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About this Report
The information provided in this report represents the results from a two-year research
project to develop and pilot the Ontario Climate and Agriculture Assessment Framework
(OCAAF), a decision-support tool for application at regional scales to assess baseline and
future agroclimatic risks and opportunities. The report contains a summary of the results for
the two regions and production systems studied, including various maps, charts, graphs and
tables. These graphic outputs of the project can be downloaded directly from:
www.climateontario.ca/p_OCAAF.php.

Acknowledgements
This project was made possible through the generous support of the Ontario Ministry of
Agriculture, Food and Rural Affairs (OMAFRA) through its New Directions Research
Program. We would like to thank our OMAFRA advisors (Tom Hamilton, Alex Rosenberg,
and Amadou Thiam) for their expert input and assistance throughout this project. We would
also like to thank Dr. Carole Lafrenière (Université du Québec en Abitibi-Témiscamingue)
who offered expert advice on forage and helped identify and obtain historical yield data for
forage. We also thank Gilles Bélanger (Agriculture and Agri-Food Canada) and Anna
Zaytseva (Carleton University) for sharing their phenological models and providing guidance
for their incorporation into OCAAF. We also thank our project supporters who wrote letters
of support for this project and participated in an advisory role (Beef Farmers of Ontario,
Northern Ontario Farm Innovation Alliance, the Ontario Federation of Agriculture, and the
Livestock Research Innovation Corporation). We also wish to thank Agricorp for providing
aggregated crop yield data for the north, even though the data was ultimately not included in
the study due to the coarseness of scale. And lastly, we thank all of the stakeholders who
participated in the various scoping and results workshops throughout this project: your
feedback and input were immensely valuable to the development and refinement of the
framework and results.

2 | OCAAF Final Report

Executive Summary
Climate change creates both risks and opportunities for Ontario agriculture. Growing
seasons are becoming longer and warmer suggesting the potential for northward expansion
and creating opportunities for new crop varieties, while extreme events like intensive and
prolonged rain and drought can cause immense damage to production systems and are
expected to occur more frequently and with greater intensity in the future. Managing for
increased agricultural productivity and working to reduce risks under climate change will
require careful consideration of changing weather and climate conditions, as well as key
landscape and soil characteristics, crop suitability, farm management options, and policy
and program support.
The impacts of climate change on agriculture will not be the same everywhere, and impacts
to productivity are expected to vary by region and sub-region. Spatially explicit tools to
assess landscape-climate interactions and which can inform strategic adaptation choices at
larger landscape scales are in short supply and do not yet include outputs from the latest
global climate models. The focus of this research was to develop and pilot the Ontario
Climate and Agriculture Assessment Framework (OCAAF) – a decision-support tool for
application at regional scales, to assess baseline and future agroclimatic risks and
opportunities. The overall purpose of OCAAF is to inform the policy, program and
management choices of key stakeholders in Ontario’s agri-food sector, so as to maintain or
enhance agricultural productivity under a changing climate.
The initial design of the OCAAF was tested and refined through application to two distinct
areas and production systems in Ontario:
1) forage-based beef production in Ontario’s Great Clay Belt; and
2) corn production in southwestern Ontario (in eco-district 7E-1).
The results from these two agricultural system-region pairings are summarized in this
report; including maps, charts, graphs and tables that demonstrate the expected impacts of
climate change on crop yield. The results show that temperature and precipitation trends in
both the Great Clay Belt and southwestern Ontario have been increasing relative to
historical levels, and that this trend will continue in the coming decades. These changes in
climate will result in longer growing seasons, increasing growing degree days and crop heat
units, and increases in crop yield. Although OCAAF indicates that there are opportunities for
agriculture in both regions and production systems, climate change also presents risks that
will require effective management approaches.
In addition to the OCAAF and its products, key considerations for provincial policy were also
developed. With improved knowledge of the potential impacts of climate change and other
factors on productivity, provincial policies and programs can be developed or improved to
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manage risks and capitalize on opportunities. Considerations were developed and
submitted to provincial policy and program managers in two formats:



a suite of adaptation options for each region and production system studied; and
thematic policy briefs that stem from results of the OCAAF’s two applications.

This research helped to develop and test a spatially explicit and adaptable vulnerabilityopportunity assessment framework incorporating the most recent climate science to inform
adaptation policy and programs for Ontario’s agri-food sector. The results will benefit
stakeholders with mandates to communicate the risks and opportunities from climate
change. Adaptation options and policy and program considerations will promote increased
resilience in the agriculture sector and help producers and communities understand climate
change risks and opportunities. The research expands our knowledge of climate risks and
opportunities to ensure that the agriculture sector is resilient to climate change, effectively
promoting economic development in rural and northern communities.
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1.0 Introduction
Climate change creates both risks and opportunities for Ontario agriculture. Growing
seasons are becoming longer and warmer in many parts of the province, suggesting the
potential for northward expansion and southern contraction; changing the geographic
distribution of some crops and creating opportunities for new varieties (Bootsma, 2013;
Hamilton, 2014). Conversely, weather extremes such as hail, wind, intensive or prolonged
rain, and drought have caused immense damage to production systems in the past, and are
expected to occur more frequently and with greater intensity in the future. Although
prolonged and increased summer temperatures may create benefits through longer growing
seasons and additional heat units, in some areas the additional heat will increase
evaporation and evapotranspiration to the point of water stress. Furthermore, general
increases in average spring precipitation, high-intensity rainstorms, and rain-on-snow
events will likely elevate risks of excess soil moisture and increased soil erosion, both of
which are a large concern in areas characterized by poorly drained soils and poor soil
structure. The impacts of climate change on agriculture will not be the same everywhere,
and impacts to productivity are expected to vary by region and sub-region based on (among
other factors) latitude, physiographic characteristics and the extent to which current climate
conditions present constraints (Weber and Hauer, 2003).
Managing for increased agricultural productivity and working to reduce risks under climate
change will require careful consideration of changing weather and climate conditions, as
well as key landscape and soil characteristics, crop suitability, farm management options,
and policy and program support (Reid et al., 2006; Yohe and Tol, 2002; Smit and Pilisofova,
2001). To better secure and enhance agricultural productivity in Ontario, government
policies and programs need to anticipate projected climate changes and related agricultural
risks and opportunities. In particular, to advance climate change adaptation across the
sector, the provincial government’s agriculturally-related policies and programs need to do
as much as possible to help:



reduce Ontario production systems’ susceptibility to weather and climate changerelated hazards now and into the future; and
maintain or enhance agricultural yield potential of Ontario under the influence of
climate change.

1.1 What is OCAAF?
The Ontario Climate and Agriculture Assessment Framework (OCAAF) is a decisionsupport tool for application at regional scales to assess baseline and future agroclimatic
risks and opportunities. The goal of the OCAAF is to inform policy, program and
management choices of key stakeholders in Ontario’s agri-food sector so as to maintain or
enhance agricultural productivity under a changing climate. The initial design, development
12 | OCAAF Final Report

and testing of the OCAAF was informed through application to two distinct areas and
production systems in Ontario:
1) forage-based beef production in Ontario’s Great Clay Belt (specifically looking at
timothy grass); and
2) corn production in southwestern Ontario (in eco-district 7E-1).
The OCAAF prototype provides information that characterizes the opportunities and risks
associated with these two agricultural system-region pairings, currently and under a range
of projected future climate scenarios out to 2050. The results of these two agricultural
system-region pairings are summarized in this report, including maps, charts, graphs and
tables that demonstrate the eventual impacts of climate change on crop yield.
In addition to the OCAAF and its products, key considerations for provincial policy were also
developed. With improved knowledge of the potential impacts of climate change and other
factors on productivity, provincial policies and programs can be developed or improved to
manage risks and capitalize on opportunities. These considerations were submitted to
OMAFRA in the following two formats:



a suite of adaptation options for each region and production system studied; and
thematic policy briefs that stem from results of the OCAAF’s two applications.

1.2 Project Methodology
Over the course of this two-year project, the Project Team undertook a number of tasks and
conducted extensive research in order to build this decision-making tool. The work was
divided into the following four phases, which are described in more detail below:
1)
2)
3)
4)

Development of the Framework
Application to timothy production in the Great Clay Belt in northern Ontario
Application to grain corn production in eco-district 7E-1 in southwestern Ontario
Development of Adaptation Options and Policy Briefs

1.2.1 Phase One – Development of the Framework
This phase involved the development of a conceptual framework describing risks and
opportunities to agricultural productivity. The first step in this process was conducting
research and developing a White Paper that outlined the main considerations and eventual
options for the tool’s development and served as a basis for discussions with key
stakeholders. The White Paper described: the key user groups; a theoretical framing of core
concepts for the OCAAF’s development; different analytical approaches for the
development of agricultural productivity and risk estimates; data availability, challenges and
solutions; eventual IT platform, software and hosting options/requirements for the OCAAF;
and framework design elements and approaches.
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Managing for increased agricultural productivity and reducing risks under climate change
requires careful consideration of changing climate conditions, key landscape characteristics
(e.g. soil characteristics), and crop phenology and suitability. Through desktop research and
consultation with OMAFRA staff and other experts, a list of possible criteria and indicators
were developed, linking each of these components to agricultural productivity. Additionally,
literature research identified three agroclimatic indices which are broadly compatible with
the outputs of Global Climate Models (GCMs) that could be useful for understanding future
crop suitability: growing degree days (GDD), crop heat units (CHU) and potential
evaporation (PE).
All of the OCAAF design specifications were outlined in a separate Design Document, which
summarizes the computational aspects of the framework that work to generate estimates of
physical agricultural productivity. The document includes the criteria and indicators that
were considered in the framework, the data sources from which information was collected,
and the functional relationships that linked the components. The goal was to design
OCAAF’s main components in a way that best ensures it is transferable across regions,
translatable for use with different commodity types and production systems, and consistent
with the temporal and spatial scale of GCMs.

Building on an Existing Tool
In the process of literature research to develop a
methodology that would take into consideration crop type,
location, climate conditions, climate scenarios and other
driving/mitigating factors into a climate change and
agricultural assessment framework, it became clear that the
existing Land Suitability Rating System (LSRS) developed by
Agriculture and Agri-Food Canada (AAFC) attempts to
accomplish a similar objective. Based on a lengthy elicitation
exercise, the LSRS assesses the suitability of land for crop
production based on empirical qualities of soil, climate, and
landform. The LSRS was developed in an attempt to improve
the quality and consistency of land suitability rating in
Canada, with the objective of clarifying and specifying the
input parameters more fully and quantitatively so that the
rating system would be both well documented and automated.

Figure 1: The Land Suitability
Rating System (LSRS) (AIWG,
1995).

The rating system is comprised of three components (climate, soils and landscape) which
together determine the suitability of land for crops. Each of the three components is rated
separately and assigned a value between 0 and 100. The final land suitability rating is
determined by the most limiting of the three components. When the component scores are
combined, the LSRS summarizes the landscape using a 7-level suitability class. In the 7level ranking system, Class 1 land has the highest suitability (fewest limitations) and Class 7
land has the lowest suitability (greatest limitations). Classes 1–3 are considered to be
14 | OCAAF Final Report

suitable for sustained crop production of spring-seeded small grains. Class 4 is considered
marginal and Classes 5–7 unsuitable or incapable of sustainable production of these crops
using current agricultural technologies (AIWG, 1995).
The OCAAF builds upon the LSRS framework by updating the climatic factors component.
This includes updating the moisture and temperature scenarios, as well as considering
modifying factors. For the OCAAF, LSRS scores were calculated over both study regions at
a 10km x 10km scale for the 2020s, 2030s, 2040s and 2050s, to see how climate change
will impact the land suitability scores for particular crops. Finally, the LSRS scores were
further modified by crop-specific models for timothy and corn respectively. These
phenological models further adjust suitability based on key climatic-developmental
requirements of each crop, such as winter cold hardening in the case of timothy.

1.2.2 Phase Two – Great Clay Belt Study
Using the White Paper and Guelph workshops as a guide, the Project Team chose the
criteria and indicators for the framework and conducted research applying OCAAF to
forage-based beef production in Ontario’s Great Clay Belt, looking specifically at timothy
grass (Phleum pratense). This required research to collect historical spatial climate data,
historical crop production data from experimental research stations, as well as information
on climate modifiers. This also involved importing consensus-model GCM climate indicators
for the decades 2020 to 2050 over the Great Clay Belt, using projections of downscaled
climate data from the most recent generation of GCMs using realistic (higher) greenhouse
gas (GHG) emissions scenarios. Results from these models include projected temperature
and precipitation changes in the region at a monthly scale, changes to the LSRS scores and
climate suitability for timothy, and projections of future timothy yield out to 2050.

1.2.3 Phase Three – Southwestern Ontario Study
Methods developed as part of the first OCAAF application were applied to a second region
and production system in southwestern Ontario (eco-district 7E-1); a geographic region and
crop system markedly different from the Great Clay Belt. During this second application
OCAAF was customized to include region- and commodity-specific productivity criteria and
indicators. Again, this required modeling climate change for the decades 2020 to 2050 over
southwestern Ontario, using projections of downscaled climate data from the most recent
generation of GCMs and realistic higher GHG emissions scenarios. Results include
projected temperature and precipitation changes in the region, changes to the LSRS scores
and climate suitability for corn, and projections for future corn yield out to 2050.

1.2.4 Phase Four – Adaptation Options and Policy Briefs
In keeping with the overarching research goal of informing policy and program development
to capitalize on agricultural opportunities and manage agricultural risks stemming from
climate change, recommendations were developed for policy and program enhancement in
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each region. As mentioned above, these recommendations were provided to OMAFRA in
two formats. First, a suite of adaptation options was developed for each region and
production system studied. Drawing upon the knowledge of the Project Team and other key
stakeholders, a suite of 15 adaptation options were developed for the Great Clay Belt study,
and 12 adaptation options were developed for the southwestern Ontario study. These
options were presented to regional advisors and other members of agricultural
organizations and associations and are accessible through regional narrative reports.
Second, a series of three thematic policy briefs were developed to present
recommendations from the research. Based on the results from Phase 2 and 3 of the
project, the policy briefs convey ways in which various provincial departments might be able
to support management of agricultural climate change risks and opportunities.

1.2.5 Stakeholder Consultations
Over the course of the project, 4 in-person stakeholder consultations took place, one at the
beginning of each regional assessment (Scoping Workshops) and one at the close (Results
Workshops). For the Great Clay Belt Study, two scoping workshops were held in December
2015 in Guelph in order to ensure that the OCAAF would meet the needs of the key user
groups. The workshops were geared towards OMAFRA extension agents and policy staff,
and provided the Project Team with its first opportunity to solicit feedback on key OCAAF
design considerations. Overall, the OCAAF models and concepts were favourably received
by the workshop participants and valuable input was collected on the design of the
framework, draft criteria and indicators, data availability and outputs. A similar scoping
workshop was held in Guelph in March 2017 for the corn study. The participants at this
workshop included project advisors, OMAFRA policy and program staff, agricultural
researchers, as well as representatives from agricultural organizations. Participants heard
about the results from the Great Clay Belt study, and discussed the application of OCAAF to
corn in eco-district 7E-1.
Results from the two applications of the OCAAF were presented at two regional workshops,
one in New Liskeard to present results from the Great Clay Belt Study (December 2016)
and one in Ridgetown to present results from the corn study (May 2017). At both workshops,
project advisors, OMAFRA representatives and other agricultural stakeholders were invited
to hear about the results (including examples of spatial maps, graphs and tables from the
application), provide feedback on management options, comment on next steps, and
discuss how to further communicate the results of the application of OCAAF.

1.3 The Provision of Future Climate Data
An integral part of the OCAAF project was not only to document historical climate and
agricultural conditions, but also documenting how these may change through the year 2050.
This necessitated the use of climate models – the best tool for developing future projections.
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In their assessments, the Intergovernmental Panel on Climate Change (IPCC) relies
predominantly on international research centres to contribute model projection information
(IPCC, 2007). The most recent assemblage of models was for the IPCC 5th assessment
(AR5) released in 2013. In this assessment, some 40 international models were used with
multiple runs per model, resulting in approximately 75 projection estimates from which to
calculate possible future conditions. Maximum, minimum and mean temperatures are
standard output variables from these models, as is precipitation. However, this data from the
GCMs is typically only available for all models at the monthly timescale and coarser spatial
resolution. More on how this challenge will be addressed follows below in Section 1.3.1
General Climate Change Methodology. It should be noted that some Regional Climate
Models (RCMs) do provide daily output values, but there are far fewer of these models
available and data volume required for analysis is tremendous. Spatially, GCMs typically
provide projections at scales of 150 to 200 km horizontal resolution, while RCMs provide
projections at much smaller scales, even down to 10 km. The trade-off between the two
types of models is that there are many coarser-scale GCM estimates (temporally and
spatially) of climate change to apply, but far fewer high-resolution (RCM) projections.
The OCAAF made use of this IPCC set of internationally-vetted GCM model data. The suite
of models used in AR5 is from the Fifth Coupled Model Intercomparison Project (CMIP5),
coordinated by the World Climate Research Program, and was retrieved from the following
data portal: http://cmip-pcmdi.llnl.gov/cmip5/guide_to_cmip5.html.
With increased computing power, better refinement of atmospheric phenomena have been
incorporated, and model spatial and temporal resolution has improved in the most recent
assessment of 2013 (Kharin et al., 2013). Additionally, there has been a large increase in
model availability and the ability to produce projections of future climate based upon an
‘ensemble’ of many models versus the use of single or only a few models. These two factors
give greater confidence in any projected values of climate parameters. In this study, all
available AR5 model runs (many models have more than a single projection available) were
used together with a gridded observed dataset, employing the delta method to produce
downscaled 10 km x 10 km projections. This gridded dataset can provide a continuous
surface versus a point location value alone, and for the Great Clay Belt this would allow
calculation of mapped indices at the scale of the gridded dataset. This high resolution
dataset, referred to as CANGRD, was developed by Natural Resources Canada (NRCan)
and Environment and Climate Change Canada (ECCC) and is an important component of
the OCAAF. This dataset is obtained by interpolation of ECCC observation station data and
has been used extensively within Canada and employed internationally as well. Full details
of the CANGRD procedure can be found in McKenney et al. (2011).
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Figure 2: Sample of the CANGRD observed gridded dataset for the southern study area.

The use of multiple models to generate a “best estimate” of climate change is preferred over
a single model outcome. Research has indicated that the use of multi-model ensembles is
preferable to the selection of a single or few individual models since each model can contain
inherent biases and weaknesses (IPCC-TGICA, 2007; Tebaldi and Knutti, 2007). Thus, the
use of the ensemble projection from the family of global modelling centres is likely the most
reliable estimate of climate change projections on a large-scale (Gleckler et al., 2008). In
addition, the use of multiple model estimates allows for the calculation of central tendency,
as well as the range of future values. Based on the variability (“spread”) of these models,
different characterizations of uncertainty can be provided. Simply put, a variable which
shows less spread among many models is more reliable than a variable which has a very
large range of projected outcomes. This is critical in the consideration of uncertainty. Using
the CMIP5 database, it is possible to have 75 estimates versus using an RCM set of
perhaps 5 estimates. Nevertheless, such higher resolution data is available for investigation
and was considered.

1.3.1 General Climate Change Methodology
For the OCAAF study, we use the “delta” approach (or “climate change factor approach”) to
downscale GCM outputs by following these main steps:
1) Obtain baseline (“average”) climate data using daily CANGRD data for the specified
variables for the 1981-2010 baseline period.
2) Use the largest possible ensemble of AR5 GCMs to obtain the modelled average
climate for the same historical period on a monthly basis (the GCM model
resolution), re-gridded as necessary to a common resolution and scale.
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3) Obtain the future climate for each of the required future periods; every 10 years
starting in the year 2011 and ending in the year 2050 (average future conditions of all
the models for four 10-year periods) at the monthly timestep.
4) Calculate the difference (“delta”) between the baseline and each projected future
period which represents the change in the climate variable. Four climate deltas were
produced (2020-, 2030-, 2040- and 2050-decade).
5) This step addressed the spatial and temporal scale difference between the 10 km
resolution and daily CANGRD data and the (approximately) 200 km spatial and
monthly temporal resolution of the GCM output. The GCM delta (or change signal) is
directly added to the high resolution CANGRD baseline period observed value which
then corrects for any difference (or bias) between the true measured baseline climate
and the modelled baseline climate, also generating a proxy high resolution projected
climate variable for each future period. This methodology assumes that historic short
term patterns of temperature and precipitation (‘weather’) will continue into the future.
To begin, all climate change projections were based on one main IPCC atmospheric GHG
concentration scenario: Representative Concentration Pathway 8.5 (RCP8.5). This future
pathway represents the ”business as usual” route of GHG emissions and historically has
been the most closely associated trend in observed GHG concentrations.
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2.0 Great Clay Belt Assessment Results
The OCAAF was applied to two study regions of contrasting geographies: the Great Clay
Belt of northern Ontario (eco-district 3E-1), focusing on timothy forage, and southwestern
Ontario (eco-district of 7E-1), focusing on corn production (see Figure 3). In order to provide
input for the calculation of crop productivity and vulnerability indices, fundamental climate,
soils, plant growth and yield data were required. Furthermore, to simulate potential future
changes in the productive potential of different cropping systems, and the risk of crop loss
due to adverse agroclimatic conditions, modelled climate change projections are needed.
This section addresses data availability, data-related challenges, and solutions with respect
to the first pilot region (the Great Clay Belt).

Figure 3: Location of the two study areas: Great Clay Belt (3E-1) and southwestern Ontario (7E-1).
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It was discovered that this region posed significantly more data-related challenges than the
second region (southwestern Ontario) due to a lack of electronic map resources of soils,
landscape and farmed area at the time of the assessment. Datasets vary in spatial
resolution (e.g. climate data are typically available in scales ranging from point locations
(station information) to much larger gridded information which is spatially continuous,
derived through the interpolation of station data and/or historical climate model
interpolation). Meanwhile, the soil and landscape data that were located for the Great Clay
Belt region were predominantly available in maps at various scales and vintage derived
from spatially-interpolated point surveys. Although effort was recently taken by OMAFRA to
digitize these paper maps to provide information in a GIS platform, only partial coverage of
the Great Clay Belt was completed at the time of this study. However, such data was
available for the southwestern Ontario study area.
Climate data is available from a number of short-term ECCC observation stations, but for
the purposes of the OCAAF, these scattered stations are of little use for a regional
perspective due their sparse coverage. For this reason, climate data for this study was
obtained from the CANGRD interpolated historical climate records, available at 10km x
10km resolution described earlier. However, it is important to note that a long-term reliable
dataset from the Kapuskasing Experimental Farm is available and was used exclusively to
relate yearly timothy yield data against yearly climatic conditions, as the two locations were
coincident. Kapuskasing Experimental Farm annual yield data for timothy was available
from 1984-2000 (Lafrenière, 2016).

2.1 Historical Information on Yield and Acreage under Cultivation
The timothy yield data was provided by Dr. Carole Lafrenière for this report for the years of
1984 to 2000, all collected at the Kapuskasing Experimental Farm location. Climate data
was also collected at this location by ECCC until very recently. This information allowed the
study to relate historical climate data and yield data for timothy on a year to year basis. This
relationship between accumulated heat units of Growing Degree Days (GDD) per year and
yield was the prime indicator of climate linkage to timothy yield quantity (Bootsma and
Boisvert, 1991). Available heat units measured by GDD (threshold 5°C) would be expected
to be the prime determinant of the timothy forage yield in any given year. This relationship
was determined as shown in Figure 5, however it is recognized that other factors are also
important, which we did not consider – such as moisture availability (surplus or deficit).
These other factors would contribute to the scatter and imperfect association found for this
location. After discussion with local farmers, it was suggested that we use the relationship
between the dry matter yield (DMY) of just the first cut of timothy against Growing Degree
Days at the 5°C minimum threshold (GDD5), versus the entire summer multiple-yield DMY
sum. Indeed, the use of the first cut and its relationship with GDD5 accumulation did result
in a slightly higher regression coefficient.
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Some fundamental relationships for timothy were found in the literature:







Timothy (like all C3 grasses) best performs around 20°C and DMY can suffer with
temperatures over 25°C (Moser et al., 1996).
Higher GDD5 increases DMY if moisture and growing season length allows multiple
cuts.
Association with DMY and precipitation-potential evaporation is suggested (Bootsma
and Boisvert, 1991).
The minimum GDD5 of about 880 is easily surpassed in the Great Clay Belt (1 cut).
The 2 cut GDD5 requirement is 1360 and the 3 cut requirement is 1840 (Bootsma
and Boisvert, 1991).
Growing season length and ‘kind’ is important (Bootsma and Boisvert, 1991).

From the Kapuskasing Experimental Farm yield data for timothy, two varieties were planted
(Champ and Climax). For the purposes of this study, both varieties were summed together
for each year when they were both available. In addition, the actual date of the cut 1 harvest
was recorded, and the GDD5 value accumulated to that date was used to generate the
GDD5/yield association.

First Cut Timothy Yield (kg DMY/ha) at Kapuskasing
Experimental Farm
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Figure 4: Kapuskasing Experimental Farm DMY yield for timothy looking at cut 1, 1984-2000 (Lafrenière, 2016). The
date of the first cut yield presented varies from year to year. Note that some years have missing data.
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Timothy DM Yield (kg/ha) of Cut 1 vs GDD5
Kapuskasing Experimental Farm 1984-2000
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Figure 5: Relationship between GDD5 and timothy yield at the Kapuskasing Experimental Farm.

The Great Clay Belt is comprised primarily of two census areas (Cochrane and
Timiskaming) and some information of historical area under crop is available (see Table 1).
In general, the trend has been a reduction in farmed acreage since 1991 (OMAFRA, 2017).
Table 1: Area of census farms (acres) in the Cochrane and Timiskaming districts.
1991

1996

2001

2006

2011

Cochrane

83,317

82,333

76,872

75,236

68,747

Timiskaming

191,528

210,033

214,835

205,800

192,307

In this study, the projected yield calculations are based upon unit areas, so precise
information on exact farmed area is not required; however, to obtain a total potential yield
for the Great Clay Belt, an estimate of such area would need to be obtained by multiplying
the yield/ha by the hectarage. This study provides such estimates of total yield under
multiple assumptions of percentage of the region under timothy production. Implications of
changing farmed area over time could then be considered for total region production of
timothy. Farmed area could be influenced by deforestation, recovery of land previously
farmed but now fallow, or developing land is too wet by installing tile drainage. These factors
are difficult to predict, but by providing various percent area coverage estimates, resulting
yield could be projected.

2.2 Results
This section provides an overview of the OCAAF results for the Great Clay Belt (a full suite
of maps is available for download online; see the Appendix for more details). In this section
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you will find a selection of outputs of the various parameters calculated historically (19812010), and for the four projected future decades of the 2020s (2021-2030), 2030s (20312040), 2040s (2041-2050) and 2050s (2051-2060).

2.2.1 Temperature (annual/monthly)
The historical and projected changes in mean annual temperature and monthly change in
temperature under climate change assumptions of RCP8.5 from the ensemble of models is
provided in figures and tables below. In addition to the model ensemble average change,
the model ensemble 25th and 75th percentile values were also calculated to show the range
of the ensemble projection. The results show that mean annual temperature in the Great
Clay Belt is projected to increase from 1.1°C to 4.7°C from its historical value by the 2050s
period. These values were obtained by averaging all of the 10km x 10km grid point values
within the region (over 3000 points).

Great Clay Belt Mean Annual Temperature (°C)
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Figure 6: Historical and projected mean annual temperature of the Great Clay Belt under RCP8.5.

A summary of the annual and monthly projected change in mean temperature for the
periods is shown in Table 2. The change is not uniform over all months, with the greatest
increase seen in January/February.
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Table 2: Projected change in mean temperature for the Great Clay Belt out to the 2050s.
1981-2010

2020s

2030s

2040s

2050s

1.1

2.6

3.2

3.9

4.7

January

-17.7

-15.6

-14.9

-13.7

-12.6

+5.1

February

-15.0

-13.5

-12.9

-11.9

-11.1

+3.9

March

-8.4

-7.1

-6.4

-5.9

-4.9

+3.5

April

0.6

1.9

2.6

3.1

3.7

+3.1

May

8.6

9.8

10.3

10.8

11.5

+2.9

June

14.2

15.5

15.9

16.5

17.1

+2.9

July

16.9

18.4

18.9

19.6

20.4

+3.5

August

15.8

17.3

17.9

18.6

19.4

+3.6

September

11.0

12.4

13.0

13.6

14.2

+3.2

October

4.0

5.4

5.9

6.5

7.2

+3.2

November

-3.8

-2.2

-1.7

-1.0

-0.4

+3.4

December

-12.8

-10.5

-9.9

-8.7

-7.8

+5.0

Annual Temp (C)

Great Clay Belt Average Temperature by Month (°C)
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Figure 7: Great Clay Belt monthly average temperature and ensemble projection under RCP8.5.
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Change by 2050s
+3.6

The spatial distribution of mean annual temperature for the baseline (1981-2010) period and
2050s period is shown below to demonstrate regional differences across the region.

2.2.2 Precipitation (annual/monthly)
Historical precipitation and projections under the RCP8.5 scenario were also calculated and
a subset of these are presented below. The results of the precipitation projections indicate
that annual precipitation amounts in the region are expected to increase from historical
values according to the model ensemble, from an average of 766 mm to 794 mm per year (a
3.6% increase) (see Figure 9). As before, this is the areal average over the entire region
using all data points.

Figure 8: Baseline (1981-2010) mean average temperature (left) and 2050s mean annual temperature (right) under
RCP8.5. Both maps use the same colour legend range.

Great Clay Belt Mean Annual Precipitation (mm)
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Figure 9: Historical and projected mean annual precipitation for the Great Clay Belt under RCP8.5.
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2050s

The monthly change in precipitation is not equivalent throughout the year, which is evident
in Table 3. The greatest change in precipitation is envisioned for the winter months.
Table 3: Projected change in mean precipitation for the Great Clay Belt out to the 2050s.
1981-2010

2020s

2030s

2040s

2050s

Change by 2050s (%)

Annual Prec (mm)

766

778

783

788

794

+3.6

January

48.5

49.5

49.9

50.5

51.0

+5.1

February

36.2

36.8

37.0

37.3

37.6

+3.9

March

41.7

42.2

42.5

42.7

43.1

+3.4

April

46.6

47.2

47.5

47.8

48.0

+3.1

May

63.1

63.8

64.1

64.5

64.9

+3.0

June

73.5

74.5

74.8

75.3

75.7

+3.0

July

89.2

90.5

90.9

91.5

92.2

+3.5

August

74.8

75.9

76.4

76.9

77.5

+3.5

September

92.7

94.0

94.5

95.1

95.6

+3.2

October

80.3

81.4

81.8

82.3

82.9

+3.2

November

64.3

65.4

65.7

66.1

66.6

+3.4

December

57.0

58.3

58.6

59.3

59.8

+4.9

Great Clay Belt Average Precipitation by Month (mm)
Historical and Projected
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Figure 10: Great Clay Belt monthly average precipitation and ensemble projection under RCP8.5.
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The spatial distribution of mean annual precipitation for the baseline period (1981-2010) and
2050s period is shown in Figure 11 to demonstrate regional differences across the area.

Figure 11: Baseline (1981-2010) mean average precipitation (left) and 2050s mean annual precipitation (right) under
RCP8.5. Both maps use the same colour legend range.

2.2.3 GDD5 (annual)
Growing Degree Days at the 5°C minimum threshold (GDD5) has been shown to be best
suited for grasses, and this indicator was calculated historically and projected for the Great
Clay Belt region (Bootsma and Boisvert, 1991). Historically, GDD5 has increased along with
observed mean temperature in Kapuskasing and in the entire surrounding area. Looking at
the Kapuskasing A climate station, between 1937 and 2014 GDD5 has increased on
average from 1300 to 1500 (Figure 12). A similar trend is found at Kapuskasing (CDA)
through to 2001 (Figure 13).

Figure 12: Trend in GDD5 at Kapuskasing A from 1937-2014 (CCHIP, 2017).
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Figure 13: Trend in GDD5 at Kapuskasing (CDA) from 1920-2001 (CCHIP, 2017).

Climate change projections going forward strongly suggest a continued increase in available
GDD5 for the region. The historical and ensemble projected values are shown in Figure 14.
According to the ensemble model data, average annual GDD5 is projected to increase from
a baseline period (1981-2010) average of 1370 per year, to 1925 per year on average in the
2050s. This increase in heat units available for timothy growth will have a strong effect of
augmenting potential yield.

Great Clay Belt Average Annual GDD5 Accumulations (degrees)
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Figure 14: GDD5 average accumulation and ensemble projection under RCP8.5.

Spatially, the distribution of GDD5 is driven by temperature. As result, spatial differences in
changes in GDD5 are similar to those shown earlier for mean annual temperature.
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Figure 15: Baseline (1981-2010) GDD5 (left) and ensemble projected GDD5 to the 2050s (right) under RCP8.5. Both
maps use the same colour legend range.

2.2.4 Potential Evaporation and Moisture Availability (annual/monthly)
Along with available heat through GDD5, moisture availability is also critical for timothy.
Under climate change, the balance between incoming precipitation discussed earlier and
evaporation will be altered. As demonstrated earlier, evaporation will also increase along
with precipitation in a warmer environment; the moisture availability is simply the difference
between the incoming precipitation and the outgoing evaporation amounts. Greater
precipitation than evaporation leads to a water surplus condition, whereas greater
evaporation than precipitation leads to a water deficit condition.
Potential evaporation (PE) was calculated for each month historically and projected forward
using the ensemble of models to get an indication of this balance since it would be expected
to have an influence on yield. The LSRS scoring also requires a PE factor for its calculation.
PE is defined as the evaporative amount (in mm) of loss from an open water surface and
does not consider vegetation. Of importance for this study is the change in this factor going
forward. Actual evaporation would require specific transpiration rates for various surfaces
within the region, however acquiring that data was simply beyond the scope of this project.
By using PE, we used the difference between precipitation and PE as an indicator of
monthly moisture availability.
Presented below are the historical and projected PE amounts for the summer months of
June, July and August averaged over the region (in the winter months, PE is zero or near
zero). Over each summer month there in an increase in PE under climate change of about
13% from historical baseline values. Contrast this against the previously demonstrated
summer monthly precipitation projected increase of only 3%. In this region, due to the high
clay content and moisture holding capacity of the soil, this may not be a significant
limitation, and could actually be a benefit by somewhat improving overly wet conditions.
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Great Clay Belt Average Potential Evaporation (J-J-A) (mm)
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Figure 16: Average Potential Evaporation in the Great Clay Belt and ensemble projected values (summer months).

The LSRS scores consider the balance between precipitation and evaporation from May to
August and Table 4 shows both historical and projected values for the region. Although
precipitation exceeds PE annually and will continue to do so, the current deficit conditions
will become larger in the summer months. Spatially the P-PE (May to August) is shown in
Figure 17 for the baseline and 2050s periods.
Table 4: Precipitation minus Potential Evaporation (in mm) over the Great Clay Belt from May to August out to the
2050s. The shaded cells indicate deficit months.
1981-2010

2020s

2030s

2040s

2050s

May

63.1-62.7= 0.4

63.8-66.4 = -2.6

64.1-68.7 = -4.6

64.5-69.9 = -5.4

64.9-72.1 = -7.2

June

73.5-103.7 = -30.2

74.5-108.4 = -33.9

74.8-109.7 = -34.9

75.3-112.2 = -36.9

75.7-114.9 = -39.2

July

89.2-118.5 = -29.3

90.5-124.0 = -33.5

90.9-125.8 = -34.9

91.5-128.9 = -37.4

92.2-132.8 = -40.6

August

74.8-101.9 = -27.1

75.9-106.5 = -30.6

76.4-108.8 = -32.4

76.9-111.5 = -34.6

77.5-114.9 = -37.4

Figure 17: Precipitation minus Potential Evaporation (mm) over the Great Clay Belt from May to August historically
1981-2010 (left) and ensemble projected 2050s period (right). Both maps use the same colour legend range.
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2.2.5 Growing Season (start/end/length)
Growing season start, end and length will all change under future climate projections, with
earlier starts, later ends and therefore longer season lengths. Growing season is defined as
starting when the mean daily temperature for five consecutive days reaches 5°C and ends
with the first daily occurrence of minus 2°C. The length is simply the difference between the
start and end dates. Historically, the calculated season start has been on day 126 of the
calendar year (May 6), but by the 2050s the average start date will be April 18 (day 108).
Conversely growing season end dates will change to later in the fall, from September 28
(day 271) on average currently, to October 17 (day 290) on average by the 2050s under
RCP8.5 emissions. Season length increases at both the beginning and end of the period,
increasing from 147 to 183 days on average per year (Figure 18). Growing season length is
shown in Figure 19 for the historical and 2050s ensemble projection periods.

Great Clay Belt Growing Season Start/End/Length
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Figure 18: Great Clay Belt growing season start, end and length historically and ensemble projection under RCP8.5.

Figure 19: Regional distribution of growing season length historically (1981-2010) (left) and for the 2050s ensemble
projection (right). Both maps use the same colour legend range.
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2.2.6 Fall Hardening
Two phenological factors were specifically calculated for timothy grass production from the
literature as identified by Bélanger et al. (2002): fall hardening and winter thaw. Fall
hardening was calculated according to the formula provided in Bélanger et al. (2002) at
each of the 10km x 10 km grid points within the Great Clay Belt. The value of the indicator is
the accumulation of cooling degree days below 5°C in the fall hardening period (leading into
winter). A larger value of the fall hardening indicator is ‘better’ since this indicates that
timothy has been exposed to cooler temperatures leading into winter to ‘harden’. The fall
hardening period is also specifically defined by the formula applied here. The spatial
average of this indicator is provided here and mapped. As suggested in the literature cited,
‘fall hardening’ is considered a positive influence on timothy production since it allows the
grass to better adapt to upcoming winter temperatures. This indicator was considered and
calculated for the region and factored into the LSRS ultimate scoring.
Typical values of fall hardening (FHARD) are found in Bélanger et al. (2002) for the
‘continental north’ of Canada (which includes the Kapuskasing station). The historical 19611990 value is approximately 85 units. For our calculation of FHARD for the 1981-2010
period, we see values that are lower than this due to warming since that period. Our
mapping suggests FHARD values in the Great Clay Belt region are in the 70 to 80 range.
Under future projection of climate change, we find the mapped values of FHARD become
even smaller as the fall period provides even fewer opportunities for hardening of the
timothy forage, generating values in the 50s. This can be seen in the maps below for the
baseline and 2050s periods.
The values of the FHARD indicator are included in the additional climate modifiers specific
for timothy forage and alter the LSRS scoring for this crop accordingly.

Figure 20: Fall Hardening indicator for the baseline (1981-2010) (left) and 2050s ensemble projection (right). Both maps use
the same colour legend range.
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2.2.7 Winter Thaw
Winter thaw is the second phenological indicator calculated in the Great Clay Belt for
timothy and is also derived from the previous work of Bélanger et al. (2002). The indicator is
a measure of the amount of winter thaw periods in the region. A winter thaw period is not
advantageous to timothy growth since it may provide a false start for growth or expose the
grass to very cold temperatures if snow cover is melted in the event. Therefore, a higher
value of the winter thaw indicator (WTHAW) is a negative influence on timothy.
The WTHAW indicator is the accumulation of ‘warmth’ (above zero) in the winter period
(specifically degree-days above zero divided by the number of days in the winter period;
thus, a larger value for this indicator would be a negative influence. Previous research
indicates that typical historical values of WTHAW in the continental north were
approximately 0.2 in the 1961-1990 period (Bélanger et al., 2002). In this study, we
characterized this indicator by a “percent OK” per time period, where WTHAW did not occur.
Therefore, a 100 score indicates a very low occurrence of WTHAW (near zero) and a zero
would indicate WTHAW occurs every year in the period of interest. We find (as does
Bélanger et al. (2002)), that the historical occurrence of WTHAW is quite low, but under
warming would be expected to increase. In our calculations, we find baseline values of near
100% OK (no winter thawing), dropping to near 30-40% OK by the 2050s (Figure 21).As
with the FHARD indicator, the WTHAW indicator is also factored into the final LSRS scoring
for timothy in the future.

Figure 21: Winter Thaw indicator for the baseline (1981-2010) (left) and 2050s ensemble projection (right). Both maps
use the same colour legend range.

2.2.8 LSRS Score and Land Classification (no modifiers)
Using the LSRS methodology and scoring, we incorporated the climate component for the
Great Clay Belt study area. This includes specific parameters critical for the suitability of
forage grasses like timothy (AIWG, 1995). A sample of how these calculations are made is
provided below for a single point location of Kapuskasing for the baseline period.
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Figure 22: Sample worksheet showing the single point calculation of LSRS climate components for the baseline
period (1981-2010) at Kapuskasing. Page reference refers to AIWG (1995).

Moisture factors (P-PE) and thermal factors (GDD5 and growing season length) are
considered in the basic climate rating score. In this case, the value results in a score of 28.
Also shown are the climate modifiers required for the LSRS total climate score, which
includes excess spring and fall moisture (which influences sowing and harvesting
respectively). In this location, these modifiers amount to a deduction factor of 6.2% on the
climate score. This results in a total LSRS climate score of 26 for this point for the historical
period. This procedure is repeated across the entire region using the 10km x 10 km input
dataset, and resulting LSRS scores are generated spatially. Then, using the projected
ensemble climate data, we repeat the process and calculate LSRS values for the 2020s,
2030s, 2040s and 2050s periods. Figure 23 through Figure 27 represent maps of each of
the periods considered, including the LSRS scores and resulting soil classes as specified by
the LSRS system.
Table 5: LSRS score and land class relationship (AIWG, 1995).
Class

LSRS Score

Limitation

1

80-100

None

2

60-79

Slight

3

45-59

Moderate

4

30-44

Severe

5

20-29

Very Severe

6

10-19

Extremely Severe

7

0-9

Unsuitable
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Figure 23: Great Clay Belt LSRS Climate Score for the baseline period (1981-2010). The mean score of the region is
28, land classification is 5.

Figure 24: Great Clay Belt LSRS climate score for the 2020s period. The mean score of the region is 36. The resulting
land classification is 4.
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Figure 25: Great Clay Belt LSRS climate score for the 2030s period. The mean score of the region is 42. The resulting
land classification is 4.

Figure 26: Great Clay Belt LSRS climate score for the 2040s period. The mean score of the region is 48. The resulting
land classification is 3.
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Figure 27: Great Clay Belt LSRS climate score for the 2050s period. The mean score of the region is 53. The resulting
land classification is 3.

It is informative here to identify what has led to this increase in LSRS scoring and land
classification. This is evident by re-investigating the sample worksheet for a single point
location in Kapuskasing as in worksheet figure earlier.
As seen in the 2050s worksheet for the same location but now under future climate
conditions, there is a large increase in the thermal (GDD5) component of the score (Figure
28). The score for this component increases from a 28 to a 52 due to increased GDD5. The
moisture component score decreases as well, but not severely as the summer becomes
drier (precipitation minus potential evaporation (P-PE) becomes more negative). Thus, the
main influences on the LSRS are the GDD5 and growing season length components.
The mapping of the LSRS across the entire region can also identify some locations are
better than others. The southern portion of the region has higher LSRS scores than the
northwestern section.
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Figure 28: Sample worksheet showing the single point calculation of LSRS climate components for the 2050s period
at Kapuskasing. Page reference refers to AIWG (1995).

Using GIS, the areas of coverage of each class can be quantified (Figure 29). As an
indication of the model projection spread for each of the periods, we also show here the
ensemble model 25th and 75th percentile results. Until now, only the average of the entire
model has been presented; what the 25th and 75th ensemble counts below demonstrate is
how the ‘coldest’ 25% of the models (the 25th percentile) and the ‘warmest’ 25% (the 75th
percentile) would change the land class outcomes. For example, for the 2020s, the average
is predominantly Class 4, the 25th percentile would suggest it to be Class 5, and the 75th
percentile would also support Class 4. There is no significantly large spread in the projection
of classes (i.e. there are no periods where three separate classes are found); thus, we are
confident in our ensemble model projections.

Figure 29: Great Clay Belt soil class areas historically and for the ensemble projection (RCP8.5). Predominant soil
class of the average and 25th and 75th percentile projections are shown.
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2.2.9 LSRS Score and Land Classification (with modifiers)
The LSRS allows for the incorporation of specific crop phenological modifiers in the scoring
process in order to allow a more customized evaluation of the area of interest. For timothy,
the two modifiers considered were discussed above: fall hardening (FHARD) and winter
thaw (WTHAW). The effects of these indicators on the final score can either increase or
decrease the score – which can then alter the final overall LSRS score and soil class. The
LSRS scoring indicates that such phenological modifiers, although important, are not the
primary influence on the ultimate score. The maximum deduction possible for any of these
types of modifiers should not exceed 10% of the LSRS score (Bélanger et al., 2002). It is
even more complicated when you consider different numbers of phenological modifiers. For
example, there are more modifiers than FHARD and WTHAW, however they could not be
adequately projected for the future and are not considered in this study. It is also important
to note that each of these modifiers should not simply be additive; they are likely wellcorrelated and simply adding them together would result in a much larger than actual
deduction factor. Therefore, a decision was made to consider the two modifiers and then
select the greatest deduction factor of the two as the influence on the score (i.e. the more
‘critical’ modifiers were considered).
For this effort, the two modifiers (FHARD and WTHAW) were considered and calculated for
the Great Clay Belt. Overall, results indicate that the fall hardening deduction exceeded the
winter thaw deduction. The deductions were scaled to fit within the 10% maximum allowed
for each. Figure 30 shows the percentage deductions for FHARD and WTHAW for the
baseline and 2050s periods. The WTHAW deductions range from near 0% in the baseline
period to an average of 7% in the 2050s, whereas the FHARD deduction for the region
would be on average approximately 4% historically and for the future 2050s period this
deduction approaches the maximum allowed of 10%. For this reason, the FHARD indicator
is taken as the most critical and used for LSRS modification.

Figure 30: Regional Fall Hardening LSRS deduction percentage historically (1981-2010) (left) and for the
ensemble projected 2050s periods (right). Both maps use the same colour legend range.
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Using the Kapuskasing example, the influence of including the maximum modifier would
alter the worksheets above by reducing the baseline score of 26 by 4% to a 25 (resulting in
no class change from Class 5). Additionally, the future score for this location would be
reduced by 10%, going from a 50 to a 45 which also maintains the class at 3. Because
FHARD, the most critical modifier, did not alter the LSRS scores enough to alter the
classifications, we do not present here the ‘modified’ LSRS maps with the phenological
FHARD modifier, nor do we alter the calculations of yield from this modifier in the section
below since it is not considered significant when compared to the large GDD5 factor.

Figure 31: Regional Winter Thaw LSRS deduction percentage historically (1981-2010) (left) and for the ensemble
projected 2050s periods (right). Both maps use the same colour legend range.

2.2.10 Yield Projections
The LSRS scoring system does not implicitly include a relationship between its scoring and
crop yields; it provides the user with an indication of the suitability of a location for a
particular crop (especially when phenological modifiers are included, as was done with
timothy). Our method of generating future yields is to use the strongly influenced thermal
factor of GDD5 as shown by the LSRS calculations using the historical relationship
developed in the earlier section. This indicated that over the period with yield data, the
average annual yield was 4,500 kg/ha from the first cut of timothy. From the Kapuskasing
Experimental Farm dataset from 1984 to 2000, the association between GDD5 and annual
timothy yield from the first cut of the season was found to be:
Yield (kg/ha) = 5.2716 x GDD5 + 819.76
Using this observed relationship, future decadal average GDD5 to the average first cut date
may be substituted to obtain projected potential yield under climate change. This outcome is
shown in Figure 32.
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Historical and Projected Timothy Dry Matter Yield (kg/ha)
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Figure 32: Great Clay Belt projected timothy dry matter yield based upon GDD5 ensemble projections (RCP8.5).

Percentage-wise, this amounts to an increase in yield of 8% for the 2020s, 14% for the
2030s, 23% for the 2040s, and a 29% increase for the 2050s over the historical period. As
discussed in the yield section, this relationship is not exact since GDD5 is not the only factor
in yield outcome, but it is the main factor. Additionally, there is great year to year fluctuation
in historical yield, along with GDD5, and this projection only considers the yield potential
increase relating from the first cut of timothy. Of course, the annual yield total is larger than
this due to multiple cuts which are possible and could potentially lead to triple cuts due to
longer growing seasons. The average annual yield for timothy during the data period is
approximately 8,000 kg/ha, and if the same projected increase was applied to the annual
total, one would expect a minimum of approximately 11,000 kg/ha by the 2050s period due
to multiple cuttings.
Table 6: Average annual yield for timothy for 1981-2010 (baseline) and projected out to the 2050s.

Dry Matter Yield (kg/ha)

1981-2010

2020s

2030s

2040s

2050s

8,042

9,195

9,691

10,252

10,968

Factors such as improved hybrids, soil improvement by fertilization, or installing tile
drainage are not considered in this projection; this is the base increase expected purely due
to increased GDD5 under the RCP8.5 ensemble model projection. Any other adaptation
options such as these would increase the yield potential even more.
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As discussed earlier, there is no definitive up-to-date mapping for actual timothy production
area within the Great Clay Belt, and much of the region is not currently farmable due to the
landscape (i.e. rock, lake, wetland, forests, etc.). Nevertheless, it is possible to obtain an
estimate of total yield potential for the Great Clay Belt if one assumes various percent land
cover under timothy production. Some hypothetical estimates of total production for the
region are possible under each assumption of actual farmed area and are presented in
Table 7. This table need not be read simply across a single percentage assumption, since
under future adaptation options (i.e. tile drainage, deforestation for planting, improved
transportation access routes), the percentage of land under crop can change going forward.
Given the future increases in GDD5 values, it may be assumed that the harvest area of
timothy and other tolerant crops may become much more economically feasible due to
increased yield.
Table 7: Great Clay Belt potential total yield/year under varying percent planted assumptions.
Clay Belt Extent

Production ('000 tonnes) per year

Area (ha)

% Planted

1981-2010

2020s

2030s

2040s

2050s

415,200

10%

3,411

3,890

4,099

4,334

4,632

830,400

20%

6,822

7,780

8,198

8,667

9,264

1,245,600

30%

10,233

11,670

12,297

13,001

13,896

1,660,800

40%

13,644

15,560

16,397

17,334

18,528

2,076,000

50%

17,055

19,450

20,496

21,668

23,160

2,491,200

60%

20,466

23,340

24,595

26,001

27,792

2,906,400

70%

23,877

27,229

28,694

30,335

32,424

3,321,600

80%

27,288

31,119

32,793

34,668

37,056

3,736,800

90%

30,699

35,009

36,892

39,002

41,688

4,152,000

100%

34,315

39,127

41,230

43,582

46,581

In the table above, the higher percent planted values are unrealistic, but from this table
projected total yields can be estimated. Given the projected change in favourable climate
conditions, along with improved management, potential yields for the timothy forage crop
would appear to be quite promising.
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3.0 Southwestern Ontario Assessment
Results
This section discusses the results of the second application of the OCAAF to corn
production in southwestern Ontario, identified as eco-district 7E-1 (see Figure 3 for a map).
Similar to the procedure in the Great Clay Belt study, historical and projected climate data,
historical observed yield data, and LSRS classification was undertaken. Since electronic
GIS data for soils and landscape were available for this region, those additional components
of the LSRS were considered. However, it should be noted that these historical factors were
not adjusted for future conditions; although these factors were included in the LSRS scoring
for the baseline to more accurately evaluate the full three components of LSRS, only the
climate component of LSRS was altered going forward. It is assumed that soils and
landscape components remain constant.
As with the Great Clay Belt region, climate data for southwestern Ontario was considered
using the same CANGRD observed dataset at 10 km x 10 km resolution. This allowed a
continuous surface from which mapping can be generated versus the use of discrete
observation stations. The exception, as in the previous study area, was the single station
(Windsor A) used to relate historical annual corn yield against climate – in this case Crop
Heat Units (CHU), better associated with corn than Growing Degree Days (GDD).
Additionally, landscape and soils data in GIS format was obtained from the Land Information
Ontario (LIO) online database and was used to score those two components of LSRS.
These two layers are not reproduced in this report since they were solely used for
classification and not modified, but samples are shown below.

Figure 33: Southwestern Ontario soil classification used in LSRS scoring (LIO, 2017).
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Figure 34: Southwestern Ontario landscape classification used in LSRS scoring (LIO, 2017).

3.1 Historical Information on Yield and Acreage under Cultivation
Annual corn yield data for the southwestern Ontario study area was obtained from the
Statistics Canada website for “Ontario Region 1”, which includes southwestern Ontario and
an area to the west of Lake Ontario (see Figure 35). It is assumed that there is little
difference in average yield/ha between the smaller 7E-1 study area (which comprises
components of areas 36, 37 and 38), and this larger area for the purposes of the OCAAF.

Figure 35: Statistics Canada Ontario Region 1, from which historical corn yield/ha data was obtained (Statistics
Canada, 2011a).
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The CANSIM database was obtained for Region 1 and average annual corn yields/ha were
obtained for the historical period of 1976 to 2015 (Statistics Canada, 2017). During this
historical period, there has been nearly a doubling of corn yield/ha (see Figure 36). This
increase is assumed to be partially due to increasing CHU and the use of optimized corn
hybrids over time. For the OCAAF study, it is assumed that the optimization of corn hybrids
will continue to be important going forward, but this factor cannot be quantified in the
OCAAF projections. An assumption can be made that historical modifications of hybrids will
continue to attempt to optimize yields and take advantage of future climate conditions.
Therefore, the yield data used here is composed of many different hybrid corn varieties over
time. Going forward, new hybrids will undoubtedly contribute to future yields, but this effect
cannot be predicted, only assumed to be equally important as it has been historically for
corn yield.

Corn for Grain in Southern Ontario
(Zone 1 southwestern Ontario) Yield (kg/ha)
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Figure 36: Zone 1 (Southwestern Ontario) average annual corn grain yield per hectare (kg/ha) from 1976 to 2015
(Statistics Canada, 2017).

Using climate data obtained from Environment and Climate Change Canada (ECCC) at
Windsor A, CHUs were calculated for this same time period (calculations were made as
defined by OMAFRA). The results of the regression of annual CHU at Windsor A and annual
corn yield/ha is shown in Figure 37. It is this CHU/yield relationship which forms the basis of
the OCAAF projections of corn yield into the future, just as was done for GDD5 for the Great
Clay Belt study.
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Figure 37: Corn yield versus annual CHU calculated from Windsor A station from 1976 to 2015.

Some fundamental climate/corn relationships are identified from the literature which are
relevant to this study (OMAFRA, 2009b):






Complex interaction of temperature, precipitation, soil conditions, soil fertility and
sunshine.
Temperature stress and moisture stress (too high or too low) have impacts
throughout the season.
Corn development is driven mostly by temperature (CHU).
Various phenological phases of growth have different stressors.
These phenological phases have some quantified thresholds which were applied in
the OCAAF to account for factors beyond CHU.

Figure 38: Corn phenological phases of growth (OMAFRA, 2009a).
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Fortunately for the corn study, a partner project also funded by OMAFRA had undertaken a
study to identify critical phenological periods of importance for corn. The procedures and
identification of the most critical corn phenological indices are provided in a co-researchers
master’s thesis and used here with permission (Zaytseva, 2016). This study looked at corn
in far eastern Ontario and identified eight significant corn modifiers (Figure 39).

Figure 39: Corn crop modifiers identified in partner OCAAF study for Eastern Ontario (Zaytseva, 2016). Note: “CDD”
refers to consecutive dry days; “P” refers to precipitation; “CHU” is crop heat unit; and “Tmin” is minimum
temperature.

The author of the partner report identified these indicators as being the most critical for corn
yield, but also found that the two ‘unbolded’ indicators (i.e. “Early killing frost” and “Fall
killing frost”) occurred very infrequently for that region and were not further considered. It is
expected that these two indicators would be even less important for the southwestern
Ontario study region, as the area is even warmer than the other study region. Therefore,
those two modifiers were not considered for the OCAAF study.
Additionally, “Pollination drought” was not considered as an indicator because it requires a
parameter (consecutive dry days) which is not accurately obtainable from an ensemble of
climate models. Obtaining projected consecutive dry days is much more difficult than
obtaining average precipitation and involves highly precise spatial and temporal data from
climate models, which is much less reliable. For these reasons, this modifier was dropped
from the OCAAF analysis. Therefore, a total of five corn crop modifiers, representing
stressors for precipitation at various stages of corn growth, were included in the OCAAF
study. These modifiers were calculated historically and for each of the future decadal
periods of 2020s, 2030s, 2040s and 2050s.

3.2 Results
This section provides an overview of the OCAAF results for the southwestern Ontario study
(a full suite of maps is available for download online; see the Appendix for more details). In
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this section you will find a selection of outputs of the various parameters calculated
historically (1981-2010), and for the four projected future decades of the 2020s (2021-2030),
2030s (2031-2040), 2040s (2041-2050) and 2050s (2051-2060).

3.2.1 Temperature (annual/monthly)
The historical and projected changes in mean annual temperature and monthly change in
temperature under climate change assumptions of RCP8.5 from the ensemble of models is
provided in the figures and tables below. In addition to the model ensemble average
change, the model ensemble 25th and 75th percentile values were calculated to show the
range of the ensemble projection. The results show that mean annual temperature in
southwestern Ontario is projected to increase from 8.1°C to 11.4°C from its historical value
by the 2050s period. These values were obtained by averaging all of the 10km x 10km grid
point values within the region (over 2000 points).

Southwestern Ontario Mean Annual Temperature (°C)
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Figure 40: Historical and projected mean annual temperature for southwestern Ontario under RCP8.5.

As presented for the Great Clay Belt study area, a summary of the annual and monthly
projected change in mean temperature is shown in Table 8. The change varies slightly from
month to month, with fairly even increases in all months by the 2050s, as seen in rightmost
column.
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Table 8: Projected change in mean temperature in southwestern Ontario out to the 2050s.
Month

1981-2010

2020s

2030s

2040s

2050s

Change by 2050s

Annual Temp (C)

8.1

9.5

10.0

10.6

11.4

+3.3

January

-5.2

-3.7

-3.1

-2.2

-1.6

+3.6

February

-4.4

-3.0

-2.4

-1.6

-1.1

+3.3

March

0.0

1.2

1.9

2.4

3.1

+3.1

April

6.8

8.0

8.6

9.1

9.6

+2.8

May

12.8

14.0

14.6

15.3

16.0

+3.2

June

18.2

19.6

20.1

20.6

21.3

+3.1

July

20.8

22.4

22.8

23.5

24.3

+3.5

August

20.1

21.6

22.1

22.8

23.6

+3.5

September

16.2

17.7

18.2

18.7

19.5

+3.3

October

9.9

11.2

11.7

12.3

12.9

+3.0

November

4.0

5.2

5.6

6.1

6.9

+2.9

December

-2.1

-0.4

-0.1

0.7

1.4

+3.5

Southwestern Ontario eco-district 7E-1 Average Temperature by
Month (°C) Historical and Projected
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Figure 41: Southwestern Ontario monthly average temperature and ensemble projection under RCP8.5.
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The spatial distribution of mean annual temperature for the region for the baseline (19812010) and 2050s periods are shown below.

Figure 42: Baseline (1981-2010) mean average temperature (left) and 2050s mean annual temperature (right) for
southwestern Ontario. Both maps use the same colour legend range.

3.2.2 Precipitation (annual/monthly)
Using the same procedures as for temperature, historical projected precipitation amounts
annually and by month for RCP8.5 were also calculated. Results from the precipitation
projections indicate that annual precipitation is likely to increase from historical values
according to the model ensemble average (from 915 mm to 983 mm per year, an increase
of 7.4%). All charts represent the areal average of all grid points in eco-district 7E-1.

Southwestern Ontario Mean Annual Precipitation (mm)
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Figure 43: Historical and projected mean annual precipitation for southwestern Ontario under RCP8.5.
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The monthly historical and projected precipitation amounts are shown in Table 9.
Precipitation is not evenly distributed over the year, with summer months expected to
receive lower precipitation while all other seasons will increase, especially spring amounts.
Table 9: Projected change in mean precipitation in southwestern Ontario out to the 2050s.
Month

1981-2010

2020s

2030s

2040s

2050s

Change by 2050s (%)

Annual Prec (mm)

915

940

949

974

983

+7.4

January

73.6

77.6

78.5

81.6

82.3

+11.9

February

60.1

65.2

65.2

67.7

68.3

+13.6

March

62.7

66.3

67.3

71.1

71.9

+14.6

April

74.0

79.6

77.1

82.7

86.1

+16.3

May

80.3

81.6

84.4

85.7

87.0

+8.3

June

76.3

77.4

76.0

78.6

76.3

0.0

July

75.2

73.2

75.2

74.0

72.7

-3.3

August

75.6

74.3

72.6

74.1

75.1

-0.6

September

89.1

89.2

88.3

88.3

90.0

+1.0

October

77.3

81.0

79.5

79.5

78.8

+1.9

November

89.4

91.7

91.7

94.2

96.1

+7.4

December

81.7

85.4

86.2

89.3

90.7

+11.0

Southwestern Ontario Region Average Precipitation by Month
(mm) Historical and Projected
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Figure 44: Southwestern Ontario monthly average precipitation and ensemble projection under RCP8.5.
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Spatially the distribution of precipitation is shown for the baseline (1981-2010) and 2050s
period below.

Figure 45: Baseline (1981-2010) mean annual precipitation (left) and 2050s mean annual precipitation (right) for
southwestern Ontario. Both maps use the same colour legend range.

3.2.3 CHU (annual)
Crop Heat Units (CHU) are a prime influence on corn production and this was calculated for
the historical and projected periods under climate change. CHU is better associated with
corn success, so this variable was calculated rather than GDD5 as was used in the northern
study area (OMAFRA, 2009a). CHU has increased historically along with temperature in the
region (Figure 46), and will increase even more as a result of climate change (Figure 47).

Windsor A Decadal CHU Annual Average
4200
4000
3800
3600
3400
3200
3000
1940s

1950s

1960s

1970s

Figure 46: Decadal historical CHU at Windsor A (CCHIP, 2017).
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Under the ensemble RCP8.5 model, average CHU will continue to increase through the
study period, from a baseline period (1981-2010) average of 3339 to 4222 units in the
2050s, an increase of 26%.

Southwestern Ontario eco-district 7E-1 Average Annual CHU
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Figure 47: CHU average accumulations per year historically and ensemble projection (RCP8.5).

The regional distribution of CHU varies and is shown below for this area for the baseline and
2050s periods.

Figure 48: Baseline (1981-2010) annual CHU (left) and ensemble projected annual CHU for the 2050s for
southwestern Ontario (right). Both maps use the same colour legend range.
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3.2.4 Potential Evaporation and Moisture Availability (annual/monthly)
Of importance for the southwestern Ontario study area is the availability of moisture under
increased warming conditions for corn. Already challenging drought conditions have been
experienced in this region in some years. Under climate change, the balance between
incoming precipitation (shown earlier to remain steady to slightly decrease in the summer
months) and outgoing Potential Evaporation (PE) will become more challenging. The
balance between precipitation and PE is therefore calculated historically and for the
projection periods through 2050 for each month. The difference between P and PE can
provide an indication of moisture availability. Although data was calculated for every month,
Figure 49 presents the PE for the summer months (June, July and August), and P-PE
values for the months of May to August which is used in the LSRS scoring (Table 10).

Southwestern Ontario Average Potential Evaporation (J-J-A)
(mm)
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Figure 49: Potential Evaporation over the region historically and ensemble projected values (summer months).

PE increases over all summer months (June: +13%; July: +16%; August: +16%). This
information, coupled with the fact that precipitation remains steady to slightly decreasing,
would lead to increasing moisture stress during the summer months. This can be seen by
looking at the differences between P and PE in the table below. Note that July deficits
become quite large under projected increases in evaporation, along with decreased
precipitation, but all summer months experience increased moisture availability.
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Table 10: P-PE over southwestern Ontario from May to August out to the 2050s. The shaded cells indicate deficit
months.
Month

1981-2010

2020s

2030s

2040s

2050s

May

80.3-72.5 = 7.8

81.6-77.2 = 4.4

84.4-79.4 = 5.0

85.7-80.9 = 4.8

87.0-83.0 = 4.0

June

76.3-112.3 = - 36.0

77.4-117.9 = - 40.5

76.0-120.0 = - 44.0

78.6-122.8 = - 44.2

76.3-127.1 = - 50.8

July

75.2-128.2 = - 53.0

73.2-135.7 = - 62.5

75.2-138.6 = - 63.4

74.0-142.5 = - 68.5

72.7-148.2 = - 75.5

August

75.6-114.4 = - 38.8

74.3-121.3 = - 47.0

72.6-124.1 = - 51.5

74.1-127.9 = - 53.8

75.1-132.2 = - 57.1

Regional moisture availability (P-PE) for the months of May through August are shown
below for the baseline and 2050s periods.

Figure 50: Precipitation minus Potential Evaporation (mm) from May to August historically 1981-2010 (left) and
ensemble projected 2050s period (right) for southwestern Ontario. Both maps use the same colour legend range.

3.2.5 Growing Season (start/end/length)
Growing season start, end and length will also change under climate projections, with earlier
starts and later end dates leading to longer seasons on average. Growing season start for
CHU is defined as three consecutive days of mean temperature of 12.8°C and ends with the
first occurrence of a minimum temperature of -2°C (OMAFRA, 1993). Historically the CHU
season has started on day 132 (May 12) and this is expected to become earlier by the
2050s (May 7). Season end has historically been near October 30, but this is expected to
take place later in the season by the 2050s, closer to November 18. This leads to a change
in growing season length from its current 172 days on average to 196 days by the 2050s.
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Southwestern Ontario Growing Season Start/End/Length
Historically and Ensemble Projected
172
183
187
191
196

Growing Season Length

304
312
316
319
322

Growing Season End
132
130
129
128
127

Growing Season Start
0

50
1981-2010

100
2020s

150
2030s

200
2040s

250

300

350

2050s

Figure 51: Southwestern Ontario growing season start, end and length historically and ensemble projection under
RCP8.5.

3.2.6 Poor Seeding Conditions
Poor Seeding Conditions is the first phenological modifier included in the OCAAF
investigation of corn production. It is described as a condition where the weekly precipitation
in the April 23 to May 20 period is 30% greater than average. This represents four weeks
total per year; therefore, when looking at 30 year averages, there are 120 potential weeks
where this could occur. For the Poor Seeding Conditions indicator calculations, the number
of weeks in 120 were counted where this 30% over the mean occurs for each period.

Figure 52: Poor Seeding Conditions (weeks out of 120) historically (left) and for the 2050s ensemble projection
(right). Both maps use the same colour legend range.
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Therefore, a larger number indicates that poor seeding conditions are expected to increase.
As noted earlier, April and May precipitation amounts are expected to increase by 16.3%
and 8.3% above baseline conditions by the 2050s, respectively. Thus, this indicator
increases going forward from about 35 weeks/120 (~29%) to near 40/120 (~33%) (Figure
52). This indicator is therefore showing worsening conditions.

3.2.7 Early Flooding
Similarly to the preceding indicator, the Early Flooding indicator also provides an indication
of excess precipitation in the early part of the growing season for corn. Early Flooding is
defined as weekly precipitation 30% greater than the weekly mean in the period of corn
growth between 1 and 780 CHU. On average historically, this period is about 6 weeks in
total each year (May 1 to about June 15). This indicator is also a count of the number of
weeks of occurrence, and a higher number would indicate a negative influence on corn
development. Historically, this has occurred infrequently (less than 2 weeks per year on
average), and under climate change this indicator does not change significantly going
forward. It must be noted that the OCAAF methodology for producing future precipitation
distributions is limited from the climate model data, and future distributions are simply
shifted by the difference in precipitation from historical to future periods. This would simply
duplicate the frequency of occurrences of 30%, leading to very little change in the indicator.
However, this indicator was included for consideration since it also involves a ‘shift’ in the
period of this change as CHU accumulation moves earlier into the spring. Since spring
precipitation is projected to increase, the occurrence of ‘Early Flooding’ might also increase
going forward, although the mapping shows little change in the region (Figure 53).

Figure 53: Early Flooding indicator for the baseline (1981-2010) (left) and 2050s ensemble projection (right). Both
maps use the same colour legend range.
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3.2.8 Blister Drought
The Blister Drought indicator is a count of the frequency (annual occurrence) of precipitation
less than 45 mm in the period where accumulated CHU is between 1601 and 1825 units.
Historically, this has been between July 15 and July 21 approximately, but varies under
climate change to start in late June. June precipitation is slightly higher than July values,
which would explain the possible reduction in frequency in the western portion of the region
in the 2050s. North of the region, the frequency appears to be increasing to occur nearly
every year. A larger value of this indicator would imply a higher drought frequency (dry
conditions) which negatively impacts the corn development in this growth stage. For this
indicator, the number of years in the 30 year period where this drought condition has been
met are presented. Typically this occurs very often (in 28 of the 30 years historically), and a
mixed pattern of change appears on the two mapped periods below; some areas are
increasing, some are decreasing, but always occurring at a high frequency.

Figure 54: Blister Drought indicator for the baseline (1981-2010) (left) and 2050s ensemble projection (right). Both
maps use the same colour legend range.

3.2.9 Milk Drought
Milk Drought is defined as precipitation less than 45mm falling between 1826 and 2000
accumulated CHU, which historically has fallen between July 21 and July 28; but by the
2050s, projections indicate that this range will change to July 12 and July 20. A higher value
of this variable would indicate a higher frequency of drought conditions. Similarly with the
previous indicator, this type of drought occurs almost every year and is typically between 28
to 30 years in 30, both historically and in the future according to the projections. The spatial
pattern is again mixed, with greater area in 7E-1 experiencing higher frequencies of 1 or so
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days when compared to historical trends. This type of drought event is always quite
common, and can be expected to remain so under climate change conditions (Figure 55).

Figure 55: Milk Drought indicator for the baseline (1981-2010) (left) and 2050s ensemble projection (right). Both maps
use the same colour legend range.

3.2.10 Dough Drought
The Dough Drought indicator occurs if there is less than 8 mm of precipitation during the
period of between 2001 and 2165 accumulated CHU. Historically, this period has been
approximately between July 29 and August 3 (a small window of time in this warm month).

Figure 56: Dough Drought indicator for the baseline (1981-2010) (left) and 2050s ensemble projection (right). Both
maps use the same colour legend range.
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As before, a higher value (number of years out of 30) would imply a negative impact on
development. Historically, this drought type has occurred on average at a lower frequency
than other drought indicators (21 years out of 30); however, it is expected to increase under
climate change to about 23 years out of 30 by the 2050s. This would imply an increasingly
larger risk to corn production. This can be seen on the maps in Figure 56 for the baseline
and future 2050s projected period.

3.2.11 LSRS Score and Land Classification (no modifiers)
As with the Great Clay Belt study, the LSRS methodology and scoring system was applied
to the southwestern Ontario study area of eco-district 7E-1. This section shows the results
of this scoring without inclusion of the phenological modifiers for corn listed above (i.e. Poor
Seeding Conditions, Early Flooding, Blister Drought, Milk Drought and Dough Drought).
Thus, no point deductions are applied in this section.
To better consider how the components are tallied, sample worksheets for a single point in
the centre of eco-district 7E-1 (42.12N, 82.54W – north of Leamington) are provided below.
These calculations are carried out at each 10km x 10km grid data point for the mapping of
the climate, landscape and soil components; however, only the climate component is
calculated for future decades, since we assume there will be no changes in soil or
landscape characteristics.
To best identify the changes related to climate change, the soils and landscape components
were separated out from the climate component. According to the LSRS overall score
method, the minimum score from the landscape, soil or climate components is taken as the
final LSRS score since that is the limiting component. Calculations show that neither
landscape nor soil class are the limiting factor; thus, the climate score is the final
determinant of the overall LSRS for this region.
From the LSRS scoring, soils provide a calculated value of 85.8 out of 100, while the final
landscape rating is 100 out of 100 (the procedures to calculate this value are provided in
AIWG, 1995). Below, we consider the climate component of LSRS, which is the lowest
score of the three components and thus defines the LSRS score and classification for this
grid point.
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Figure 57: Sample worksheet showing the single point calculation of LSRS climate components for the baseline
period (1981-2010) for southwestern Ontario. Page reference refers to AIWG (1995).

From the worksheet, this area has a final climate rating of 92, making it a Class 1 category,
but with some moisture limitations in May to August, and a further deduction due to excess
spring moisture. According to the LSRS scoring, this indicates that soil is the limiting factor
and the overall score would be the soil score: 86.

Soil Component

Landscape Component

Climate Component

86

100

92


Minimum component, thus the final LSRS score is 86

Without the specific crop modifiers, we can present how the scores of just the climate
component change over each decade in the maps below.
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Figure 58: LSRS climate score for the baseline period (1981-2010) with no modifiers.

Figure 59: LSRS climate score for the 2020s ensemble projection with no modifiers.
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Figure 60: LSRS climate score for the 2030s ensemble projection with no modifiers.

Figure 61: LSRS climate score for the 2040s ensemble projection with no modifiers.
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Figure 62: LSRS climate score for the 2050s ensemble projection with no modifiers.

3.2.12 LSRS Score and Land Classification (with modifiers)
If we now include the specific crop modifiers for corn in the climate scoring, the climate
score is reduced as shown in Figure 63. By including the modifications for corn, the LSRS
score for the climate component is reduced from its original value of 92 to 83. This is
because the maximum of the computed drought modifiers (Milk Drought) were added in,
which adds an additional 10% reduction to the score, leading to a total deduction of 14.5%.

Soil Component

Landscape Component

Climate Component

86

100

83


Minimum component, thus the final LSRS score is 83

65 | OCAAF Final Report

Figure 63: LSRS worksheet for the climate rating for southwestern Ontario including crop modifiers. Page reference
refers to AIWG (1995).

The updated score with the modifiers still maintains the region in Class 1, subclass A, as
before, but diminished due to the specific phenological indicators for corn. In Figure 64,
future scoring (including the specific corn modifiers) is considered for this same data point in
the 2050s. As mentioned, the soil and landscape components remain unchanged and only
the climate component is altered using the ensemble projected climate data.
Under projected climate change, the basic climate rating is reduced from a 97 to 83 due to
the increased moisture shortage in the summer months, although there is a marked
increase in the available CHU from the baseline. The corn modifiers further reduce the
score by another 11 points, which results in a final climate score of 73 (due to rounding).
Therefore, in the 2050s the final LSRS class is 2, which indicates limitations primarily due to
inadequate moisture for the optimal growth of corn in the summer months.

Soil Component

Landscape Component

Climate Component

86

100

73


Minimum component, thus the final LSRS score is 73
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Figure 64: LSRS worksheet for the climate rating for southwestern Ontario including crop modifiers projected out to
2050s. Page reference refers to AIWG (1995).

Below are the resulting maps of the LSRS scores for each decade including the modifiers
and soil components. Note: where there is no soil data, the cell is not plotted – hence these
maps have no data over water.
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Figure 65: Southwestern Ontario LSRS Score for the baseline period (1981-2010).

Figure 66: Southwestern Ontario LSRS score for the 2020s under RCP8.5 ensemble projection.
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Figure 67: Southwestern Ontario LSRS score for the 2030s under RCP8.5 ensemble projection.

Figure 68: Southwestern Ontario LSRS Score for the 2040s under RCP8.5 ensemble projection.
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Figure 69: Southwestern Ontario LSRS Score for the 2050s under RCP8.5 ensemble projection.

We can also look at the classes resulting in the area by counting the cells using GIS. Each
grid point is counted and the area within each class is provided in Table 11. Note that the
classes flip between Class 1 in the baseline period to Class 2 by the 2050s, primarily due to
the summertime moisture deficit increasing in the region.
Table 11: Number of grid points that fall within each LSRS class by the 2050s for eco-district 7E-1.
Class after consideration of the 5 modifiers
Class

2000s

2020s

2030s

2040s

2050s

1

69

29

13

5

2

2

0

40

56

64

67

3

0

0

0

0

0

4

0

0

0

0

0

5

0

0

0

0

0

6

0

0

0

0

0

7

0

0

0

0

0
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3.2.13 Yield Projections
From the association determined earlier relating annual CHU and annual yield for corn for
southwestern Ontario, estimates of future production for corn are provided using the
ensemble projections of CHU through the 2050s presented earlier. From the dataset, the
relationship between CHU and corn yield was found to be:
Yield (kg/ha) = 3.3723 x CHU -5311.5
From this relationship, the projected yield increase from only the influence of increased
CHU can be provided as shown below:

Historical and Projected Corn Yield (kg/ha)
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0
1981-2010

2020s

2030s

2040s

2050s

Figure 70: Southwestern Ontario projected corn yield based upon CHU ensemble projections under RCP8.5.
Table 12: Average annual yield in kg/ha for corn for 1981-2010 (baseline) and projected out to 2050.
Period

1981-2010

2020s

2030s

2040s

2050s

Yield (kg/ha)

5,948

7,188

7,734

8,255

8,927

On a percentage basis, this amounts to a 21% increase in the 2020s, 30% increase in the
2030s, 39% increase in the 2040s and a 50% increase by the 2050s. However, this
relationship does not include other important influences, such as moisture availability. Yet,
we assume that corn hybrids going forward will be optimized for changing climate
conditions, and additional adaptation options may be considered (e.g. irrigation).
Using these yield assumptions for corn, and assuming near current land under corn
production, it is possible to make projections of total corn production per year for the region.
Corn hectarage under production in 2011 in eco-district 7E-1 was approximately 29,000
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(Statistics Canada, 2011b). Assuming no change in this farmed area, the resulting total yield
for the region historically and going forward is outlined in Table 13.
Table 13: Average annual yield in tonnes for corn for 1981-2010 (baseline) and projected out to 2050.
Southwestern Ontario Yield (tonnes)
Assuming no change in area

1981-2010

2020s

2030s

2040s

2050s

172,491

208,458

224,274

239,398

258,889

As mentioned in the previous Great Clay Belt study area, the LSRS scoring does not
provide an explicit relationship between the score and the effect on crop yield. The
projections above for corn do not include the obvious effects shown in the scoring for the
increasingly challenge of moisture availability in the summer months due to increased
evaporation, which will exceed precipitation even more than it does under current climate.
This means that the production shown here of increases near 50% by the 2050s is likely
optimistic unless moisture challenges can be addressed by hybrids or more efficient water
management practices. There is no doubt that increased heat availability would increase
yields, but the negative effects of moisture shortages and specific phenological restrictions
such as Dough Drought in the 2050s are not easily translated into an exact yield reduction.
Even under increased stress, it would seem highly probably that due to adaptation, a
significant increase, although less than 50%, is probable under climate change.
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4.0 Recommendations for Policy and
Program Enhancement
To secure and enhance agricultural productivity in Ontario, government policies and
programs need to consider environmental trends including projected climate changes, and
related agricultural risks and opportunities. In particular, to advance adaptation to climate
change across the sector, government policies and programs that shape agriculture need to
do as much as possible to help reduce Ontario production systems’ susceptibility to weather
and climate change-related hazards now and in the future, and maintain or enhance
agricultural yield potential of Ontario under the influence of climate change.
The results of applying the OCAAF to timothy in the Great Clay Belt and corn in eco-district
7-E1 provide insights into how climate change may result in agricultural risks and
opportunities in these two areas and production systems. In keeping with the overarching
research goal of informing policy and program development to capitalize on agricultural
opportunities and manage agricultural risks stemming from climate change, a number of
options for eventual policy and program enhancement were explored. These considerations
were presented to OMAFRA in two forms:
1) A suite of adaptation options for each region/production system studied; and
2) Thematic policy briefs that stem from results of the OCAAF’s two applications.

4.1 Adaptation Options
Improved knowledge of the impacts of climate change and other factors on productivity
helped to identify adaptation options to manage climate change-related risks, capitalize on
opportunities, and increase the agriculture sector’s resilience to climate change. Research
and consultations with project advisors and other stakeholders led to the identification of 15
adaptation options for forage in the Great Clay Belt and 12 options for corn in southwestern
Ontario. For each region-production system, the adaptation options are presented as short
narrative reports containing concise summaries of the OCAAF results, how the adaptation
options were derived, and the key rationale for the options. The adaptation narrative reports
listed below are available at www.climateontario.ca/p_OCAAF.php:



Climate Change Adaptation and Agriculture: Addressing Risks and Opportunities for
Forage-based Beef Production in Ontario’s Great Clay Belt
Climate Change Adaptation and Agriculture: Addressing Risks and Opportunities for
Corn Production in Southwestern Ontario

The main audience for the adaptation options are provincial policy advisors and program
managers at OMAFRA, as well as other ministries dealing with natural resource
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management (e.g. Ontario Ministry of Northern Development and Mines, Ontario Ministry of
Natural Resources and Forestry). Although aimed primarily at informing agri-food policy and
programs, the level of analysis/assessment in the adaptation options provides insights for
Ontario farming systems as a whole. As a product of the research, the adaptation options
can help to broker further dialogue with other government agencies, agricultural
organizations, farmers and local communities, further extending the goal of adaptation.

4.2 Policy Briefs
The policy briefs complement the OCAAF results on future yield and climate conditions and
the adaptation options; and suggest ways in which provincial agencies might be able to
support management of agricultural climate change risks and opportunities through policies
and programs. A set of three policy briefs were developed on the following themes and are
available at www.climateontario.ca/p_OCAAF.php:




Policy Brief: Grappling with Climate Change Impacts by Strengthening Agricultural
Extension in Ontario
Policy Brief: Managing Water for Agriculture under Ontario’s Changing Climate
Policy Brief: Enabling Transformation of Two Farming Systems in Ontario’s
Changing Climate

Policy briefs provide a concise summary of OCAAF assessment results for each region and
cross-cutting policy considerations to inform adaptation to climate change in the sector.
Policy briefs integrate findings from OCAAF applications to both regions and production
systems and draw on academic and grey literature. The policy briefs were developed for
policy and program managers at OMAFRA, as well as others who are interested in
formulating or influencing policy shaping agri-food in Ontario.
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5.0 Conclusion
The future success of Ontario’s agri-food sector depends on understanding future weather
and climate implications for various crops in different geographical regions of the province.
The OCAAF was developed to help address this need, and is a spatially explicit and
adaptable risk-opportunity assessment framework incorporating the most recent climate
science to inform adaptation policy and programs for Ontario’s agri-food sector.
The results of the pilot application of the OCAAF in two areas and production systems
presented in this report (forage-based beef production in the Great Clay Belt and corn
production in southwestern Ontario) have expanded the knowledge of climate change risks
and opportunities in those areas. With this information, key decision-makers in the
agriculture sector can make more effective policy and program decisions in order to
increase the sector’s resilience to climate change and effectively promote economic
development in rural and northern communities. For example, OCAAF can be used by
decision-makers in order to:





reduce Ontario production systems’ susceptibility to climate change-related hazards now
and in the coming decades;
realize the yield potential of Ontario production systems now and into the future;
equip producers for the adoption of novel crops and crop varieties; and
encourage the expansion of warmer climate crops to more northerly regions.

However, this is just the beginning of the OCAAF. Further development and expansion of
the tool are needed in order to realize its full potential for agriculture in Ontario and beyond.

5.1 Next Steps
Application of the OCAAF to two different production systems in two different regions
demonstrated how the tool is translatable for use with different agricultural production
systems and transportable across different regions. The Project Team intends to seek out
additional opportunities to further develop the OCAAF and potentially apply it to different
crops within the same study areas, or perhaps entirely new regions and production systems.
We anticipate that future application of the OCAAF will enable additional regional climate
change risk-opportunity assessments for other crops and production systems across
different agricultural regions in Ontario, Canada, and potentially the globe.
It is important to note that the OCAAF currently focuses solely on the crop responses, but
with further development, new functionalities or modules could be incorporated. For
example, the OCAAF could eventually incorporate an economic valuation module where
users could input their own projections of the cost and revenue per unit of output for a
specific crop in a particular geographic region. Additionally, there is an opportunity to
explore how OCAAF could apply similar risk-opportunity analyses to other sectors. For
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example, governments could use the framework in other settings (e.g. forestry, tourism) as
a method for evaluating risk and opportunity; which would require changing the inputs, core
drivers and influences, and how they are impacted by climate change.
As OCAAF is further developed and refined, the tool could be made accessible to users
through an online web-interface or a downloadable desktop application. The challenges of
these design options were beyond the scope of the current OCAAF project; however the
framework could eventually become accessible through either method. A web-interface
would allow the tool to be easily shared and used by a wide audience, while the desktop
application would be useful for those users who may not have access to reliable high-speed
internet (a common occurrence in rural areas).
Overall, the development of the OCAAF prototype and its application to timothy in the Great
Clay Belt and corn in eco-district 7E-1 has contributed to building two main characteristics of
a climate-resilient agricultural sector in Ontario: (1) access to information and knowledge,
and (2) preparedness for risk, uncertainty and change. Currently, there is no other tool like
this for Ontario’s agriculture sector. With the information included in this report, the suite of
adaptation options developed for each region and production system, and the three
thematic policy briefs, OCAAF helps to reduce Ontario production systems’ susceptibility to
weather and climate change-related hazards now and into the future and supports the
Ontario government in meeting their objective to maintain or enhance agricultural
productivity in a changing climate.
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6.0 Appendix
Data and maps generated for this project are provided online at:

www.climateontario.ca/p_OCAAF.php
The files are ordered first by study area (Clay Belt) and (southwestern Ontario), and within
each directory there are 3 separate folders containing data and maps:
1) Climate
2) LSRS Components
3) Yield Analysis
In these folders, maps are provided as PNG files. Note that not all variables were mapped,
but the raw data for further mapping is available in the data files. Data files are either
provided as CSV files or EXCEL files split into individual grid points as the left most columns
of latitude and longitude. Where rows are blank, there is no data. In the southern study,
those points are either over water or outside of Canada.
Nomenclature for the files should be straightforward and easy to interpret; however, here
are some clarifications for some variables:











1981-2010, baseline or 2000s refers to the historical data or maps, while future
projections would be labelled with 2020s, 2030s, 2040s or 2050s.
A file with a name such as “out-p-annual-2020s” would refer to annual precipitation
for the 2020s. Also, ‘prec’ in a filename refers to precipitation.
A file with ‘cs_end’ or ‘cs_start’ or ‘cs_length’ refers to crop season end/start/length
date (julian day of year) or number of days (length).
A file with ‘gs_end’ or ‘gs_start’ or ‘gs_length’ refers to growing season
end/start/length date (julian day of year) or number of days (length).
A file with ‘ff_days’ refers to frost free days per year.
A file with ‘pe’ in the name refers to ‘potential evaporation’.
A file with ‘ppe’ in the name refers to ‘precipitation minus potential evaporation’,
which is an indicator of moisture availability.
A file with ‘ppe5’ in the name refers to ‘precipitation minus potential evaporation’
value for May.
A file with ‘ppe9’ in the name refers to the ‘precipitation minus potential evaporation’
value for September.
A file with ‘ppe58’ in the name refers to the ‘precipitation minus potential evaporation’
value for the months of May to August.
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