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Introducing 
the Project 

Partners 

The Friends of the Greenbelt Foundation 

• Charitable organization advocating for a permanent Greenbelt 

• Supporting agricultural viability, ecological restoration and 
enhancement, vibrant rural economies 

• Grants, research and public communications 

Green Analytics 

• Green Analytics is an employee-owned independent consulting firm 
specializing in the economic dimensions of people and the planet 

• Completed the 2016 natural capital valuation of the Greenbelt 

University of Waterloo: Derek Robinson 

• Ph.D University of Michigan, Post-Doc University of Edinburgh 

• Conducting research using agent-based simulation modelling since 
2001 

• Uses spatial statistics, GIS, and modelling to couple human and 
natural systems 

 

2 



Project 
Objectives 

1. Evaluate the costs and benefits of adaptation 
options related to water management on 
agricultural lands within Ontario’s greenbelt 

2. Assess the implications of regional 
domestic/municipal, industrial, and 
commercial water supply on agricultural 
adaption. 

3. Determine whether agricultural adaptation 
can reduce the costs of long-term water 
servicing infrastructure to meet the needs of 
the growing population. 
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Introducing the Greenbelt and 
the Project 
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Greenbelt Foundation 
Contributing to regional health and prosperity 
  

Regional Resiliency Working Landscape 

Communicating the Big Idea of the Greenbelt 

Regional growth and livability  
Climate adaptation and mitigation 

Natural systems restoration 
Water quality and supply  

Rural economy and community vitality  
Protecting prime agriculture land 

Local food and agri-business 
Tourism and recreation 

 

Municipal and Community Engagement 
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The Greenbelt 
by the 
Numbers 
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800,000 hectares 
•300,000 ha (6% of ON total) actively farmed by 4,800 farms (10% of Ontario 

total) 2 speciality crop areas and 25% of Ontario’s irrigated farmland 
•180,000 ha of forests, 100,000 ha of wetlands, 10,000 ha of urban river 

valleys, 8,600 ha of water, and 8,000 ha of hedgerows 
•66,000 ha of rural communities with a population of 1.7 million people 
•78 species at risk 
•260Mt CO2e valued at $11.17 billion 

$9.1 billion of economic activity 

161,000 jobs supported 

$3.2 billion in Ecosystem Goods and Services 
•Water supply to 415,000 households 
•$380 million in water-based recreation 
•5.5 million m3 of water for crop irrigation 
•2.3 million m3 of water for livestock 

It enjoys the public support of 9/10 residents of the region 
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The Greenbelt has: 

750,000 
Acres of 

Farmland 

10% of 
Ontario’s 

Farms 

2 Speciality 
Crop Areas 

while just 6.1% of 
Ontario’s farmland 

comprising nearly 40% of 
the Greenbelt’s total land 

area 

the Niagara Peninsula and 
the Holland Marsh 
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Greenbelt farms are productive 

Greenbelt 
farms are 

39% 
smaller 

but produce 68% 
more revenue 

per acre 

than the 
average 
Ontario farm 
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The Greenbelt is a significant supplier of Ontario’s 
fruits and vegetables 

53% of Ontario's fruit acreage, including 
more than 80% of Ontario’s acreage in 
peaches, plums, prunes, apricots, and 
grapes, is in the Greenbelt 

11% of Ontario’s vegetable acreage, 
including 66% of Ontario’s acreage in 
celery, 47% in cauliflower, and 25% in 
lettuce, spinach, Chinese cabbage, and 
carrot, is in the Greenbelt 



The Greater Golden Horseshoe 

• Current population of 9.66 million 
• By 2041 the GGH will grow to 13.5 million people and 6.3 million jobs 

• At today’s rates = +900 million litres of water per day for residential use 
• Nearly all environmental indicators are going in the wrong direction, including 

water 
• 840,000 ac of farmland lost between 2001-2011 
• 72% of historic wetlands have been lost in Ontario 
• Assimilative capacity of inland rivers/lakes to receive sewage virtually maxed out 
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Farmers on the Front Line of 
Climate Adaptation 

• As biggest land users they have a critical role to 
play 

• Their businesses are also highly vulnerable to 
water shortages 

• Highly complex issues at play: mix of technology, 
management practices and biology – soil health 
becoming increasingly important 
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Leveraging 
Existing Work 
and Data into 
a Simulation 

Tool 

• Project was intended to build and synthesize 
existing research and data into a simulation 
model that can help inform adaptation policy 

• Leveraging existing data: 
• Agricultural water use coefficients 
• Actual reported water takings from the permit to take 

water (PTTW) 
• AAFC annual crop inventory data 
• Water budget work completed by source water protection 

region 
• Historical Environment Canada weather station data  
• Census of population and agriculture data 

• Completed for the whole Greenbelt area 
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Conceptual Model 
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Water Use 

Water Supply 

Water Demand 

Industrial 
Commercial 

Municipal/Domestic 

Agriculture 

Probability of 
Drought Conditions 

Population and Land use 
change 

Change in irrigation needs: 
• Crop rotation 
• Shifting crop production 

Changes in population: 
• Increased development 
• Larger population 

 

Adaptation Actions 



Coupled Human Natural System 

• We are creating the foundation for a model that can: 
• represent both the natural and human 

components of agricultural systems  
• estimate how water use will change under 

combined climate and BMP adoption scenarios 
• estimate the economic impacts or required 

incentives to adapt to changing drought risk 
• The preferred modelling approach to represent this 

coupling is agent-based modelling (ABM). 
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Complex System 

• Coupled Human-
Natural System 

• Heterogeneity 
• Interaction 

• e.g., diffusion of 
BMPs 

• Feedbacks 
• Path dependency 
• Thresholds 
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Challenges 

• Significant water supply provided by Great 
Lakes 

• No reliable way to link water taking points to 
the target crop application (e.g. location of use) 

• Lack of consistent actual water data related to 
agricultural producers 

• Agricultural water taking coefficient data are 
static and not easily adjusted from simulated 
changes in climate conditions 

 
Result: Required more dynamic modelling 
approach (e.g., crop modelling) 



Major Outcomes of the Project 

Key outcomes include: 

Explore the multi-
sector water use 
under different 

drought and 
population growth 

conditions 

Assess the ability of 
Corn and Soy crops to 
adapt to conditions of 

drought through 
improved soil health 

practices 

Quantify the change in 
water use in context 

of broader water 
supply system in the 

Greenbelt. 

Cost benefit analysis 
associated with corn 

and soy crop 
adaptation 

Work completed sets the foundation for future agent-based model development 



EPIC – Crop model 
 
 
 
 
 
 
 
 
Agricultural Water Use Coefficients 

Cost Benefit Analysis 

Water Use Simulation – Regression Models 

Soil Health 
Practices 

Industrial / Commercial / Institutional 

Municipal/Domestic Temp 

Precip 

Population 

Economic 
Activity 

Drought 
Scenarios 

Estimated water 
use by use 

sector 

Changes in corn 
& soy yields 

Estimated water 
use by crop type 

BMP Cost 
Assessment 

Simulated Water 
Taken 

Agriculture yield 
impacts 

Temp 

Precip Corn 

Soy 

Other Crops 

Agriculture 
Soils 



Water Taking Prediction 
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Water Use 
Data: 

Permit to Take 
Water (PTTW) 

• In Ontario, PTTW are required for any users 
who take >50,000 L per day. This data is 
reported at a daily time scale for all water 
taking categories 

• The PTTW database contains point locations of 
all permits which can be linked to their 
respective daily takings 

• Used reported actual water taking by permit 
• Made adjustments to focus actual taking on 

extractive uses, where water was sourced and 
extracted from the Greenbelt. For instance: 
• Excluded water pumped from Lake Ontario 
• Excluded water “takings” for hydroelectric 

generation 
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Municipal PPTW Locations 



Water Taking Overview 
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Water Taking 
by Sector 

Using reported actual water taking by PTTW a series of sector 
water demand equations will be established: 
 
𝑊𝑊𝑊𝑊𝑊 𝑇𝑊𝑇𝑇𝑇𝑇 =  𝛼 + 𝛽1 𝑠𝑊𝑊𝑠𝑠𝑇 + 𝛽2 𝑝𝑊𝑊𝑝𝑇𝑝 +  𝛽3 𝑊𝑊𝑡𝑝 

 
Equations are being established for different sectors based on 
what we can extract from the PTTW database. 

• Municipal Water Supply 
Water intensity factors were established for other sectors 
based actual water taking data and labour force data by NAICS 
code. 

• Commercial 
• Industrial 
• Aggregates 
• Construction 
• Etc. 
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Agricultural Water Use 
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Inventory 
Approach 

• Derive a general value for water use for 
different activities (e.g., crop types) 

• Apply against known cropping areas 



Inventory 
Approach 
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Water Use 
Coefficients 

Initially applied 
at regional level 

Started in Ontario with Myslik 
(1991) and Ecologistics (1993) 
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Water Use 
Coefficients 

Updated 
Continued by Ivey (1998), De Loe 

et al. (2001) 
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Refined for 
application at 
the CSD Level 

Continued and updated by Ivey (1998),  
De Loe et al. (2001), and De Loe (2005) 
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Spatial  
Mapping 

Coefficients 

• We can add up the irrigation, chemical 
spraying, washing and processing water use 

• Estimate annual consumption by crop 
• Apply that value to where those crops are 

located across the Greenbelt 
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Spatial  
Mapping 

Coefficients 

• AAFC Annual Crop Inventory provides an 
improved spatial and temporal 
representation of crop data (>85% accuracy) 

• We applied an inventory approach to the 20 
crops farmed within the Greenbelt using 
most recent water use coefficients 

• Crops comprised ~45% of Greenbelt in 2017 
• 23% pasture, 10% soy, 6.5% corn, 3% wheat, 

1% vineyards, 1.5% other 
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Spatial  
Mapping 

Coefficients 

• Coefficients are averages 
• Lack spatial variability (e.g., soil) 
• Lack seasonal variability 

• Coefficients are static 
• Modification to account for climate or bmps 

would be very difficult to justify 
• Any knowledge of updated work using water 

use coefficients? 
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Agricultural Modelling 
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• Works at the field level (homogeneous 
land unit) 

• Corresponds to BMP decision-making 
scale 

• Representation of responsive cropping 
system 
• Comprising 80 crops 
• Management activities 
• Responds to changes in climate 

• Could be linked to a farmer decision-
making model (e.g., agent-based) 

 



Data Processing 

39 

 

 

• Detailed Soil Survey (soil polygons and data) 
• Environment Canada (weather data) 
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Iterating 
EPIC 
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Calibrating 
EPIC 
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• Initially working with corn  
• Will also include soy 

• Single field measurements  
• Combine harvest 189 MT (11 

T/ha) 
• EPIC harvest 145 MT (9.1T/ha) 

• Represents 77% of 
observation 

 



Calibrating EPIC 

• OMAFRA crop yields by county (2017) 
• EPIC single field site harvest 145 MT (9.1 T/ha) 
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EPIC 
outputs of 

interest 

• Current annual outputs used:  
• Yield 
• Evapotranspiration 
• Growing season evapotranspiration 
• Growing season runoff 
• Runoff 
• Subsurface flow 
• Percolation 
• Crop available water  

• (soil water at planting + growing season rainfall – runoff) 



Soil Health Practices as means of Adaptation  
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Adaptation Action Description 
Relevant Ag 

System 
Intended Outcome 

Soil Health Practices 
Combine soil health practices into this one category, which includes: crop rotations, cover 
crops, Conservation tillage (residue management), additions of compost and manure   

All   

Conservation tillage 

Covers various methods of soil cultivation that leaves the previous year's crop residue on 
fields. The threshold for benefits including soil water retention is 30% coverage; some 
methods forego traditional tillage entirely resulting in 70% or more of soil covered in 
residue.  

All tilled crops Increases water 
retention, reduces need 
for irrigation 

Cover crops 

Planting crops for the sole purpose of providing seasonal soil cover reduces wind and 
water erosion when the soil would otherwise be bare. A survey of 750 farmers found that 
fields planted with cover crops were 11 to 14 percent more productive in years of drought 
than conventional fields.  

All Reducing need for 
water use 

Compost, mulch, 
manure additions 

Using compost (the product of controlled aerobic decay of organic nitrogen) and mulch 
(less decomposed organic material that covers soil, reducing water loss to evaporation) 
are both proven to improve soil structure & prevent water loss.  

All Reducing need for 
water use 

Crop Rotations 
Research has shown that adding wheat into a corn/soybean rotation can positively impact 
soil health and boost corn and soy yields.  The soil health improvements allow for greater 
soil moisture. 

Corn and soy 
fields 

Reducing need for 
water use 



Drought Scenarios 
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Canadian 
Drought 
Monitor 
(CDM) 
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Since 2002 AAFC 
responsible for monitoring 

drought 

Results integrated into 
North American Drought 

Monitor 

Uses climate data, NDVI, 
indices (e.g., Palmer 

drought index, 
standardized precip index), 

and other indicators 



North American Drought 
Monitoring System 

• Areas of drought were obtained from the 
Canadian Drought Monitor from 2012-
2019 at a monthly time scale 

• These areas were intersected with our 
study area to find where droughts had 
previously occurred 

• Gridded climate data was extracted for 
each CSD during the year the drought 
occurred 

• This climate data was used as predictors 
for water taking during the drought 
scenarios 
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Classification Description Type of event 

D0 – 
Abnormally 

Dry 

• Short-term dryness slowing 
planting, growth of crops 

• Some lingering water deficits 
• Pastures or crops not fully 

recovered 

Occurs once 
every 3-5 years 

D1 – 
Moderate 

Drought 

• Some damage to crops, pastures 
• Some water shortages developing 
• Voluntary water-use restrictions 

requested 

 Occurs every 
5-10 years 

D2 – Severe 
Drought 

• Crop or pasture loss likely 
• Water shortages common 
• Water restrictions imposed 

 Occurs every 
10-20 years 

D3 – Extreme 
Drought 

• Major crop/pasture losses 
• Widespread water shortages or 

restrictions 

 Occurs every 
20-25 years 

D4 – 
Exceptional 

Drought 

• Exceptional and widespread 
crop/pasture losses 

• Shortages of water creating water 
emergencies 

Occurs every 
50 years 



Baseline 2017 
No drought in greenbelt region 
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D0 2018 
abnormally dry conditions 
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D1 2007 
moderate drought conditions 
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D2 2016 
severe drought conditions 
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Results 

53 
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D1 Drought 
Change in 

Municipal Water 
Taking  

 
Percent change from 
baseline conditions 

under drought D1 and 
current population 
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D2 Drought 
Change in 

Municipal Water 
Taking  

 
Percent change from 
baseline conditions 

under drought D2 and 
current population 



Predicted 
Annual Total 

Municipal 
Water Taking 
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 -  50,000,000  100,000,000  150,000,000  200,000,000

Current Population

Low Population Growth

High Population Growth

Predicted Annual Total Municipal Water Taking by Scenario (in m3), for all CSDs adjusted 
to exclude external Lake water sources 

D2 D1 Baseline

by drought scenario  
 

Values reported in m3 for 
all CSDs, adjusted to 

exclude external Lake 
water sources 



Percent Change 
from Baseline 
in Municipal 
Water Use 
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Current Population Low Population Growth High Population Growth
D1 3.57% 3.65% 3.71%
D2 2.62% 2.71% 2.78%

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%
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Total change across all 
CSDs, adjusted to exclude 

external Lake water 
sources 



Spatial  
Mapping 

Coefficients 
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Spatial  
Mapping 

Coefficients 
Clustering of high water use around 

Simcoe, SE Hamilton, and Grimsby 
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Spatial  
Mapping 

Coefficients 
Correspondence with PTTW 
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Sample EPIC 
Model Output 

Predicted crop yields  
(tonnes per ha) 
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Cost Benefit Analysis of Soil 
Health Practices 
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Linking the Model Outputs to 
Cost Benefit Analysis 
• Model Outputs: 

• Agricultural adaption actions under a range of drought 
risks 
• Costs to implement actions 
• Cost of not implementing actions (e.g. avoided costs 

are the primary benefits to adaptation) 
• Agricultural adaption cost / benefit outputs is framed into a 

traditional cost benefit framework. 

• Analysis explore how the cost / benefit trade-off varies under 
different levels of drought risk.  
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Assessment of 
Costs and 
Benefits 

Improvements in the crop production value are 
compared against average adaptation costs 

Change in value of crop production is calculated for 
each soil type polygon 

From the model corn and soy yields are estimated for 
each soil type polygon 

Under drought conditions with 
no Soil Health Practices 

Under drought conditions with 
Soil Health Practices 
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Weekly Crop 
Price 10 Year 

Average 
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Source: OMAFRA Field Crop Statistics 
Prices for Chatham Kent area 

 <http://www.omafra.gov.on.ca/english/stats/crops/index.html> 



Adaptation Action Cost Estimates 
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Cost of Soil Health Practices 

Source of cost data was USDA: https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/programs/financial/?cid=nrcseprd1328426 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/programs/financial/?cid=nrcseprd1328426


Project 
Contributions 

Wall-to-wall 
water 

consumption 
mapping for 

the Greenbelt 

Spatial 
distribution 

of total water 
use and by 

sector 

Spatial 
distribution 
of corn and 
soil yield / 
production 

value impacts 
from drought 

conditions 

Spatial 
distribution 
of net gains 

from 
improved soil 

health 
practices 

Identification 
of areas with 
potential for 

water use 
conflict 



Conclusion and 
Acknowledgements 
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Next  

Steps 

Finalize cost 
benefit analysis 

Complete detailed 
reporting 

Project funding 
provided by 

Canada’s Climate 
Change 

Adaptation 
Platform (NRCan) 

Friends of the 
Greenbelt 

Final Report 
available in 
early 2020 
Friends of the 

Greenbelt 

Canada’s Climate 
Change 

Adaptation 
Platform Website 



Beyond 
NRCAN 

Funding 

• Incorporate additional agricultural systems 
data (e.g., tile drainage) 

• Couple EPIC with farmer decision-making 
model 
• To do this requires social survey work. Any 

assistance in gaining farmer participation would 
be appreciated. 
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Thank you 

Thomas Bower  
Research Manager, Friends of the Greenbelt 
Foundation 
tbowers@greenbelt.ca 
Jeff Wilson  
Executive Director, Green Analytics 
jeff.wilson@greenanalytics.ca 
Derek Robinson  
Associate Professor, University of Waterloo 
dtrobins@uwaterloo.ca 
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