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MINK System for gridded simulations

• Decision Support System for Agrotechnology 
Transfer (DSSAT) https://dssat.net/.

• Crop simulation models are embedded within the 
Mink system, which is a global-scale gridded 
simulation platform for the use of crop and economic 
models for agriculture at a global scale (Robertson, 2017).

• System documentation: 
https://www.ifpri.org/publication/mink-details-global-gridded-crop-mo
deling-system. 



Global simulations requirements and 
applications

• Some input data in raster format

• Bash shell using Linux 

• Construction of input datasets and run parallel execution of 
DSSAT on a cluster of computers

• GRASS GIS and DSSAT side: the input data and the final 
outputs are stored as maps in the GRASS GIS side. The 
DSSAT side runs on a Linux-based ROCKS cluster 
(www.rocksclusters.org), taking inputs built by the GRASS 
GIS side and running them through DSSAT to determine the 
resulting simulated yields and other outcomes, which are sent 
back to the GRASS GIS side 

http://www.rocksclusters.org/


• CIMMYT Wheat Mega-environments (Monfreda et al., 2008)

http://wheatatlas.org/me-global-distribution

Mega environments concept 



• Climate baseline 1980 to 2010 in a 0.5o resolution.
• Representative Concentration Pathway RCPs 4.5 and 

8.5.
• Future climate data for the 2050s (2041-2070).

• Atmospheric CO2: Baseline (362 ppm), RCP 4.5 (498 
ppm) and RCP 8.5 (572 ppm).

Sources: 
Baseline climate, source: NCEP/NCAR reanalysis and GPCC NOAA, USA database

Future climate, source: ISI-MIP Project

Climate model Model acronym

Geophysical Fluid Dynamics Laboratory-Earth System Model GFDL-ESM2M

Institute Pierre Simon Laplace- Coupled Model IPSL-CM5A-LR

Hadley Centre Global Environment Earth System Model HadGEM2-ES

Model for Interdisciplinary Research on Climate – Earth System Model MIROC-ESM-CHEM

The Norwegian Earth System Model NorESM1-M

Gridded Weather Data



Sowing dates

Growing-degree-days algorithm searching for an appropriate growing season 
of a crop.
The sowing month is estimated using the FAO crop calendar and expert 
knowledge. The start of the planting window was also the start of the 
simulation.  



RainfedIrrigated

Global distribution of Nitrogen 
fertilizer

Fertilization rates were chosen based on a FAO database (FAO, 2013) and expert 
knowledge. 



• The geo-referenced HC27 generic soil profile database with 0.083o 
resolution (Koo and Dimes, 2010)

HC27 based on Harmonized World Soil Database 
http://harvestchoice.org/labs/hc27-genericprototypical-soil-profiles

HC27  and Harmonized World Soil 
Database 



Climate change impacts on Mexico 
wheat production

• Explore the future impacts of climate change and its uncertainty on Mexican wheat 
production by using multiple climate and crop model and two scaling approaches 
(point and gridded simulations)

• Two wheat crop models were executed in parallel, using two scaling methods, five 
Global Climate Models (GCMs) and two main Representative Concentration 
Pathways (RCPs) for the 2050s

• Here we show:

1. Climate change poses a threat to food production in Mexico with warming 
temperatures already causing yield declines in major production areas, such as 
Northwest Mexico. 

2. Climate change in the future is projected to exacerbate the effects of temperature, 
especially in that area, regardless of the growth-stimulating effects of CO2.



� By location point simulations

RCP 4.5 showing a yield impact of -6.1% and RCP 8.5 an impact of -6.5% (point 
simulations) (Hernandez-Ochoa et al 2018)



Gridded simulations 



Gridded simulations 

Average of -8.98% (for RCP 4.5) to -9.95% (for RCP 8.5) for gridded 
simulations (Hernandez-Ochoa et al 2018)



Baseline, climate impact and 
adaptation for global and regional 

wheat production
• Wheat is an important component of food security.

• Rising global temperatures and rainfall changes in the future are 
projected to affect wheat production by mid century (IPCC, 2014). 

• In this study we simulated climate change impacts and adaptation 
strategies for wheat globally using new crop genetic traits (CGT), 
including increased heat tolerance, early vigor to increase early 
crop water use, late flowering to reverse an earlier anthesis in 
warmer conditions, and the combined traits with additional 
nitrogen (N) fertilizer applications, as an option to maximize 
genetic gains. 



Pequeno et al 2020 

a)

• a) Simulated (mean of 
CROPSIM-CERES, 
CROPSIM and Nwheat 
DSSAT crop models and 
30 year period) wheat 
yield for baseline 
(1980-2010), using 
CIMMYT mega 
environment cultivar 
distribution at 0.5 × 0.5o 
pixels, 

• b) simulated versus 
observed wheat yield and 

• c) simulated versus 
observed country wheat 
production for mean of  
2007-2009. Observed 
data for 2007-2009 after 
FAO (2018).

Baseline for global wheat 
simulations



• Climate change is projected to 
decrease global wheat production 
by -1.9% by mid-century with the 
most negative impacts of climate 
change being projected to affect 
countries in Africa and South 
Asia, with average yield 
reductions of -15% and -16% by 
2050. 

• Global wheat production could 
also be largely affected, as top 
wheat-producing countries such 
as India, Russia, Australia and 
Pakistan are projected to have 
declining wheat yields.  

• In general, wheat breeding with 
new traits is a promising climate 
change adaptation option, but its 
effect will vary among regions 
and especially could be limited 
under rainfed conditions where 
water and N stress limit benefits 
of traits for heat tolerance, early 
vigor, and delayed flowering 
adaptations. 

Pequeno et al 2020 



Challenges and opportunities for 
gridded crop modeling

• Simulated trait impact scenarios can be created to 
guide breeding towards the most effective traits and 
trait combinations for future wheat across the world

• Understand and quantify traits to improve grain yield 
potential and then applied in simulation studies 
across global growing environments. 

• Classify production environments based on crop 
physiological and morphological responses to climate 
and soil drivers
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