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*an extra 2 billion people will require a doubling of food production

*
Current Population of 7.7B

2050

10BILLION by 

2050



How will we achieve 

food (and water) 

security?





Rodell et al. (2018) “Emerging trends in global freshwater availability” Nature 



Dalin et al. (2017) “Groundwater depletion embedded in international food trade” Nature 

Source: World Energy #46; Mekonnen and Hoekstra (2011) “The green, blue and grey water 

footprint of crops and derived crop products”, Hydrology and Earth System Sciences
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Lopez et al. (2017) “Evaluating the hydrological consistency of evaporation products using satellite-based gravity and rainfall data” HESS



There is no silver bullet



i.e. do more, with less

Sustainable Intensification

Cassman and Grassini. (2020) “A global perspective on sustainable intensification research” Nature Sustainability



A Digital Transformation?

Figure adapted from bigdata.cgiar.org/inspire/

agriculture employs > 1.3 billion people

and is a $2.4 trillion dollar industry

information poor, but increasingly data rich

#1 water user (up to 70% of freshwater)

#1 contributor to landfill (up to 1/3 of food is wasted)

#2 largest emitter of GHGs
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1230 m every 16 days 10 m every 5 days
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1 km 30 m 10 m 3 m

Unmanned Aerial Vehicles
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A 50-trillion pixel portrait of Earth every day



Video Courtesy of Dr Rasmus Houborg, Planet
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Houborg and McCabe (2018) “A CubeSat enabled spatiotemporal enhancement method utilizing Planet, Landsat and MODIS data”, RSE



Video Courtesy of Dr Rasmus Houborg, Planet



Tracking crop health and condition from space



Expand the approach to any variable (e.g. LAI). High-temporal 

resolution allows for discrimination of crop type and phenology



Crop-water use retrievals: highest ever resolution from space

McCabe et al. (2017) “CubeSats in hydrology: ultrahigh resolution insights into vegetation dynamics and terrestrial evaporation” Water Resources Research 



Wadi Dawasir: 

~3500+ pivots
Al Jawf

~5000+ pivots

Big-data: every field, everywhere, all the time

Lopez et al. (2020), “Mapping groundwater for irrigated agriculture: big data, inverse modeling and a satellite-model fusion approach “, HESS
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Al Jawf:~5000+ pivotsStress signals

Early detection



Big-data: phenotyping – from the lab to the field

Johansen et al. (2019), UAV-based phenotyping using morphometric and spectral analysis can quantify responses of wild tomato…”, Frontiers Plant Science

Field trials can differentiate between 

hundreds of plant accessions

Combine hyperspectral, optical and 

thermal sensing with big data analytics



Johansen et al. (2020) “Predicting biomass and yield in a tomato phenotyping experiment using UAV imagery and random forest”, Frontiers in Artificial Intelligence

Spectral Bands Vegetation Indices Texture Analysis Plant Area & Shape Plant Height

GWAS

First phase is “straightforward”: link derived indices with observed 

features (yield, yield components, plant performance measurements etc.)



Higher index = 
Higher tolerance

Second phase is HARD: requires linking the phenotype to the genotype

via plant sequences, population structures, GWAS etc…all big-data!!

Slide elements courtesy of Mark Tester



Agricultural Informatics



Get in touch
matthew.mccabe@kaust.edu.sa

+966 544 700 244
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