
 
Modern Agroclimatic Research 
and investment planning 

(high performance-high resolution 
adaptation) 

 

17 October 2017 
 

Dr. Henry David (Hank) Venema,  PEng 
 
 



Key Ideas 

•  Start-‐up	  Mode:	  	  need	  your	  wisdom	  and	  support	  
•  Science	  -‐>	  Sustainability	  
•  Climate	  risk	  and	  opportunity	  management	  
• Water	  
•  Soil	  
•  Biomass	  (Food++)	  
•  Data	  -‐>	  High	  Performance	  ComputaFon	  
	  
	  	  

 



Global Motivation – the $64 trillion dollar 
question  



2011 As a foreshadowing 



Climate and Agriculture:  Three Views  
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Key Domains 

•  (tradiFonal)	   	  Agro-‐climaFc	  Risk	  Assessment	  
	  
•  (modern)	   	  StochasFc	  Crop,	  Biomass	  and	  Sink	  

	   	   	   	  AnalyFcs	  
	  
•  (modern)	  	  	  	  	   	  Natural	  Infrastructure	  System	  Design	  	  	  	  

	   	   	  and	  System	  Resilience	  
	  
•  (modern)	   	  Finance	  and	  Investment	  
	  
	  	  

 



Agro-climatic Risk 
Assessment  



Agro-climatic Risk Assessment: 
CLIMATEATLAS.CA  



Agro-climatic Risk Assessment: 
Synthesis 
2051-2080 ΔPPT: RCP8.5 
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Spatial Stochastic 
Crop, Biomass and 
Sink Analytics  



Crop Analytics  



AgMIPS “the IPCC for food” 

Ensemble	  Climate	  
ProjecFons	  from	  GCMs	  
emissions	  scenarios	  

Ensemble	  Crop	  Model	  	  
Results;	  	  DSSAT,	  APSIM	  etc	  

Yield	  EsFmates	  

Economic,	  Environmental,	  	  
Social	  	  Impacts	  

Agricultural	  System	  
Structure	  

Emissions	  Scenarios	  



 
Atlas – Intermediate Products 
Loca%on-‐Based	  crop	  modelling:	  	  	  

Example:	  Corn	  DSSAT	  cul%var	  P3573:	  Loca%on	  Virden,	  MB	  	  	  RCP8.5	  



 
Atlas – Advanced Products 
spatial stochastic crop modeling and cultivar 
design 

DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  

DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  

DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  

DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  
DSSAT	  

$,	  variance	  



Corn Yield Increase 2065 over present:  
DSSAT  cul)var  P3573  –  S.  Manitoba  RCP  8.5    



Biomass Analytics  



Biomass for climate mitigation and adaptation  



The Manitoba Bioeconomy  Atlas

•  Map sources of biomass in 
the province, whether

•  Extensive
•  Intensive

•  Simulate harvests costs
•  Cutting
•  Densifying
•  Storage

•  Simulate transport costs
•  Field to storage
•  Storage to plant

•  Optimize production 
logistics

•  Simulate economic 
scenarios

•  Carbon credits
•  Changing fuel costs



GPU	  AcceleraFon/Machine	  Learning	  

Ø  GPU	  enables	  scaling	  to	  provincial	  
scope	  

Ø  So	  far	  
Ø  Harvest	  simulaFon	  accelerated	  	  
Ø  From	  3	  hours	  to	  10	  seconds	  
Ø  Using	  Python/Numba	  

Ø  Future	  Work	  
Ø  Implement	  DSSAT	  crop	  growth	  models	  

on	  GPU	  
Ø  Use	  GPU	  for	  running	  stochasFc	  weather	  

models,	  driven	  by	  climate	  models	  
Ø  Hydrology	  models	  on	  GPU	  

	  

Storage	  Sites	  

Cost	  at	  Plant	  Gate	  



Sink Analytics  



McKinsey  (2008) study – ghg 
abatement cost curve 





Modern	  GeospaFal	  
Decision	  Support	  for	  
biomass,	  sinks,	  and	  
negaFve	  emissions	  
technology	  



Natural 
Infrastructure 
System Design and 
System Resilience 



Solutions: Re-mosaicking with  
multifunctional storage (MFS) 



At scale for flooding and water 
quality 

Key parameters: 

•  Retention area  
 = 4750 km2 
 = 1840 sections 
 = 3.4% of ag land base 

 
•  Storage Volume @ 1m depth 

 = 4.75 Gm3 
= 3.85  M ac-ft 
= 80.6% of 2011 flood 
 

•  Biomass / Phosphorus @ 8t/ha 
= 3.8 Mt biomass 
= 3.8 kt  phosphorus  
(100% of Lk Winnipeg 
policy target) 



Blunt Force Investment Analysis – 50 years 
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Cash	  Flow	  

IRR = 12.2%  
NPV @ 3%  =  $12.75B 
net Benefit-Cost Ratio = 2.04 

Cost  
 @ $1000/acre-foot + $400/acre 
+ 50% contingency  
= $6.3 Billion 
Co-Benefit Stack   
Irrigation @ 10% of storage @ 
$500 acre-ft 
= $192 Million/year 
Biomass Production @ $30/t 
= $114 M/year 
GHG emissions reduction 
Fuel Switch @ $30/t CO2e    
= $114 M/year 
Sequestration @ $30/t CO2e 
@ 10t/ha 
= $142 M/year 
Water Quality @ $50/kg P  
= $190 Million/year 
Flood Risk Reduction [omitted] 
Drought Resiliency [omitted] 
Habitat [omitted]  
 
Co-Benefit Stack Total  =  
$753 M/year 
 
 
 
 
 
 
 



The Manitoba Ecosystem Bank 
⋯.will be a public-private  partnership that develops MFS and 
sells the following services: 

who what why
municipality water supply potable water demand

infrastructure protection flood risk reduction
water quality credits aquatic ecosystem protection

energy co biomass renewable heat and energy
farmer water supply irrigation

biomass renewable heat and energy
city water quality credits ecosystem protection

water storage flood risk reduction
province habitat terrestrial ecosystem protection

water storage flood risk reduction (crop insurance)
water supply drought risk reduction (crop insurance)
co2 credits climate mitigation

federal water storage disaster risk reduction
foundations concept profitable sustainable development 
conservation orgs habitat biodiversity

terrestrial ecosystem protection
research orgs system design logic valuable IP

system management logic valuable IP
bond markets infrastructure package systematic climate risk reduction

economic development



Pilot Project and Investment Concept Validation 



Modern Benefit-Cost Analysis 

Key concepts 
•  LiDAR for project identification  
•  Explicit use of Climate Change 

Projection Data to develop 
synthetic hydrology 

•  Explicit valuation of ecosystem 
service co-benefits 

•  Probabalistic interpretation of 
investment performance using 
ensemble climate data 

 



Finance and 
Investment 



Design + Finance 



Climate	  resilient	  infrastructure	  



Catastrophe Bond to Resilience Bond  



Modern 
Agroclimate 
Research Centre  
(under 
construction) 



Basic functions – beta version 
Advisory	  	  	  
Board	  

Culitvar	  
	  AnalyFcs	  

Food	  

Biomass	  

Carbon	  Sinks	  and	  
CDR	  

Soils	  

Agroforestry	  

BECCS	  

Climate	  and	  
Hydrologic	  Data	  

Watershed	  
Hydraulics	  and	  
Infrastructure	  

Finance	  and	  
Investment	  

GeospaFal	  
AnalyFcs	  and	  AI	  

Extension	  and	  
CommunicaFons	  

GeovisualizaFon	  

Decision	  Support	  
Systems	  

	  Watershed	  	  
planning	  

ExecuFve	  



Thank you! 
www.climateatlas.
ca 
hvenema@iisd.ca 
@prairieclimate 
 


