
Brittany Lacasse, BSc Agriculture (Honours)
brittany.lacasse@mail.utoronto.ca
http://www.linkedin.com/in/brittany-lacasse

Potato Land Suitability Dynamics in Future Climate Scenarios for Ontario, Canada 

By Brittany Lacasse | Supervised by Damian Maddalena | SSM1100Y: Research Paper 

Background
Climate change projections expect temperatures to increase and cause erratic
precipitation, raising concerns for agricultural producers1. Cropping systems
depend on specific climatic and landscape variables to ensure food availability
locally and abroad2. As such, crop growth variables impacted by climate change
such as daylight hours, soil characteristics, precipitation, growing degree days,
and frost may subsequently affect agriculture production3. These anticipated
consequences of climate change suggest negative implications for horticulture
crops, like the potato.

Potatoes are grown in temperate regions as a cash crop during the long, frost-
free summer months and are Ontario’s top fresh vegetable crop4,5. Potato
production is often problematic due to particular environmental and landscape
growth requirements that significantly influence yield and quality6. The
projected climatic changes may affect where potato crops can be grown due to
climatic stressors or changing pest pressures7.

Climate modelling research has not assessed Ontario potato land suitability
before, providing an opportunity to be proactive in planning and addressing
land suitability limitations under climate change.

Research Question and Objectives
How will climate scenarios SSP1-26, SSP3-70, and SSP5-85 influence the
distribution of suitable land for potato production across Ontario compared to
current potato production areas? Will the projected climate scenarios force potato
production to migrate to new regions of Ontario?
• Objectives

1. Create a growth suitability index for potato production in Ontario.
2. To determine potentially suitable land between 2081-2100 in Ontario for

potato production under SSPs 1-26, 3-70 and 5-85 climate scenarios.
3. Estimate the potential migration of potato production in Ontario as a

reference in future climate scenarios and land development strategies.

Methodology
• The Ontario Potato Suitability Index was created by adapting the Canada Land

Inventory and Land Suitability Rating System to suit Ontario potato production
season. Five growth criteria were examined: soil texture, soil drainage,
landscape slope, temperature, and precipitation8,13,14.

• QGIS 3.16 and GRASS GIS 7.8.6 were used to view, edit, run analyses, and
create maps for projected climate scenarios9.

• Ontario has half of 
Canada’s Class 1: 
Prime Land for 
Agriculture and is 
expected to have 
milder winters, 
early and longer 
growing seasons, 
and unpredictable 
or extreme 
weather events 
with the changing 
climate7. 

• Ontario Land Cover 
Compilation V.2, 
offered a near-
complete spatial map 
of Ontario.

• Soil criteria data was 
downloaded from Soil 
Survey Complex V.511.

• Present and future 
climactic data was 
downloaded from 
Global Climate 
Database, WorldClim 
V2.1 Canadian Earth 
System Model V.5.

• AHP was used to 
analyze the multi-
criteria decision-
making for growth 
criteria to 
determine suitable 
potato grounds in 
Ontario12. 

• The r.mcda.ahp 
GRASS add-on 
generated maps 
with analytical 
hierarchy process9.  

Study Site Ontario Maps & 
Climactic Data

Analytical Hierarchy 
Process

Takeaways and Recommendations
• The sustainable future SSP1-26 resulted in the loss of highly suitable land with

none to slight production limitation.

• SSP5-85, the fossil fueled development, resulted in the best scenario for
increasing land suitable for potato production within Ontario based on five
growth parameters: temperature, soil drainage, soil texture, precipitation, and
landscape slope.

• This research offered a starting point for future research to investigate
additional potato growth parameters, increase the demand for modelling and
present soil data in Ontario, and offer proactive insight into how climate change
could affect Ontario potato producers’ ability to continue having a harvestable
crop.

• In future research, expanding the inclusion of potato growth criteria and
integrating future soil modelling would improve the validity and accuracy of
land suitability within Ontario for future potato production.

• Research should investigate the social and economic viability and potential
impacts of introducing potato production into new regions of Ontario to ensure
the farmers can sustainably develop. For instance, if SSP5-85 becomes our
reality, potato producers may move into northern regions of Ontario that
currently do not have the infrastructure available.

References
2: Agronomic Interpretations Working Group. (1995). Land Suitability Rating System for Agricultural Crops: 1. Spring-seeded small grains. (No. 6E; p. 90). Agriculture and Agri-Food Canada, Ottawa.
https://sis.agr.gc.ca/cansis/publications/manuals/1995-lsrs/lsrs.pdf
7: Baute, T. (2020, June). Impacts of Climate Change on Current and Future Crop Pests in Ontario. Ontario Ministry of Agriculture, Food and Rural Affairs.
http://www.omafra.gov.on.ca/english/crops/field/news/croptalk/2020/ct-0620a4.htm
3: Bock, M., Gasser, P.-Y., Pettapiece, W. W., Brierley, A. J., Bootsma, A., Schut, P., Neilsen, D., & Smith, C. A. S. (2018). The Land Suitability Rating System Is a Spatial Planning Tool to Assess Crop Suitability in
Canada. Frontiers in Environmental Science, 6, 77. https://doi.org/10.3389/fenvs.2018.00077
10: Boggia, A., Massei, G., & GRASS Development Team. (2021). Addon r.mcda.ahp. Geographic Resources Analysis Support System (GRASS GIS) Software, Version 7.8.6 (7.8.6) [Computer software]. Open
Source Geospatial Foundation. https://grass.osgeo.org/grass78/manuals/addons/r.mcda.ahp.html
4: Campos, H., & Ortiz, O. (Eds.). (2020). The Potato Crop: Its Agricultural, Nutritional and Social Contribution to Humankind. Springer International Publishing. https://doi.org/10.1007/978-3-030-28683-5
6: Dahal, K., Li, X.-Q., Tai, H., Creelman, A., & Bizimungu, B. (2019). Improving Potato Stress Tolerance and Tuber Yield Under a Climate Change Scenario – A Current Overview. Frontiers in Plant Science, 10,
563. https://doi.org/10.3389/fpls.2019.00563
3: Dixon, G. R., Collier, R. H., & Bhattacharya, I. (2014). An Assessment of the Effects of Climate Change on Horticulture. In G. R. Dixon & D. E. Aldous (Eds.), Horticulture: Plants for People and Places, Volume
2: Environmental Horticulture (pp. 817–857). Springer Netherlands. https://doi.org/10.1007/978-94-017-8581-5_10
1: FAO, IFAD, UNICEF, WFP and WHO. (2018). The State of Food Security and Nutrition in the World 2018. Building climate resilience for food security and nutrition. Rome, FAO.
3: Gasser, P.-Y., Smith, C. A. S., Brierley, J. A., Schut, P. H., Neilsen, D., & Kenney, E. A. (2016). The use of the land suitability rating system to assess climate change impacts on corn production in the lower
Fraser Valley of British Columbia. Canadian Journal of Soil Science, 96(2), 256–269. https://doi.org/10.1139/cjss-2015-0108
3:Gough, W. (2019). Climate Change and Potato (Solanum Tuberosum) Growing Potential in the Far North of Ontario, Canada. Journal of Hunger & Environmental Nutrition, 05.
https://www.researchgate.net/publication/350061032_CLIMATE_CHANGE_AND_POTATO_SOLANUM_TUBEROSUM_GROWING_POTENTIAL_IN_THE_FAR_NORTH_OF_ONTARIO_CANADA
14: Government of New Brunswick. (n.d.). Potatoes: Soil Management [Government]. Agriculture, Aquaculture and Fisheries.
https://www2.gnb.ca/content/gnb/en/departments/10/agriculture/content/crops/potatoes/soil_managem ent.html
9: GRASS Development Team. (2020). Geographic Resources Analysis Support System (GRASS GIS) Software, Version 7.8.6 (7.8.6) [Computer software]. Open Source Geospatial Foundation. 
https://grass.osgeo.org/
3: Habibie, M. I., Noguchi, R., Shusuke, M., & Ahamed, T. (2021). Land suitability analysis for maize production in Indonesia using satellite remote sensing and GIS-based multicriteria decision support system.
GeoJournal, 86(2), 777–807. https://doi.org/10.1007/s10708-019-10091-5
13: Holmes, T., & Hodgins, G. (2021, November 22). Ontario Potato Growth Parameters [Personal communication].
11: Ministry of Agriculture, Food and Rural Affairs. (2019). Soil Survey Complex [Data Set]. https://www.ontario.ca/page/open-government-licence-ontario
8: Pettapiece, W. (2007). Land Suitability Rating System Development. Agriculture and Agri-Food Canada. http://lsrs.landresources.ca/contents.html
9: QGIS Development Team. (2020). QGIS Geographic Information System (3.16) [Computer software]. Open Source Geospatial Foundation.
12: Saaty, R. W. (1987). The analytic hierarchy process—What it is and how it is used. Mathematical Modelling, 9(3), 161–176. https://doi.org/10.1016/0270-0255(87)90473-8
12: Saaty, T. L., & Vargas, L. G. (1991). Prediction, projection and forecasting: Applications of the analytic hierarchy process in economics, finance, politics, games and sports. Springer.
4: Singh, B. P., Dua, V. K., Govindakrishnan, P. M., & Sharma, S. (2013). Impact of Climate Change on Potato. In H. C. P. Singh, N. K. S. Rao, & K. S. Shivashankar (Eds.), Climate-Resilient Horticulture: Adaptation
and Mitigation Strategies (pp. 125–135). Springer India. https://doi.org/10.1007/978-81-322-0974-4_12
5: Statistics Canada. (2021). Table 31-10-0358-01 Area production and farm value of potatoes [Statistics Canada]. https://doi.org/10.25318/3210035801-en
https://stock.adobe.com/hu/search/images?k=potato+plant+drawing&asset_id=203897372,  https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.vectorstock.com%2Froyalty-free-
vector%2Fpotato-plant-engraving-vector-35931897&psig=AOvVaw3iJkB0MWYyUsKdeCbi6to9&ust=1648755325676000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCMir8LDK7vYCFQAAAAAdAAAAABAD 

Contact

Class Description Soil Texture Soil Drainage Slope

1 None to slight Loam, Sandy Loam, Very 
Fine Sandy Loam Very Rapid 0-3.0%

2 Slight Coarse Sandy Loam, Fine 
Sandy Loam, Silt Loam Rapid 3.1-4.0%

3 Moderate Clay Loam, Silty Clay Loam Well 4.1-5.9%

4 Severe Loamy Fine Sand, Loamy 
sand, Loamy Very Fine Sand Relatively Well 6.0-8.0%

5 Very Severe Silty Clay Imperfect 8.1-10.0%

6 Extreme Sandy Clay Poor 10.1-12%

7 Non-arable Clay, Sand, Silt, Gravel Very Poor 12.1%+

Precipitation Temperature
Climatic variables were ranked based on optimal growth conditions for each growth 
stage and current weather patterns between May-September on the 1-7 suitability scale.

Optimal season rainfall is 16 inches. Optimal vegetative growth 20-25°C.

September was unique as precipitation 
increased, suitability decreased. 15-20°C is ideal for tuberization.

Ontario Potato Suitability Index

Findings

• The AHP consistency ratio for land suitability was 1.3%, indicating minimal
inconsistency within the relative intensity of importance pairwise comparison.

• Present OPSI land suitability was compared to 2021 Ontario potato production
density to support the analysis of identified current suitable areas accurately.

• The four-doughnut graphics demonstrate the percent distribution of 1-4 land
suitability classes of present and future scenarios.

• Land suitability for SSP1-26 saw an 84.06% decrease in land with none to slight
production limitations compared to the present.

• SSP3-70 regional rivalry decreased land suitability classifications none to slight
by 40.47% and slight by 17.79% compared to the present. Whereas moderate
and severe land suitability increased compared to present land suitability
distribution. SSP5-85 climate model production had the most negligible effect on
suitability lands none to slight and slight production limitations by a 14.01% and
7.60% decrease, respectively.

• Comparison of future models to each other, SSP1-26 to SSP3-70 increased land
of none to slight suitability class by 273.45%. SSP1-26 to SSP5-85, all areas of
land suitability classes decreased in percent area and SSP3-70 to SSP5-85 overall
increased land with none to slight, slight, and severe production limitation
classes.
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