and climate scenarios (White et al., 2011a).
The Agricultural Model Intercomparison and Improvement Project
(AgMIP; Rosenzweig et al., 2013, 2015) was launched in 2010 to
establish a consistent climate-crop-economics modeling frame-
work for agricultural impacts assessment with an emphasis on
multi-model analysis, robust treatment of uncertainty, and model
improvement.

A crop model's response to interannual climate variability pro-
vides a useful first indicator of model responses to variation in
environmental conditions (Arnold and de Wit, 1976). A simulation
model's ability to capture historical grain yield variability has
shown it can serve as a sensible basis on which to demonstrate the
utility of crop models among stakeholders and decision-makers
(e.g., Dobermann et al., 2000). Considering the effort required in
collecting data and calibrating a crop model for a particular

application, previous studies have often relied upon only a single
crop model and limited sets of observational data. This approach
overlooks differences in plausible calibration methodologies as well
as biases introduced in the selection of a single crop model and its
parameterization sets; all of which may affect climate sensitivities
(Pirttioja et al., 2015). The final decision-supporting information
may therefore be biased depending on the amount of calibration
data available and the crop model selected for simulations.

Here we present an agro-climatic analysis of 27 wheat models
that participated in the AgMIP Wheat Model Intercomparison Pilot
(described briefly in the next section and more completely in the
text and supporting materials of Asseng et al., 2013; and Martre
et al., 2015), with a focus on how interannual climate variability
affects yield simulations and uncertainties across models. This is
just one of several studies to emerge from the unprecedented
Wheat Pilot multi-model intercomparison and it is intended to
contribute to the overall effort by highlighting important areas for
continuing analysis, model improvement, and data collection. As
most climate impacts assessments cannot afford to run all 27 wheat
models, for the first time we examine the consistency of agro-
climatic responses across locations, models, and the extent of
calibration information to determine whether a simpler, smaller
multi-model assessment may be a suitable representation of the
full AgMIP Wheat Pilot ensemble. The design of the AgMIP Wheat
Pilot also enables a novel comparison of yield responses to inter-
annual climate variability and to mean climate changes, testing the
notion that the response to historical climate variability provides a
reasonable analog for future climate conditions. The purpose of this
analysis is to identify differences in model behaviors, data limita-
tions, and areas for continuing research and model improvement.

2. Materials and methods
2.1. The AgMIP Wheat Pilot

A total of 27 wheat modeling groups participated in the first
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