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Introduction

Mountain regions provide crucial nature’s contributions to highland communities, but also to 
lower land inhabitants (Schirpke et al. 2019). Despite their essential contributions, mountain ar-
eas are particularly vulnerable due to the combination of direct (e.g., extreme weather events, 
including a steady increase of precipitation) and indirect climate change impacts (e.g., landslides) 
(Chakraborty 2021; Li et al. 2022). Nevertheless, detecting those impacts is often challenging 
and efforts based on instrumental data mostly result in coarse predictive models. This is partly so 
because, in addition to the large heterogeneity in environmental conditions observed in mountain 
areas, these areas suffer from meteorological data paucity (Gelfan et al. 2017; Hawkins and Sutton 
2009; Viviroli et al. 2011).

In the quest to understand climate change impacts in mountain areas, scientists have recently 
highlighted the potential contributions of local communities, which can provide valuable infor-
mation (Chaudhary & Bawa 2011; Reyes-García et al. 2016, 2019; Savo et al. 2016). Indeed, the 
scientific community has started to acknowledge that the perspectives of local communities (de-
fined here as people who have interacted with the surrounding environment for long periods) could 
provide crucial information on local climate change impacts (Madhanagopal & Pattanaik 2020 
and the references within). For instance, climate observations by Ecuadorian mountain communi-
ties have helped to select suitable datasets for climatological analysis, providing data otherwise 
not available (Kieslinger et al. 2019). Local reports of climate change impacts can also enhance 
our understanding of cascading effects of changes in elements of the atmospheric system (e.g.,  
Garcia-del-Amo 2023; 2024 (2024 refers to chapter 5); Gentle & Thwaites 2016; Ingty 2017; Xenar-
ios et al. 2019). For instance, mountain herders in Nepal note that the scarcity of pastures is generated 
by extended droughts and lack of snowfall (Aryal et al. 2014). Similarly, Indian mountain farmers,  
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who mostly rely on rain-fed agriculture, note a reduction in crop productivity due to an overall 
decrease in precipitation (Shukla et al. 2019).

Despite its richness, to date, local communities’ knowledge is rarely taken into account in science 
and policy fora, for reasons that range from limited accessibility in terms of funding to language 
barriers (Aryal et al. 2016; Comberti et al. 2016; Matera 2020; Negi et al. 2017). Among the studies 
on the topic, some have compared climate impacts derived from local knowledge with reports from 
instrumental recordings, with contrasting results. For example, a study conducted among nomadic 
Mongolian pastoralists found an alignment between reports of local knowledge and instrumental 
recordings, local knowledge documenting climate extremes not recorded by instrumental records 
(Tumenjargal et al. 2020). Conversely, Rakhmanova et al. (2021) found that most of the climate 
change impacts perceived by the rural dwellers of Western Siberia do not match the measurements 
by weather stations, arguably because instrumental records are not as specific as local observations. 
Finally, Shrestha et al. (2019) found a partial overlap between information from the two knowledge 
systems in Nepal, with convergence on temperature shifts but not on precipitations.

Among the different world regions, understanding of local communities’ knowledge on climate 
change impact is very much neglected in Europe. Indeed, most of the scarce work on local obser-
vations of climate change impacts conducted in European mountain ranges has focused on users of 
ski resorts (e.g., Trawöger 2014 & Wolfsegger et al. 2008 in Austria; Dinca et al. 2014 in Romania, 
Cholakova & Dogramadjeva 2019 in Bulgaria; Prettenthaler et al. 2022 for a pan-European study), 
thus ignoring the body of knowledge hold by communities with a long history of interaction with 
the environment (see García-del-Amo et al. 2023).

To enrich our understanding of climate change impacts in European mountain areas, in this 
chapter, we explore observations reported by a small ethnolinguistic community and compare 
them to information obtained from instrumental records in the past 60 years. Specifically, the 
aims of this work are (1) to document climate change impacts observed by Hutsuls, a mountain 
community living in Romanian Carpathians; (2) to describe the climatic trends detected through 
a close-by meteorological station; and (3) to compare data from the local community with those 
reported by the meteorological station. 

Materials & methods

We conducted research in the Carpathians, the second-largest mountain range in Europe, where we 
worked with the Hutsuls. Recently, the climate of the Carpathians has been examined by several 
scholars, and particularly through the project “CARPATCLIM, Climate of the Carpathian region”, 
which has analyzed data from hundreds of local meteorological stations until 2010.

The Hutsuls

We conducted research among the Hutsuls, a mountain ethnolinguistic minority living in the Car-
pathians, largely on Ukrainian territory, although there are also approximately 15,000 Hutsuls in 
Suceava County, Romania (Figure 1.1). Hutsuls speak a language of Slavic origin, also named 
Hutsul, as well as the national languages of the states where they live (Ukrainian or Romanian).

Traditionally, Hutsuls relied on the local environment for their livelihood, which heavily de-
pended on small-scale forestry and farming (Huțuleac 2014; Mattalia et al. 2022; Saghin et al. 
2017). In spring (April and May) Hutsuls’ main activity is preparing homegardens, and especially 
seeding potato patches. In summer (June–August), the most important activity for Hutsul com-
munities is haymaking, an activity which they complement with wild berries, mushrooms, and 
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medicinal herbs foraging. Autumn (September and October) is the time for preparing food and feed-
ing reservoirs for winter times while harvesting the last mushrooms. During winter (November– 
March), Hutsuls slaughter pigs, rarely sheep and calves, and prepare their meat. Despite the impor-
tance of these traditional activities, nowadays, young Hutsuls increasingly rely on seasonal jobs 
abroad, as there is a lack of job opportunities in the upper Suceava Valley (especially in industry 
and services) and the European Union citizenship has facilitated migration to other countries.

Data collection methods

This work uses both secondary and primary information. Secondary information includes data 
collected at the meteorological station of Selyatin by two different providers. Primary information 
includes data obtained from semi-structured face-to-face interviews and focus group discussions 
(FGD) following the research protocol of the Local Indicators of Climate Change Impacts (LICCI) 
research project (Reyes-García et al. 2023). Before any data were collected, we requested the Free, 
Prior, and Informed Consent of all participants (CEEAH 4781).

Climatological data were obtained from two sources. For the period 1961–2009, meteorologi-
cal records were obtained from CARPATCLIM (through its Ukrainian representative). The project 
ran between 2010 and 2013 and involved institutions from nine countries of the Carpathian area 
(see Szalai et al. 2013 for details). Among the selected stations, there was Selyatin, the closest 
meteorological station to the study area (despite its location in the Ukrainian territory; 47°52′ N 
lat., 25°13′ E long.; 762 m). In our analysis, we integrated the data obtained from CARPATCLIM 
and data from an online dataset (https://rp5.ua/Weather_archive_in_Selyatin), which contained 
data from Selyatin meteorological station for the period 2010–2019. We combined information on 
the two data sources to generate a unique dataset for the period 1961–2019. Both datasets include 
three variables: daily temperature (avg, in °C), daily precipitation (sum, in mm), and daily snow 
cover (sum, in cm). Unfortunately, the second dataset (2010–2019) presents incomplete data about 
snow cover, thus we could not use them for completing the desired time frame (1961–2019).

Twenty in-depth semi-structured interviews were carried out in June and July 2019 in the upper 
Suceava Valley (Figure 1.1). Quota sampling was used to select informants from different gender 
and life stages. Our sample includes 13 women and seven men ranging between 37 and 92 years 
of age. During interviews, we asked participants to report changes observed in the environment. 
We started by asking to describe any environmental change observed and then we continued by 
asking them more precisely about specific elements (e.g., forest, flora; for the full protocol, see 

Figure 1.1  Map of the study area: position of (a) Romania within Europe, (b) Suceava County within Roma-
nia, and (c) the upper Suceava Valley and the Selyatin meteorological station in Ukraine, close to 
the Romanian border. Own modification from https://www.mapchart.net/.

https://rp5.ua
https://www.mapchart.net
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Reyes-García et al. 2023). To avoid biases, the expression “climate change” was not used, but 
rather we referred to “changes in the environment”. The term “weather” was mentioned to elicit 
changes regarding seasons, temperature, or precipitation. Although interviews covered many en-
vironmental changes, here we focus on observations of changes in elements of the atmospheric 
system (i.e., temperature, precipitation, and seasonal events).

Three FGD with people who did not take part in the semi-structured interviews were organ-
ized to validate the information mentioned during semi-structured interviews (Reyes-García et al. 
2023). In FGD, we presented the list of changes compiled during semi-structured interviews and 
asked participants to tell us if they had also observed such changes. After the discussion, for each 
observed change, the researcher moderating the FGD noted her appreciation of whether partici-
pants (1) completely agreed; (2) agreed after the debate; (3) disagreed after the debate; or (4) com-
pletely disagreed with the statement proposed by the interviewer.

Interviews and FGD were conducted in Romanian by the first author with the help of a native 
facilitator. We did not record the interviews but took detailed notes of responses.

Data analysis methods

Secondary data were used to calculate (i) daily and (ii) monthly average temperature, (iii) daily 
temperature range, (iv) monthly precipitation, and (v) annual snow coverage.

Observations of environmental changes noted during interviews were categorized according to 
the hierarchical classification proposed by Reyes-García et al. (2023). Specifically, we classified 
observations of environmental changes into Local Indicators of Climate Change Impacts (LICCI), 
which were then organized into “impacted elements” (e.g., mean temperature) grouped by subsys-
tems affected (e.g., temperature).

We compared observations of changes in elements of the atmospheric system with climatic 
trends derived from instrumental data from the Selyatin meteorological station following the cor-
respondence in Table 1.1.

Table 1.1  Correspondence between climate trends (a) mentioned by Romanian Hutsuls and (b) derived from 
instrumental data (Selyatin station), for the period 1961–2019

Climate trend 
reported by Hutsuls

Climate trend derived from instrumental data

Original variable Trend calculation

Before there was 
not such a hot 
temperature

Daily max 
temperature (°C)

Days/year with a maximum temperature above 25.4°C 
(equivalent to the 95th percentile).

Winters are milder Daily temperature 
(°C)

Average temperature during winter (avg. daily, to avg. 
monthly, to avg. winter temperature).

Winter can be colder 
[than it used to be]

Daily min 
temperature (°C)

Number of days with minimum temperatures <−16.6°C 
(equivalent to the fifth percentile).

Temperature changes 
abruptly

Daily max and min 
temperature (°C)

Number of days with a temperature variation (max temp-
min temp) >21°C (equivalent to the 95th percentile).

Temperature is more 
extreme

Daily max and min 
temperature (°C)

We defined extreme cold days, days when minimum 
temperature <−16.6°C (equivalent to the fifth percentile) 
and extreme hot when maximum temperature >25.4°C 
(equivalent to the 95th percentile). We calculated the total 
number of days per decade with extreme cold or hot days.

(Continued)
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Climate trend 
reported by Hutsuls

Climate trend derived from instrumental data

Original variable Trend calculation

Some days are too 
cold, some days are 
too hot

Daily avg 
temperature (°C)

Unusual months (i.e., “too cold” or “too hot”) were months 
with temperature variation over the 95th percentile 
calculated for every month. We calculated the monthly 
average temperature, then the average for every month, 
and finally, the variation for each month.

It snows less Snow cover sum Sum of cm of snowfall.
It rains more often Number of days 

with recorded 
daily precipitation

We calculated the days in which rain precipitations 
occurred per year (excluding the winter months, as at this 
time, it snows).

Seasons do not exist 
anymore.

Now there are only 
two seasons

[Seasons do no 
longer present the 
characteristics they 
used to have]

Daily temperature; 
daily precipitation

We defined unusual months (i.e., “too cold” or  
“too warm”), when temperature variations were over  
the 95th percentile calculated for every month. To 
determine “unusual months”, we calculated the monthly 
average temperature, then we calculated the average 
for every month and the variation for each month of 
each year 1961–2019. We also calculated seasonal 
precipitation sum for the years to determine  
anomalies in it.

Spring comes earlier Daily snow cover Date of the last snowfall recorded for each winter.

We are aware that concepts derived from local knowledge may not necessarily overlap with 
concepts derived from scientific knowledge due to the multifaceted nature of knowledge systems 
(Barnhardt & Oscar Kawagley 2005; Silvano & Valbo-Jørgensen 2008). Despite these difficulties, 
and in line with what Tengö et al. (2014) and Fassnacht et al. (2018) have proposed, we argue that 
the effort to compare evidence derived from different knowledge systems can generate new and 
important insights to understand the complexity of climate change impacts.

Results

Hutsuls reported several observations of changes in elements of the atmospheric system, includ-
ing changes in temperature, precipitation, and seasonal events (Table 1.2). In what follows, we 
describe ten observations of climate change reported by Hutsuls and corresponding trends detected 
by the meteorological station of Selyatin. We then discuss the level of similarity between data from 
the two sources.

Changes in temperature

We documented six different observations referring to changes in temperature. The six observa-
tions referred either to warmer weather, temperature fluctuations, or more frequent occurrences of 
extreme temperatures than in the past (see Table 1.2).

Extreme hot temperatures were reported to occur during longer summer periods than in the past. 
One informant mentioned that “Before, there were not such hot temperatures [during summer]” 
(interview with an Hutsul elder, July 2019). Two out of three FGD agreed on this observation. 

Table 1.1  (Continued)
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This observation also partially matches with instrumental data, as the meteorological station of 
Selyatin recorded that the number of days with temperatures above 25.4°C is increasing (Figure 
1.2A). For instance, if we compare the first (1961–1980) and the last two decades of analysis 
(2000–2019), we observe an increase of 0.4°C (from 27°C to 27.4°C) in the average temperature of 
the hot days. We also observe an increase in the number of days characterized by extreme tempera-
ture, from 279 days during the 1961–1980 period to 419 days during the 2000–2019 period (+33%).

Despite the overall trend, the last decade is characterized by alternating hot summers with few 
days with temperatures above 25.4°C. For instance, in 2012 and 2015, the meteorological station 
recorded 35 and 33 days, respectively, with a temperature above 25.4°C, while in 2014, only three 
days with temperatures in that range were recorded. In 2018 no day with a temperature above 
25.4°C was recorded.

A commonly mentioned change, validated in two of three FGD, was the general temperature 
increase during winter. In informants’ words: “Winters are milder”. The Hutsuls call “winter” the 
period of the year when the ground is covered by snow. Typically, winter was considered to start in 
November and end in late March or early April (although snowfall can occur from the beginning 
of October to late April). Informants reported that winters were more rigid in the past, with frost-
ing for several months. The trend of wilder winters reported by Hutsuls corresponds with the trend 
found when analyzing instrumental data. Thus, according to data from the meteorological sta-
tion, during the period 1961–2019, there was a temperature increase of 2°C during the months of 
November–March (being 1961–1970 and 2010–2019 avg winter temperatures respectively equal 
to −3.9 and −1.9°C). The increase has been more remarkable since the 1990s (Figure 1.2B), with 
unusually warmer winters in 2019 and 2014.

Hutsuls also mentioned that, although winters are generally milder, there are also some peaks 
of unusually cold temperatures with some extremely cold winter days, even colder than in the past. 
Despite these observations, the analysis of instrumental data reveals that extremely low tempera-
tures in winter are not as common as in the past. For instance, in the last decade (2010–2019), there 

Table 1.2  Observations of change in elements of the atmospheric system reported by Hutsuls, level of agree-
ment in Focus Group Discussion (FGD), and matching with records from Selyatin meteorological 
station

Subsystem Local observationa FGD 
agreementb

Matching with 
instrumental recordings

Temperature Before there was not such a hot temperature. 2/3 Yes
Winters are milder; there are no cold winters 

anymore.
2/3 Yes

Winter can be colder [than it used to be] 3/3 No
Temperature changes abruptly 3/3 No
Temperature is more extreme 3/3 Partial
Some days are too cold, some days are too hot 3/3 Yes

Precipitation It snows less 3/3 N.D.
It rains more often 3/3 N.D.

Seasonal 
events

Seasons do not exist anymore; now there only two 
seasons

3/3 Yes

Spring comes earlier 1/3 Yes
a Local observation refers to the textual observation reported by Hutsuls.
b FGD: Focus group discussion carried out with Hutsuls.



Giulia Mattalia et al.

36

Figure 1.2  Changes in temperature during the period 1961–2019, derived from instrumental data. (A) Num-
ber of days/year with extremely high temperatures. (B) Average temperature during winter. (C) 
Number of days with extremely low temperatures.

Figure 1.3  Changes in temperature during the period 1961–2019, derived from instrumental data. (A) Num-
ber of days with extreme temperature per decade. (B) Number of months with extreme average 
monthly temperature per decade. (C) Number of months with unusual temperature. See Table 
1.1 for definitions.
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were 137 fewer days (about 85%) characterized by temperature below −16.6°C than in the period 
1961–1970 (Figure 1.2C).

All FGD agreed on the observation that temperature changes more abruptly now than in the 
past. This observation is relevant because it affects Hutsuls’ ability to forecast weather. In their 
own words: “The weather is becoming increasingly strange”. This observation matches with re-
sults of the analysis of instrumental data, which show an increase in extremely hot days after the 
1961–1979 period and a decrease in extremely cold days during the 2010–2019 period, which has 
been also unusual in relation to the low number of extremely hot days (Figure 1.3A).

Another change mentioned by Hutsuls during semi-structured interviews, and validated by all 
FGD, was that nowadays extremely hot and extremely cold days are more frequent than in the 
past. In their own words: “Temperature is now more extreme”. The analysis of instrumental data 
suggests that the last decade (2010–2019) has the lowest number of days with extremely cold tem-
peratures (n = 41) recorded during the period. Indeed, instrumental data suggest that the last decade 
has experienced the lowest number of days with extreme temperatures since the 1960–1969 dec-
ade (Figure 1.3B). The 1990–1999 decade had the highest number of extremely hot days (n = 273).  
We consider that there is a partial overlap between Hutsul reports and instrumental records. In-
deed, on the longer term (e.g. for older Hutsul participants) this represents an increasing trend of 
the number of days with extreme temperatures compared to the period before 1990.

In the same line, Hutsuls also reported that “Sometimes is too cold and sometimes is too hot”, 
an observation that matches Hutsul’s collective memory regarding the weather and the perception 
of the current climate. All FGD agreed on this observation. By this observation, the analysis of 
monthly temperature trends for the period 1961–2019 reveals a decadal increase in the number 
of months characterized by unusual temperatures (Figure 1.3C). Overall, instrumental data shows 
that the decade 2010–2019 registered the highest number of months with unusual temperatures 
within our temporal series (n = 18).

Precipitation

Hutsuls reported two observations regarding changes in precipitation, one referring to snowfall and 
the other to rainfall. Hutsuls reported that snowfall is less abundant than it used to be, an observation 
that was validated in the three FGD. Although the instrumental recordings that would allow a com-
parison with this observation are incomplete, particularly in the years 2008–2019 (Figure 1.4A),  
they suggest a decreasing trend, which will be in the same line as the local observations.

Figure 1.4  Changes in precipitation during the period 1961–2019, derived from instrumental data.  
(A) Snowfall during winter months. (B) Number of rainy days per year.
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Hutsuls also reported that rainfall is more frequent nowadays than in the past, an observa-
tion also agreed in the three FGD. Again, data from the meteorological station of Selyatin were 
insufficient to determine the number of rainy days during the period 2010–2019 as data from the 
years 2013, 2016, 2017, and 2018 were not complete. However, the general trend seems to be 
decreasing, although the number of rainy days appears to be increasingly variable since the 1990s  
(Figure 1.4B).

Seasonal events

During semi-structured interviews, Hutsuls reported two main changes in seasonal events, namely 
that seasons, as they used to distinguish them, do not exist anymore and that spring comes earlier 
now than in the past.

During interviews, respondents mentioned that “Seasons do not exist anymore”. Other people 
said that “Now, there are only two seasons”, referring to the difference between summer and win-
ter, and implying that the seasons shift abruptly between these two, with spring and autumn not 
being well-defined anymore. The three FGD agreed on this observation, which also seems to be 
in consonance with changes in temperature and precipitation documented through instrumental 
recordings. As mentioned, instrumental data show that winter temperature (avg T −3°C) is increas-
ing and that snow precipitations are decreasing (Figure 1.5A). In the dataset analyzed, 2011 was 
characterized by the driest winter since 1961.

Spring average temperature (7.8°C) was relatively stable over the period 1961–2019, although 
precipitations experienced a slightly increasing trend. Spring precipitation presented an unusual peak 
in 2012, corresponding to the heavy rains recorded on May 27th, which resulted in 968 mm of rain 
in 12 hours (Figure 1.5B). Summer trends (avg T 14.6°C) indicate a slight increase in temperatures, 

Figure 1.5  Seasonal trends of temperature T (°C) and precipitation PP (mm) recorded by the Selyatin me-
teorological station during the period 1961–2019. Each year is represented with a point in the 
graph corresponding to the monthly average seasonal temperature (lower blue lines) and precipi-
tation sum (upper orange lines).
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with the summer of 2012 characterized by an exceptionally hot temperature and a severe decline 
in summer precipitations (Figure 1.5C). Autumn trends (avg T 8.1°C) show slightly increasing 
temperatures and decreasing rainfall, thus resembling more to summer trends (Figure 1.5D).  
Beyond general trends, in the last decade, the meteorological station of Selyatin recorded three un-
usual warm seasons (2012, 2018, 2019). Thus, changes in the main characteristics of each season 
detected by the closest meteorological station are in line with Hutsuls’ observations that seasons 
are now blurred and sometimes hard to be distinguished. For instance, winters are getting milder 
thus resembling autumns, and autumns are becoming warmer and drier, like late summers.

Informants participating in semi-structured interviews also mentioned that “Spring comes ear-
lier”, although there was a certain level of disagreement with this trend. Indeed, only participants 
in one FGD agreed on the trend and several informants mentioned that spring can come earlier or 
later than in the past, depending on the year. However, the observation overlaps with instrumental 
data, which shows an advancement of the last day of snow cover, which corresponds to the begin-
ning of spring (Figure 1.6).

Discussion

We present ten changes in elements of the atmospheric system reported by Hutsuls. Out of these, 
six showed similar trends to data gathered in the closest meteorological station, two were not 
aligned, and two could not be assessed due to gaps in instrumental data. In this discussion, we com-
ment on this comparison and discuss the potential to combine Hutsul knowledge with instrumental 
data for enriching our understanding of climate change impacts in European mountain areas.

Before discussing these results, we want to highlight two caveats that might affect them. First, 
we acknowledge that we used convenient sampling to select study participants, for which our 
sample might not be representative of the entire Hutsul population of the upper Suceava Valley. 
Second, the instrumental dataset used is not fully complete (especially concerning precipitation), 
limiting our ability to make comparisons.

Climate change impacts reported by Hutsuls resemble those reported by other mountain 
communities

Figure 1.6  Latest day of snow cover according to the Selyatin meteorological station. Day 100 corresponds 
to April 9th.
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The first important finding of this work is that changes reported by Hutsuls (e.g., warmer tem-
peratures, precipitation decrease, changes in seasonal events) have also been observed in other 
mountain areas of the world (see, for instance, Babai 2024; Fuchs et al. 2024; Garcia-del-Amo 
2024). For example, Cuni-Sanchez et al. (2018) in Kenya and Pandey (2019) in Nepal find a general 
increase in the mean temperature and a decrease in rainfall, and farmers in Himalayan and South 
African highlands mountain report an increase in winter temperature (Basannagari and Kala 2013; 
Rankoana 2016; Sujakhu et al. 2016). Increased frequency of cold and hot temperatures was also 
found among farmers in the Ecuadorian Andes (Córdova et al. 2019; Postigo 2014), although sev-
eral other studies only report an increase in extreme heat – but not cold – events (e.g., Meena et al. 
2019). As Hutsuls, Ethiopian mountain cereal farmers, Pakistani yak and goat herders, and Mexican 
horticulturalists have also noticed unusual hot temperatures (Joshi et al. 2013; Kassie et al. 2013;  
Sánchez-Cortés & Chavero 2011). Changes in precipitation have also been mentioned by subsist-
ence Himalayan and Andean farmers (Gurgiser et al. 2016; Joshi et al. 2019). Changes in season-
ality have been reported by potato growers in Bolivia and by mixed farmers in India (Boillat & 
Berkes, 2013; Meena et al. 2019).

We derive an important insight from such similarities. Climate change might result in similar 
impacts across mountain ecosystems of the Earth. These impacts seem to be generally character-
ized by increased temperatures and decreased precipitations. This is in line with the ideas that 
mountains are particularly affected by climate change impacts (Schirpke et al. 2019) and calls 
for urgent management strategies (Chakraborty 2021; Li et al. 2022; Lurgi et al. 2012). Consid-
ering the high climatic variability and instrumental data paucity in mountain areas, the changes 
perceived by local populations can inform the development of resource managers on tailoring 
management strategies to face the current climatic crisis. 

Local climate change impacts reported by Hutsuls mostly align with 
instrumental data

The second main finding of this work refers to the general match between Hutsuls’ reports of 
changes in elements of the atmospheric system and reports from data from the meteorological 
station. Six out of eight observations of climate change impacts reported by Hutsuls are similar to 
those recorded by the meteorological station of Selyatin. Moreover, Hutsuls’ observations of ex-
treme temperatures are also in line with findings from several studies analyzing instrumental data 
in the Carpathian Mountains (Bartholy & Pongrácz 2007; Birsan et al. 2019; Spinoni et al. 2015). 
This match reinforces the idea that communities depending on nature are particularly prone to 
perceive the impacts of climate change, and thus provide essential knowledge, particularly in con-
text where no other data sources are available (e.g., Gentle & Maraseni 2012; Pearce et al. 2012; 
Shukla et al. 2019). Instrumental recordings can provide precise and frequent data on temperature 
and precipitation for long periods. However, they are potentially subject to data gaps, such as those 
derived from technical or human errors, or breakage of instruments due to weather conditions or 
wild fauna and flora interactions. For example, in the Selyatin station there were gaps concerning 
rainfall amount and, in a couple of cases, also concerning temperature. While we do not know the 
exact reasons for these data gaps, the case exemplifies the importance of finding alternative data 
sources in mountain regions.

It is interesting to notice that while Hutsuls’ reports of increased incidence of unusual hot pe-
riods, milder winters, and decreased snowfall amount are aligned with scientific observations and 
projections (Birsan et al. 2014; Micu 2009), the reports of an increase in extremely cold events dif-
fer with scientific records, which show a robust reduction of such events (Birsan et al. 2014). We 
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can think of several explanations for this mismatch. For example, the average annual temperature 
rise may have affected the overall perception of extreme “cold” temperatures. Another possible 
reason for the mismatch could be the different scales and sensibility of the two knowledge sys-
tems. Considering Hutsuls’ main activity (mixed farming), they may be more sensitive to the cli-
mate in certain periods of the year. Thus, it is possible that Hutsuls particularly noticed an increase 
in the frequency of the rains during spring and summer, which are crucial for haymaking, which 
would contrast with instrumental data that records an overall decrease in rainy days on a monthly 
or annual basis. These local reports are crucial as climate policies are often planned at national 
and global scales, neglecting the peculiarity of specific areas and particularly the heterogeneity of 
mountain regions.

Conclusions

We found several instances of overlap between Hutsuls’ reports of climatic changes and meteoro-
logical records, particularly concerning changes in temperature and seasonal events. This overlap 
supports the idea that different knowledge systems bring synergic insights to our understanding of 
local climate change impacts for which considering insights of both knowledge systems could lead 
to better contextualized, and potentially more efficient, climate adaptation plans. Following previ-
ous work on the topic, we propose a blended approach, combining both data from meteorologi-
cal stations and mountain communities’ reports of climate change as the basis for co-developing 
climate policies.

Acknowledgments

We thank the participants of the first LICCI partner workshop: Rosario Carmona, Daniel Babai, 
Leneisja Jungsberg, and Priyatma Singh for supporting and fostering the writing process of this 
chapter. We are grateful to Yurii Nabyvanets and CARPATCLIM for sharing the dataset of Sely-
atin and to Angela for her linguistic facilitation in the field. We also thank Camilla Dibari, Marco 
Moriondo and Giacomo Trombi for their suggestions for data analysis. This project received fund-
ing from the European Research Council under a Consolidator Grant (FP7-771056-LICCI) and 
contributed to the “María de Maeztu Unit of Excellence” (CEX2019-000940-M).

References
Aryal, A., Brunton, D., & Raubenheimer, D. (2014). Impact of climate change on human-wildlife- 

ecosystem interactions in the Trans-Himalaya region of Nepal. Theoretical and Applied Climatology, 
115(3), 517–529.

Aryal, S., Cockfield, G., & Maraseni, T. N. (2016). Perceived changes in climatic variables and impacts on the 
transhumance system in the Himalayas. Climate and Development, 8(5), 435–446.

Babai, D, (2024). “The weather is more erratic; it changes faster...” Local perceptions of climate change in 
the Eastern Carpathians, Romania. Reyes-García, S. Álvarez-Fernández, P. Benyei, L. Calvet-Mir, D. 
García-del-Amo, A. B. Junqueira, X. Li, V. Porcher, A. Porcuna-Ferrer, A. Schlingmann, & R. Soleymani 
(Eds.), Routledge Handbook of Climate Change Impacts on Indigenous Peoples and Local Communities. 
Oxfordshire & New York: Routledge. Chp 4, pp 74–94.

Barnhardt, R., & Oscar Kawagley, A. (2005). Indigenous knowledge systems and Alaska Native ways of 
knowing. Anthropology & Education Quarterly, 36(1), 8–23.

Bartholy, J., & Pongrácz, R. (2007). Regional analysis of extreme temperature and precipitation indices for 
the Carpathian Basin from 1946 to 2001. Global and Planetary Change, 57(1–2), 83–95.

Basannagari, B., & Kala, C. P. (2013). Climate change and apple farming in Indian Himalayas: A study of 
local perceptions and responses. PLoS One, 8(10), e77976.



Giulia Mattalia et al.

42

Birsan, M. V., Dumitrescu, A., Micu, D. M., & Cheval, S. (2014). Changes in annual temperature extremes in 
the Carpathians since AD 1961. Natural Hazards, 74(3), 1899–1910.

Birsan, M. V., Micu, D. M., Nita, I. A., Mateescu, E., Szep, R., & Keresztesi, A. (2019). Spatio-temporal changes 
in annual temperature extremes over Romania (1961–2013). Romanian Journal of Physics, 64(7–8), 816.

Boillat, S., & Berkes, F. (2013). Perception and interpretation of climate change among Quechua farmers of 
Bolivia: Indigenous knowledge as a resource for adaptive capacity. Ecology and Society, 18(4), 21.

Chakraborty, A. (2021). Mountains as vulnerable places: A global synthesis of changing mountain systems in 
the Anthropocene. GeoJournal, 86(2), 585–604.

Chaudhary, P., & Bawa, K. S. (2011). Local perceptions of climate change validated by scientific evidence in 
the Himalayas. Biology Letters, 7(5), 767–770.

Cholakova, S., & Dogramadjeva, E. (2019). Climate change and ski industry in Pamporovo resort, Bulgaria: 
An exploratory study on the tourists’ perceptions. European Journal of Tourism Research, 22, 166–192.

Comberti, C., Thornton, T., & Korodimou, M. (2016). Addressing Indigenous peoples’ marginalisation at in-
ternational climate negotiations: Adaptation and resilience at the margins. Working paper, ECI, University 
of Oxford.

Córdova, R., Hogarth, N. J., & Kanninen, M. (2019). Mountain farming systems’ exposure and sensitivity to 
climate change and variability: Agroforestry and conventional agriculture systems compared in Ecuador’s 
indigenous territory of Kayambi people. Sustainability, 11(9), 2623.

Cuni-Sanchez, A., Omeny, P., Pfeifer, M., Olaka, L., Mamo, M. B., Marchant, R., & Burgess, N. D. (2018). 
Climate change and pastoralists: Perceptions and adaptation in montane Kenya. Climate and Develop-
ment, 11(6), 513–524.

Dinca, A. I., Surugiu, C., Surugiu, M., & Frent, C. (2014). Stakeholder perspectives on climate change ef-
fects on tourism activities in the northern Romanian Carpathians: Vatra Dornei resort case study. Human 
Geographies, 8(1), 27.

Fassnacht, S. R., Allegretti, A. M., Venable, N. B., Fernández-Giménez, M. E., Tumenjargal, S., Kappas, M., 
Laituri M. J., Batbuyan B., & Pfohl, A. K. (2018). Merging indigenous knowledge systems and station 
observations to estimate the uncertainty of precipitation change in Central Mongolia. Hydrology, 5(3), 46.

Fuchs, A., Vogl C. R., & Schunko, C. (2024). Counteracting land abandonment: Local adaptation strategies 
to climate change impacts of alpine farmers in Eastern Tyrol, Austria. In V. Reyes-García, S. Álvarez-
Fernández, P. Benyei, L. Calvet-Mir, D. García-del-Amo, A. B. Junqueira, X. Li, V. Porcher, A. Porcuna-
Ferrer, A. Schlingmann, & R. Soleymani (Eds.), Routledge Handbook of Climate Change Impacts on 
Indigenous Peoples and Local Communities. Oxfordshire & New York: Routledge. Chp 17, pp 287–302.

García-del-Amo, D., Calvet-Mir, L., Mortyn, P.G., Reyes-García V. (2024). Network analysis of climate 
change impacts reported by local communities of Sierra Nevada, Spain. In V. Reyes-García, S. Álvarez-
Fernández, P. Benyei, L. Calvet-Mir, D. García-del-Amo, A. B. Junqueira, X. Li, V. Porcher, A. Porcuna-
Ferrer, A. Schlingmann, & R. Soleymani (Eds.), Routledge Handbook of Climate Change Impacts on 
Indigenous Peoples and Local Communities. Oxfordshire & New York: Routledge. Chp 5, pp 95–108.

García-del-Amo, D., Mortyn, P.G., & Reyes-García, V. (2023). Local reports of climate change impacts in 
Sierra Nevada, Spain: Sociodemographic and geographical patterns. Regional Environmental Change, 
23, 14.

Gelfan, A., Gustafsson, D., Motovilov, Y., Arheimer, B., Kalugin, A., Krylenko, I., & Lavrenov, A. (2017). 
Climate change impact on the water regime of two great Arctic rivers: Modelling and uncertainty issues. 
Climatic Change, 141(3), 499–515.

Gentle, P., & Maraseni, T. N. (2012). Climate change, poverty and livelihoods: Adaptation practices by rural 
mountain communities in Nepal. Environmental Science & Policy, 21, 24–34.

Gentle, P., & Thwaites, R. (2016). Transhumant pastoralism in the context of socioeconomic and climate 
change in the mountains of Nepal. Mountain Research and Development, 36(2), 173–182.

Gurgiser, W., Juen, I., Singer, K., Neuburger, M., Schauwecker, S., Hofer, M., & Kaser, G. (2016). Comparing 
peasants’ perceptions of precipitation change with precipitation records in the tropical Callejón de Huay-
las, Peru. Earth System Dynamics, 7(2), 499–515.

Hawkins, E., & Sutton, R. (2009). The potential to narrow uncertainty in regional climate predictions. Bulletin 
of the American Meteorological Society, 90(8), 1095–1108.

Huțuleac, D. (2014). Despre originea, limba şi cultura etniei huțule în contextul Globalizării. Memoria eth-
nologica, 14(50/51), 74–85.

Ingty, T. (2017). High mountain communities and climate change: Adaptation, traditional ecological knowl-
edge, and institutions. Climatic Change, 145(1–2), 41–55.



Local and scientific knowledge of climate change

43

Joshi, A., Farquhar, S., Assareh, N., Dahlet, L., & Landahl, E. (2019). Climate change in Lamjung District, 
Nepal: Meteorological evidence, community perceptions, and responses. Environmental Research Com-
munications, 1(3), 031004.

Joshi, S., Jasra, W. A., Ismail, M., Shrestha, R. M., Yi, S. L., & Wu, N. (2013). Herders’ perceptions of and 
responses to climate change in northern Pakistan. Environmental Management, 52(3), 639–648.

Kassie, B. T., Hengsdijk, H., Rötter, R., Kahiluoto, H., Asseng, S., & Van Ittersum, M. (2013). Adapting to 
climate variability and change: Experiences from cereal-based farming in the Central Rift and Kobo Val-
leys, Ethiopia. Environmental Management, 52(5), 1115–1131.

Kieslinger, J., Pohle, P., Buitrón, V., & Peters, T. (2019). Encounters between experiences and measurements: 
The role of local knowledge in climate change research. Mountain Research and Development, 39(2), 
R55–R68.

Li, B. V., Jenkins, C. N., & Xu, W. (2022). Strategic protection of landslide vulnerable mountains for biodi-
versity conservation under land-cover and climate change impacts. Proceedings of the National Academy 
of Sciences, 119(2), e2113416118.

Lurgi, M., Lopez, B. C., & Montoya, J. M. (2012). Climate change impacts on body size and food web struc-
ture on mountain ecosystems. Philosophical Transactions of the Royal Society B: Biological Sciences, 
367(1605), 3050–3057.

Madhanagopal, D., & Pattanaik, S. (2020). Exploring fishermen’s local knowledge and perceptions in the face 
of climate change: The case of coastal Tamil Nadu, India. Environment, Development and Sustainability, 
22(4), 3461–3489.

Matera, J. (2020). Bridging traditional and scientific knowledge of climate change: Understanding change 
through the lives of small island communities. Human Ecology, 48(5), 529–538.

Mattalia, G., Stryamets, N., Balazsi, A., Molnar, G., Gliga, A., Pieroni, A.,… & Reyes-García, V. (2022). 
Hutsuls’ perceptions of forests and uses of forest resources in Ukrainian and Romanian Bukovina. Inter-
national Forestry Review, 24(3), 393–410.

Meena, R. K., Verma, T. P., Yadav, R. P., Mahapatra, S. K., Surya, J. N., Singh, D., & Singh, S. K. (2019). 
Local perceptions and adaptation of indigenous communities to climate change: Evidences from High 
Mountain Pangi valley of Indian Himalayas. Indian Journal of Traditional Knowledge, 18(1), 58–67.

Micu, D. (2009). Snow pack in the Romanian Carpathians under changing climatic conditions. Meteorology 
and Atmospheric Physics, 105(1–2), 1–16.

Negi, V. S., Maikhuri, R. K., Pharswan, D., Thakur, S., & Dhyani, P. P. (2017). Climate change impact in 
the Western Himalaya: People’s perception and adaptive strategies. Journal of Mountain Science, 14(2), 
403–416.

Pandey, R. (2019). Farmers’ perception on agro-ecological implications of climate change in the Middle-
Mountains of Nepal: A case of Lumle Village, Kaski. Environment, Development and Sustainability, 
21(1), 221–247.

Pearce, T., Ford, J. D., Caron, A., & Kudlak, B. P. (2012). Climate change adaptation planning in re-
mote, resource-dependent communities: An Arctic example. Regional Environmental Change, 12(4),  
825–837.

Postigo, J. C. (2014). Perception and resilience of Andean populations facing climate change. Journal of 
Ethnobiology, 34(3), 383–400.

Prettenthaler, F., Kortschak, D., & Woess-Gallasch, S. (2022). Modelling tourists’ responses to climate change 
and its effects on alpine ski tourism–A comparative approach for European Regions. Journal of Outdoor 
Recreation and Tourism 39, 100525.

Rakhmanova, L., Kolesnichenko, L., Kuzhevskaya, I., Kolesnichenko, I., Vorobev, R., Tyulyupo, S., Drozdov, 
V., & Shaduyko, O. (2021). Perspectives of climate change: A comparison of scientific understanding and 
local interpretations by different Western Siberian communities. Ambio, 50, 2072–2089.

Rankoana, S. A. (2016). Perceptions of climate change and the potential for adaptation in a rural community 
in Limpopo Province, South Africa. Sustainability, 8(8), 672.

Reyes-García, V., Álvarez-Fernández, S., Benyei, P., García-del-Amo, D., Junqueira, A. B., Labeyrie, V., … &  
Soleymani, R. (2023). Local indicators of climate change impacts described by indigenous peoples and 
local communities: Study protocol. PLoS One, 18(1), e0279847.

Reyes-García, V., García-del-Amo, D., Benyei, P., Fernández-Llamazares, Á., Gravani, K., Junqueira, A. B., 
& Mortyn, P. G. (2019). A collaborative approach to bring insights from local observations of climate 
change impacts into global climate change research. Current Opinion in Environmental Sustainability, 
39, 1–8.



Giulia Mattalia et al.

44

Reyes-García, V., Fernández-Llamazares, Á., Guèze, M., Garcés, A., Mallo, M., Vila-Gómez, M., & Vilaseca, 
M. (2016). Local indicators of climate change: the potential contribution of local knowledge to climate 
research. Wiley Interdisciplinary Reviews: Climate Change, 7(1), 109-124.

Saghin, D., Matei, E., Cojocaru, I., Manea, G., & Cocoş, O. (2017). The Hutsuls in South Bukovina: From 
rural tradition to sustainable development. Eastern European Countryside, 23(1), 119–145.

Sánchez-Cortés, M. S., & Chavero, E. L. (2011). Indigenous perception of changes in climate variability and 
its relationship with agriculture in a Zoque community of Chiapas, Mexico. Climatic Change, 107(3–4), 
363–389.

Savo, V., Lepofsky, D., Benner, J. P., Kohfeld, K. E., Bailey, J., & Lertzman, K. (2016). Observations of 
climate change among subsistence-oriented communities around the world. Nature Climate Change, 6(5), 
462–473.

Schirpke, U., Tappeiner, U., Tasser, E. (2019). A transnational perspective of global and regional ecosystem 
service flows from and to mountain regions. Scientific Reports, 9(1), 1–11.

Shrestha, U. B., Shrestha, A. M., Aryal, S., Shrestha, S., Gautam, M. S., & Ojha, H. (2019). Climate change 
in Nepal: A comprehensive analysis of instrumental data and people’s perceptions. Climatic Change, 
154(3–4), 315–334.

Shukla, R., Agarwal, A., Sachdeva, K., Kurths, J., & Joshi, P. K. (2019). Climate change perception: An 
analysis of climate change and risk perceptions among farmer types of Indian Western Himalayas. Cli-
matic Change, 152(1), 103–119.

Silvano, R. A., & Valbo-Jørgensen, J. (2008). Beyond fishermen’s tales: Contributions of fishers’ local eco-
logical knowledge to fish ecology and fisheries management. Environment, Development and Sustain-
ability, 10(5), 657–675.

Spinoni, J., Lakatos, M., Szentimrey, T., Bihari, Z., Szalai, S., Vogt, J., & Antofie, T. (2015). Heat and cold 
waves trends in the Carpathian Region from 1961 to 2010. International Journal of Climatology, 35(14), 
4197–4209.

Sujakhu, N. M., Ranjitkar, S., Niraula, R. R., Pokharel, B. K., Schmidt-Vogt, D., & Xu, J. (2016). Farmers’ 
perceptions of and adaptations to changing climate in the Melamchi valley of Nepal. Mountain Research 
and Development, 36(1), 15–30.

Szalai, S., Auer, I., Hiebl, J., Milkovich, J., Radim, T. Stepanek, P., Zahradnicek, P., Bihari, Z., Lakatos, M., Sze-
ntimrey, T., Limanowka, D., Kilar, P., Cheval, S., Deak, Gy., Mihic, D., Antolovic, I., Mihajlovic, V., Nejed-
lik, P., Stastny, P., Mikulova, K., Nabyvanets, I., Skyryk, O., Krakovskaya, S.Vogt, J., Antofie, T., & Spinoni, 
J. (2013). Climate of the Greater Carpathian Region. Final Technical Report.www.carpatclim-eu.org.

Tengö, M., Brondizio, E. S., Elmqvist, T., Malmer, P., & Spierenburg, M. (2014). Connecting diverse knowl-
edge systems for enhanced ecosystem governance: The multiple evidence based approach. Ambio, 43(5), 
579–591.

Trawöger, L. (2014). Convinced, ambivalent or annoyed: Tyrolean ski tourism stakeholders and their percep-
tions of climate change. Tourism Management, 40, 338–351.

Tumenjargal, S., Fassnacht, S. R., Venable, N. B., Kingston, A. P., Fernández-Giménez, M. E., Batbuyan, 
B., Laituri, M.J., Kappas M. & Adyabadam, G. (2020). Variability and change of climate extremes from 
indigenous herder knowledge and at meteorological stations across central Mongolia. Frontiers of Earth 
Science, 14, 286–297.

Viviroli, D., Archer, D. R., Buytaert, W., Fowler, H. J., Greenwood, G. B., Hamlet, A. F.,… & Lorentz, 
S. (2011). Climate change and mountain water resources: Overview and recommendations for research, 
management and policy. Hydrology and Earth System Sciences, 15(2), 471–504.

Wolfsegger, C., Gössling, S., & Scott D (2008) Climate change risk appraisal in the Austrian ski industry. 
Tourism Review International, 12(1), 13–23.

Xenarios, S., Gafurov, A., Schmidt-Vogt, D., Sehring, J., Manandhar, S., Hergarten, C., Shigaeva J. & Foggin, 
M. (2019). Climate change and adaptation of mountain societies in Central Asia: Uncertainties, knowl-
edge gaps, and data constraints. Regional Environmental Change, 19(5), 1339–1352.

http://www.carpatclim-eu.org

