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A Quadruple Challenge for Agriculture
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1.  Sustainably increase production to provide healthy food for growing and  
 developing populations 

2.  Adapt to climate change and ongoing climate extremes

3.  Mitigate emissions from agricultural lands

4.  Maintain financial incentives for agriculture



Outline
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Ø Inventory of agricultural responses to climatic impact-drivers

Ø CIDs as a core element of AgMIP approaches

Ø Building scenarios of future agricultural systems

Ø Key priorities for agricultural risk information development



Climate Information Connected to Agriculture
For each important aspect of climate change
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IPCC AR6 WGI Table 12.2



The Agricultural Model Intercomparison 
and Improvement Project (AgMIP)
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Ozone

Climate Scenarios
AgMERRA

Impacts Explorer
Remote Sensing

AgMIP is an international 
community of 1200+ climate 
scientists, agronomists, 
economists, and IT experts 
working to improve assessments 
of current and future risks to 
food security in order to build a 
more productive, sustainable, 
and resilient future

Ø Launched in 2010

Ø AgMIP is like CMIP for 
agricultural sector models

Ø 50+ MIPs

Forecasting and Disaster Risk

Visit www.agmip.org for more information 
and to sign up for AgMIP listserv

Barley
TomatoSoybean

Maize / ET
Soybean / ET

Integrated 
National 

Assessments

Adaptation / Mitigation

North Africa
Vietnam

http://www.agmip.org/


6https://www.worldfoodprize.org/index.cfm/87428/48752/2022_world_food_prize_awarded_to_nasa_climate_scientist

Dr. Cynthia Rosenzweig
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AgMIP Connections to Decision Making 
across Complex Food Systems

Models aim to capture interactions 
between Genotype, Environment, 
Management, and Value Chains

G x E x M x VC
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Reactive Interventions

Lead Time

Hazards and Disasters

AgMIP Applications across Time Horizons
Understanding, projecting, and preparing for shocks

+

Ruane et al., in prep
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Understanding Reactive Interventions

Lead Time

Hazards and Disasters

AgMIP Applications across Time Horizons
Understanding, projecting, and preparing for shocks

+

Ruane et al., in prep
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Ruane et al., in prep

Understanding Reactive Interventions Proactive 
Interventions

[non-stationarity & 
emerging challenges]

Lead Time

Hazards and Disasters Trends

AgMIP Applications across Time Horizons
Understanding, projecting, and preparing for shocks

+



Global Yield Projections

11
Jägermeyr et al., 2021

Ensemble of climate and crop models under high-emissions scenario
12 Crop Models and 5 Climate Models – No adaptation



Synthesis Report Figure SPM.3c
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Agricultural Sector is Responsive to Many CIDs
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IPCC AR6 WGI Table 12.2



The information we need
vs. the information we can provide
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Are we appropriately handling Ag CIDs?
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IPCC AR6 WGI Table 12.2

Mean air temperature: Growing Degree Days

Mean Precipitation: Monsoon onset date

Aridity: Reduction in groundwater



Are we appropriately handling Ag CIDs?
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Asseng et al., 2015 – 40 wheat models
Nature Climate Change

Bruce Kimball

Seasonal mean temperature (oC)

Observations 
in Red

Model Spread 
in Gray

See also:

Bruce 
Kimball

Mean air temperature



Are we appropriately handling Ag CIDs?
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IPCC AR6 WGI Table 12.2

Ruane et al., 2023 
(in review) Global Warming Level (°C) Global Warming Level (°C) 

Mean air temperature
CO2 at surface



18

IPCC AR6 WGI Table 12.2

Are we appropriately handling Ag CIDs?
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IPCC AR6 WGI Table 12.2

Are we appropriately handling Ag CIDs?

Temperatures above a plant’s tolerance thresholds temperatures can 
slow growth, damage tissues, cause leaf senescence, and sterilize pollen.

Extreme heat: 
#days where Tx>35C
#days where Tx>40C
‘killing degree days’
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-3 °C Sensitivity Test
+3 °C Sensitivity Test
+6 °C Sensitivity Test
+9 °C Sensitivity Test

Ruane et al., 2016 (EMS)
Multi-wheat-model ensemble responses 
to interannual climate variability

Are we appropriately handling Ag CIDs?
Seasonal response ≠ Climate Response



Heat = Days where Tmax>35 ℃  Frost = Days where Tmin<0 ℃
SSP5-8.5 from 5 ISIMIP bias-adjusted ESM Projections – Lucke et al., in prep. 21

Are we appropriately handling Ag CIDs?

Extreme Heat
Frost
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IPCC AR6 WGI Table 12.2

Hydrological Drought – availability of surface and groundwater resources (extractable).  
    - requires water systems and management models

Agricultural and Ecological Drought – Soil moisture availability for plants.
Standardized Precipitation Evapotranspiration Index (SPEI)

Both have water balance focus (supply and demand)

Are we appropriately handling Ag CIDs?
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CO2 benefits are strongest during drought years
Durand et al., 2018

See also: Elliott et al. (2014) noted that CO2 / water efficiency effects often not included in hydrology models

Experimental 
Maize Biomass 
Response

Wet year
Low Response

Are we appropriately handling Ag CIDs?
Interactions between CIDs may be important

Dry year
High Response

Drought
CO2 at surface
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IPCC AR6 WGI Table 12.2

River Flood – water levels rising from precipitation and/or meltwater in a basin creating high river levels
    - e.g., areas where inundation > 10cm at typical 1-in-10yr peak flow
    - requires hydrological models  

Pluvial Flood – water levels rise because rainfall rates exceed runoff/drainage rates of an area
    - different damage profile (nitrogen leaching, soil runoff) and adaptation options
    - e.g., #hours where rainfall > 8mm   (USGS calls this ‘very heavy rainfall’)

Are we appropriately handling Ag CIDs?
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IPCC AR6 WGI Table 12.2

Are we appropriately handling Ag CIDs?
Summary of typical agricultural models

Agricultural models currently include CID response
(Some) models include partial CID response
Response could be added in soft coupling
Responses generally missing

Note: bias-adjustment 
may determine which 
CIDs can be examined

More effort needed: Water logging, labor health, pests and diseases, sequential extremes
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Machine Learning helps us identify what are 
most important missing elements

T<5 ℃

T<0 ℃

T>35 ℃

T>30 ℃

Mean T

CDD

Wet Days

Mean Precip

Crop Models

Top 16 Maize producing countries

5 feature model fit to FAO yields – size of circle represents prominence of features

Ruane and 
Castellano, 
in prep. USA South Africa



Figure 12.4
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• Future agriculture could be disrupted by 
impacts on farm laborers

• Many indices and metrics, but be careful 
with over-generalizations:
• different types of workers
• diurnal cycle of weather and labor

Change in the Number of days per year where the
NOAA Heat Index indicates “dangerous” conditions

Mid-century under a high emissions pathway

Anticipating the future of food requires 
understanding of food systems (not just crops)

Outdoor heat tolerance thresholds more frequently exceeded
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Adaptations targeted toward specific CIDs

Florian Zabel et al., 2021 - 
High emissions; 
end of century 

Plant suitability often 
determined by growing 
degree day (GDD) 
requirements in 
agricultural season

Is there an existing 
variety with GDD 
attributes that match 
with future growing 
season temperatures?

Case study on adaptation potential:
What cultivars can we transfer, what genotypes need to be created?



Food system and market resilience

Future depends on 
climate impacts, and
land use shifts, 
food/dietary demand, 
trade policy, 
food waste, 
and agrotechnology.



Zimbabwe

India

Senegal

Envisioning and Co-Assessing Future 
Agricultural Systems



Priorities for Agricultural Risk Assessment

Ø Agriculture responds to many climatic impact-drivers, and we only track a 
subset

Ø Agricultural modeling approaches allow us to capture specific responses and 
adaptation approaches – more data and model development needed

Ø Adaptations target specific climatic impact-drivers, and we need more work to 
identify appropriate CID indices and thresholds

Ø Co-development process is vital to contextual risk management and planning 
for climate adaptation and mitigation


