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Abstract 
This paper uses a case study in the Maritime provinces of Canada (New Brunswick, Nova Scotia, and Prince 
Edward Island) to compare farmer observations of climate change and its impacts on production agriculture 
with the modelled projections available in the scientific literature. Farmers have typically been ignored in 
discussions of climate change in the region, leading to a hegemonic knowledge structure that I argue 
undermines the project of climate change assessment and adaptation. Semi-structured interviews (n=40) 
were performed with small-scale vegetable farmers across the Maritimes, and analysed using grounded 
theory methodology to establish a series of observational themes and insights. The study found that farmers’ 
observations across the region widely corroborate with the established modelled projections; in many areas, 
the observations have allowed for more precise assessment of impacts than using models alone. I argue that 
farmers should be included in the discussion around climate change in a more formal sense in order to 
provide the best information possible to policymakers and researchers. 
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1. Introduction 

How can we best assess the impacts of climate change on a sector when models and projection show 

uncertainty? In assessing the possible impacts of climate change on food systems, and more specifically on 

production agriculture, current models can ultimately come up against limits. For instance, regions may be 

too geographically diverse to model in high resolution, or resources do not allow for high-resolution 

modelling (Campbell et al., 2014; IPCC, 2014; Reilly and Willenbockel, 2010). There are practical limits to 

what geophysical models can provide to scientists and policymakers. These limits, however, may be 

overcome by listening to those experts already on the ground.   

 

Within the literature, there already exists a long tradition of integrating indigenous or local knowledge as 

expert knowledge in assessing the effects of climate change on a particular region. Berkes (2007) describes 

the necessity of utilizing both indigenous and scientific knowledges to acquire and analyze data, especially in 

environmental management situations. There is growing acceptance of the importance of local and 

indigenous knowledge in climate change and food systems research  (Berkes et al., 2007; CCAFS, 2016; 

FAO, 2016; Lemmen et al., 2008; Nelson et al., 2007; Oliver et al., 2012; Raymond et al., 2010). This 

relationship is predicated on the erosion of boundaries between “authoritative” and “informal” forms of 

knowledge (Raymond et al., 2010). The view is reflected in different approaches, including coupled socio-

ecological systems  (Berkes, 2007; Olsson et al., 2004) and community-based resource management 

(Armitage et al., 2008, 2009; Folke et al., 2010; Olsson et al., 2004; Plummer and Armitage, 2007) These 

frameworks are often participatory in nature, and highlight the need to build on different knowledges to 

understand and solve environmental management problems. They recognize “the need to integrate 

knowledge held by academic researchers (often across traditional academic disciplinary boundaries) and 

non-academic participants, such as land managers” (Raymond et al., 2010: 1767).  

 

Despite the institutional endorsement for the use of such “on-the-ground knowledge”, farmers are often 

dismissed as voices within the discussion on the global impacts of climate change on production agriculture. 

Farmers’ knowledge is often categorized as informal knowledge, in contrast to the formal knowledge of—for 

example—modelled projections. This creates a relationship where informal knowledge is placed into a 

subordinate position, and where the strengths of informal knowledge are ignored (Sumane et al., 2017). Yet 

farmers, as Sherren and Darnhofer (2017) put it, "are the ultimate applied researchers: they experiment and 

observe, learn and adapt” (p. 7). Their knowledge and experience is essential not only to collecting data 

about changes in a given region, but also in enabling governments and institutions to respond. Given that 

farmers will likely be the prime beneficiaries or victims of whatever policies are created, it makes sense for 

their knowledge to be integrated early into management and decision-making.   
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The Canadian Maritimes region—encompassing the provinces of Nova Scotia, New Brunswick, and Prince 

Edward Island, and hereafter referred to as “the Maritimes"—is an excellent case study for the dynamics of 

climate change projections and farmers’ observations of climate change. The region is already experiencing 

the effects of global climate change, particularly those associated with sea level rise and a rise in average 

temperatures (Daigle, 2012; Jellett, 2011; Richards and Daigle, 2011a; Savard et al., 2016). Yet its 

geophysical diversity has historically made it difficult to accurately model smaller microclimates within the 

region. In particular, Savard et al. (2016) notes that, due to topographical diversity and lack of historical data, 

projections for changes to wind events across the region are difficult to establish at a high resolution.   

 

Recent assessments of the potential effects of climate change on agriculture in the Maritimes have 

disconcertingly neglected to integrate experiences, observations, and insights from farmers in the region. All 

three provincial governments have released public climate change mitigation and adaptation plans, none of 

which show significant analysis of farmer-led observations or adaptation techniques in different agricultural 

communities across the Maritimes (NB Govt, 2013; NS Govt, 2009; PEI Govt, 2008). Assessments from the 

federal Government of Canada similarly privileges modelled projections made by models, though noting 

limitations in understanding at deeper levels than that of the provinces (Bush et al., 2014; Campbell et al., 

2014; Savard et al., 2016)   

 

This paper aims to respond to such a gap in the literature by showcasing and amplifying producer 

observations of climate change. It explores farmer perceptions of climate and weather change in the 

Canadian Maritimes, and compares them to downscaled climate projections available in the literature. I 

begin by summarizing a systematic review of the literature on climate change and agriculture in the 

Maritimes. Then, I describe the results derived from a study which interviewed small-scale vegetable farmers 

across the Maritime provinces (n=40) about changes in weather, climate, and other factors essential to 

production. In comparing modelled projections of the effects of climate change across the Maritime region 

to the insights provided by small-scale producers who observe and react to changes in weather and climate 

as an essential part of their livelihood, I demonstrate that farmer knowledge is invaluable to a thorough 

analysis of the impacts of climate change on agriculture in the Maritimes.   

 

 

2. Methods 

I first performed a systematic literature review of climate predictions for the Maritimes. Documents were 

acquired through systematic searches of available government and journal databases, beginning with official 
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provincial and federal government assessments of climate change impacts in the region. Documents were 

searched for relevant terms, and the passages were reviewed to ensure that they fit within the framework of 

the study—that is, the effects of climate change on small-scale vegetable production in the Maritimes. 

(Relevant terms included weather, climate, maritimes, agriculture, precipitation, etc).  

 

Between May and August 2016, I interviewed 40 small-scale vegetable farmers in New Brunswick, Nova 

Scotia, and Prince Edward Island (Figure 1). Sources were chosen based on knowledge and networks gained 

as a researcher as well as member of the small-scale farming community. Having worked as a farming 

apprentice in Nova Scotia and New Brunswick from 2013 to 2015, I was able to target initial contacts and 

then use snowball sampling techniques to find other interested participants. Snowballing proved effective in 

contacting sources who were most likely to be interested in the project, as well as willing to participate 

(Tansey, 2007).  Sources were also contacted via advertisements in online newsletters for the regional organic 

agriculture organization, the Atlantic Canada Organic Regional Network. The advertisements led to an online 

form which could be filled out to communicate interest, submissions of which were transferred to an online 

database.   
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Fig. 1: Interview locations, May-August 2016 (Google Maps, 2017) 

 

Interviews took place across the Maritime provinces, from northern New Brunswick (Bathurst region) to the 

South Shore of Nova Scotia, between the months of May and August 2016. Geographically stratified 

interviews would have been ideal to provide a full cross-section of observed impacts but were not possible 

due to time and funding constraints. The number and distribution of participants still lends rigour to the 

interview population, as it represents the majority of small-scale farms in the region; Figure 2 provides a map 

of major agricultural activity in the province, which largely matches interview sites.  

 

Fig.2: Agriculturally available in province mapped by density (Agriculture and Agri-Food Canada, 

2017) 

 

Interviews took place in situ on the farm, and were semi-structured. They took place in either French or in 

English; many of the Acadien farmers who participated in the study preferred to speak in French or Chiac1, 

both of which I speak fluently. Using both languages enabled a deeper appreciation for farmer observations 

within a region, given that many of the farmers did not speak English and would otherwise have been 

potentially discouraged from participating in the research project if they had not been contacted in their 

native language. Farmers were informed that they were going to be asked about their farming practices, the 

effects of weather on farming in the region, and on their reaction and concerns about climate change. The 

interviews followed a set of initial questions concerning changes in weather, climate trends, and details about 

the farms’ operations which were then expanded upon depending on the participants’ interests and 

																																																								
	
1 French-related dialect of Acadie. Acadie (or the Acadian region) covers much of New Brunswick, as well as parts of Nova Scotia, 
Prince Edward Island, and Maine; it is the historical territory of the French-speaking peoples of Eastern Canada. Today, Chiac refers to 
the vernacular Acadian French which combines French, English, and Aboriginal languages.  
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engagement, as suggested in grounded theory methodology (Charmaz, 2016, 2006).  

 

Other data were collected through follow-up phone calls, which were recorded, and through participant 

observation while visiting farms. During and after interviews, I agreed to repay participants with free, skilled 

labour on their farm; it was understood that, given the timing of interviews (high production season), it would 

be unacceptable to take farmers away from the field without repayment. Part of my position as a researcher 

also takes into account the fact that I have worked as a farm labourer and manager in the past within the 

Maritime region. The community of participants thus knows me as a member of that community first, and as 

a researcher second. As such, the labour was performed out of a sense of relational accountability and of 

mutual reciprocity, a relationship which is well-explained by Wilson (2008).  

 

The transcribed interviews were then coded using NVivo 11 (QSR International, 2016). Coding took an 

inductive, iterative approach; codes were generated through close reading, then categorized into theoretical 

and thematic categories. The process took place in iterative stages in order to ensure consistency within 

theoretical codes. An initial analysis was performed by exploring the major themes which emerged 

inductively in coding (ex.: weather uncertainty; wind events; temperature trends). The analysis was then 

linked with specific sections of transcripts. In order to allow farmers’ voices to come through, and presented 

as expert observations, I use quotes from the interviews within the Results section. 

 

Finally, I performed a systematic qualitative analysis comparing scientific projections and local ecological 

knowledge based on the larger themes shared by both the projections and farmers’ observations (wind 

events, temperature trends, etc.). It should be noted that the desire was not in any way to verify the 

projections using farmers’ perspectives, observations, and experience; i.e. to determine if farmers are 

‘correct’ in their observations. Neither of the expert assessments are seen as subordinate to one another. 

Rather, this paper presents them as equally valid knowledge frameworks, and seeks to understand the ways 

in which comparing them can deepen an often uncertain and complex analysis. The final aim is to establish a 

more nuanced view of climate change impacts on agriculture in the Maritimes—a project to which all expert 

knowledge, regardless of origin, can contribute.  

 

 

3. Results 

This section presents a systematic review of climate change projections for the Maritime provinces, followed 

by research results from the interviews. The results are organized around some of the major themes which 

have emerged, in both the literature and farmer interviews, around climate change impacts: precipitation, 
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windiness and storm events, temperature changes, and sea level rise. Within each theme, I also highlight 

potential impacts to the agricultural sector or to farm production and which were brought up within the 

literature review or the interviews.   

 

A comparative summary of results is presented in Table 1. A complete table of illustrative excerpts from 

interviews appear in Appendix B. Given that models and assessments are regional rather than provincial, 

data are presented with the assumption that they apply to the entire region unless noted. One essential 

difference between the literature and interview results is that, while the literature attempts to project 

changes, farmers are looking back on experiences events and trends.  

 

3.1 Literature Review of Climate Change Impacts   

 

3.1.1 Precipitation 

Global projections via the CMIP5 model suggests that temperature changes are likely to cause increases in 

annual precipitation in Eastern coastal areas (IPCC, 2014). Precipitation increases are expected to rise 

significantly on average, but also to increase in intensity, especially in the winter and spring seasons (Loder et 

al., 2013; Ouranos, 2010; Savard et al., 2016). Increased precipitation across the region is, in turn, expected 

to lead to a decline in snowpack during the winter (Lemmen et al., 2008). Projections in precipitation 

extremes also indicate that, combined with temperature increases, the region may experience heightened 

evaporation levels, as well as increased aridity for prolonged periods (Campbell et al., 2014; Savard et al., 

2016).   

 

Precipitation is projected to affect the agricultural sector in terms of an increase in spring runoff, which may 

lead to increased erosion and nutrient loss (IPCC, 2014b). A declining snowpack—the cover of snow which 

would otherwise serve as both insulation and rain cover—may exacerbate the effect (Lemmen et al., 2008; 

Vasseur et al., 2008).    

 

3.1.2 Windiness and storms 

General wind patterns are present in projections, but with high uncertainty. Savard (2016) notes that wind is a 

difficult variable to project into the future due to the difficulty of acquiring data: "Wind is very sensitive to 

local topography, and any relocation of wind stations […] can introduce significant changes in a time series 

that are not related to climate change” (104). Loder et al. (2013)  suggest that it is unlikely for there to be 

changes in wind speed across the Maritimes due to climate change. (Bush et al., 2014; Loder et al., 2013).  
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Storm density in the North Atlantic is at its strongest in the Maritime region, a trend which is likely to 

continue and affect most of the coastal areas of the region (Jellett, 2013; Savard et al., 2016; Thompson et 

al., 2009). Savard (2016)’s meta-analysis suggests that more frequent and more intense storms are to be 

expected across the Maritime region, given that hurricanes will track closer to Maritime coasts.   

 

3.1.3 Temperature changes 

Across the Maritimes, temperatures are commensurate with the general North American trend, and have 

risen 0.90 ±0.37°C in the past 110 years (IPCC, 2014; Savard et al., 2016). The data present a warming trend 

with high annual and interdecadal variability (Savard 2016). Current projections suggest that the Maritime 

region can expect more dry heat waves as temperature increases continue (IPCC, 2014; Vasseur et al., 

2008).   

 

Changes in temperature may yield some benefits for food producers: increases in regional surface 

temperature have been recognized as potentially increasing food production: the length of the growing 

season will increase and, with it, the capacity for growing different crops as well as producing staples for a 

longer period in the year (Campbell et al., 2014; Savard et al., 2016; Scherr et al., 2012). However, increasing 

levels of evapotranspiration in plants would likely cause stress for existing crops. The IPCC’s AR5 concludes 

that “overall yields of major crops in North America are projected to decline modestly by mid-century and 

more steeply by 2100 among studies that do not consider adaptation” (IPCC, 2014, p. 1462). Moreover, 

increases in pest populations due to shifting climatic zones are projected to have a negative effect on 

agriculture: climate change is likely to bring more variability in late killing frosts, which will likely increase the 

prevalence of agricultural pests and weeds across Eastern Canada’s agricultural landscapes, as well as drive 

an increase in plant-borne diseases (Burke and Emerick, 2016; Food Secure Canada, 2015; Hewitt, 2016; 

Savard et al., 2016).  

 

3.1.4 Sea level rise and storm surges 

Sea-level rise (SLR) is a continuing concern across the coastal regions of the Maritimes. Richards et al. (2011) 

note that, by 2055, an average sea level rise of 0.4m of could be anticipated across the coast; such a rise 

would be of significant concern considering the agricultural dykelands and coastal villages and cities which 

characterize the region. (Arkema et al., 2013; Richards and Daigle, 2011b; Vasseur et al., 2008). In high-

emissions scenarios, James et al (2014) have projected variable rises by region, which may include up to 

100cm in the southeastern part of the Maritimes, as well as up to 40cm in the northeastern portion.   

 

The heightened sea level increases the vulnerability of coastal systems, including agriculture located close to 
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the coast, to storm surges. Historical data shows that, on Prince Edward Island, storm surges of a scale 

commensurate with those experienced in 1963 and 1991 would today flood much of the provincial capital’s 

waterfront, as well as road infrastructure and coastal lowlands, due to the combined impacts of coastal 

erosion and subsidence which significantly increase flooding vulnerability (Bush et al., 2014; James et al., 

2014; Savard et al., 2016). In the Chignecto Isthmus, which links Nova Scotia and New Brunswick via a major 

transportation corridor, the current dykeland infrastructure has been characterized as insufficient to 

successfully prevent flooding according to storm surge projections (Boyle et al., 2013; Campbell et al., 2014; 

Lieske et al., 2015, 2013). Storm surge-related flooding will likely become a concern for coastal communities 

and economic activity across the region, especially in low-lying areas (Arkema et al., 2013); significant 

pockets of the Maritime region run the risk of being cut off, or otherwise significantly impacted, by the 

effects of sea level rise and coastal erosion on roads and other protective infrastructure (Boyle et al., 2013; 

Geological Survey of Canada, 1998; Jellett, 2013, 2011). Increased flooding and erosion will decrease overall 

groundwater quality across the region.  

 

3.2  Farmer observations of climate change across the Maritimes 

Farmer observations reveal significant changes in weather and climate events over recent decades. Farmers 

often did not explicitly link climate change to changes in weather during interviews, however. Whether they 

were concerned with climate change as a global issue or not, they pointed out those changes in relation to 

how each had impacted their own production. It is important to note how many of the weather or climate 

observations were discussed in the context of their more tangible impacts on crops or infrastructure.  

 

Many interview participants had concerns about increasingly unpredictable weather. Some spoke about 

erratic temperatures in their specific location making it increasingly difficult to predict when there would be 

frosts or sufficient snow cover. Shifts in precipitation were observed to move towards extremes, with rain 

coming either in strong bursts or not at all. Weather patterns in general are more erratic than normal, and 

difficult to predict in terms of planning for the growing season.   

What I've seen mostly […] is more extreme weather. […] I think that we should call it 
climate chaos. Weather is getting, in my experience, chaotic. (NS-001) 

The weather is very unpredictable. It's changed. It’s changed a lot. (NS-011) 

 

Farmers also commented on specific aspects of their increasingly erratic weather and climate. I focus on 

some of the common themes below.  

 

3.2.1 Precipitation 
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Farmers describe precipitation patterns as shifting towards erratic swings between downpours and drought.  

Tu pognes des extrêmes. Tu peux pogner cinq pouces d'eau, mais tu peux être deux 
semaines sans rien. (NB-002)2 
(You get extremes. You can get five inches of rain, but you can go two weeks without a 
drop.) 

 

Across the region, farmers attested to experiencing precipitation cycles which were increasing in intensity as 

well as becoming less and less regular. Farmers reported rains which would be significantly more intense 

happening in large “dumps” —periods of intense precipitation—which would be followed by potentially 

weeks of drought.  

We seem to get caught in the longer cycles of wet or dry, and a lot of them have been wet 
that I remember. So, suddenly you will be in three weeks of cloudy and rain when it 
shouldn’t be. We seem to get caught into those cycles. [...] I don’t know. But a lot of 
people are aware of it. (NS-011) 

   

Variation in precipitation has caused concerns regarding both drought and waterlogging of soil. Farmers 

whose land held mostly sandy soils were less concerned with waterlogging, but worried about dry spells, 

especially if their farm was not set up with irrigation infrastructure. Long droughts would make it impossible 

for transplanted crops to properly reach maturity.   

When I was working on a vegetable farm [in the US, ten years ago] […] we had no irrigation 
at all on that farm. And that was a big farm. […] and we did it all without irrigation. And to 
try to grow vegetables now without irrigation is almost unthinkable. (NS-016) 

Water shortages were also noted by some farmers as weakening crops and making them more vulnerable to 

other pest and disease pressures.   

You can see it really with the flea beetles. Whenever the plants are really healthy, they 
don’t get affected as much with the flea beetles. When they are stressed, especially with 
water, I find that the flea beetles are a little bit more of a challenge. (PEI-005) 

 

In contrast, farmers whose soil had higher clay content remarked that the increased “dumping” of rain 

inflicted damage on plants and made cultivation difficult in subsequent days, due to soil clumping or 

standing water.   

																																																								
	
2 Given the importance of language to the farmers I interviewed, I prefer to leave data in its original 
language and provide translation in footnotes. 
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I cannot actually get back [on the land] once my summer crop is out to seed for the spring 
or winter, because it's too wet. The waters start coming in from underneath, and I’ll get 
flooding in the middle of the greenhouse when it rains. That's been a major challenge 
when we get these very drastic, heavy downpours. I remember one year [...] it was 2011, 
where we had 12 inches of rain in a week. We had 5 inches overnight and then over a week 
we had 7 inches. I had seeded beans and stuff there, that was my legumes section, and 
they were -- a pile of my topsoil and seeds was at the bottom of the field after that [...] 
Total washout. (NS-019) 

 

Concerns about precipitation extended to snow pack in the winter: snow pack was described as less reliable 

than in the past, given that warmer winters could bring rains which would melt snow. Farmers discussed how 

an increased pattern of heavy snow years and no-snow years would affect their crops: heavy snow could 

create pressure and eventually lead to structural damage to greenhouses and other infrastructure. 

Furthermore, lack of snow on fields reduced protection during winter, as winter rains on unseeded fields 

which didn’t have cover crops could lead to nutrient leaching in soil, as well as a lack of insulation for soil.    

 

One farmer, commenting on heavy snows, told the story of what happened after an unusual late April snow 

storm:   

Everything was late. We were shovelling out the greenhouse—I have a picture of [an 
employee] with a drift of snow up to her neck, shovelling the snow away from the sides of 
the greenhouse. Production was stalled […] the birds were affected; the animals were 
unhappy. The horses were cooped up in a tiny little area. Things were just—we didn't have 
the time. Our season's already so short. (NS-003)  

 

3.2.2 Windiness and wind events 

Farmers observed that general windiness has increased across the Maritime region, as well as frequency of 

heavy wind events. Several farmers reported an increase in wind events in recent years, both in terms of 

frequency and intensity; wind events have also been more difficult to predict.   

 We are getting more strong winds. I noticed in the spring we had a few very strong winds 
from the south and the south-west, which we did not usually get. (NS-019) 

 General windiness is increasing.  I was talking about the hay windrows getting blown 
across the field-- those weren't hurricane-force gusts or anything, they were gusts of maybe 
50 or something...  but the other thing we’re seeing is sustained winds of maybe 30 or 40 
that go on for 24, 36 hours.   (NS-016) 

 
 Farmers reported that hurricanes had previously caused significant damage, uprooting trees and damaging 

fruit crops. Most farmers who spoke about hurricanes anticipated stronger Atlantic hurricane seasons, which 

would in turn add stress to infrastructure. Hurricane shear winds have also been recorded as having increased 
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in intensity. 

 Deux ans passés, il y avait eu Arthur, alors les ouragans définitivement. Ils fessent de plus 
en plus fort, les queues d'ouragan. (NB-001-1) 
 (Two years ago, there was [hurricane] Arthur, so definitely storms [are worrying]. They hit 
harder and harder, those hurricane tails.) 

 

One of our tunnels let go in a big wind storm. One of the ends just let go and it started to 
blow away. Also the wind can cause the plastic to rub against the [supporting] strings, and 
that breaks the plastic. Sometimes the ropes rub against the frame pipes, and that breaks 
the ropes, and then the plastic can get away. (NB-005) 

 

Increased wind was reported as also being beneficial to farmers due to its side-effect of reducing insect and 

pest populations. However, farmers also expressed concerns over decreased pollinator activity, which might 

increase risk of certain crops which require fertilization (tomatoes and squashes, for example) not being able 

to fruit.  Moreover, sustained wind can cause stress in vegetable crops by sapping moisture, which reduces 

productivity.   

 [Wind is] generally stressful on plants.  When you have a wind like that blowing across 
plants, their need for water just goes up exponentially. And when it's coupled with a 
drought situation like we've just been through, it's really hard on plants. It reduces plant 
growth. (NS-016) 

Many of the farmers interviewed were concerned about the increased windiness in terms of its impacts on 

future planning for production and multi-year crops. Farmers described instances of needing to cut 

greenhouse and hoop house plastic to avoid having the structure being torn out from anchors during heavy 

winds. One farmer described how, in wind storms, trellising can rub against crops like tomatoes, damaging 

stems and slowing growth.   

Wind has been a huge issue. It's very destructive and I worry that we’re going to get a lot 
more of it. It also cools things off, it does slow growth when it makes plants move a lot. 
They might develop thicker stems, but they are also not developing plant parts that you 
want to eat. (NB-005) 

 

3.2.3 Temperature changes and shifts in production season 

Farmers reported that the production season has shifted later in the year. This shift was characterized firstly 

by a wetter, colder spring which moved quickly into summer; and secondly, by an autumn where frosts have 

been occurring much later than would be expected.  

C'est sûr que depuis 40 ans, la saison s’est allongée, certain d'une semaine. Max une 
semaine au printemps. Quand j'étais jeune gars, on parlait souvent des gelées de fin mai. 



13 

On avait souvent ça. Moi, ça fait je sais combien d'années qu'on a pas vu de gelées dans le 
mois de juin, vraiment—il y en a pas eu beaucoup. On avait des gelées fin août [...] [ça fait] 
probablement dix-quinze ans qu'on a pas vu de gelée fin août. On voit une grosse 
différence. (NB-001-3)  
(Definitely in the past 40 years, the season’s gotten longer, definitely by a week. At most a 
week in the spring. When I was young, we used to talk about frosts in late May. We had 
those a lot. I don’t know how many years it’s been since we’ve seen a frost in June, really—
there haven’t been many. We had frosts in late August […] It’s probably been ten, fifteen 
years since we’ve seen an end-of-August frost. You see a big difference.) 

 

What we have been experiencing somewhat is that I think the season is extending. [...] 
Well, we have been harvesting some years … it wasn’t last year, I think two years ago, we 
harvested broccoli on the first of December for the market. (PEI-003) 

   

Farmers mentioned that there would be advantages to increasing temperatures due to being able to 

produce longer into the fall. Some, however, mentioned concerns that the changes in the relationship 

between day length and warmth might not be optimal for crops. (Given that most crops’ growing seasons 

are based on light exposure as much as temperature, later growing seasons might impact the amount of 

sunlight hours each plant receives).   

It's tricky because when you're growing vegetables, day length is a really important 
factor.  […] When the plants have warm soil, they are taking in nitrogen. But when they 
don't have enough sunlight, they are not processing it. They are actually storing it in their 
leaves and accumulating nitrates, which we know are carcinogens. […] Those shorter days 
also limit how much growing those plants can do, as well. You want at least 12 hours a day, 
but by the time you get into October, your days are getting shorter. It feels like our season 
is doing a shift in a direction away from maximum daylight towards less daylight. and this 
can have an issue with quality and safety, I guess-- I don't know if it's a big enough issue 
that anyone is going to be too concerned about it, but it's definitely an issue with 
production, with yield. (NB-005) 

 

Others mentioned that while the frost dates shift might seem advantageous, frosts were more erratic, with 

some outlying frosts taking place at times that were not beneficial:  

Our [frost dates] have been all over the place. We got a really late frost this week even 
though our spring was warm. [...] We would rather it be predictable and say, we know 
there's going to be snow cover and we can plant these things and they will overwinter. 
Sure, there's opportunity for things that wouldn't have normally overwintered, but if we 
don't know what those things are going to be.  It's not a huge benefit. (NS-005-1) 

 
One side-effect of frost shifting is the lack of hard frosts which might otherwise kill diseases or pests. Farmers 

noticed that increased temperatures have brought different types of insects to farms, some of which have 
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caused additional crop stress.   

There are certain insects that we didn’t have before that we have now, where they 
predicted they would be here 20 years from now, but they are here now, like the cucumber 
beetle. We didn’t have it five, six, maybe, seven years ago. It wasn’t here. When they first 
started talking about it, it’s like, no, it’s not going to come here for X amount of years. And 
now, in Quebec, they have the cécidomie du chou-fleur. It’s a type of tip midge, I think. It’s 
attacking the growing tip of all the brassicas. I haven’t really read about it all that much, but 
when we were there in 2014, all the organic growers were using the Protek-Net on all of 
their brassicas because if it’s attacking your growing tip, if it gets it, then that’s it. (NB-003) 

 

Different insect populations are of a particular problem for farmers who choose to use non-insecticide-based 

pest control methods, many of which involve additional infrastructure (such as plastic-mesh row cover or 

netting) or changing production plans to ensure a suppressive crop rotation.   

 

3.2.4 Sea level rise and storm surges 

Beyond direct effects on crops, farmers also expressed concerns about the effects of the variability of storm 

surges and precipitation on flooding patterns. Participants who are coastally situated suggested that sea 

level rise could lead to increased flooding of coastal agricultural land, especially when considered in 

conjunction with ongoing erosion around Maritime coasts. While few farmers were concerned with the direct 

impacts of sea level rise on their own production operation, they noted the systemic encroachment of 

erosion on coastal regions.  

Erosion is a big problem along the coast here, especially on those mild winters when your 
ground is not frozen. Those nor’easters come in and chew up your banks. (NB-004-2) 

 

The combination of coastal erosion and storm surges leaves coastal communities vulnerable to flooding. 

Farmers expressed concerns regarding the effects of flooding on transportation infrastructure that was 

essential to them. Farmers operating close to the Chignecto Isthmus, the narrow band of land which joins 

Nova Scotia to New Brunwsick, worried that sea level rise and storm surges might disrupt the single land 

bridge between New Brunswick and Nova Scotia which provides an essential transportation corridor. This 

disruption would, in turn, make going to market or obtaining equipment or inputs such as fertilizers more 

difficult, if not impossible.  

 

3.2.5 Lack of predictability as the new normal 

Finally, participants expressed the common feeling that a shift towards more erratic weather was simply 

going to have to be accepted, and that producers would need to accept that weather would be more 
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extreme from now on. Where it had been previously possible for farmers to expect certain patterns of 

precipitation, wind and air currents, or storms, the “new reality” seems to be one which dictates constant 

vigilance and constant change. In a time of unpredictability, the only real solution would be constant 

vigilance and reaction.  

It’s the new reality, pretty much, I guess, but who knows what it is going to look like? I do 
think it’s going to be freakier and warmer, maybe, a warmer spring and then you get a frost 
in June or something. I don’t know. You have just to be, like … keep watching the weather. 
(NB-004)  

 

4. Discussion 

I set out to compare the effects of climate change on production agriculture in the Maritime region of 

Eastern Canada as perceived by 1) the consensus of scientists and modelled projections, and 2) the 

experience and observations of farmers as expert contributors to the current state of knowledge. I did so by 

undertaking a systematic literature review of the accepted projections for climate change impacts on the 

Maritime provinces as they might affect food production, and performing a series of interviews with 

producers across the breadth of the Maritimes, providing a picture of currently observed impacts at a local 

level. Understanding that neither scientific literature nor “informal” farmer knowledge is a more or less valid 

form of knowledge than the other is essential to appreciating the qualitative analysis which is presented 

below (Oliver et al., 2012; Smith et al., 2017; Sumane et al., 2017). Rather than establishing authority, the aim 

of this analysis is to provide a clearer picture of the current effects on producers, and to help complete areas 

of observation which may have been too uncertain to project with confidence, or to observe with authority.   

 

This discussion focuses on the utility of involving farmers’ voices in a broader discussion of climate change 

policy in the region, especially considering adaptation options at the local and provincial levels. Current 

climate adaptation plans may not be adequately involving on-ground expertise in their assessments of 

vulnerability and of adaptation. Farmers’ expertise not only in weather and climate observation, but also in 

rapidly reacting to changes in order to maintain production levels, would be assets to any climate-related 

management plan. Such planning might allow for a reactive and locally-developed plan rather than a 

generalized strategy which may not fit each producer’s level. Considering a hybrid framework of scientific 

and local knowledges should lead towards the co-management of climate impacts and adaptation.   

 

4.1 Systematic analysis: do projections corroborate with farmer experiences? 

Comparative analysis shows strong similarities between projections and farmer observations of shifting 

weather and climate patterns for the region. Table 1 shows a comparison of projections and farmer 
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observations from a variety of sources, noted beside each observation. Both sets of data are organized in 

accordance to general areas of impact, including precipitation; extreme weather; temperature and 

production season shifts; wind events; and storm surge-related flooding.  
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TABLE 1: Modelled projections and farmer observations of climate change in the Maritime region 

Theme Modelled projection Source Farmer observation Source 

Precipitation Increases in annual 
precipitation, especially 
in winter and spring 

IPCC 2014b 
Ouranos, 2010 in 
Savard, 2016 

Shift towards higher-intensity, erratic 
rains 

NB-002, NS-004, NS-
011, NS-016, NS-
019, PEI-005 

Higher evaporation 
rates due to warmth; 
increase in aridity 

Campbell et.al., 2014 Drying up of certain crops due to 
extra wind, evaporation 

NB-005, NS-016 

Declining snowpack Lemmen et al., 2008 Erratic snows: some winters with 
excessive cover, some with no cover 
at all  

NS-003, NB-001-1 

Extreme 
weather 

Growing vulnerability 
towards storm surges 

Lieske et al 2015 
Savard et al, 2016 

Hurricanes getting stronger  NB-001-1, NB-005, 
NB-006, NB-007, NB-
008, PEI-005 

Higher intensity storms Campbell et.al., 2014 

Northward shift in 
storm frequency 

Campbell et al., 2014 
IPCC, 2014 
Savard et al., 2016 

Seasonal 
regularity 
and 
temperature 
trends 

Increased air surface 
temperatures 

Almaraz et al, 2008 
Cabas et al, 2010 
Savard et al, 2016 

Erratic frost dates  NS-006, NB-007, NB-
008 

More dry heat waves Vasseur and Catto, 
2008 

Spring is less and less warm, 
perceived as “late”  

NB-001-1, NB-002, 
NB-005, NB-007, NB-
008, NS-005, NS-
011, NS-016, NS-024 

Increased season 
length 

Campbell et.al., 2014 Autumns are warmer – season 
extended  

NB-001-1, NB-001-3, 
NB-002, NB-005, NS-
013, NS-026, PEI-003 

General 
weather 
predictability 

  Weather is unpredictable – “Freaky” NB-002, NB-004-1, 
NB-004-2, NS-001, 
NS-002, NS-005, NS-
011, NS-016, NS-019 

Windiness Uncertainty due to lack 
of data 

Savard et al., 2016 General windiness increasing NB-003, NB-005, NS-
012, NS-016, NS-019 

Stronger wind events NB-002, NB-006, NS-
001, NS-005, NS-
016, NS-019, PEI-
004, PEI-005 

Storm surge 
flooding 

Increased likelihood of 
storm surge-related 
flooding  

Arkema et al, 2013 
Savard et al 2016 
Lieske et al, 2015 

Concerns regarding effects of 
flooding and storm surges, erosion 

NS-006, NS-019, NB-
004-1, NB-004-2 
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It can be seen in side-by-side comparison that major areas of impact are covered by both modelling and 

farmer knowledge. Within most of the thematic areas of impact, the qualitative aggregation of farmer 

observations agreed closely with the aggregated literature describing modelled projections. Both sources of 

data find that precipitation is growing more intense and more erratic. Temperature trends are leading to later 

hard frosts in both the spring and the autumn, effectively lengthening the production season. Extreme 

weather, including storm surges, are a growing concern as the region becomes increasingly vulnerable to 

hurricanes, wind events, and storms.   

     

Yet many of the observations made on a farm scale are more specific and detailed than aggregated 

projections within the literature. For example, regional climate models are unable to project changes in wind 

patterns due to topographical diversity in the Maritime region (Savard et al, 2016). On the other hand, farmer 

observations aggregated from multiple regions and topographies yield that windiness in general has been 

increasing across multiple regions of southern New Brunswick and Nova Scotia, and that strong wind events 

are a concern across the Maritime region. While these observations are not precise projections—farmers 

were not projecting future impacts of climate change—they do offer a clearer picture of the impacts already 

observed. Farmers’ knowledge of the local environment is tied to a particular set of local natural phenomena 

and to observations performed continuously and methodically (Dolinska and d’Aquino, 2016; Sumane et al., 

2017); recording observations provides a geographically diverse understanding of impacts that had hitherto 

only been mapped regionally.  

 

One point of interest is that the observations made by farmers regarding changes in weather and climate are 

intimately tied to impacts on crops and infrastructure, farming life, or relationships between farmers and 

markets.  Observations regarding wind were not due to measurement, but due to effects on season 

extension infrastructure; temperature and precipitation observations are closely tied to whether crop 

production is affected. This brings to mind Sumane et al.’s observation that farmers’ knowledge is, more than 

anything, highly localized, and that it encompasses “dynamic and complex bodies of know-how, practices 

and skills, developed and sustained over time” (2017: 2). Farming expertise is necessarily linked to the 

objectives of farmers—producing food and maintaining the infrastructure which lets them do so. Far from 

rendering the observations less useful to policymakers and researchers, however, this expertise should be 

understood as providing high-level contextual knowledge, both in terms of effects on microregions and also 

in terms of implications for adaptation.   

 

4.2 Models and farmer knowledge: a hybrid framework for co-management? 
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Considering a hybrid framework of scientific and local knowledges could be a useful step towards the co-

management of climate impacts and adaptation. Current frameworks appear to privilege scientific 

knowledge, creating a situation where farmer expertise is bound in power relations, and creating barriers to 

knowledge exchange and collaboration (Cockburn, 2015). Previous studies of climate change in the 

Maritimes have focused on livestock farmers, and were largely inconclusive as to strong consensus regarding 

changes in climate or weather patterns; by directly invoking climate change and perceptions thereabout, 

they fail to consider observational data separate from subjectivity (see Sherren et al., 2013). Studies which 

have been made of climate change governance in the Maritime provinces have noted that provincial 

government officials often fail to understand the local consequences of climate change, a proclivity which 

hampers policy action and support for municipalities (Wade and Robichaud, 2011). Frameworks which 

hybridize “local, informal” knowledge with “general, scientific” knowledge have been proposed to unite 

disparate information through a process of social learning (Ingram, 2008; Raymond et al., 2010; Tress et al., 

2005). In the case of farming in the Maritimes, it would be simplistic to categorize knowledge as either 

“local” or “scientific”, given that farmers’ knowledge does not exist in some space beyond science. 

Integrating local observations into a knowledge management framework would undoubtedly benefit 

government institutions, given that present resources do not allow for the level of depth or precision of data-

gathering that farmers can provide. It would also ensure that adaptation design is relevant to farmers.  

 

Farmers’ perspectives and observations are an essential part of understanding the effects of climate change 

on agriculture, in the Maritimes as elsewhere. As current adaptation policy stands, there seem to have been 

few efforts made from governance institutions in the Maritime provinces of Nova Scotia, New Brunswick, and 

Prince Edward Island to involve farmers in establishing climate change adaptation policy for the agricultural 

sector. The Government of Nova Scotia’s Climate Change Action Plan (2009); the Government of New 

Brunswick’s Climate Change Action Plan (2013); and the Government of Prince Edward Island’s Strategy for 

Reducing the Impacts of Global Warming (2008) all focus on agriculture exclusively within the purview of 

mitigation of greenhouse gas emissions. I would suggest that such a narrow focus pushes aside local 

knowledge, both of current effects and of the most effective pathways to adaptation. Instead, reintegrating 

local knowledge and scientific knowledge into a framework which recognizes each as valid will be a useful 

step towards co-management of climate impacts and adaptation.   

 

Farmers’ experience gives a second dimension to analysing climate impacts: an analysis of both effects and 

consequences on the food system in the Maritimes. This study highlights that farmers in the Maritimes 

observe weather often by responding to specific impacts on infrastructure: greenhouses torn apart, 

waterlogged fields, dehydrated vegetable crops. These are the farmer’s instruments for measurement and 
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observation. As such, farmers are in a place where projections or observations are necessarily grounded; tied 

into action. As one farmer from Prince Edward Island pointed out with regards to hurricanes:   

I expect us to have way more hurricanes, just because the ocean is warmer. [...] I don’t have 
as many crops that would be affected, but before, it was like tomatoes, anything trellised or 
structures or things like that. So, we were hit by that in the past, and so we have amended 
our growing habits in order for it to not be affected. (PEI-005) 

Farming, both as a livelihood and as a craft, is rooted in adapting to whatever circumstances might emerge 

and adapting to them in order to produce. As one farmer on Prince Edward Island explained their approach 

to adaptation:  

 It's difficult to say because every year if so crazy different. […] there has been no pattern 
that has been established per se, and so I am not expecting anything. To be prepared for 
everything, I guess, is probably the best thing that you can do. (PEI-004-2) 

 
If “being prepared for everything” is to become the new normal of agriculture in the Maritimes, then 

consulting with farmers about what those preparations are will necessarily inform understanding of the 

drivers and external forces which influence, bolster, or negatively affect adaptation practices in Maritime 

agriculture. Future research should focus on understanding on-farm adaptation techniques, as well as the 

knowledge and actor networks which distribute information and support between farmers and other food 

system actors 

 

Considering current informal adaptation techniques already in place on farms could provide guidance, new 

ideas, and novel solutions for the creation of adaptation policy and support strategies, whether provincial or 

regional. Putting aside the simpler political argument that policies which affect certain constituents should be 

informed by those constituents, one of the major insights to be taken from the study is that, across the 

Maritimes, small farmers overwhelmingly are aware of shifting weather patterns, and are already taking some 

action in order to mitigate the damage to their farms. The topographical diversity described by Savard et.al. 

(2016) which is a hindrance to modelling weather impacts has simultaneously provided as many observation 

opportunities as there are farmers.  

 

5. Conclusion 

This paper argues that farmer experience and observation of weather and climate changes is a useful and 

necessary addition to current scientific projections of climate change. It does so by presenting a side-by-side 

comparison of projected, modelled impacts of climate change in the Maritimes, and observations from a 

sample size (n=40) of small-scale farmers from across the region.  
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Farmers’ observations and concerns largely mirror the projected impacts of climate change in New 

Brunswick, Nova Scotia, and Prince Edward Island. Farmers have found that precipitation has become more 

intense and erratic, leading to longer periods of waterlogging and drought in production; that wind events 

are more sustained, and have grown in intensity; that average temperatures, as considered by frost dates, 

have brought about colder, wetter springs and longer, warmer autumns, shifting the production period; that 

extreme weather events are increasing in intensity; and that storm surge-related flooding are more 

significant.  These observations correlate with regional assessments and projections of climate impacts, often 

allowing them to be clarified and made more precise if considered on the same level of legitimacy.   

 

Two major insights emerge from this analysis. The first is that farmers’ knowledge is a useful and presently 

neglected aspect of planning for adaptation to climate change in the agricultural sector of the Maritimes. 

Considering a hybrid framework of understanding science and farmer observations, without drawing clear 

distinctions between both, would allow researchers and policymakers to have access to distributed local 

knowledge, and would allow farmers to be integrated in a management process which would inevitably 

affect their growing practices.  The second is that treating farmers as experts in their own terms would 

necessarily lead to further insights into adaptation practices and the effects of climate change on the food 

system in general.   

 

If successful adaptation in the food system is the goal of climate policy emerging at the provincial level, 

expert local knowledge holders such as farmers are an essential component of the discourse which should 

inform such policy. Considering their observations, adaptations, and insights is the first step in reconciling 

two often-separated, but mutually useful, types of knowledge.   
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SUPPLEMENTARY MATERIALS A: Illustrative quotes regarding observations 

[Name redacted] 
Submitting to Regional Environmental Change 
Environmental Change Institute 
School of Geography and Environment, University of Oxford 
South Parks Road, Oxford 
  
 
[E-mail address redacted] 
[Telephone number redacted] 
 

These quotes, while not a complete transcript of interviews, are intended to provide a sample of the 
perspectives given by farmers regarding changes in weather and climate. They are identified by province and 
order interviewed (e.g., NB-005 was the fifth interview performed in New Brunswick).  
 

Farmer observation  Illustrative Quote 

Shift towards higher-
intensity, erratic rains 

Tu pognes des extrêmes. Tu peux pogner cinq pouces d'eau, mais tu peux 
être deux semaines sans rien. (NB-002) 

we seem to get caught in the longer cycles of wet or dry, and a lot of them 
have been wet that I remember. So, suddenly you will be in three weeks of 
cloudy and rain when it shouldn’t be. We seem to get caught into those 
cycles, and they have tried to associate it with the shifting of the jet stream 
and stuff. I don’t know. But a lot of people are aware of it. (NB-005) 
we get lots of rain but last year a couple of times it just dumped 3 inches, you 
know? And then a couple days later it just dumped another two inches. The 
weather is very unpredictable, it's changed. (NS-011) 
The kind of summertime weather pattern that's more familiar to me from past 
experience is lots of sunny days, but with a regular afternoon and evening 
Thunder shower is that you can pretty much count on popping up every week 
to 10 days. And you would get anywhere from 10 to 30 millimeters of rain out 
of them. That's not to say that we didn't have dry years and so forth, but we 
just didn't have the extremes one way or another that we seem to have now. 
(NS-016) 

Erratic snows: some 
winters with excessive 
cover, some with no cover 
at all  

Everything was late. we were shoveling out the greenhouse-- I have a picture 
of [a worker] with a drift of snow up to her neck, shoveling the snow away from 
the sides of the greenhouse. Production was stalled and, and—I mean, I don't 
know how there was a lot of—the birds were affected, the animals were 
unhappy. The horses were cooped up in a tiny little area. things were just - - 
we didn't have the time. Our season's already so short. (NS-003) 

Hurricanes getting 
stronger  

Deux ans passés, il y avait eu Arthur, alors les ouragans définitivement. Ils 
fessent de plus en plus fort, les queues d'ouragan. (NB-001-1) 
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Erratic frost dates  Ours have been all over the place. We got a really late frost this week even 
though our spring was warm, the winter was warm, definitely we had things 
overwinter this winter that was good, but a lot of things that we normally grow 
didn't overwinter because of the freeze and thaws of the wild climate, and 
there wasn't snow cover. We would rather it be predictable and say, we know 
there's going to be snow cover and we can plant these things and they will 
overwinter. (NS-006) 

Spring is less and less 
warm, perceived as “late”  

Les hivers --le printemps est de moins en moins chaud. Le printemps arrive 
quasiment en même temps que l'été astheur. Beaucoup plus, moi je trouve, 
depuis que je suis jeune. (NB-001-1) 
I feel like this weird seasonal shift in that the springs are coming later and later 
and the falls are milder longer, so the frost come late, but spring sometimes 
doesn't come at all. you just kind of go straight from Almost winter to 
summer. (NB-005) 
 

Autumns are warmer – 
season extended  

C'est sûr que depuis 40 ans, la saison est allongée, certain d'une semaine. 
Max une semaine au printemps. Quand j'étais jeune gars, on parlait souvent 
des gelées de fin mai. On avait souvent ça. Moi ça fait je sais combien 
d'année qu'on a pas vu de gelées dans le mois de juin, vraiment il n’y en a 
pas eu beaucoup. On avait dégelé fin août, ça c'était pas tous les ans, mais 
souvent souvent. Probablement dix-quinze ans qu'on a pas vu de gelée plus 
fin août. Ça on voit une grosse différence. (NB-005) 

Weather is unpredictable – 
“Freaky” 

What I’ve seen mostly, […] is more extreme weather. I don't think that at all. 
Because here we are, where Canadians, we wanted to get warmer! That's just, 
and everyone's like, yeah! Let me drive some more! I think that we should call 
it climate chaos. Weather is getting, in my experience, chaotic. (NS-001) 
what I'm seeing is not only drought conditions but when I think we're seeing is 
just instability in weather.  we get lots of rain but last year a couple of times it 
just dumped 3 inches, you know? And then a couple days later it just dumped 
another two inches. The weather is very unpredictable, it's changed. It’s 
changed a lot. (NS-011) 
the biggest change that we're seeing is - - we're just seeing more extremes of 
weather.  and here in Nova Scotia, what seems to be happening is that we get 
what I call these stuck weather patterns where -- for instance, we just went 
through 6 weeks where most of the time, it was sunny, windy, and with very 
low humidity. and just day after day after day, that's the way it was. And then 
last Wednesday or Thursday, we flipped to a different weather pattern, which 
was good because we needed it - - but then for a week, it was cool, cloudy, 
and damp. The kind of summertime weather pattern that's more familiar to 
me from past experience is lots of sunny days, but with a regular afternoon 
and evening Thunder shower is that you can pretty much count on popping 
up every week to 10 days. And you would get anywhere from 10 to 30 
millimeters of rain out of them. That's not to say that we didn't have dry 
years and so forth, but we just didn't have the extremes one way or another 
that we seem to have now. (NS-016) 
It’s the new reality, pretty much, I guess, but who knows what it is going to 
look like? But I do think it’s going to be freakier and warmer, maybe, a warmer 
spring and then you get a frost in June or something. I don’t know. You have 
just to be like … keep watching the weather. (NB-004) 
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General windiness 
increasing 

wind has been a huge issue, is very destructive and I worry that were going to 
get a lot more of it. and that also cools things off, it does slow growth when it 
makes plants move a lot. They might develop thicker stems, but they are also 
not developing plant parts that you want to eat. (NB-005) 
and then I guess in terms of wind, we are getting More strong winds. I noticed 
in the spring we had a few very strong winds from the South and the south 
west, which we did not usually get. we felt it quite differently in this house 
(NS-019) 
 

Stronger wind events In 2015, we had three significant wind storms with gusts of over 70 and so 
forth. Like I said, we've never lost a greenhouse, but it's nerve-wracking. You 
can see the structures move when the big gusts slam into them. (NS-016) 
wind. Yeah, like are we going to have big hurricanes, are we going to start 
having tornadoes here, I'm scared to death of wind. Like, seriously scared of 
wind. I can't sleep when it's windy because I'm worried all of the infrastructure 
that we spent money on will suddenly be gone. (NS-001) 
I expect us to have way more hurricanes, just because the ocean is warmer. 
So, the winds affect … I don’t have as many crops that would be affected, but 
before, it was like tomatoes, anything trellised or structures or things like that. 
So, we were hit by that in the past, and so we have amended our growing 
habits in order for it to not be affected. (PEI-005) 

 


