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ABSTRACT

The Köppen-Geiger classification is one of the most common climate classification systems in the world. It allows 
classifying ecosystem distribution based on temperature and precipitation, two critical factors in climate, and vegetation 
cover’s sensitivity. We analyzed the dynamics and spatial consistency of agroclimatic variables in each type of Köppen-
Geiger climate present in Chile, visualizing the variables’ behavior throughout the territory. Thus, we computed the 
trends of different climate and agroclimatic variables in each meteorological station, mapping their slope and statistical 
significance, and comparing their sense among all those that belong to the same climate zone. Our global trends analysis 
showed a thermal amplitude decrease in northern and central areas in about 12.03% and 20.3%, respectively, and an 
increase in south and southern areas in about 13.7% and 26.3%. A generalized increase in frost events (2.90%-16.02%) 
took place mainly in the country’s northern part. Results showed higher concordance percentages in stations belonging 
to the Köppen-Geiger type B (dry climate) and C (temperate climate). Thus, an increase in the maximum temperature 
occurred from north-central to south zones, a decrease in minimum temperature from north to central zone, and an increase 
in highlands (700-4000 m a.s.l.), central, south, and southern zone of the country. Also, a precipitation decrease and 
thermal amplitude increased roughly from the Coquimbo Region to the country’s central and southern zone. Variations in 
the agroclimatic indices’ behavior can affect yield and production of crops; thus, agroclimatic information presented here 
can support the zoning and selection of the cropping system.

Key words: Agroclimatic indexes, climate change, climate variables, Köppen-Geiger climate, precipitation and 
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INTRODUCTION

According to the Fifth Report of the Intergovernmental Panel on Climate Change (IPCC) of 2013, global warming is 
unequivocal. Many of the changes observed have been unprecedented in recent decades (Hoegh et al., 2018). It had a 
significant impact on agriculture, manifested itself in the advancement of phenological stages (Wu et al., 2019), more 
intense drought cycles (Hänsel et al., 2019), and changes in numerous productive aspects (Pathak et al., 2018). Besides, 
to understand and identify climate change and its impact on agricultural interest species and relate them to organisms’ 
behavior, it is necessary to analyze agroclimatic indexes (Granados Ramírez et al., 2011; Donat et al., 2013). 
 Agroclimatic indexes are used to reference changes in essential phenological phases, such as sprouting, flowering, 
and, therefore, harvesting (through the number of frosts and degree day; Back et al., 2014). Also, to relate it with plants’ 
physiological needs (through thermal amplitude, temperature, and precipitation, among others). In complement, it helps 
decision-making based on the management and implementation of agricultural technologies.
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 A series of studies on climate projections under various future greenhouse gas and aerosol emission scenarios have 
been carried out in Chile (Meza et al., 2012; Sarricolea et al., 2017; Hoegh et al., 2018). These indicate the main effects of 
climate change: increased temperature, decreased precipitation, and an increase in the frequency of extreme events (floods, 
droughts), having direct or indirect consequences on productive activities and social and environmental development 
(IPCC, 2014).  
 Greenhouse gases act as a “driver” for climate change (Hoegh et al., 2018). However, there are also regular variations 
in natural factors (geographic and atmospheric) that vary globally. These are the well-known climate action centers 
(Jáuregui, 2003; Boisier et al., 2016) influencing the country’s climate. The South Pacific Anticyclone (SPA) (Saavedra 
et al., 2011; Poblete et al., 2013), the Polar Anticyclone (High Polar) and its influence on the climatic variability of 
Antarctic Oscillation (AAO, Quintana and Aceituno, 2012), and Bolivia’s High Anticyclone (Méndez González et al., 
2010; Sarricolea Espinoza et al., 2014) which influences altiplano through monsoons. 
 The Köppen-Geiger classification system has been broadly used in climate research because of its simplicity and 
objectivity in examining climate changes in observations and visualizing projected future changes (Rubel and Kottek, 
2010; Chen and Chen, 2013). It identifies a territory’s climate behavior through seasonal patterns of temperature and 
precipitation, but about vegetation/plant growth to define a boundary between one climate and another (Chen and Chen, 
2013; Mahlstein et al., 2013; Sarricolea et al., 2017). It allowed characterizing Chilean territory under four major groups 
(Sarricolea et al., 2017): tropical rainy (A), desert (B), temperate rainy (C), and cold climates (E).  
 The Köppen-Geiger climate classification has been studied to predict ecosystems’ distribution based on monthly values 
and annual cycles of temperature and precipitation, together with the plant cover’s sensitivity (Mahlstein et al., 2013). 
Also, there is growing interest in identifying changes in climate and vegetation over time both globally (Rubel and Kottek, 
2010; Chen and Chen, 2013; Mahlstein et al., 2013; Rohli et al., 2015; Rahimi et al., 2020) and locally (Morales et al., 
2006; Orrego et al., 2016). 
 The generation of predictive models is a crucial tool to foresee the repercussions that climate change could generate in 
our country (Sarricolea et al., 2017; Hoegh et al., 2018). However, it is also essential to establish a relationship of these 
dynamics currently observed at a global and regional level with agronomy. In particular, investigate how they may affect 
agro-climatic variables and help predict the distribution of the most suitable plants and crops throughout the country 
(Baginsky et al., 2016). 
 This study investigated the relationship between climate variables and agroclimatic indexes to the Köppen climate 
classification system. We wanted to identify a significant trend of agroclimatic variables in the climatic zones throughout 
the country. Following the above, we analyzed the spatial dynamics of the agroclimatic variable trend related to Chile’s 
climate change during 1985-2015. Intrinsically, i.e., to investigate both their value and significance and its spatial 
consistency to Köppen-Geiger climate classification. 

MATERIALS AND METHODS

We used data records from the Meteorological Direction of Chile (DMC) and the General Water Department (DGA) 
concerning material. Altogether, 900 official meteorological stations provide daily temperature and rainfall records 
throughout the country between 1985 and 2015. From there, we finally selected only those that effectively recorded 
more than 90% of both the temperature and precipitation data. That gives only 72 meteorological stations throughout the 
country (Figure 1a). Undoubtedly, it is a reduced number, but robust results require quality over quantity. On the other 
hand, our work are focused in general trends, and stations show a suitable spatial distribution for it. 
 Then, for each meteorological station and both the spring-summer season and annually, the following agroclimatic 
indexes were calculated: Thermal amplitude, frost quantity, and degrees day, based on Donat et al. (2013).
 Then, we performed a previous or pre-analysis of descriptive statistics. We noted extreme and anomalous data, and 
most importantly, we noted that data did not comply with normal distributions. Therefore, we used Spearman’s coefficient 
(Flores et al., 2017) instead of Pearson to determine its statistical significance. We then performed a two-stage analysis; 
a trends analysis of the different agroclimatic variables and another regarding the agreement with the Köppen-Geiger 
climate classification (Figure 1b). All statistical analyses were performed through R software (R Foundation for Statistical 
Computing, Vienna, Austria).
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 We computed the trend characteristics (descriptive analysis) and their significance (through Spearman coefficient) for 
each agroclimatic indices and each meteorological station. We then plotted the trend spatial variability (for annual and 
the spring-summer season) throughout Chile by using the Global Polynomial Interpolation (GPI) method (Artigas, 2016). 
This method allows an approximation of the study area’s general trend and thus excludes local effects (Wang et al., 2014). 
Although global polynomial interpolation is not the better method for represent the local spatial trends in Chile, due to 
the high climate variability due to its complex topography, it is a good method to identify general trends at atmospheric 
drivers scale. This method was used in other research for maping climate spatial trends (Booth et al, 2012). 
 We used the spatial distribution of Köppen-Geiger climate types for Chile, updated by Sarricolea et al. (2017) 
(Figure 1a). It is a 1 × 1 km resolution grid map, at a 1:2 000 000 scale extracted from the Infraestructure of Geospatial 
Data (IDE) Chile database (http://www.ide.cl/). The meteorological stations were classified based on their location 
regarding the Köppen climate (Figures 1a, 1b). Then, within each climate zone, the total number of positive or negative 
trends obtained by Mann-Kendall test performed in trends analisys, was counted. It allowed determining the percentage 
of positive or negative trends about the total number of stations per zone. Suppose the percentage calculated is greater 
than 50%. In that case, and only under that condition, “agreement” occurs between the variable’s behavior and the climate 
zone. Thus, much of the climate zone follows that trend. Inversely, if it is less than 50%, “disagreement” occurs. Besides, 
we also computed the percentage of missing data for each variable. For reasons of statistical robustness, when this occurs, 
“no agreement” also occurs. At last, with trends (up or down) and agreement values, maps were produced for each 
variable and Köppen classification.

Figure 1. Study area of this investigation. (a) Chilean Regional Division (with their respective names) and distribution of 
meteorological stations (in red) used in the study, and (b) Köppen-Geiger climates present in Chile. The types of Köppen 
climates used correspond to those identified by Sarricolea et al. (2017).
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RESULTS AND DISCUSSION

The results found are detailed in two stages, as described above. First, we analyze agroclimatic variables’ tendencies 
(thermal amplitude, degrees day, frost, maximum and minimum temperature, and precipitation). Then we perform an 
analysis of Köppen-Geiger’s climatic classification trends and their behavior. Both are shown in detail throughout Chile.
 
Trend analysis of agroclimatic variables 
For thermal amplitude, spring-summer season trends’ agroclimatic variables (Figure 2) show a generalized decrease in 
the country’s thermal amplitude by 12.9%. However, it also shows an increase in the mountainous area from the Atacama 
Region (26° S lat) to the Libertador General Bernardo O’Higgins Region (35° S lat) by 7.2% (Figure 2). An increase in the 

Figure 2. Trends in agroclimatic variables concerning the spring-summer season.
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maximum temperature and thermal amplitude can cause more significant water stress or reductions in photosynthetic rates 
(Baginsky et al., 2016), reducing crop yield (Granados Ramírez et al., 2011; Meza et al., 2012). The associated decrease 
in minimum temperature can also produce crop damage and even death. However, we also see a 20% decrease in the 
central zone’s thermal amplitude (Table 1). It suggests favorable conditions to produce crops suitable for the associated 
environmental condition. 
 On the other hand, the results show a decrease in day degrees in the coastal zone of 6.9% (Figure 2). It goes from 
Coquimbo Region (29°20’ S lat) to Ñuble Region (37º12’ S lat), part of the altiplano zone (17°45’ to 26° S lat), and 4.4% 
in the country’s interior and mountainous zone (Figure 2). This index allows estimating plant development and predicting 
the harvest date of crops based on physiological maturity; thus, each crop variety has unique values.
 For frost days, a not very significant decrease (nearly 0.7%) occurs in a large part of the national territory, except for 
the high plateau area, where an increase of 17.9% occurs (Figures 2 and 3). The incidence of frost also has adverse effects 
on the productive system. Thus, besides causing crop yield losses (Chang et al., 2014; Baginsky et al., 2016), it can also 
limit their geographical distribution. It also damages photosynthetic processes, efficiency, and plant structure (Chang et 
al., 2014; Baginsky et al., 2016). Therefore, the decrease in frost and the decrease in thermal amplitude could generate 
changes in the choice and production of varieties in an area. 

Trend analysis of temperature and precipitation
Northern zone shows a slight increase in the maximum temperature (3.9%) and a striking decrease in the minimum 
temperature (30%). It shows an increase in precipitation (7.3%) except for the plateau zone (Figure 3, Table 1). This 
research agrees with other research works such as those by Vuille et al. (2015) who showed slight cooling trends in the 
northern area, particularly along the coasts, showing a decreasing trend in the northern’s maximum temperature. 
 The South Pacific Anticyclone (Poblete et al., 2013; Hoegh et al., 2018) and its interaction with the Humboldt Current 
influence the northern zone. Thus, the emergence of colder deep waters contributes to decreasing the coastal oceanic 
waters’ evaporation capacity (Garcés-Vargas and Abarca-del-Río, 2012). The different interactions generated within the 
zone cause a decrease in the sea’s surface temperature, cooling the adjacent air masses and increasing wind circulation 
speed. It could explain why the northern zone, in the coastal area, shows a decrease in temperature trends (Figure 4). It 
is also well known that the Bolivia’s High influences the Altiplano (Méndez González et al., 2010; Sarricolea Espinoza 
et al., 2014). It increases in intensity and increases warm air masses’ transfer with humidity through the South American 
Monsoon, especially in summer. This condition could explain the trend of increased precipitation in the area (Figure 4).
 There was a 2.3% increase in maximum temperature in the country’s central zone regarding the northern zone, a 5.9% 
increase in minimum temperatures, and a 7.32% decrease in precipitation (Table 1). Quintana and Aceituno (2012) and 
Bozkurt et al. (2017) coincide regarding negative trends in precipitation, increase in maximum and minimum temperature, 
and a decrease in the number of frosts. The South Pacific Anticyclone acts as a barrier to frontal systems associated with 
rainfall in the country’s central and southern parts. Some studies have shown that the Hadley Cell is expanding, implying 
a southward displacement of the anticyclone (Saavedra et al., 2011; Hoegh et al., 2018). Thus, subtropical areas are 
progressively dry, increasing the probability of drought (Boisier et al., 2016). It may explain why the country’s central-
south zone results show increased temperature and decreased precipitation trends (Figure 4). 

Agroclimatic variable (%)

Great North 19°13’-26°05’ -12.0351 -20.3979 +16.0246 +3.9311 -30.1420 +7.3260
Small North 26°00’-32°15’ +6.6330 +13.5803 +0.6723 -0.0133 +12.7956 -61.8429
Center 32°02’-38°29’ -20.3108 -13.9160 +7.6186 +2.2781 +5.9385 -7.7142
South 37°35’-44°03’ +13.7716 +17.3579 +8.3980 +0.0912 +5.4121 -10.7223
Southern 43°38’-56°30’ +26.2880 +12.1709 2.9079 -12.1171 -4.4839 +0.8303

Total (average)  +2.8693 1.7590 7.1243 -1.166 -2.5020 -14.425

Table 1. Percentage of trends in agroclimatic variables according to each zone.

Amp: Thermal amplitude; Gra: degrees day; He: frost; Tmax: maximum temperature; Tmin: minimum temperature; Pp: precipitation. 
Values with a (-) sign indicate a decrease. Values with a (+) sign indicate an increase.

Zona TmaxGra HeLocation (S lat) Amp PpTmin
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 The southern zone does not show a significant maximum temperature increase: it is only 0.09%. Instead, it decreases 
13.07% in minimum temperatures up to the Ñuble Region (36º00’ to 37º12’ S lat) and increases from the Biobío Region; 
5.41%. Besides, a decrease in precipitation of 10.7%, essentially in the interior of the Biobío Region and Los Lagos 
Region, occurs (Figure 4, Table 1).  
 Southern-austral zone shows a decrease of 12.2% of the maximum temperature in the mountainous zone of the austral 
zone and a general decrease of 4.5% of minimum temperature. Instead, the precipitation increases by 0.83% but is 
nonsignificant (Figure 4, Table 1). Here, the Antarctic Oscillation’s influence plays a significant role. It allows many frontal 
systems to cross in the continent’s south, explaining the increase in rainfall (Quintana and Aceituno, 2012) (Figure 4). 

Figure 3. Agroclimatic indexes trends: Slope (above) and significance (below).
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Also, it shows an increase in maximum temperature and rainfall in the southern austral zone, with slight increases in the 
minimum temperature recorded. Note that they also point out that given that there is so little information about climatic 
variables in the southern part of the country, it renders general trends depiction difficult.
 It is essential to note that the most significant areas are in the highlands and the country’s southern part (Figures 3 
and 4). Instead, the non-significance of many other areas can have multiple reasons. The most important are related to 
extreme values generating noise in variables behavior and length of the time series. Other factors at higher spatial and 
temporal resolutions, such as atmospheric rivers, may also have played a role influence (Guan and Waliser, 2015) or more 
global such as Mount Pinatubo’s eruption in the Philippines during 1991 (English et al., 2013) or influence of the El Niño-
Southern Oscillation. 

Figure 4. Climate variable trends: Slope (above) and significance (below).
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Analysis according to the Köppen-Geiger climate classification 
The agroclimatic variables’ behavior to each Köppen-Geiger climate is presented in Tables 2 and 3. It shows the 
tendencies and agreement percentage of each distribution as visualized in Figures 3 and 4. According to each climate 
type’s predominant surface in the Chilean territory, results are presented, describing the agroclimatic tendencies and 
distribution. Lastly, a bibliographical review suggests explaining factors that may affect the climatic variability of the 
areas based on the agreement level.

Agreement level (%)

AF 1   Insufficient data available
BSk (s) 15 480 61.04 34.17 4.79
BSk (s) (i) 2   56 57.14 35.71 7.14
BWh 3   96 36.46 35.42 28.13
BWk 2   56 55.36 41.07 3.57
BWk (s) 1   Insufficient data available
BWk (w) 5 160 53.75 37.50 8.75
Cfb 5 160 45.63 46.88 7.50
Cfb (i) 1   Insufficient data available
Cfb (s) 3   96 55.21 41.67 3.13
Cfc 1   Insufficient data available
Csb 22 704 52.13 46.02 1.85
Csb (h) 1   Insufficient data available
Csb (i) 3   96 55.21 44.79 0.00
Csc 3   96 51.04 27.08 21.88
EF 1   Insufficient data available
ET 1   Insufficient data available
ET (s) 1   Insufficient data available
ET (w) 1   Insufficient data available

Table 2. Agreement level of agroclimatic variables to Köppen-Geiger classification.

The types of Köppen climates used correspond to those identified by Sarricolea et al. (2017).

Köppen climate Nr of stations Total data Agreement Disagreement No agreement

Total 
data Tmax > 27Pp > 10Pp

Trend

Table 3. Behavior of agroclimatic variables according to Köppen-Geiger classification.

The types of Köppen climates used correspond to those identified by Sarricolea et al. (2017).
Tmax: Maximum temperature; Tmin: minimum temperature; Pp: precipitation; Amp: Thermal amplitude; Gra: degrees day; He: frost;        
Values with a (-) sign indicate a decrease. Values with a (+) sign indicate an increase.

AF 1     Insufficient data to determine trends
BSk (s) 15 480 + - - + + - + +
BSk (s) (i) 2 56 + + -   + + +
BWh 3 96 - + + - -  + -
BWk 2 56  -   - -  +
BWk (s) 1     Insufficient data to determine trends
BWk (w) 5 160 + + - + + - + +
Cfb 5 160 + +   - -  
Cfb (i) 1     Insufficient data to determine trends
Cfb (s) 3 96 + +  + + + - +
Cfc 1     Insufficient data to determine trends
Csb 22 704 + + - +  - - +
Csb (h) 1     Insufficient data to determine trends
Csb (i) 3 96    + + - - +
Csc 3 96 + + + + + - + +
EF 1     Insufficient data to determine trends
ET 1     Insufficient data to determine trends
ET (s) 1     Insufficient data to determine trends
ET (w) 1     Insufficient data to determine trends

Tmax Gra He
Nr of 

stations AmpTmin
Köppen 
climate
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Figure 5. Trends of climatic and agroclimatic variables concerning the Köppen climate zones.

A: Maximum temperature; B: minimum temperature; C: precipitation; D: thermal amplitude; E: degree days; F: frost days. The red color 
represents positive trends and the blue color negative trends.

 According to Sarricolea et al. (2017), Köppen’s predominant classification present in the country is the temperate 
climate (C), with a surface of 41% of the total Chilean territory. This classification presents the highest number of 
stations (37 stations). The temperate climate (Table 2) analysis shows a generalized increase of maximum and minimum 
temperatures in different subcategories (Cfb, Cfb (s), Csb, Csb (i)). These extend from the south zone of the Coquimbo 
(29°20’ S lat) to Magallanes y la Antártica Chilena (56°30’ S lat) Regions. All that except the southern zone, interspersed 
with cold climates (E), many archipelagos, and ice formation’s permanent action.
 We can also observe that the type C climate presents a general decrease in the number of frosts. Although except for 
temperate rainy climate with slight summer dryness (type Cfb(s)), which shows an increase in the number of frosts. 
This last situation is present principally in Los Ríos and Los Lagos Regions (Figure 5). Also, Table 3 shows a decrease in 
precipitation, essentially in the Mediterranean winter rain climate (Csb zone), with 52.13% agreement on the trend (Table 2, 
Figure 5). It means that the decrease in the trend is slight compared to the recorded data. Also, there is an increase in the 
thermal amplitude and degrees per day (Table 3).
 On the other hand, the dry climate (type B) covers 31% of the Chilean territory’s surface area (Sarricolea et al., 
2017). It goes from Arica and Parinacota Region (17° 30’ S lat) to the Coquimbo Region (32°15’ S lat), including the 
Valparaíso and Metropolitana Regions interior zones. Note also that this climatic zone covers the most considerable 
amount of information: 28 meteorological stations. Concerning the behavior of type B climate trends, there is an increase 
in maximum temperature, minimum temperature, thermal amplitude, and degrees day (Figure 5) and a general decrease 
in precipitation (Table 3), except for the hot desert climate type (type BWh). The BWh climate type is found along the 
coastal edge (Table 3, Figure 5). It presents a decrease in maximum temperature, increased minimum temperature, and 
precipitation. Instead, it shows a decrease in thermal amplitude and degrees day (Figure 5), presenting a 36.46% trend 
agreement (Table 2).
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 We note that the arid winter rainfall climate and coastal influence (BSk(s)(i) zone) presents differences from the 
generalized behavior of climate type B. There is an increase in minimum temperature and the number of frosts (Table 3). 
It presents a 57.14% agreement compared to 35.71% disagreement (Table 2), supporting the data’s significance. 
 The classification of cold climates (type E) involves 28% of the Chilean surface area (Sarricolea et al., 2017). It is 
present in the mountainous zone throughout Chile and the insular zone of the Magallanes y la Antártica Chilena Region. 
However, the lack of stations in cold climates (E) areas impedes establishing a significant relationship for the percentage 
of agreement and disagreement.
 In summary, the analysis according to the Köppen climate classification shows a higher percentage of agreement 
overall only for meteorological stations belonging to the Köppen-Geiger type B (dry climate) and C (temperate climate). 
Accordingly, the generated maps show an increase in maximum temperature from the central north (19°13’ S lat) to the 
south (44°03’ S lat) of the country, a decrease in minimum temperature from the north (19°13’ S lat) to the central zone 
(38°29’ S lat), with an increase in temperature in the highlands (18°-27° S lat, 3700-4000 m a.s.l.), and an increase in the 
central-south zone (32°02’-38°29’ S lat) (Figure 5). It also shows an increase in thermal amplitude from the Coquimbo 
Region (29°20’ S lat) to the country’s central-southern zone (39°37’ S lat) and a decrease in precipitation trends (Figure 5).
 Based on the levels of agreement and also following the work of Chen and Chen (2013), a more remarkable agreement 
of the climatic variables in the Köppen areas may be related to a variation in the climate’s intensity action centers. Thus, 
the variables’ trends increase or decrease within the same climatic zone (Figure 5) following its intensity. Also, low or no 
agreement may occur because of interdecadal variability in climate normal (Chen and Chen, 2013) reflected in the climate 
action centers’ position and size changes. 
 Inversely, areas with no agreement level (Figure 5) are probably related to a change in the climate action centers’ position 
and size. Thus, if the South Pacific Anticyclone changes its position (Saavedra et al., 2011), it displaces high temperatures’ 
climatic tendencies and produces a decrease in precipitation towards the country’s southern zone. Lastly, one cannot leave 
aside other influences. For example, a lower agreement percentage may also be related to other factors such as atmospheric 
rivers (Guan and Waliser, 2015) and the Madden-Julian Oscillation (Zhang, 2013; Boisier et al., 2016).
 The results presented here are a tool for farmers and related professionals. It provides an orientation for management 
decisions, planning, and mitigation of potential damage to crops caused by climatic events. In agriculture, the phenological 
stage of many species’ crops is susceptible to atmospheric events occurrence. These can cause irreparable economic 
damage. Variations in agroclimatic indexes’ behavior can affect crop yield and production. When establishing sowing, it is 
convenient to know the approximate date of harvest of the crop produced; it varies according to environmental conditions, 
for example, the temperature that affects crop yield. Thus, agroclimatic information can support the selection, zoning, and 
cultivation system choice.

CONCLUSIONS

Our analysis of agroclimatic variables’ trends shows an increase (between 0.09%-3.9%) in maximum temperature from 
the north to the south of Chile (19°13’-44°3’ S lat). Instead, the maximum temperature decreases (12.2%) in the southern 
zone (43°38’-56°30’ S lat). Concerning the minimum temperature, a decrease takes place in the northern zone (30%) 
and southern zone (4.5%) of the country, and an increase in the central (5.9%) and southern zones (5.4%). Precipitation 
increases in the northern zone (7.3%) and decreases in central (7.3%) and southern (10.7%) zones. The thermal amplitude 
shows a decrease in the northern (12.03%) and central (20.3%) zones and an increase in the south (37°35’-44°3’ S lat) 
(13.7%) and southern (43°38’-56°30’ S lat) (26.3%) zones of the country. In addition, the results show a general increase in 
frost events (2.90%-16.02%), mostly located in the country’s northern zone. There are several station with nonsignificant 
trends, many of them are located on the country’s southern part, and could be explicated by several unconsidered factors 
such as volcano eruption, as Pinatuvo in 1992, or the atmospheric rivers which apparently are currently most common. 
 On the other hand, observing the behavior of agro-climatic variables and their level of agreement concerning each 
Köppen climate, our results show higher agreement percentages in Köppen-Geiger type B (dry), and C (temperate) 
climates. Other climatic zones present lesser agreement, although meaningful or no agreement. However, note the 
following. First, a somewhat limited number of stations were chosen, with only 72 of the 900 available; however, only 
these met the required quality conditions. Second, our way of measuring the agreement’s significance was drastic, it 
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depends a lot on the number of stations per climatic zone and, of course, on the spatial coverage. It should also not be 
forgotten that weather stations’ spatial coverage is inadequate and inhomogeneous in Chile. It is the case in the southern 
zones. Thus, even if a correspondence value is not meaningful neither significant, these are still values that could be very 
interesting for many people.
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