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ABSTRACT  

 
The agricultural sector of the Niagara Region has experienced multiple impacts of 

climate change in recent years, which are projected to increase in the future. There is an 

urgent need to examine available adaptation strategies for Niagara’s agricultural sector, 

considering its vulnerability to a changing climate and significance for the Region’s 

economy and food production. Using a scoping review of scientific literature to analyze 

4375 articles on two databases, this research has investigated four potential adaptation 

strategies - i.e. technology-based adaptation, ecosystem-based adaptation, community-

based adaptation and policy-based adaptation - that can be used by the agricultural sector. 

All adaptation strategies were also examined through a social, economic and 

environmental lens using a SWOT Analysis. Through this statement, this research also 

highlights its contribution to sustainability science and sustainable development (SDG 2 

– Food Security and SDG 13 – Climate Action) as one of the steps towards a more 

resilient future. 

Keywords: scoping review, climate change adaptation, farming, sustainability, food 
production 
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INTRODUCTION 

The concentration of greenhouse gases (GHGs) in the atmosphere is increasing 

due to human activities including the use of fossil fuels, deforestation, industrial 

processes and land-use changes (IPCC, 2014; Kalra & Kumar, 2019). Climate change 

brings slow variable seasonal changes in temperatures and precipitation. It has also led to 

increased unpredictability about the frequency and intensity of hazards, like droughts, 

windstorms, and heatwaves (IPCC, 2014). These extreme events cause flooding, 

landslides, and erosion. In turn, they also impact people’s lives and several sectors of any 

country’s economy, including agriculture, manufacturing, healthcare, fisheries and 

infrastructure (Altieri & Nicholls, 2017; Aydinalp & Cresser, 2008; Kalra & Kumar, 

2019).   

 

The agricultural sector forms the backbone of the global food supply system and 

is one of the most important economic sectors with the potential to end extreme poverty 

and establish shared prosperity (Alston & Pardey, 2014). In Canada, the agricultural 

sector contributes to over 6% in the GDP and generates over $112 billion annually. 

Further, it employs more than 2 million people, representing over 12.5% of the Canadian 

workforce (AAFC, 2017). Similarly, in Ontario, the agricultural sector contributes to over 

$14 billion to Ontario’s GDP while generating over 150,000 jobs to its economy (Ontario 

Federation of Agriculture, n.d.). As such, Southern Ontario’s favourable climatic 

conditions and productive land play a significant role in driving the provincial economy. 

The Niagara Region in Southern Ontario is dependent on agriculture as it generates over 

20,000 jobs in Niagara and generates over $1.4 billion to its regional economy (Agri-

Business, n.d.). Therefore, the agricultural sector forms a vital component for food 

security, food production and economic prosperity while providing a decent standard of 

living to the world’s most vulnerable population. 

 

Climate is the primary factor affecting the agricultural sector as it is very 

susceptible to any weather variation (Adams et al., 1998; Altieri & Nicholls, 2017). The 

climate dictates the region where crops can suitably grow, and the weather conditions 

influence the yearly crop production (Altieri & Nicholls, 2017). Therefore, climate 
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change can lead to changes in temperatures and precipitation in the long term as well as 

increasing uncertainty and variability in the weather from year to year.  The gradual 

changes in temperature and precipitation patterns make it difficult for farmers to respond, 

as they might not feel the need to adapt to these gradual processes (Kalra & Kumar, 

2019). Farmers also have limited time to react to the detrimental effects of extreme 

events, thereby making the adaptation process more complicated for them (Kalra & 

Kumar, 2019).  

 

The impacts of climate change on the agricultural sector have been reviewed and 

studied by many authors globally and include both positive and negative impacts. Climate 

change has negative impacts on agriculture, causing yield and financial losses for the 

farmers due to the changes in temperature and precipitations as well as the occurrence of 

extreme events. Altieri and Nicholls (2017) report a decrease in agricultural productivity, 

food production, food security and livestock yield as all these parameters are dependent 

on optimal temperature and precipitation that are affected by climate change. 

Phenological changes have also been observed in many fruit/field crops due to changes in 

climatic patterns that have indicated an impact on productivity and total crop production 

with changes in the duration of growing season/temperatures (Menzel et al., 2006). In 

Malawi and Nigeria, climate change events (droughts) have led to an increase in lack of 

food productivity and food security in the local farming communities (Abiodun et al., 

2013; Arndt et al., 2014). Climatic change linked events have also had a toll on the 

income levels of the local farmers along with the socio-economic status of the 

community. Farmers have also been a victim to mental health concerns due to climate 

change linked events because of the massive uncertainty and stress they have to face in 

situations involving pests, weeds, flooding, droughts, heavy winds, etc. (Berry et al., 

2011).  

 

Crop production is also affected by changes in precipitation frequency and 

seasonality causing periodic water scarcity (Campbell et al. 2016). Falloon and Betts 

(2016) focus on flooding and reduced water supply for summer irrigation in Southern 

Europe and Olesen et al. (2011) in Northern Europe and both report variability in 
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agricultural production especially the production of cereal grains due to changes in 

precipitation. Another impact of such climate changes is the possible introduction of new 

pests and weed species that are expanding their range (Thomson et al., 2014). For 

example, warmer temperatures due to climate change have resulted in lowering of crop 

yields due to more invasive pests like the European Grapevine Moth (Caffarra et al., 

2012). Stathers et al. (2013) even show that climate change does not only affect yield but 

also likely the quality of the post-harvest food leading to a reduction in the nutrient 

content.  

 

On the other hand, climate change may bring some benefits to farmers. For 

example, Ochieng et al. (2016) report an increase in net yield of tea in Kenya with an 

increase in annual temperatures as a result of climate change. Zhang et al. (2017) show an 

increase in the corn and rice yields in China as a result of more sunny days. This has been 

further supported by the same positive trend for corn and soya-bean production in the 

United States (Kukal & Irmak, 2018). Penney (2012) suggests that warmer winters due to 

climate change leads to a more conducive climate for the growth of warm-climate 

varieties of grapes and reduce stress on the fruit trees in the Niagara Region. Although 

climate change has both positive and negative effects, the negative impacts dominate the 

positives (Zhang et al., 2017; Penney, 2012), thereby making the role of climate change 

adaptation more critical in ensuring sustainability for the farmers worldwide and in 

Canada that has been susceptible to climate change. 

 

Several farming communities in Canada are affected by frequent heatwaves and 

high humidity, which have affected crop productivity (Wheaton et al., 2013). Changes in 

climatic patterns include warmer winters (changing precipitation from snow to rain), 

irregular seasonal precipitation, warmer springs and greater variability in weather events 

(Wheaton & Kulshreshtha, 2017). Unfortunately, the agricultural, forestry and other land 

use (AFOLU) sector contributes to around a quarter of global GHG emissions and global 

warming due to land-use changes including deforestation, production of livestock, and 

synthetic inputs and machinery (IPCC, 2014). In Canada, GHG emissions from the crop 

and livestock production account for 10% of total emissions, after excluding the 
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emissions from the manufacturing of fertilizers and fossil-fuel use in farms for equipment 

(Bush & Lemmen, 2019). The temperature of Canada has risen by 1.7 oC, i.e. double the 

global average rate between the years 1948 and 2019 (Bush & Lemmen, 2019). Wheaton 

and Kulshreshtha (2017) have documented warmer winters, changes in precipitation 

patterns, winter months experiencing rain instead of snow and longer growing seasons in 

the Canadian Prairie agricultural systems. Rising temperatures due to climate change 

have led to a reduction in corn yields in the Sainte-Martine and Saint-Sébastien 

municipalities in the West Montérégie region of Québec, resulting in a $94 million crop 

insurance reimbursement in a single year (Bryant et al., 2016). In Ontario, Alberta, 

Manitoba and Saskatchewan, several communities have had an increase in the average 

annual temperature with a reduction in frost-free days leading to more challenges for the 

farmers (AAFC, 2017; Hurlbert et al., 2009). An increase in such trends has been 

projected in the future for prairie agricultural system (Qian et al., 2013).  This is an area 

of concern as the prairie agricultural system is a critical component of Canada’s 

agricultural system and can affect its economy (Eilers et al., 2010).  

 

The intensity and occurrence of extreme events like droughts and heavy rainfall 

events may almost double by 2100, affecting the sustainability of food production in 

Canada (Diaz et al., 2016; Masud et al., 2017). Intergovernmental Panel on Climate 

Change (IPCC, 2012) states that high latitude regions are projected to be more 

susceptible to extreme events like heavy precipitation and droughts in this century as 

compared to other regions. Excessive rainfall and flooding cause soil erosion and have 

pronounced effects on the storage zones of manure, and runoff of pesticides and 

fertilizers in croplands (Wheaton & Kulshreshtha, 2017). In the Acadian coastal 

communities of New Brunswick, a participatory action research reports that flooding and 

soil erosion are the main factors affecting local farming systems and their vulnerability is 

expected to increase due to climate change (Bryant et al., 2016).  

 

The Ontario agricultural sector is not exempt from extreme climatic variations 

expected as a result of climate change (Lemieux & Scott, 2011). Ontario’s temperature is 

projected to increase by 2.5 to 3.7 o C by 2050 (as compared to the baseline of 1961-
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1990), which can reduce the yield of certain crops due to warmer temperatures and higher 

evapotranspiration (Lemieux & Scott, 2011; Bush & Lemmen, 2019). The precipitation 

patterns may become more erratic, resulting in frequent and intense extreme rain events 

in the Ontario province (Lemieux & Scott, 2011; Bush & Lemmen, 2019).  

  

The Niagara Region is vulnerable to climate change in a multitude of ways. There 

have been projected increases in the average annual temperature (3-4oC by 2050 and 7oC 

by 2100) and occurrence of heatwaves (AMEC Environment and Infrastructure, 2012). 

The number of hot days (days with temperatures higher than 30o C) in the region is 

projected to increase to 21 hot days for the summer of 2020, 47 hot days in 2050 and 91 

in 2100 in comparison to the historical average of 11 (between 1976 to 2005) (Fenech & 

Shaw, 2010). Further, the occurrence of extreme events like droughts, flooding, 

hailstorms, tornados, lightning strikes and thunderstorms may become more frequent 

causing soil erosion and water run-off, along with considerable plant damage and yield 

losses (Bourdages & Huard, 2010). The duration of the growing season will most likely 

increase, with May and September significantly hotter than currently, along with a 20% 

projected decrease in the summer rainfall. Droughts thus result in a water shortage for 

irrigation, causing crop yield reduction (Penney, 2012). Figure 1 shows how Niagara’s 

agricultural sector has been affected by extreme events (flooding and droughts) in the 

recent past. With milder winters and more frequent freeze-thaw cycles, the signature ice 

wine of the Niagara Region may also be at risk in the future. Niagara Region’s annual 

precipitation is projected to increase in the winters with more rain and frost-free days, and 

a lesser number of snow days (Shaw, 2008). The increased occurrence of extreme events 

causes soil erosion leading further to yield losses (Aydinalp & Cresser, 2008). Higher 

average temperatures in the Niagara Region and would mean higher energy demands and 

costs for the greenhouse operators and proliferation of invasive pests and weed species as 

seen in other countries (Penney, 2012). Contrarily, climate change would have some 

positive effects due to an increased amount of CO2 that would lead to a “fertilization 

effect (increase in the rate of photosynthesis of the plants with higher carbon dioxide 

content in the atmosphere)” (Aydinalp & Cresser, 2008). For grape growers, warm 
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climate may lead to adding new grape varieties growing in a warmer environment with 

decreased chances of plant diseases (Penney, 2012). 

 

     

Figure 1 - (Left): Flooding (Winter 2020) and (Right): Droughts (Summer 2016) 
experienced by the agricultural system in the Niagara Region. Photo Credits: Ecology 
Lab, Brock University 

The two major strategies that are adopted to reduce the impacts of climate change 

are mitigation and adaptation. Mitigation primarily aims to develop policy interventions 

to minimize GHG concentrations in the atmosphere by adopting strategies that have a 

focus on decarbonizing the atmosphere and cutting down GHG emissions. They range 

from energy conservation and renewable energy projects to increasing the forest cover for 

carbon sequestration (Anderson, 2012). However, the current GHG emissions remain 

high enough that despite all mitigation measures being used, communities will most 

likely experience several effects of climate change (Anderson, 2012). Therefore, 

adaptation becomes vital to ensure that the most vulnerable communities to the impacts 

of climate change improve their resilience (Fang et al., 2018). Adaptation has become 

one of the pillar responses for the agricultural sector to respond efficiently to climate 

change and includes tactics ranging from planting cover crops and drought-resistant 

species to modern irrigation techniques (Burke & Emerick, 2016).  

 

The definition of adaptation by the IPCC is “the process of adjustment to actual or 

expected climate and its effects. In human systems, adaptation seeks to moderate or avoid 

harm or exploit beneficial opportunities” (IPCC, 2014, p.118). Adaptation encompasses 

all the different steps and actions involved in the process of decision making to cope-up 
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with any changes that are projected in the future (Nelson, 2011). Easterling et al. (2007) 

highlight the importance of climate change adaptation-based research by stating that it 

leads to better tactical and strategic decision making for various stakeholders like policy 

makers, farmers and even the general public. For example, farming communities in the 

north-eastern part of Australia have approximately doubled their gross profits by 

adequate adaptation planning and considering risk management strategies to frost, by 

altering their cropping cycles guided by inputs from crop scientists (Howden et al., 2007).  

 

Climate change adaptation for the agricultural sector takes various forms 

including ecosystem, technology, community and policy-based approaches (Munang et 

al., 2013). In later sections, these options are briefly described (with their applications in 

Canada and around the world) and through the scoping review, their potential has been 

explored for implementation in the context of the Niagara Region.  

Objectives of the MRP 

This MRP examined the advantages and disadvantages of the various adaptation 

measures to climate change in the agricultural system as a way to maintain food 

production and the sustainability of the farming communities. This MRP also highlighted 

its contribution to sustainability science, sustainable development and the UN Sustainable 

Development Goals (SDG’s) 2 – Food Security and 13 – Climate Action. More 

specifically, the MRP’s objectives were: 

 

1) To summarize the perceived impacts of climate change on the farming community 

of the Niagara Region and especially in the Town of Lincoln through focus group 

interviews that were initially conducted in 2019-early 2020. 

2) To examine potential adaptation opportunities that could be implemented by the 

agricultural community of the Niagara Region and potentially other similar 

farming communities to become more resilient to climate change, through a 

scoping review of the literature. 
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The present study follows a rigorous and systematic approach, PRISMA, to 

examining adaptation approaches for the agricultural system. The next section introduces 

the methodology employed followed by the results and discussion section presenting the 

results of the review and discussing some adaptation options and their considerations in 

the context of the farming community of the Niagara Region. Finally, the paper explains 

its contribution of sustainability science and sustainable development.    

METHODOLOGY 

Framework of the MRP: MEOPAR-Town of Lincoln Climate Change Project 

This research is part of a larger project funded by MEOPAR (Marine 

Environmental Observation Prediction and Response Network) Project (started in 

November 2018). This MEOPAR Project, in collaboration with the Town of Lincoln, is a 

three-year project involving a few universities and associated coastal communities along 

Lake Ontario and the St Lawrence River. The project aims to co-constructively deal with 

the impacts of climate change and develop avenues to make the coastal communities 

more resilient to climate change. Climate change adaptation is examined from the 

perspectives of various sectors, including agriculture. It also examines how and why 

people implement or not adaptation measures either at the municipality or individual 

level. The MEOPAR project has received ethics approval under Brock University’s 

Research Ethics Board (REB #18-063).  

Niagara Region as a study case for the MRP 

The Niagara Region or the Regional Municipality of Niagara (43.0582° N, 

79.2902° W) in Southern Ontario is comprised of 12 municipalities – St. Catharines, 

Thorold, Welland, Pelham, Niagara Falls, Niagara on the Lake, Port Colborne, Grimsby, 

Fort Erie, West Lincoln. Wainfleet and the Town of Lincoln (Figure 2). The Niagara 

Region has agriculture as one of the most crucial and vital pillars of its economy as it 

hosts a micro-climate and favourable clayey and clayey-loamy soils (Janzen, 1989; 

Kingston, 1989). As such, Niagara is home to more than 1800 farms comprising of 

multiple vineyards and tender fruit farms, along with several grain, oilseed and a few 

dairy farms (Niagara Agriculture Profile, n.d.). Niagara’s agricultural sector is valued at 
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over $1.4 billion while simultaneously contributing to over 20,000 jobs in the Region 

(Agri-Business, n.d.). As such, robust climate change adaptation plans are critical for 

ensuring the sustainability of the farming systems in the Niagara Region. 

 

 

Figure 2 - Google Earth view of the case study site: Niagara Region 

Scoping review of the literature 

The methodology applied in this MRP was a scoping review of scientific 

literature in the domain of climate change adaptation and agriculture. A scoping review 

or “scoping study” involves a systematic synthesis and mapping of knowledge on a 

particular topic to investigate the associated knowledge gaps, themes and concepts 

(Tricco et al., 2018). A scoping review aims to identify and provide an overview of the 

evidence available in a particular field, through a broadly defined research question, in 

comparison to a highly focused and specific research question in a systematic review 

(Munn et al., 2018). The PRISMA-ScR (Preferred Reporting Items for Systematic 

reviews and Meta-Analyses extension for Scoping Reviews) checklist is the most recent 

and robust document that has been published to guide researchers, publishers and 

academics and it lists various essential requirements to be fulfilled in a scoping review 
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(Tricco et al., 2018). The scoping review methodology has been a subject to constant 

scrutiny and modification since 2005, and the latest PRISMA-ScR checklist provides a 

robust technique to ensure a systematic conduct while following a scoping review process 

(Arksey & O’Malley, 2005; Tricco et al., 2018). 

 

Despite a plethora of studies and research existing on adaptation strategies for the 

agricultural sector, there is still a paucity of generalizable evidence and conclusions for 

multiple agrarian ecosystems. Most existing studies are place and context-specific, which 

in turn prevents their broad application and uptake with many farming communities. By 

using a scoping review methodology, the intent was to map a set of generalizable 

adaptation strategies that could be incorporated by multiple global farming communities 

in their local contexts. For this MRP, a scoping review offered an ideal platform to 

research existing knowledge gaps and systematically synthesize a multitude of studies 

published across the globe to guide future research. More importantly, a scoping review 

permitted me to conduct a broad overview of the scientific literature in the agricultural 

adaptation domain while simultaneously identifying key themes and foci for the Niagara 

Region, ON. Finally, a scoping review was deemed to be most comprehensive review 

possible within a time frame of four months with other resource constraints (financial, 

human) at hand along with a challenge posed by the COVID 19 pandemic. 

 

The academic databases that were used to search for scientific literature were the 

‘Web of Science: Core Collection’ and ‘Academic Search’ accessible from the Brock 

Library. The search was carried out on May 08th, 2020, on both the databases. The final 

list of keywords utilized for the scoping review are mentioned in Table 1. For the Web of 

Science: Core Collection, all existing publication years were considered (1991-2020), and 

filters included: English language only and peer-reviewed articles only. This was 

followed by excluding non-relevant categories such as women’s studies, parasitology, 

Mathematics, Forestry, Animal Husbandry, etc. to obtain a final of 4375 results. 

Similarly, for Academic Search, all existing publication years were considered (1969-

2020), and filters included: English language only, peer-reviewed and academic journals 

only. This was followed by excluding non-relevant industries such as finfish farming, fish 
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hatcheries, industrial gas manufacturing, forestry etc. to obtain a final of 1250 results. 

Kindly refer Appendix B for the search process on the above-mentioned databases. 

 

The full electronic search strategy, with all limits and filters, are included in 

Appendix A for the Web of Science: Core Collection, in compliance with the PRISMA 

ScR checklist (Kindly refer Appendix D for the filled PRISMA ScR checklist). Apart 

from this, grey literature sources were identified by snowball sampling from multiple 

sources, including the MEOPAR research team, Niagara Region’s and website searches. 

Attempts were also made to include Google Scholar in the scoping review process, but 

the massive number of results obtained would have been too challenging and not feasible 

within the scope of this MRP.  

 

After all the articles were obtained from both the databases, they were exported 

into Mendeley for removal of duplicates and for screening and categorizing the papers as 

per the inclusion/screening criteria in Table 2. If there was an element of doubt whether 

an article fulfilled the Table 2 inclusion criteria, it was marked and separated for full-text 

screening. All possible efforts were made to obtain the full-text versions of all the articles 

that had passed the screening/inclusion criteria, using Brock University’s Library. There 

were a few articles (n=3) though that had to be excluded from the analysis as their full 

text could not be obtained in spite of all reasonable efforts. Figure 3 maps out the entire 

scoping review process for the study as a flowchart. 

 

The use of Asterisks was done as wildcard operators so that the words with the 

same roots could be obtained and the database search is as comprehensive as possible. 

E.g., ‘‘Adapt*’’ would search and return for results containing ‘‘adapting’’, ‘‘adapt’’, 

“adapt” and ‘‘adaptation’’. These inclusion criteria (listed in Table 2) have been decided 

on the basis of 2 relevance factors: (1) the Niagara Region’s local context on the basis of 

literature review; (2) the multiple stakeholders of Niagara Region based on inputs and 

feedback obtained in the MEOPAR-Lincoln agriculture focus group meetings. The focus 

group meetings involved local stakeholders of the Niagara Region ranging from farmers 

(and grape growers), business owners, youth, members of the local conservation 
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authority, climate change coordinator of a local municipality to citizens. It provided 

insights on the most pressing challenges local farmers were facing (droughts, flooding, 

pests, irrigation concerns, etc.) which facilitated to narrow down the analysis to the most 

relevant options for the local agricultural sector of Niagara.  

 

 
 
 

Figure 3 - Flow diagram illustrating the selection of sources of evidence in the scoping review 
process. Flow diagram adapted from the PRISMA ScR guidelines. (Tricco et al., 2018)  
 
 
I would also like to acknowledge and clarify that the purpose of mentioning some 

strategies that have been used in dissimilar geographical and agricultural contexts to 

Records identified through 
searching multiple databases

n = 4375

Records after duplicates 
removal

n = 4171

Records Screened

n = 4171

Full Text Articles assessed 
for eligibility

n = 151

Studies included in the 
scoping review

n = 93

Records Excluded  

n = 4020 

Full text articles excluded from the 
review n = 58 

Not relevant in terms of local 
context = 55 

Inability to retrieve an article = 3 

Additional records identified 
from other sources (including 
grey literature sources) n = 26 
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Niagara (ex: Malawi, Kenya, Malaysia) has been to provide additional perspectives on 

the use of adaptation mechanisms that have been successful in combating climate change 

for farmers worldwide. It will facilitate knowledge gap concerns and present future 

researchers/famers with a wide array of options to choose from for future research and 

pilot testing. The most relevant list of strategies included in the final analysis have been 

examined for feasibility as per Niagara’s local agricultural context. 

 
Table 3. Final list of keywords for ’Web of Science: Core Collection’ and ‘Academic 
Search’ databases 

Climate change + Adapt* + Agricultur* OR 
    farming 

 

Table 4. Inclusion criteria for deciding the final list of articles for the scoping review 

Category 1 Category 2 
Articles that explained adaptation strategies 
(EbA, CbA, PbA, TbA, miscellaneous) for 
agricultural systems 

Articles that focused on adapting the 
agricultural system to extreme events 
relevant to the Niagara Region – flooding, 
droughts, freezing rain, freeze thaw cycles. 

 

RESULTS AND DISCUSSION 

This analysis involved the inclusion of 93 articles after thoroughly scrutinizing the 

full text of 151 articles. The inclusion criteria of the scoping analysis were strictly 

adhered to while screening articles and the importance of the local context was kept in 

mind. Therefore, even if articles were addressing one or more adaptation strategies of 

interest, they had to be excluded keeping in mind the climatic and agricultural profile of 

the Niagara Region (the case study). All articles included addressed adaptation 

mechanisms for the agricultural sector in multiple geographical contexts including North 

America (Canada and USA), South America, Europe, Asia, Africa and Australia/New 

Zealand. There were 11 articles that were not specific to any geographical zone and 

addressed adaptation strategies for a global context. North American and European 

studies accounted for approx. 50% of the total studies included in the analysis, followed 

by Africa (22%) and Asia (15%). A detailed geographical representation of the articles 
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included in this scoping review can be found in Fig. 4. Inclusion of studies from all 

across the world helped define the various options most appropriate from the Niagara 

Region’s agricultural system, with careful consideration of local climate, contexts and 

constraints. It has also allowed me to explore the potential success of and the gaps in 

various adaptation strategies that have been used globally.  

 

 

Figure 4. Geographical distribution of the 93 articles included in the scoping review after 

analysis of the full text of 151 articles on agricultural sector adaptation to climate change 

 

The years of publications of the various articles included in this scoping review 

analysis ranged from 2001 to 2020 (Fig. 5). Over 64% (60 out of 93) of the articles were 

published in the last six years, i.e. between 2015 and early 2020, and almost 90% of the 

articles in the last ten years (between 2011 and early 2020). This reflected the recent 

growing importance of climate change adaptation as a climate action for the agricultural 

sector globally and its relevance for the future. Fig. 6 includes the categorization of the 

types of adaptation. All adaptation strategies were equally represented in the articles with 

some of them addressing two or more adaptation strategies (e.g., EbA and CbA) and 

therefore, they were included in both categories. 
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Figure 5. Year of publication of the 93 articles included in the scoping review after 

analysis of the full text of 151 articles on agricultural sector adaptation to climate change 
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Figure 6. Climate change adaptation strategy represented by the 93 articles included in 

the scoping review after analysis of the full text of 151 articles on agricultural sector 

adaptation to climate change 

Ecosystem-based adaptation (EbA) 

Ecosystem-based Adaptation (EbA) is an approach that involves the integrated 

management of the natural, managed and human-based ecosystems (i.e., biodiversity and 

the various ecosystem services) to develop strategies that would facilitate people in 

adapting to climate change (Colls et al., 2009). EbA encompasses the various policies and 

measures like increasing biodiversity, sustainable resources management, biodiversity 

conversation, restoration of natural and human ecosystems that reduce vulnerability and 

help to develop adaptive capacity and resilience to climate change and its related risks 

(Colls et al., 2009).  The use of EbA as a measure against climate change for the 

agricultural sector has been classified into two distinct components: soft EbA approaches 

and hard EbA approaches and both these components inherently involve harnessing the 

power of nature and ecosystems to increase adaptive capacity (Brooks & Loevinsohn, 

2011). Soft EbA approaches are based on using biodiversity and natural features. At the 

local level it leads to first, capacity building and information propagation activities as 
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well as collaboration with local stakeholders while ensuring good institutional 

governance. Hard EbA approaches include adding various physical infrastructures which 

are capital intensive and involve the use of technology and manpower. EbA can combine 

both approaches and be effective in maintaining food productivity and security in 

multiple agricultural systems globally while simultaneously providing a buffer against 

extreme climatic events (Huq et al., 2017).  

 

The scoping review analysis identified 28 articles using various strategies. a All 

articles suggested it was an effective measure against climate change for multiple 

stakeholders in the agricultural sector because of its affordability while simultaneously 

maintaining the health and balance of local ecosystems (Chen et al., 2018). EbA studies 

have shown promising results for the agricultural sector, and some of them could be 

applied (and have been already partially applied) to the Niagara Region. Balaji et al. 

(2015) and Asseng and Pannell (2013) showed EbA’s uptake by multiple communities 

across the world as EbA measures are flexible and cost-effective while simultaneously 

ensuring local, community-based development with a bottom-up approach to adaptive 

capacity development. In Sub Saharan Africa, the EbA measures like planting drought-

resistant crop species and crop diversification have been reported to be beneficial for 

improving community resilience to climate change and higher socioeconomic status 

(Abdulai, 2018; Cradock-Henry, 2017; Falloon & Betts, 2010). EbA policies can be 

finely embedded in national and international policies of agricultural adaptation to 

enhance participation of the farming community in the adaptation process while ensuring 

that they receive the required financial and technological resources for efficient 

adaptation (Ali et al., 2020; Da Cunha et al., 2015; Fei et al., 2017). Through EbA a 

holistic nature of benefits is inferred on the community, like capacity building to combat 

future climatic stresses like flooding and droughts, employment generation and building 

social capital while conserving biodiversity, which, therefore, shapes its popularity and 

uptake (Chen et al., 2018; Finger & Calanca, 2011). The list of EbA strategies that were 

identified as being most relevant to Niagara’s agricultural sector is listed in Table 3. 
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Table 3. List of the major EbA strategies that might be most relevant to the agricultural 
sector of the Niagara Region 

EbA 
STRATEGY 

PROS CONS EXAMPLES 

Windbreaks 
planting 

 Protection against 
soil erosion and 
heavy winds 

 Protection against 
fruit drop in 
orchards 

 Reduces economic 
losses 
 
 
 

Sources: 4, 8 

 Reduction of 
space for crops 

 Added capital 
and maintenance 
costs 

 Competition for 
nutrients and 
water with the 
crops 

 
 
Sources: 4 

 Orchards and 
vegetable crops in 
North America  

 Citrus fruits 
(grapefruit) in 
Argentina 

 
 
 
 
 
Sources: 4, 8 

Integrated Pest 
Management 
(IPM) 

 Maintains better 
ecosystem health 
and balance 

 Decreased cases of 
pests developing 
resistance to 
pesticides 

 Reduced pesticide 
use  

 
 
Sources: 3,5,7 

 Lack of 
education and 
awareness  

 Financial and 
resource 
constraints 
(extended time) 

 less effective if 
high pest 
population  
 

Sources: 5,9 

 Broad range of 
crops, especially 
fruits and 
vegetables, wheat, 
corn and root 
crops 

 Globally 
 

 
 
 
Sources: 3,5, 7, 9  

Nutrient 
diversification 
in soils and 
planting of 
drought 
resistant crops 

 Reduced post and 
pre-harvest losses 

 Higher yield 
 Increased profits 

and drought 
resilience 
 

 
Sources: 1, 2, 10 

 Possible soil 
salinization 

 Not suitable for 
all soil types 

 Can lead to new 
pests and weeds 

 
 
Sources: 6, 10 

 In North America 
for corn and 
soybean and 
greenhouse 

 In Africa for 
maize, rice and 
barley  

 
Sources: 1,2,6,10 
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(Sources: 1: Andrieu et al., 2017; 2: Antle & Capalbo, 2010; 3: Barzman et al., 2015; 4: Brandle 
et al., 2004; 5: Charbonneau, 2015; 6: Climate-Ready Crops, 2011; 7: Lamichhane et al., 2015; 8: 
Ontario Federation of Agriculture, n.d.; 9: Parsa et al., 2014; 10: Tortajada et al., 2017) 

 

Planting windbreaks or shelterbelts have been a common EbA practice in use for a 

very long time for the agricultural sector. It basically involves planting shrubs and trees, 

which can be a mix of deciduous or perennial (single row or multi-row) crops (Brandle et 

al., 2004). The mechanism through which a windbreak is effective as an EbA strategy 

against heavy winds and soil erosion is the obstruction and alteration of wind flow 

patterns resulting in reduced wind speeds. Due to a windbreak, the airflow is forced 

above and below the tree/shrub, resulting in zones of decreased wind speeds (Brandle et 

al., 2004). The external structure (width, length, height and orientation) and internal 

structure (crop surface area, the shape of leaves) determine the efficacy of a windbreak 

against heavy winds. It is also important to note that when windbreaks are planted, they 

are kept perpendicular to the direction of projected wind flow, and its length must be ten 

times its height (Brandle et al., 2004). Keeping these factors in mind, windbreaks can be 

effectively used to increase crop yield, rate of crop growth (due to the microclimate 

offered by the windbreaks) and an added source of income (by planting various nuts and 

fruits as windbreaks). Windbreaks have been extensively used in North American farms 

(in temperate and frigid zones), Australia, New Zealand, China and Russia (Brandle et 

al., 2004). The NPCA (Niagara Peninsula Conservation Authority) and OMAFRA 

(Ontario Ministry of Agriculture, Food and Rural Affairs) can play an important role in 

improving the uptake of windbreak planting in the farms of Niagara (similar to the efforts 

by the Nottawasaga Valley Conservation Authority (NVCA) and OMAFRA in 2011-

2012 for planting multi-functional windbreaks in the NVCA watershed).   

 

 IPM is another EbA strategy that has been observed to be very relevant to 

Niagara. It is defined as – “a sustainable, science-based, decision-making process that 

combines biological, cultural, physical and chemical tools to identify, manage and reduce 

risk from pests and pest management tools and strategies in a way that minimizes overall 

economic, health and environmental risks” (IPM Institute of North America What Is 

Integrated Pest Management?, n.d.). For any agricultural system, IPM involves a series of 
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steps including – preparation of soil and crop planting, trapping of pests, monitoring and 

inspection, designing of cultural, biological and chemical controls and record-keeping 

(Barzman et al., 2015; IPM Institute of North America What Is Integrated Pest 

Management?, n.d.). In Ontario, IPM has been extensively applied for apples (to manage 

black rots, blister spots, scabs, borers, moth), raspberries (to manage spur blight, cane 

blight, orange rust), grapes (to control parasitic nematodes), tender fruit and many 

greenhouse crops (Integrated Pest Management, n.d.). AAFC has also successfully 

undertaken multiple projects in the domain of IPM like – the use of biocontrol agents to 

control diseases in peppers and cucumbers (greenhouse-grown) and the use of terpene 

solutions to tackle pests in grapes, tomatoes and lettuce (AAFC, 2018). Colls et al. (2009) 

have reported the success of IPM and other EbA mechanisms like the establishment of 

diverse agricultural systems and flood control measures (drainage mechanisms like tile 

drainage which are widely used in Niagara) in Sweden. Similarly, the use of IPM has 

been observed to be successful by Jordan et al. (2018) and Klein et al. (2014) for 

Midwest USA and Western Switzerland, respectively. EbA techniques like utilizing local 

cover crops, IPM and nutrient diversification in soils have been very effective in 

managing climatic risks for the agricultural sector in the USA and Canada (Reidsma et 

al., 2010). For Niagara, institutions like Brock University, Niagara College and Niagara 

Orchard and Vineyard Corporation have been actively involved in IPM linked activities 

and research.  

 

EbA measures like intercropping (mixed, row, strip, relay) and crop 

diversification with alternate rows or plots of different crops species or same crop in a 

field but with alternate rows of various varieties/ genetic material have been reported to 

reduce post/pre-harvest losses and improve resilience to climate change (higher annual 

rainfall and average temperatures) (Balaji et al., 2015; Benson & Lorenzoni, 2017). 

Intercropping has been used for two cash crops, one cash crop and one cover crop or two 

cover crops. For example, red clover and winter wheat have been intercropped by sowing 

them during the early days of spring on frozen soils (SARE, n.d.). In Malawi, 

intercropping, and the use of improved varieties led to a four-fold increase in yield and 

biodiversity for the local farmers at minimal investments (Huq et al., 2017).  Several 



 

21 
 

other studies across the world in Nigeria, South Asia, Quebec and England have 

confirmed the success of intercropping and crop diversification (Ajao & Ogunniyi, 2011; 

Balaji et al., 2015; Benson & Lorenzoni, 2017; Bhatta et al., 2016). 

 

 The use of drought-tolerant varieties like pearl millets, foxtail millets and 

sorghum (ex: NACO Mtama 1 variety) can be considered an EbA. These crops are 

developed by promoting crop breeding programs and funding scientists with genomic 

tools to develop hybrids. It also involved a lot of pilot-scale testing and capacity building 

for the farmers (Bonzanigo et al., 2016; Jabin et al., 2015; Li et al., 2015). The scoping 

review analysis revealed that planting drought-resistant crops has been in use extensively 

in drought-hit nations like India, Pakistan, Bangladesh, Africa (Tanzania, Kenya), USA 

and EU nations (Baldos et al., 2020; Barkmann et al., 2015) and has the potential for 

Niagara considering its susceptibility to recurring droughts. 

 

Some other EbA strategies have been found to be effective like the shifting of 

crop sowing timelines and improved manure application for maize and soybean  (Jabin et 

al., 2015). Huq et al. (2017) and Brooks and Loevinsohn (2011) suggest crop rotation, 

low tillage cultivation practices and the use of organic fertilizer leading to an increase in 

crop production and productivity for wheat and legumes, also as EbAs. Some income-

diversification options such as Participatory Plant Breeding (PPB) and Integrated Soil 

Fertility Management (IFSM) can bring various beneficial results for the local 

community including improved socio-economic and educational status to the farmers, 

along with higher agricultural productivity of maize, beans and barley (Adimo et al., 

2012; Arslan et al., 2015; Chen et al., 2018). These strategies can be tested at a pilot scale 

in the Niagara Region and scaled up, if successful.  

  

 Finally, there has been an increased focus on policy and governance aspects for 

EbA with respect to local participation and research. It mainly involves an anticipatory 

approach to adaptation for the farmers, as early-adopters have been observed to be better 

equipped to handle climate change impacts (Chandra et al., 2018; Coles & Scott, 2009; 

Tortajada et al., 2017). Some other EbA measures applied in European and North 
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American agricultural systems that would be very relevant for the local farming system of 

the Niagara Region are: an integrated approach to planning and monitoring involving all 

stakeholders in comparison to only policy-makers, developing water reutilization and soil 

moisture retention measures and improving drainage on the farms (Iglesias & Garrote, 

2015; Iglesias et al., 2011). To sum up, a participatory, integrated and inclusive approach 

to climate change adaptation through EbA has potential to contribute in reducing the 

vulnerability of Niagara’s agricultural system to adapt to climate change and develop a 

more-resilient farming community. 

 

In Ontario, OMAFRA has been playing an important role in promoting 

sustainable agriculture and environmental stewardship through the development of 

various bills, acts and regulations (ex: Environmental Bill of Rights Act). These 

regulations have also been found to be pivotal in developing coping capacity for farmers 

on the social, economic and environmental front (Ontario Federation of Agriculture, 

n.d.). AAFC has also been actively involved in research and capacity building for farmers 

in the domain of agroecosystem resilience with projects ranging from crop rotation, soil 

health, cover crops, legumes and biodiversity to pollination services. One example of an 

EbA project undertaken by AAFC includes an assessment of soil water dynamics and 

quality to design crop management practices which were aimed at the efficient uptake of 

nutrients and resources for developing crop resilience to climate change (International 

Research Collaboration in Agro-Ecosystem Resilience, 2018). ALUS (Alternative Land 

Use Services) Foundation has also been actively involved in the domain conservation 

agriculture (a type of EbA) in six provinces of Canada which aims at producing 

ecological services of value on Canadian farmlands. ALUS Foundation involves a 

participatory community-based approach to EbA and has helped Canadian farmers to 

become more resilient to climate change by planting windbreaks, incorporating 

sustainable drainage systems and focusing on developing pollination habitats for bees. 

ALUS Canada has also been providing pivotal support to farming communities in the 

Prairies during times of droughts (through the restoration of tallgrass prairies for cattle 

ranching during droughts.) (ALUS Canada, n.d.).  
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Technology-based adaptation (TbA)  

Technology-based adaptation (TbA) measures involve the use of existing and 

innovative technologies to provide adaptation solutions. For example, laser land levelling 

is used to ensure better nutrient uptake by the crops while also reducing water loss 

(Khatri-Chhetri et al., 2017). TbA adaptation options aim at increasing the productivity 

and resilience of various vulnerable crop systems by utilizing both traditionally available 

and innovative technologies (Khatri-Chhetri et al., 2017). TbA adaptation also supports 

the three pillars of Climate Smart Agriculture strategy promoted by the Food and 

Agricultural Organization, which are: (i) increasing agricultural productivity, (ii) building 

resilience and adaptive capacity to climate change, and (iii) mitigating GHG emissions 

(FAO, 2010).  

 

The scoping review analysis of 21 articles in the category of TbA reveals multiple 

relevant strategies for the Niagara Region. One of the TbA already in use in many 

developed countries including the Niagara region is decentralised community-based 

weather monitoring systems to provide early forecasts and warnings of the changing 

weather conditions to the farmers so that they can be better prepared to cope with climate 

uncertainties (e.g. in Niagara with Vine Alert for the grape growers in case of frost or 

extreme low winter temperatures) (Zhu et al., 2011).  These systems have become 

popular because of their high affordability, lower capital and operational cost and an 

increased requirement to ensure better adaptation to climate change at a local scale for the 

farming community. In many countries such as Canada, these monitoring stations are 

managed by the federal government. Weather monitoring systems can be the first point of 

reference for the farmers to accordingly shift their sowing and harvesting periods as per 

the shift in temperature & precipitation patterns (Bury et al., 2013; Zhu et al., 2011). 

Since the Niagara Region’s agricultural sector is projected to be continually affected by a 

shift in climatic patterns and extreme events in the future, especially with respect to 

flooding and droughts, parallels can be drawn for the implementation of decentralized 

community-based weather monitoring systems as they have a promising potential to 

improve community resilience. Such a TbA strategy is fundamental and widely used. 
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However, many more TbA options exist, and the list of the most potentially interesting 

TbA for the Niagara Region are listed in Table 4. 

 

Table 4. List of the major TbA strategies that might be most relevant to the agricultural 
sector of the Niagara Region 

TbA STRATEGY PROS CONS EXAMPLES 

Decentralized 
community-based 
weather 
monitoring 
systems 

 Increased coping 
capacity and 
preparedness  

 Affordable, low 
capital/operational 
cost 

 Better community 
resilience and 
lower crop 
damage 

 
Sources: 4,17 

 Not effective 
against drought and 
extreme cold 
weather predictions. 

 
 
 
 
 
 
 
Sources: 4,17 

 In West Africa 
 In South America 

(Peru) 
 
 
 
 
 
 
 
 
Sources: 4,17 

Integrated nutrient 
management 

 Applicable at both 
large and small 
scales  

 Improves crop 
yields 

 Better resistance 
against crop 
diseases, pests and 
droughts 

 Improve decision-
making capacity 
for farmers 

 
Sources: 3,5,17 

 Sensitive to climate 
change, i.e. soil 
nutrients require 
proper monitoring 

 Cost becomes 
prohibitive in some 
cases (for small 
scale farmers) 

 
 
 
 
 
Sources: 3,5,11,17 

 In Uganda and 
Nicaragua, for 
maize 

 In Ghana and 
Mozambique for 
wheat, maize  

 
 
 
 
 
 
 
Sources: 3,5,11,17 

Drip irrigation 

 Suitable for both 
greenhouse and in 
field 

 Algae growth and 
sediment build-up 
in pipes if not 
properly maintained 

 USA, Canada, 
Mediterranean for 
a variety of crops 
– fruits, 
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 Improved crop 
yields  

 Better fertilizer 
application 

 Water efficiency 
and drought 
resilience 
 

Sources: 1,12,13 

 Higher capital cost 
 
 
 
 
 
 
 
Sources: 1,12,13 

vegetables, grains, 
pulses 

 
 
 
 
 
 
Sources: 1,12,13 

Artificial 
intelligence 

 Suitable for both 
greenhouse and in 
field 

 Avoids over-
irrigation and crop 
damage 

 Reduced pesticide 
and fertilizer 
usage 

 Minimizes 
evapotranspiration 

 
Sources: 2, 5, 7 

 May increase 
unemployment and 
inequality 

 Fragile system 
components 

 Expensive 
maintenance 

 Requires highly 
skilled labour for 
operation/maintenan
ce 

 
Sources: 8,9,10 

 Mainly in North 
America (corn and 
grapes in 
California, and 
citrus in Florida, 
USA) 

 
 
 
 
 
 
Sources: 8,14,15,16 

Rainwater 
harvesting 

 For both 
greenhouse and in 
field  

 Reduces 
dependency on 
municipal water 

 Saves money in 
the long term 

 Reduces carbon 
footprint of 
irrigation 

 Reduces flooding  
 

Sources: 2,8 

 Long payback 
period and high 
capital cost 

 Possible algal 
blooms if no proper 
maintenance  

 
 
 
 
 
 
 
Source: 8 

 Widely used for 
many crops across 
the world, 
especially in USA, 
Canada and 
Europe 

 
 
 
 
 
 
 
Sources: 2,8 

Conservation 
tillage 

 Low energy 
needed for land 
preparation 

 Improves soil 
water and organic 
matter retention in 
the soil 

 Improves 
productivity and 

 Can lead to soil 
compaction 

 Need of herbicides 
in the initial phases 

 Improper 
management can 
lead to increased 
plant diseases and 
pests 

 Applied 
extensively in 
fruit, vegetable, 
grain, vineyards 
and sugarcane 
farming in North 
and South 
America 
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coping capacity to 
drought 

 Reduces soil 
erosion 
 

Sources: 11,17 

 
 
 
 
 
Sources: 11,17 

 
 
 
 
 
Sources: 11,17 

(Sources: 1: Ayars et al., 1999; 2: Adham et al., 2019; 3: Bro et al., 2020; 4: Bury et al., 
2013; ; 5: Deaton, 2019; 6: Frisvold & Bai, 2016; 7: Hemming et al., 2019; 8: Islam et al., 
2013; 9: Iteris Inc, 2018; 10: Karasekreter et al., 2013; 11: Khatri Chhetri et al., 2017; 12: 
Patil & Poddar, 2016; 13: Postel et al., 2001; 14: Tsang & Jim, 2016; 15: Umair & 
Usman, 2010; 16: University of Florida, 2019; 17: Zhu et al., 2011) 
 

Integrated Nutrient Management (INM) is another very promising TbA technique 

that involves the application of both natural (organic sources, recyclable wastes, 

biofertilizers) and man-made (mineral fertilizers – nitrogen, potassium and phosphorus) 

soil nutrients to improve crop yields and maintain it for the future (FAO, n.d.; Zhu et al., 

2011). INM has been successfully applied at both large and small scale farms in Uganda 

and Nicaragua which has led to higher productivity of crops (maize in particular), better 

resistance against plant diseases, pests and droughts (Bro et al., 2020). INM has also been 

proven to increase the decision-making capacity of local farmers and better crop 

diversification. Therefore its integration into local and national climate change adaptation 

policies would be valuable, especially for Niagara’s agricultural sector, which faces 

similar issues (Zhu et al., 2011). 

 

 Sprinkler and drip irrigation pertain to automating and modernizing various 

irrigation strategies for the agricultural sector. Sprinkler irrigation involves an application 

of water to the soil surface in a way that it simulates natural rainfall irrigation, by using 

mechanical units like pumps, sprinklers and laterals. Sprinkler irrigation leads to high 

crop productivity especially for field, tree and row crops like cereals, pulses, fruits, wheat 

and vegetables (Wreford et al., 2015; Zhu et al., 2011). Sprinkler irrigation involves a 

uniform application of water on the plant surface leading to steadier crop growth, with an 

added advantage of also applying soluble fertilizers in an easy, hassle-free manner. On 

another note, it is not advisable to use it for heavy clay soil as it leads to lumping and 

agglomeration (Frisvold & Bai, 2016; Zhu et al., 2011). 
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Drip irrigation is another TbA technique widely applied in multiple agricultural 

systems across the world, and in the Niagara Region, especially in light of increasing 

drought and arid climatic conditions for crop growth, mainly in vineyards (Urska, 2019). 

Drip irrigation involves the application of a specific calculated quantity of water on crops 

in a steady manner (Postel et al., 2001). The irrigation system uses small emitters 

(connected to the source – reservoirs or tanks), valves and pipes to directly apply water at 

the root systems of the crops (Ayars et al., 1999). Drip irrigation systems offer one of the 

most efficient water use mechanisms for agriculture with minimal wastage, optimum use 

of plant nutrients and more uniform crop growth. It also ensures higher crop productivity, 

better fertilizer application and a reduction in plant diseases (Postel et al., 2001). Similar 

to sprinkler irrigation, drip irrigation has also been widely used across various 

topographies, especially in arid and semi-arid zones for the growth of both greenhouse 

and field crops - fruits, vegetables, in particular. On another note, it is not advisable for 

all cases as it leads to algae growth and the build-up of sediments in pipes leading to 

reduced efficiency and chances of contamination. Also, the capital cost of installation can 

be prohibitive for several farmers (Patil and Poddar, 2016). Nevertheless, with advances 

in research on the subject every year, its affordability is increasing and eventually, it has 

the potential to ensure a sustainable increase of farmers’ income and food production in 

the Niagara Region, in light of the more frequent droughts projected in the future due to 

climate change.  

The scoping review analysis also revealed some latest TbA techniques for the 

agricultural sector involve the use of artificial intelligence (AI) and machine learning 

tactics to make the irrigation systems more efficient and automated in operation 

(Karasekreter et al., 2013). The application of AI makes irrigation systems very precise as 

the sensors collect real-time data on various parameters like soil moisture, climate and 

lux (light) conditions on the farm and then release the required amount of water to the 

crops (Umair & Usman, 2010). They can also be used in collaboration with drones to 

make the irrigation process more precise and convenient for the farmers (Tsang & Jim, 

2016). AI systems offer several advantages like- it can be used for both greenhouse and 

outside growers, it avoids over-irrigation, reduces crop damage and also involves less use 

of insecticides and fertilizers (Hemming et al., 2019). Therefore, it has also been used for 
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sensitive crops, vineyards, citrus fruit production and corn production in the USA 

(University of Florida, 2019). On the other hand, its maintenance can be expensive, and it 

requires highly skilled labour for its operation (Deaton, 2019; Iteris Inc, 2018). 

Nevertheless, since droughts and irrigation are major concerns in the Niagara Region, AI 

systems offer a promising TbA for the farmers to better manage their irrigation, improve 

food production (including wine) and manage nutrient losses.  

To meet the ever-growing water requirements in the agricultural sector, rainwater 

harvesting also fares out as a very well-established TbA mechanism to combat water 

shortage due to climate change. Rainwater harvesting refers to the process of collection 

and transference of rainwater that is received on a roof or any other storage tank (rain 

barrel) for potential utilization in the future (Adham et al., 2019). In Ontario, rainwater 

harvesting has been practised for more than a century as it has been successful in 

reducing flooding and increasing the availability of water for irrigation in the farms 

(Credit Valley Conservation Authority, 2010). The best part about rainwater harvesting is 

that it is suitable for both greenhouse and outside growers, minimizes a farmer’s 

dependence on municipal water for irrigation while simultaneously reducing the carbon 

footprint of irrigation. On the other hand, rainwater harvesting systems have a long 

payback period and high capital cost and may also result in algal blooms if proper 

maintenance is not undertaken regularly (Islam et al., 2013). Nevertheless, with droughts 

and flooding projected to become more frequent in the Niagara Region in the future, 

rainwater harvesting offers a promising strategy to increase agricultural sustainability and 

resilience for the farmers. 

 
Some conservation tillage practices that have been practised in several parts 

around the world and their potential to act as an effective TbA for the agricultural sector. 

Conservation tillage comprises a variety of soil preparation practices and mechanisms 

where new crops are planted on previous crop residues that have been purposely left 

behind on the field (about 1/3rd of crop residue). Conservation tillage practices (no till, 

ridge-till and mulch till) are popular because they minimize the energy required in land 

preparation for agriculture while also improving the retention of water and organic matter 

in soil that further improves productivity (Khatri Chhetri et al., 2017). Therefore, it has 
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been extensively applied in fruit, vegetable, grain, vineyards and sugarcane farming in 

North and South America (Busari et al., 2015; Wreford & Adger, 2010; Zhu et al., 2011). 

Conservation tillage measures also improve an agricultural system’s coping capacity to 

drought and uneven rainfall by minimizing soil erosion, fuel and labour requirements and 

improving the crop’s resistance against pests and diseases (through planned recycling of 

nutrients) (Busari et al., 2015; Khatri-Chhetri et al., 2017). With droughts, flooding and 

soil erosion projected to become more frequent in the Niagara Region due to climate 

change in the future, conservation tillage practices offer a promising TbA technique for 

the farmers to improve their drought and flood resilience. NPCA has suggested 

conservation tillage as one of the Best Management Practices (BMP’s) to reduce soil 

erosion and improve water quality in the Niagara Region.  

 
The use of technologies like zero/minimum tillage minimizes the energy required 

in land preparation for agriculture while also improving the retention of water and 

organic matter in soil that further enhances productivity (Khatri-Chhetri et al., 2017). 

These types of technologies are often referred to as precision agriculture. The use of 

drones is also explored for some agricultural fields, especially with benefits of increased 

efficiency and precision. Drones have been used in the Italian Tuscany region to assist the 

farmers in surveying, monitoring and maintaining their fields. Also, farmers have been 

more informed in making decisions to tackle climate change by using drones in their 

farming operations, leading to increased productivity and convenience (Tripicchio et al., 

2015). With better sensors and more advanced research in the domain of software and 

integration, drones are becoming increasingly popular in agriculture and offer a 

promising potential for climate change adaptation for the farmers (Puri et al., 2017). The 

use of drones for the farmers can be tested at a pilot scale in the Niagara Region to check 

for success in the local agricultural context and if successful, can be scaled up. 

Institutions like Brock University and Niagara College in the Niagara Region can 

consider the above practices (tillage, drones, AI, drip irrigation) as research questions for 

future studies. 

 
The success of TbA strategies has led to an increase in its research and uptake in 

various global contexts by several stakeholders. For example, in Southern Quebec, use of 
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technological simulation models was performed on soybean, wheat, maize and potato 

crops in seven different regions and relationships were developed between increasing 

crop yields according to ambient carbon-dioxide levels (Brassard & Singh, 2008). 

Another example of the successful application of TbA is of the United States where 17 

states were examined for modern irrigation mechanisms (sprinkler irrigation) against 

conventional (gravity-flow) techniques, and it was reported that sprinkler irrigation led to 

better water management and adaptation to dry weather for the farmers (Frisvold & Bai, 

2016).  Some other interesting adaptation technologies that have been in use in several 

parts of the world and Canada are drip irrigation and the use of cover crops, which are 

aimed at increasing water efficiency in agriculture while simultaneously minimizing 

GHG emissions and chemicals usage (Khatri-Chhetri et al., 2017; Cohn et al., 2017). 

Therefore, TbA strategies can be finely weaved into the national and international 

policies of agricultural adaptation as they promote a participatory approach for the 

farming community while ensuring that it is financially feasible and environmentally 

sustainable (Abegunde et al., 2019; Alemaw & Sebusang, 2019).  

 

On the other hand, TbA adaptation mechanisms can become a high financial 

burden (both capital and operational cost) on an already stressed and vulnerable 

community, and require highly skilled and educated people to control and monitor the 

systems and implementation barriers (Zhu et al., 2011). Therefore, an integration of 

traditional and modern knowledge of technology is required with the local and national 

policies, which will facilitate in making the agricultural systems of the Niagara Region, 

Town of Lincoln and other agrarian communities more resilient to climate change 

(Penney, 2012; Khatri-Chhetri et al., 2017).  

Community-based Adaptation (CbA) 

Community-based adaptation (CbA) is an adaptation approach that is based on the 

participation of people in the community to design methods that contribute to managing 

disasters and risk, community development as well as other climate change impacts (Reid 

et al., 2010). CbA is based on knowledge, capacity and requirements that are relevant to 
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the local contexts of any community, which can be further integrated into the national 

level policy structures for adaptation to climate change (Schipper et al., 2014).  

 

The scoping review analysis of 32 articles in this category revealed that CbA had 

been extensively applied in multiple farming communities, with extensive success in 

developing countries of Africa and Asia. Comprehensive analysis and research on the 

uptake and implementation of climate change adaptation strategies have concluded that 

technology and policies alone are insufficient for the successful development of adaptive 

capacity (Abdulai, 2018; Abegunde et al., 2019; Adenle et al., 2015). Instead, the 

successful dissemination of adaption principles and tactics depend on local community 

involvement, acceptance and inputs in the policy development and implementation 

process (Bhatti et al., 2019; Rawlani & Sovacool, 2011). Although the CbA concept has 

been explored mainly for developing countries in Asia and Africa, it is equally significant 

and applicable for high-income agricultural communities in Europe and North America as 

the principles of community cohesion, community involvement and local capacity 

development are equally applicable across all agrarian societies across the world (Akkari 

& Bryant, 2016; Bizikova et al., 2015, 2019). This may explain a greater interest and 

published studies than the other adaptation approaches. It is important to note that CbA is 

highly appropriate to be combined with the other approaches, especially EbA. Table 5 

lists the various CbA that can be of interest for the Niagara Region agricultural sector. 

Table 5. List of the major CbA strategies that might be most relevant to the agricultural 
sector of the Niagara Region 

CbA 
STRATEGY 

PROS CONS EXAMPLES 

Co-construction 
approach 

 Sense of ownership 
amongst stakeholders 
in the process 

 Locally/Community 
relevant research 
topics for academia 
and research bodies 

 Locally applicable 
robust policies 

 Time and 
resource 
constraints  

 Collaboration 
issues 
(Convincing 
everybody to be 
onboard) 

 Trust building 
needed 

 

 Regional 
Municipal County 
(RCM) of Haut-
Richelieu, Quebec 
for cereals, 
oilseed and 
vegetable crop  
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 Increased 
implementation and 
uptake 

 High probability of 
long-term success 

 
Sources: 2,3 

 
 
 
 
 
 
Sources: 2,3 

 
 
 
 
 
 
Sources: 2,3 

Community-
based 
agricultural 
extension agents 

 Knowledge 
mobilization  

 Better implementation 
of adaptation policies 

 Better uptake of novel 
technology 

 Socio-economic status 
improvement 
 
 

Sources: 1, 6, 8 

 Not effective 
where the 
farming 
community does 
not trust 
extensionists 

 Added cost 
factor on the 
community 

 
Sources: 6, 7 

 Multiple countries 
in Sub-Saharan 
Africa (Kenya, 
Malawi) and Asia 
(India, 
Bangladesh) 

 
 
 
 
Sources: 1, 6, 7 

Forming local 
farmer 
organizations 
(“Farmer Field 
Schools” & 
“Water Use 
Associations”) 

 Community cohesion 
 Reduced post and pre-

harvest losses 
 Higher food 

production 
 Increased profits and 

drought resilience 
 
 
Sources: 4, 5 

 Considerable 
time and 
resources 
required 

 Skilled people 
necessary (not 
available 
everywhere) 
 

Sources: 4,7,8 

 Applied in various 
African nations 
like Uganda, 
Tanzania  

 
 
 
 
 
Sources: 4,5,8 

(Sources: 1: Ahmed, 2020; 2: Akkari & Bryant, 2016; 3: Bizikova et al., 2015; 4: Corales 
et al., 2015; 5: Khanal et al., 2019; 6: Rawlani & Sovacool, 2011; 7: Suresh, 2018; 8: Zhu 
et al., 2011) 

CbA embodies a co-construction approach has been applied for cereal (wheat, 

barley, oats and rye), oilseed (soybean, sunflower and canola) and vegetable (cabbage, 

tomato, potato, onions, peas) production in the North American context (Canada and 

USA) for various agricultural communities, especially in Quebec (Akkari & Bryant, 

2016). The authors conclude that by applying a bottom-up co-construction approach in all 

stages of the adaptation process (planning to implementation), a much better coping 

capacity to extreme events, changes in growing periods has been developed by the 

farming communities. The authors also mention that a key to robust and widely 

applicable adaptation measures in Canada is to integrate the co-construction approach in 

the local/provincial/federal agricultural policies (Akkari & Bryant, 2016; Lal et al., 2012; 
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Lane et al., 2018).  A similar trend was observed in a European (Finland, Germany and 

United Kingdom) and North American (Canada and USA) study by Bizikova et al. 

(2014), where the authors analysed the role of participatory CbA mechanisms in 

agriculture for developing the coping capacity to extreme events and climate change. In 

fact, the authors stress on a mix of both top-down and bottom-up approaches to 

adaptation planning and policy-making and conclude that both of them have a crucial role 

to play in CbA for the agricultural sector - top-down approaches provide the legal and 

strategic action plans whereas the bottom-up ensure community collaboration, mutual 

learning, implementation and skill development for all stakeholders (research groups, 

farmers, business owners and government) (Bizikova et al., 2014; Tzortzakis et al., 

2020). This co-construction and participatory CbA approach to agriculture hold much 

weight for the Niagara Region and projects like the MEOPAR-Town of Lincoln Climate 

Change Project (who are also the funding body for this MRP) are a first step in the 

direction towards community resilience for farmers. This participatory approach will 

facilitate Niagara farmers in adaptation planning (especially to recurring droughts and 

floods), including its tender fruit growers and vineyards, in combating crop productivity 

and profitability issues die to climate change.   

Another CbA strategy extensively applied in the context of multiple agricultural 

communities is the mobilization of agricultural extension agents in the local farming 

community. Andersson and Gabrielsson (2012) have obtained very promising results in 

several nations (in Sub-Saharan Africa and other vulnerable countries in Africa) through 

agricultural extension agents. For example, in Kenya, extension agents have played an 

instrumental role in increasing the technical knowledge awareness of farmers to improve 

crop yield, the overall quality of life and sustainability while simultaneously reducing 

post-harvest losses. Further, the extension agents have been critical to the uptake and 

implementation of latest technological innovation in agriculture (irrigation, tillage, 

storage) in the Kenyan farming community (Stefanovic et al., 2019; Zhu et al., 2011). 

Institutions like Brock University and Niagara College in the Niagara Region can play a 

considerable role through extension activities for Niagara’s agricultural systems in terms 

of training, capacity building, knowledge mobilization and funding.  
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Similarly, some CbA strategies involve the formation of local farmers 

organizations like “Farmer Field Schools” and “Water Use Associations” (in Uganda and 

Tanzania) for bottom-up development of coping capacity, knowledge base and skill set of 

the local farmers in the domains of Integrated Pest Management (kindly refer previous 

sections for more detail), fertilizer use, irrigation and improving their decision-making 

capacity in light of extreme events like flooding, droughts, heavy rainfall, storms, etc. 

(Baudoin, 2014; Below et al., 2015; Call et al., 2019; Zhu et al., 2011). Finally, CbA has 

been used to develop effective adaptation strategies by taking into consideration local 

knowledge and inputs and integrating it with the different institutions and agencies in 

Malawi, which is very vulnerable to droughts and flooding,  (Legault et al., 2019). The 

above-mentioned strategies look promising for Niagara’s agricultural sector because the 

uptake of modern technological innovation is still limited (for irrigation, tillage, etc.) and 

CbA can play a crucial role in increasing the technical expertise and capability of farmers 

to incorporate them. 

Finally, several other strategies were analysed in the scoping review process that 

have reduced the vulnerability of farmers and helped in developing considerable coping 

capacity to climate change. For example, Rawlani and Sovacool (2011) have conducted 

multiple research interviews and field inspections in Bangladesh and inferred that 

technology alone would be insufficient to develop the coping capacity to climate change 

for the agricultural sector. The authors conclude that the role of a more strategic, 

inclusive, participatory and integrated approach like CbA that touches upon various areas 

and stakeholders (infrastructure, technology, social, research institutions, policy, 

government ) would be instrumental in developing an adaptive capacity and resilience for 

farmers in Bangladesh and globally. Similarly, CbA strategies like farmer group 

formation and technical knowledge mobilization have played a pivotal role in making the 

farmers more equipped to handle water stresses and other drought-like events in Pakistan, 

where the agricultural sector has been affected due to climate change (seasonal variation 

in temperature and precipitation leading to irrigation concerns) (Abid et al., 2016; Bhatti 

et al., 2019). CbA strategies (knowledge dissemination, building irrigation infrastructure 

with local involvement) are being used to develop water security for the small scale 

farmers in Vietnam which have been continually affected by flooding, droughts, forest 
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fires and extremely high temperatures (UNDP Adaptation, n.d.). CbA faces some 

challenges around knowledge mobilization and scaling up (Reid et al., 2010; Rawlani & 

Sovacool, 2011), and although its potential looks very promising for the Niagara Region, 

more research studies need to be undertaken that involve the participation of various 

stakeholders in academia, tourism, business owners and youth to co-construct CbA 

strategies that further its potential. As stated previously, CbA can be especially applicable 

to various tender fruit growers and vineyards in Niagara who can leverage their existing 

farmers groups/organizations (ex: Ontario Tender Fruit Growers) for improved adaptation 

planning (for recurring droughts and floods), knowledge mobilization and capacity 

building.   

Policy-based adaptation (PbA) 

The scoping review analysis of 32 articles in this category revealed that PbA had 

been extensively applied in multiple farming communities globally. Policy-based 

adaptation (PbA) approaches become very important in the context of the agricultural 

sector because addressing climatic variability through policies can impact food 

production and food security at a large scale (Li et al., 2017; Qiu & Prato, 2012; Wall & 

Smit, 2005). PbAs have been found to be very effective in the past for driving climate 

change adaptation mechanisms in multiple developed/developing countries (Ahmed et al., 

2016; Allain et al., 2018).  This involves an integration of climate change adaptation 

concepts in the various regional, national and global policies to drive more robust 

investments and research for developing climate change resilience (Ampaire et al., 2017; 

Lockwood et al., 2015; Urwin & Jordan, 2008).  Table 6 lists the various PbA that can be 

of interest for the Niagara Region agricultural sector. 

 

Table 6. List of the major PbA strategies that might be most relevant to the agricultural 
sector of the Niagara Region 

PbA 
STRATEGY 

PROS CONS EXAMPLES 

Climate 
insurance 

 Safety-net against 
extreme climatic 
events, hailstorms, etc. 

 Limited 
coverage 

 Corn Production 
in Quebec 
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 Re-igniting the 
agricultural economy 
after a disaster 

 Motivates farmers to 
continue farming and 
to not shift livelihoods 

 
 
Sources: 3,7 

 Can lead to 
maladaptation 

 Not applicable in 
all cases 

 
 
 
 
Sources: 3,7 

 In the Niagara 
Region, during 
flooding events in 
2017 and 2019 

 
 
 
 
Sources: 3,7 

Research 

 Relevant problems 
rendered to academics 

 Knowledge generation 
and mobilization  

 Better implementation 
of adaptation policies 

 Better uptake of novel 
technology 

 Increased profits and 
drought resilience 

 
Sources: 1,2,4,5 

 Abundant time 
and finance 
required 

 Highly skilled 
people required 

 Implementation 
is challenging 

 
 
 
 
 
Sources: 1,2,5 

 Applicable across 
all countries and 
scales 

 
 
 
 
 
 
 
 
Sources: 2,4,5 

Support from 
government and 
other 
international 
bodies 

 Drives adaptation 
policies 

 Community resilience 
 Reduced financial 

losses 
 Higher food 

production 
 Socio-economic status 

improvement 
 
 
Sources: 6,8,9,10,11 

 Can’t cover 
every zone 
(preferential 
treatment for 
some countries) 

 Bias and trust 
issues 

 Legal and 
political 
challenges 
 

Sources: 9, 10,11 

 Applicable across 
all countries and 
scales 

 
 
 
 
 
 
 
 
Sources: 6,8,9,10,11 

(Sources: 1: Akkari & Bryant, 2016; 2: Alston & Whittenbury, 2011; 3: Asplund et al., 
2019; 4: Benson & Lorenzoni, 2017; 5: Bobojonov et al., 2014; 6: Bryant et al., 2016; 7: 
Christian-Smith et al., 2015; 8: Douglas et al., 2014; 9: Meinke et al., 2006; 10: Qiu & 
Prato, 2012; 11: Zhu et al., 2011) 
 

 Climate change adaptation policies for the agricultural sector must be robust in 

two criteria – “flexibility” and “cost-benefit analysis” (Mutenje et al., 2019; Smith & 

Lenhart, 1996). By flexibility, the authors mean policies that can themselves adapt or be 

applicable to a wide variety of uncertainties as climate change scenarios for the future are 
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predictive models which are very dynamic and subject to change. The second aspect for 

discussion is the cost-benefit analysis of adaptation policies, i.e. adaptation policies must 

infer a higher benefit to a community in comparison to the cost of their application. It has 

also been prescribed that some policies must be designed in a manner that they render 

benefits on a community irrespective of whether that community experiences climate 

change (Massey & Huitema, 2013; Smith & Lenhart, 1996).  For example, for the 

agricultural sector to adapt to climate change, policies like - research on improved 

climate-resilient crop varieties, promoting multi-cropping while limiting monoculture and 

diversifying markets for the sale of produce, have been suggested and found to be 

effective irrespective of the whether a community faces the impacts of climate change 

(Hutton et al., 2018; Lehtonen et al., 2018; Massey & Huitema, 2013). 

 

Another PbA mechanism for the agricultural sector is insurance against climate 

change. In Canada (including Niagara) and USA, climate insurance has been in use for 

quite some time in the agricultural sector (flooding in 2017 and 2019 in Niagara), and 

multiple schemes have been applied in the past to insure the farmers against damage from 

extreme events (floods, droughts), lowering crop productivity or against particular, 

extreme events, like hailstorms (Douglas et al., 2014; Maia et al., 2018; Zhu et al., 2011). 

For example, in Quebec, corn production declined significantly between the years 1987 

and 2001, and the lowest was observed in the year 2000 when inadequate sunlight and 

high moisture levels resulted in a big slump in productivity, thereby shooting up crop 

insurance compensations to $97 mn (Akkari & Bryant, 2016; Lychuk et al., 2017; 

Macholdt & Honermeier, 2017). Since the insurance industry is also involved in risk 

management, their role might also be explored in terms of mandating certain risk 

mitigation approaches for farmers. Insurance for the agricultural insurance becomes 

crucial, especially for small-scale farmers, which have to bear the maximum brunt of 

climate change and extreme events, as they aren’t financially capable enough to face 

multiple crop productivity failures year after year. Instead, they spiral into a vicious 

poverty trap which requires external support. Therefore, government grants and insurance 

policies have a pivotal role to play, especially with such extreme climatic events 

projected to become more frequent in the future. One option could be that certain farming 
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groups (ex: wineries) could setup a co-operative in the Niagara Region with an insurance 

program tailored to their needs. This might also keep farmers motivated to continue 

farming despite an increase in adverse weather conditions, rather than altogether 

abandoning it and looking for alternate employment/income sources (Bobojonov et al., 

2014; Mandryk et al., 2017). 

 

On another note, crop insurance and similar institutional policies might also lead 

to maladaptation. The fifth assessment report of the IPCC defines maladaptation as 

‘‘actions (i.e. inadvertent badly planned adaptation actions or deliberate decisions where 

wider considerations place greater emphasis on short-term outcomes ahead of longer-

term threats, or that discount, or fail to consider, the full range of interactions arising 

from the planned actions), or inaction that leads to an increased risk of adverse climate-

related outcomes, increased vulnerability to climate change, or diminished welfare, now 

or in the future’ (IPCC 2014, p. 857). Maladaptation can occur when adaptation measures 

are rigid and do not take a long-term holistic viewpoint of all stakeholders in the 

policymaking, planning and execution phases. For the agricultural sector, to ensure that 

maladaptation does not occur, farmers need to keep a long-term strategic perspective in 

mind when incorporating actions like drought-resistant crops or to choose various 

irrigation measures for the fields (Asplund et al., 2019; Christian-Smith et al., 2015). 

With careful consideration, climate insurance holds much relevance for the Niagara 

Region as it is projected to be increasingly susceptible to change in climatic patterns, 

especially in terms of flooding, droughts and thunder/hailstorms. As such, insurance has 

provided added support to the farmers in the Niagara Region, to re-ignite their operations 

after an extreme climatic event, with appropriate support policies from the Federal and 

Provincial governments.  

 

Therefore, the role of government and its policies is very crucial for encouraging 

adaptation to climate change for the agricultural sector. Some policies include: massive 

scale cost-benefit analysis of adaptation options, information and database management 

for climate data, skill-building for farmers (the domain of IPM, irrigation techniques, 

etc.), extension activities, undertaking risk and vulnerability assessments, providing 



 

39 
 

technical and financial support and developing quarantine facilities to contain pests, 

weeds and invasive species (Pannell, 2010). This is also supported by Massey and 

Huitema (2013) who analyse climate change adaptation through a policy lens in England 

and conclude that “substantive authority” (i.e. laws, regulations, judicial rulings), 

“institutional order” (i.e. Government, Ministry, Parliament) and “substantive expertise” 

(i.e. NGO’s, think tanks, Experts) are the three pillars required for robust adaptation 

policies. Finally, it has also been mentioned that integration and interplay of the top-down 

and bottom-up policy approaches to climate change adaptation have been found to be 

most effective for the agricultural sector, as only a top-down approach often leads to poor 

implementation of policies (Huntjens et al., 2012). In a situation where the ruling political 

party doesn’t believe in climate change, the role of a unified voice in the form of 

academic partnerships and community collaboration can be explored to navigate the legal 

obstacles. 

Socio-economic implications of adaptation strategies (PESTLE & SWOT Analyses) 

All adaptation strategies have also been analyzed through a PESTLE (Political, 

Economic, Social, Technological, Legal and Environmental) analysis, along with the 

SWOT Analysis – kindly refer Table 7. The strategies have been found to have multiple 

social benefits as a participatory and integrated approach to agricultural ecosystem 

management leading to food and nutritional security and more robust local and national 

adaptation policies coupled with community cohesion (Al-Amin et al., 2010; Munang et 

al., 2013). A high level of community co-operation, bringing a better socio-economic 

status for the farmers and women in particular, has been observed in India, Pakistan, 

England, Zambia, Kenya, Australia and Zimbabwe because of incorporating EbA 

approaches (Agarwal & Sinha, 2019; Asseng & Pannell, 2013; Ketlhoilwe, 2013). For 

this reason, it has often been linked to CbA whose benefits are multi-dimensional and 

multi-sectoral in nature as it has caused a systematic overhaul in the farming practices of 

several global communities, especially in Asia and Africa (Aggarwal et al., 2018; Ahmad 

& Zulfiqar, 2019; Osorio-Garcia et al., 2020; Schaap et al., 2013). The SWOT Analysis 

for EbA and CbA explore this in greater detail. CbA has resulted in livelihood 

diversification, better community health, sanitation, livestock health, agricultural literacy 
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and empowered women farmers through employment and income generation (Khanal et 

al., 2019; Klein et al., 2014; Rawlani & Sovacool, 2011).  

From an economic standpoint, strategies like EbA and CbA have led to higher 

income and savings than conventional system through a variety of initiatives like 

integrated pest management, water management (leads to reduced costs for irrigation), 

reduced expenditure associated with inputs for farming and the minimization of post and 

pre-harvest losses on the farms. EbA creates jobs in ecosystem management, thereby 

improving the economic status of the agricultural community (Carter et al., 2018; Gurluk, 

2017; Hardelin & Lankoski, 2015). TbA options are mostly cost-effective in the long run 

(although in some cases the capital investment is high), improve food production and the 

income level of the farmers. Also, it leads to reduced expenditure associated with inputs 

for farming and the minimization of post and pre-harvest losses on the farms (Busari et 

al., 2015). TbA options also generate employment for skilled labour in the agricultural 

industry, in turn improving the economic status of the community at large (Grasso & 

Feola, 2012; Zhu et al., 2011). The SWOT Analysis further explores the economic 

implications for all four adaptation strategies.  

 

From an environmental lens, all measures have had countless benefits for the 

farmers, like – better soil productivity and retention, more climate-resilient crops, 

improved biodiversity and healthier ecosystems, thereby leading to improved 

environmental sustainability overall (Grasso & Feola, 2012; Gurluk, 2017; Hardelin & 

Lankoski, 2015). Specifically, TbA has led to the reduction of GHG emissions in 

agricultural operations, pest and weed reduction and improving resource/ water use 

efficiency (Khatri-Chhetri et al., 2017). The SWOT Analysis provides additional 

perspectives on the environmental implications of all four strategies. 

 

Simultaneously, adaptation planning must also keep varying political perspectives 

in consideration as it can help the farmers to navigate and align their priorities with that 

of the government. Legal factors must also be accounted while designing climate change 

adaptation plans for the agricultural sector, as a robust adaptation mechanism should not 

be in violation of any local, provincial or federal laws. For example, the Greenbelt Plan 
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and the Niagara Escarpment Plan pose some specific legal restrictions around land-use in 

the Niagara Region which must be accounted for while designing and implementing 

adaptation policies. A detailed analysis of political and legal perspectives was out of the 

scope of this MRP.   

 

The SWOT Analysis also examines some barriers and drivers for climate change 

adaptation strategies that can be potentially taken into consideration when designing 

adaptation policies. Some drivers of adaptation include – extreme climatic events, 

relevant academic research, public awareness, efforts from international bodies, technical 

and financial support and pressure from NGO’s/Government. On the other hand, some 

barriers have also been explored using the concept of limits to adaptation. Various 

individual, and social challenges like ethics, culture and knowledge types, that act as 

social limits to adaptation. Similarly, Froese and Schilling (2019) mention that various 

adaptation techniques that involve relocation and land-use change like renewable energy 

projects and building buffer areas, often lead to conflicts and higher risk vulnerability to 

climate change. Climate change adaptation and its implementation face many challenges 

that range from social to economic, environmental, cultural, religious and informational 

challenges (Adger et al. 2007). A social policy-based challenge would include migration 

and relocation of industries and people as a climate change adaptation step for changes in 

land-use patterns. Policy-makers can plan to achieve this by fostering community 

linkages and providing financial and social capital to the agricultural communities 

(Meinke et al., 2006). Adaptation mechanisms by stakeholders are contingent upon their 

perception of the disturbances (that are mostly unpredictable) that will be caused in the 

system due to climate change and therefore, driving stakeholders towards an adaptation 

pathway is not a straightforward task (Darnhofer et al., 2011).  

 

To summarize, the SWOT analysis has revealed some similar characteristics for 

all the four adaptation strategies in each individual category – Strengths (cost effective in 

the long run, community cohesion, improved ecosystem resilience, improved yield and 

employment generation), Weaknesses (financial constraints, knowledge gaps around 

implementation and ineffective after a certain threshold), Opportunities (effective in 
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extreme climatic conditions and for water-scarce regions, improving livelihood of the 

local community, nutrient losses), Threats (land use conflicts, opposition from local 

communities, maladaptation). Kindly refer Table 7 for the detailed analysis. 

 

Table 7. SWOT Analysis for all four adaptation strategies included in the scoping review 
analysis 

 STRENGTHS WEAKNESSES OPPORTUNITIES THREATS 

EbA 

 Suitable for 
a wide 
variety of 
climatic 
conditions  

 Applicable 
across 
geographical 
zones 

 Cost-
effective 

 Improved 
yield, 
biodiversity 
and 
ecosystem 
resilience 

 Reduced 
post and pre-
harvest 
losses 

 Food 
security 

 Job creation  
 Improve 

governance 
 

 Limited financial 
support  

 Knowledge 
limited and still 
evolving on 
methods and use 
in various regions 

 Not effective after 
a threshold or 
intensity of 
climate change 

 Incorporation in 
policy-making in 
the rudimentary 
stages 

 In extreme 
climatic 
conditions, like 
droughts, floods 

 Agricultural 
systems in water-
scarce and water-
stressed 
nations/states 

 Smallholder 
farmers with 
minimal resources 
(financial, human) 

 Reduction in water 
and nutrient losses 

 More desirable or 
uniform soil 
moisture 

 Improvement of 
livelihood and the 
status of women 
(women 
empowerment) 

 

 Land-use 
conflicts 

  Possible 
displacement of 
people  

 Neglection of 
other 
adaptation 
measures 

 

TbA 

 Suitable for 
a wide 
variety of 
climatic 
conditions  

 Applicable 
across 
several 
geographical 
zones 

 High Capital 
Investment 

 Algal growth and 
sediment build-up 
in pipes if not 
properly 
maintained 

 Not suitable for 
all crops 

 Fragile system 
components 

 In extreme 
climatic 
conditions, like 
droughts, floods 

 Provides excess 
water for other 
uses during times 
of high 
precipitation 

 Agricultural 
systems of water-
scarce and water-

 Increase in 
unemployment 

 Increase in 
inequality 

 Human/Livesto
ck safety issues 
(for AI) 

 Loss of 
farmer’s 
connection to 
his cropland 
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 Cost-
effective in 
the long run 

 For both 
greenhouse 
and field  

 Improved 
yield 

 Reduced 
post and pre-
harvest 
losses for 
the farmers 

 Food 
security 

 Creation of 
Jobs 

 Reduction in 
soil erosion 
and flood 
resilience 

 Less 
insecticide 
and fertilizer 
use 

 Reduced 
dependence 
on municipal 
water 

 Expensive 
maintenance 

 Requires highly 
skilled labour for 
operation/mainten
ance 

 Existence of 
knowledge gaps 
for 
implementation 

 Ineffective after a 
particular 
threshold or 
intensity of 
climate change 

 Incorporation in 
policy-making 
still in the early 
stages 

 Body of 
knowledge on 
TbA is still 
evolving and 
requires more 
understanding at a 
broader scale 

 

stressed 
nations/states 

 Improving 
irrigation schedule 
and efficiency 

 Managing nutrient 
losses  

 Achieving more 
desirable or 
uniform soil 
moisture 

 Improvement of 
market pricing of 
products 

 

 Installation can 
be time-
consuming and 
costly. 

 Loss of land 
use 
opportunities 

 Extensive 
market and 
competition for 
drip irrigation 

 

CbA 

 Suitable for 
a wide 
variety of 
climatic 
conditions  

 Applicable 
across 
several 
geographical 
zones 

 Participatory 
approach 

 Community 
cohesion 

 Improved 
policy 
implementat
ion 

 Better 
Governance 

 Job Creation 

 Finance and other 
resource 
constraints 

 Issues of 
collaboration and 
trust 

 Requirement of 
skilled people 

 Smallholder 
farmers often lack 
the information 
and awareness to 
adequately 
implement CbA 
policies  

 Existence of 
knowledge gaps 
for CbA 
implementation 

 Ineffective after a 
particular 

 In extreme 
climatic 
conditions, like 
droughts, floods 

 For the most 
vulnerable and 
resource deficient 
communities (Ex: 
Sub-Saharan 
Africa, Asia) 

 Equally applicable 
for resource-rich 
and developed 
communities in 
Canada, USA 

 Agricultural 
systems of water-
scarce and water-
stressed 
nations/states 

 Increased 
conflicts and 
collaboration in 
the community 

 Land-use 
conflicts (in 
Africa, Asia) 

 Opposition 
from local 
communities 

 Neglection of 
other 
adaptation 
measures 
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 Improved 
productivity 

 Improved 
local 
biodiversity 
and 
ecosystem 
resilience 

 Reduced 
post and pre-
harvest 
losses for 
the farmers 

 Food and 
nutrition 
security 

 Improved 
community 
literacy 

 

threshold or 
intensity of 
climate change 

 Incorporation in 
policy-making 
still in the 
rudimentary 
stages 

 Body of 
knowledge on 
CbA is still 
evolving and 
requires more 
understanding at a 
wider scale 

 

 Managing nutrient 
losses  

 IPM and improved 
fertilizer use 

 Improvement of 
livelihood and the 
status of women 
(women 
empowerment) 

 

PbA 

 Suitable for 
a wide 
variety of 
climatic 
conditions  

 Applicable 
across 
several 
geographical 
zones 

 Improved 
policy 
implementat
ion 

 Participatory 
approach 

 Better 
Governance 

 Job Creation 
 Improved 

local 
biodiversity 
and 
ecosystem 
resilience 

 Reduced 
post and pre-
harvest 
losses for 
the farmers 

 Time and 
technical 
constraints 

 Finance and other 
resource 
constraints 

 Issues of 
collaboration and 
trust 

 Requirement of 
skilled people 

 Farmers often 
lack the 
information and 
awareness to 
adequately 
implement 
policies  

 Existence of 
knowledge gaps 
for 
implementation 

 

 Equally applicable 
for resource-rich 
and developed 
communities in 
Canada, USA 

 To address the 
most pressing 
societal concerns 
due to climate 
change like land-
use policies  

 Policies against 
maladaptation 

 Improving 
irrigation schedule 
and efficiency 

 Improvement of 
livelihood and the 
status of the local 
community 

 Climate insurance 
and policies 

 

 Policies leading 
to 
maladaptation 

 Lack of 
implementation 
and concerns 

 Results in 
increased 
conflicts and 
lack of 
collaboration in 
the community 

 Land-use 
conflicts 

 Opposition 
from local 
communities 
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 Food and 
nutrition 
security 

 Improved 
community 
literacy 

 
(Sources: Adhikari et al., 2018; Ahmed et al., 2016; Ajao & Ogunniyi, 2011; Akkari & Bryant, 
2016; Al-Bakri et al., 2013; Al-Kalbani et al., 2016; Alston & Whittenbury, 2011; Amuzu et al., 
2018; Anandhi & Kannan, 2018; Anderson et al., 2019; Arslan et al., 2015; Asfaw et al., 2016; 
Benson & Lorenzoni, 2017; Berger & Troost, 2014; Beveridge et al., 2018; Bird et al., 2016; 
Bury et al., 2013; Castro et al., 2017; Chen et al., 2018; Christian-Smith et al., 2015; Corales et 
al., 2015; Fadina & Barjolle, 2018; Frisvold & Bai, 2016; Geyer et al., 2015; Ghahramani & 
Moore, 2015; Harvey et al., 2017; Huq et al., 2017; Jabin et al., 2015; Kangalawe, 2017; 
Keshavarz et al., 2014; Khatri-Chhetri et al., 2017; Massey & Huitema, 2013; Masud et al., 2015; 
Mathews et al., 2018; Munang et al., 2013; Onuma & Arino, 2011; Pearson et al., 2017; Phuong 
et al., 2018; Reidsma et al., 2010; Simane & Zaitchik, 2014; Smith & Lenhart, 1996; Stefanovic 
et al., 2019; Steward et al., 2018; Urwin & Jordan, 2008; Vignola et al., 2013, 2017; Zhu et al., 
2011) 
 
 The scoping review of scientific literature has revealed very promising adaptation 

strategies for the agricultural sector to climate change in the Niagara Region. Some 

specific techniques have only been applied to particular regions (e.g. advanced TbA like 

AI, drones in developed countries, especially in the USA) (Umair & Usman, 2010; Tsang 

& Jim, 2016) and would need to be tested in this region. All four adaptation strategies 

have been found to be effective in a wide variety of climatic and geographical contexts 

while simultaneously improving food/nutrition security. On the other hand, issues have 

been noticed around financial and knowledge gap aspects for all of them. Most adaptation 

strategies discussed in this review were in the developing phase.  

 

To offset these limits to adaptation, two or more approaches have been 

successfully combined. For example, diversifying crop-production on the farms, using 

AI, drones and water-conservation methods (like trickle irrigation) as well as introducing 

climate-resilient strains of crops can facilitate farmers in the Niagara Region to leverage 

from the positive aspects of all strategies while minimizing the negative impacts (Julia & 

Duchin, 2013; Kahsay & Hansen, 2016). As mentioned, any adaptation strategy needs to 

be socially acceptable and therefore, consistent and appropriate culturally, ethically and 

socially, at the local level (Adger et al., 2009). Simultaneously, adaptation planning must 

also align with the interests of the political parties, and varying political perspectives (For 
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example: Liberals vs Conservatives in Canada) must also be accounted for in all stages. A 

detailed analysis of political perspectives was out of the scope of this MRP. Some 

adaptation techniques, such as relocation and land-use change like renewable energy 

projects and building buffer areas, have led to conflicts between neighbours (Froese and 

Schilling, 2019). To achieve a long-term optimization and success of adaptation 

strategies, a blend or integrated application of multiple strategies spanning across spatial 

and temporal scales would be the most robust mechanism to combat future climate in 

Niagara. 

Contributions to Sustainability Science and the SDGs  

This MRP focused on SDG 13 (Climate Action) and SDG 2 (Food Security) 

along with the three pillars of sustainable development – social, economic and 

environmental (United Nations, 2015). It aimed to identify from the literature some of the 

alternatives that can help increase the sustainability of farming communities and thus, 

contribute to advancing reflection in the sphere of sustainability science (Di Gregorio et 

al., 2017). Efficient measures for adaptation to climate change involve improved farming 

practices like new irrigation systems and planting diverse, resilient crop species or 

varieties. These strategies can contribute to reducing unpredictable economic losses and 

increasing profits and economic sustainability for the farmers (Wheaton & Kulshreshtha, 

2017; Di Gregorio et al., 2017). The social-ecological agro-system is impacted as a result 

of climate change affecting the social connections and mental well-being of the 

community (Berry et al., 2010). Therefore, adaptation strategies can address physical and 

mental health issues caused as a result of climate change to increase the overall social 

sustainability of a community (Hannah et al., 2013; Hendrickson et al., 2008; Howden et 

al., 2007). 

Climate change adaptation is effective for communities that acknowledge the 

inter-connectedness of their socio-ecological systems (Dunlap & Brulle, 2015). A socio-

ecological perspective for the agricultural systems to adapt to climate change has been 

reported to be very relevant for formulating adaptation policies as well as its integration 

in the local and national governance structures (Glaeser, 2016). As such, climate change 

adaptation requires collaboration and partnerships among various stakeholders ranging 
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from scientists to the common public (Maleksaeidi & Karami, 2013) as a 

transdisciplinary association between various stakeholders can eventually lead to a better 

appreciation of vulnerability that is followed by successful climate change adaptation 

(Easterling et al., 2007; Newton & Weichselgartner, 2014). Since climate change is 

threatening food production and food security across the world, the collaborative 

development of effective climate change adaptation strategies is urgent (Parry et al., 

2004). A community-based participatory approach that involves collaboration and 

involvement of all community members, therefore, remains one of the most effective 

approaches to accelerate the process of adoption of new strategies (Wamsler, 2017; 

Adger et al., 2007). Present-day research must be “created through processes of co-

production, in which scholars and stakeholders interact to define important questions, 

relevant evidence, and convincing forms of arguments” (Kates et al., p. 2, 2001).  

Limitations 

 
 There are a few places where the analyses could have been better developed to 

make this MRP more robust, which was not possible due to time constraint and some 

added challenges posed by the COVID-19 pandemic. The scoping review search was 

limited to two databases (Web of Science and Academic Search) due to time constraints. 

Ideally, a third database (Google Scholar) could have been added to the analyses. The 

research could have considered more keywords (apart from the ones mentioned in Table 

1) in the search and analyses process to broaden the scope. The research does not 

consider all the examples under the four adaptation strategies due to time/MRP length 

restrictions from the University, which could have been explored in greater detail. Further 

research could follow with a cost-benefit analysis for all adaptation strategies to further 

identify their feasibility in this specific context.   

Policy considerations 

Since the issues faced by the farming community in the Niagara Region are very 

similar to the ones faced by numerous farmers across the globe that are affected by 

climate change, the results of this MRP contribute by identifying some adaptation 
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strategies that may be effective in the region. Since agricultural systems are very 

dynamic, adaptation and resilience techniques for the farmers must focus on locally 

available and adoptable technologies that also have the potential to be replicated and 

implemented in other farming systems that face similar adaptation issues (Aydinalp & 

Cresser, 2008).  

When we talk about adaptation approaches, it would be appropriate to discuss 

how and when are these approaches taken up by a community or an organization. 

Sociologist Everett M. Rogers in his book ‘Diffusion of Innovations’ pioneered and 

conceptualized the concept of innovation adoption to describe the process of acceptance 

of new technological innovations in a population (Rogers, 2010). Figure 7, presented 

below gives a pictorial representation of all these five groups in a bell-shaped curve. It 

can be observed that the innovators and early adopters form the crucial components in 

adoption and popularization of any technology as they are high risk-takers and develop 

the early market (16% of the total market) for any innovation. For an innovation to be 

successful though, it needs to be adopted by a wide array of stakeholders in the 

community which form the mainstream technology market (68% of the total) – the Early 

Majority and the Late Majority. Finally, the Laggards are the sceptics who are not 

interested in pursuing or incorporating a new technology irrespective of its success and 

form the bottom 16% of the technology adoption market. The Innovation adoption curve 

or the Technology Adoption Life-Cycle provides a fundamental reference point for 

understanding the adoption of advanced technological options in the agricultural sector of 

any community and the Niagara Region. Researchers in American Samoa used the 

innovation adoption curve to analyse the uptake of Dry Litter Technology among farmers 

and found positive results for its uptake with more than 33% of the farmers forming the 

‘Early Market’ for the technology and 33% forming the ‘Mainstream Market’ (Castro et 

al., 2017). It would be a helpful focal point for researchers/policymakers to develop 

relevant policies and incentives for farmers to incorporate the novel agri-based 

innovations in their fields while simultaneously monitoring & evaluating its uptake.    
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Figure 7 - Technology Adoption Lifecycle/Innovation Adoption Curve – (Source: 

Rogers, 2010) 

Based on the findings, the following considerations can be presented for future research 

or action on climate change adaptation in the agricultural sector: 

 Integrating ecosystem resilience and biodiversity conservation into agroecosystems 

through the use of EbA especially;  

 Promoting research and development on the latest technological innovations for 

farmers across the world, with context suitability; 

 Designing efficient uptake mechanisms for the diffusion of knowledge and 

innovations; 

 Analysis and development of policies to promote farmers’ skill development through 

adequate extension activities, training and hands-on opportunities 

 Analysis and development of policies to promote community sustainability, 

community cohesion and the socio-economic status of the farmers by making the 

farming community equal partners in the entire policy development/execution process 

(Policies ≠ Policing) 

This MRP can help to build upon the following research questions for consumer research 
in the future: 
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 Quantification of the economic losses for the agricultural sector caused due to climate 

change 

 The role of public-private partnership in managing agricultural adaptation projects 

 What drives the uptake of adaptation policies by various stakeholders of the farming 

community?  

 The suitability of artificial intelligence and other modern technological innovation for 

the agricultural sector 

 Undertake a cost-benefit analysis of various adaptation strategies in the agricultural 

sector for the Niagara region; 

 Explore various investment opportunities for the private sector in the domain of 

climate change adaptation for the adaptation sector  

 Explore the relationship between Corporate Social Responsibility (CSR) initiatives 

and Climate Change Adaptation 

CONCLUSIONS 

This MRP was conceptualized as a part of the MEOPAR-Town of Lincoln 

Climate Change Project to assess various adaptation strategies that would be beneficial 

for the agricultural sector of the Niagara Region to combat climate change. The process 

involved analysing the multiple impacts of climate change on the agricultural sector, in 

general, and specifically for the Niagara Region. It was projected that the agricultural 

sector of the Niagara Region has faced and will continue facing climate change in the 

forms of flooding, droughts, hailstorms, freezing rain and an increase in the average 

annual temperature and precipitation (but in different season and form). This might affect 

not only the various types of summer production but also the ice-wine production in the 

winter with warmer temperatures. Concerns also included an increased number of pests 

and diseases (such as the Grape Berry Moth and Oriental Fruit Moth causing damage to 

vineyards and orchards) in turn, threatening crop production in Niagara. 

 

 Using a scoping review, this MRP analysed the four different adaptation strategies 

that would be relevant for the agricultural sector of the Niagara Region. After obtaining 

4375 articles from the two databases, 93 articles were shortlisted to be included in the 
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analysis based on multiple inclusion criteria. It also facilitated me in conducting the most 

relevant adaptation analysis for the farmers in the Niagara Region. The four chosen 

adaptation strategies were primarily explored for potential solutions by analysing 

adaptation mechanisms in similar agricultural contexts globally (USA, Canada, Europe, 

and Australia) and then parallels were drawn for the farming community of the Niagara 

Region. The pros and cons of all the relevant adaptation strategies for the Niagara Region 

were also presented. All four adaptation strategies, when examined from a social, 

economic and environmental lens through a SWOT analysis, showed that there could be 

opportunities for all of them but also some limitations depending on the context and the 

type of farming system. The SWOT analysis can be beneficial for policymakers and 

future researchers as a quick reference to the current status of various adaptation 

strategies.  

 

 Some policy considerations have also been suggested for the future that can build 

upon the findings of this research, primarily in the domain of ecosystem-based 

adaptation, promoting the latest technological innovation (AI, Drones) for the farmers, 

building community sustainability initiatives for the farming community and focusing on 

skill development for the agricultural sector. This MRP exemplifies the field of 

sustainability science in action and advances the body of knowledge of sustainability 

science research 
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Appendix A. Web of Science search process 

The complete strategy employed for searching articles on the Web of Science: Core 
Collection in this Scoping Review Process (includes all the limits and filters) – To meet 
the condition eight outlined in the PRISMA ScR Checklist 

 
 

YOU SEARCHED FOR: TOPIC: ("CLIMATE CHANGE" + "ADAPT* " +  

("AGRICULTUR*" OR "FARMING"))  

REFINED BY: [EXCLUDING] DOCUMENT TYPES: ( EARLY ACCESS OR  

BOOK REVIEW OR DISCUSSION OR REVIEW OR EDITORIAL MATERIAL OR  

LETTER OR MEETING ABSTRACT OR PROCEEDINGS PAPER OR BOOK OR  

DATA PAPER OR RETRACTED PUBLICATION OR BOOK CHAPTER ) AND  

[EXCLUDING] LANGUAGES: ( GERMAN OR POLISH OR ITALIAN OR  

SPANISH OR PORTUGUESE OR TURKISH OR KOREAN OR FRENCH OR  

RUSSIAN OR CROATIAN ) AND [EXCLUDING] WEB OF SCIENCE  

CATEGORIES: ( LIMNOLOGY OR PALEONTOLOGY OR METEOROLOGY  

ATMOSPHERIC SCIENCES OR URBAN STUDIES OR AREA STUDIES OR  

ORNITHOLOGY OR EVOLUTIONARY BIOLOGY OR CHEMISTRY APPLIED  

OR VETERINARY SCIENCES OR ENGINEERING CHEMICAL OR GENETICS  

HEREDITY OR HUMANITIES MULTIDISCIPLINARY OR GEOSCIENCES  

MULTIDISCIPLINARY OR HISTORY PHILOSOPHY OF SCIENCE OR  

MEDICINE GENERAL INTERNAL OR EDUCATION EDUCATIONAL  

RESEARCH OR BIOCHEMICAL RESEARCH METHODS OR FISHERIES OR  

PSYCHOLOGY MULTIDISCIPLINARY OR GEOGRAPHY OR ENTOMOLOGY  

OR TOXICOLOGY OR ARCHITECTURE OR OCEANOGRAPHY OR  

COMMUNICATION OR INFORMATION SCIENCE LIBRARY SCIENCE OR  

REMOTE SENSING OR OPERATIONS RESEARCH MANAGEMENT SCIENCE  

OR FORESTRY OR BIOTECHNOLOGY APPLIED MICROBIOLOGY OR  

PARASITOLOGY OR INTERNATIONAL RELATIONS OR WOMEN S STUDIES  
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OR ENGINEERING ENVIRONMENTAL OR ZOOLOGY OR ART OR  

GEOGRAPHY PHYSICAL OR ARCHAEOLOGY OR BEHAVIORAL SCIENCES  

OR MICROBIOLOGY OR CHEMISTRY MULTIDISCIPLINARY OR FOOD  

SCIENCE TECHNOLOGY OR NUTRITION DIETETICS OR FAMILY STUDIES  

OR ENGINEERING CIVIL OR BIOCHEMISTRY MOLECULAR BIOLOGY OR  

HEALTH POLICY SERVICES OR REGIONAL URBAN PLANNING OR LAW OR  

PHARMACOLOGY PHARMACY OR PHYSIOLOGY OR RELIGION OR  

BIOPHYSICS OR SOCIAL WORK OR ETHICS OR TRANSPORTATION OR  

MATHEMATICS INTERDISCIPLINARY APPLICATIONS OR ASIAN STUDIES  

OR IMAGING SCIENCE PHOTOGRAPHIC TECHNOLOGY OR ASTRONOMY  

ASTROPHYSICS OR MARINE FRESHWATER BIOLOGY OR POLITICAL  

SCIENCE OR CHEMISTRY ANALYTICAL OR ANTHROPOLOGY OR SOCIAL  

SCIENCES MATHEMATICAL METHODS OR CHEMISTRY PHYSICAL OR  

COMPUTER SCIENCE INTERDISCIPLINARY APPLICATIONS OR STATISTICS  

PROBABILITY OR COMPUTER SCIENCE ARTIFICIAL INTELLIGENCE OR  

DEMOGRAPHY OR COMPUTER SCIENCE THEORY METHODS OR  

AGRICULTURE DAIRY ANIMAL SCIENCE OR GEOCHEMISTRY  

GEOPHYSICS OR CONSTRUCTION BUILDING TECHNOLOGY OR  

HORTICULTURE ) AND [EXCLUDING] WEB OF SCIENCE CATEGORIES: (  

ENGINEERING MULTIDISCIPLINARY OR ENDOCRINOLOGY METABOLISM  

OR ENGINEERING INDUSTRIAL OR GEOLOGY OR HISTORY OR HISTORY  

OF SOCIAL SCIENCES OR BIOLOGY OR HOSPITALITY LEISURE SPORT  

TOURISM OR ENERGY FUELS OR INFECTIOUS DISEASES OR LITERATURE  

OR SOCIAL SCIENCES BIOMEDICAL OR THERMODYNAMICS OR  

VIROLOGY ) AND [EXCLUDING] WEB OF SCIENCE CATEGORIES: (  

BUSINESS FINANCE )  
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TIMESPAN: ALL YEARS. INDEXES: SCI-EXPANDED, SSCI, A&HCI, CPCI-S,  

CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC.  
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Appendix B. Process for search in the Databases 

ACADEMIC SEARCH Complete 

 
Keywords: “climate change” + “adapt*” + (“agricultur*” OR “farming”) 
Results = 5128 
 
After filters: Peer Reviewed only and Academic Journals only 
Results = 4906 
 
After filters: Language - English 
Results = 4778 
 
After filters: Excluding non-relevant industries such as finfish farming, fish hatcheries, 
industrial gas manufacturing, forestry, hay farming, etc. 
Results = 1250 
 
 
WEB OF SCIENCE: CORE COLLECTION 
 
Keywords: “climate change” + “adapt*” + (“agricultur*” OR “farming”) 
Results = 7280 
 
After filters: Articles only 
Results = 5492 
 
After filters: Language - English 
Results = 5386 
 
After filters: Excluding non-relevant categories such as women’s studies, parasitology, 
Mathematics, Forestry, Animal Husbandry, etc, 
Results = 3175 
 
Total = 4375 
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