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Abstract. This study examines long-term climate patterns in Armenia through the analysis of
data obtained from two meteorological stations located at different elevations above sea level.
Information on precipitation, air temperature, and relative humidity over an 85-year period (1938—
2023) was analyzed from October, marking the end of the tree growth period, to September of the
next vegetation season. The results are useful for dendrochronological research.
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2BamKkupcKuil TOCyIapCTBEHHbIH yHUBEpCHUTET, T. Y da, Poccus, yanbaev ua@mail.ru

AHHoOTanus. B pabore paccmarpuBaroTCs IOJTOCPOYHBbIE KIMMAaTHYECKHE W3MEHEHHS B
ApMEHNM Ha OCHOBE aHalu3a JAHHBIX C JIBYX Pa3HOBBICOTHBIX METEOPOJOTMYECKMX CTaHIUM.
JlanHbele 00 ocaakax, TeMIepaType M OTHOCHUTEIILHOW BIIAXXHOCTH BO3JyXa 3a 85-TeTHHH mepuon
(1938-2023 rr.) OBLIM PAaCCMOTPEHBI B OPSIKE C OKTSIOPsI, Mecsi[a OKOHYAHHUSI IPHUPOCTA APEBECHBIX,
[0  CEHTAOph  CJIEOYyIOIIEr0  BEreTalOHHOIO  ce30Ha.  Pe3ynabTarhl  MOJNE3HBI  JUIs
JEHAPOXPOHOJIIOTHYECKUX UCCIICTOBAHUM.

KuroueBble cioBa. JlonroBpeMeHHas TuHAMUKa KJIMMara, OCaJKU, TEMIEpaTypa BO3yXa,
OTHOCHUTEJbHAS BIa)KHOCTb.

Armenia, a mountainous country where about 85% of the territory lies above 1,000 meters
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and 51% above 2,000 meters, has an average elevation of 1,800 meters. The entire territory is
vulnerable to global climate change, and Armenia ranks among the most climate-sensitive countries
in Europe and Central Asia [2]. While a general decline in precipitation is expected, accurate
projections remain uncertain due to the complexity of influencing factors. Armenia's significant
variation in temperature and precipitation is shaped by its geographic position, complex topography,
and the combined effects of global and regional climate systems, including latitude, mountains, and
nearby oceanic and continental influences [1, 3]. Unfortunately, using calendar year data has
limitations in dendrochronology, as the annual growth of woody plants is influenced not only by the
climate during the current growing season, but also by conditions in the preceding autumn and winter
[4].

This study aims to analyze the dynamics of temperature, precipitation, and relative humidity
from October to September in the two driest forest growth regions of the Republic of Armenia,
assessing changes from 1938 to 2023 with a focus on identifying annual climate trends relevant to
the growth periods of woody plants.

The climatic records were obtained from the Hydrometeorology and Monitoring Center, a
State Non-Commercial Organization. For the analyzes, we used the climate data obtained for two
meteorological stations for the period 1938-2023), each representing distinct geographical contexts
and elevations. Amberd is located at a higher elevation (approximately 2,071 m) on the southern
slopes of Mount Aragats in central Armenia, while Kapan station is situated much lower (705 m) in
Syunik Province, southeastern Armenia, on the northern slopes of Mount Khustup. This substantial
elevation difference between the stations (over 1,000 m) offers an opportunity to examine how
elevation influences climate parameters in Armenia’s mountainous regions. Based on this database,
new variation series were formed, incorporating data from October of the previous year to the
following September — the period corresponding to the end of the growing season under Armenian
conditions. Calculations were conducted to determine the average monthly values for the year (air
temperature, relative air humidity) and the annual total precipitation in these months. For descriptive
and correlation analyses, as well as for figures creation, STATISTICA 13.3 software was used. Due
to the non-binomial patterns of most distributions, parameters (including both arithmetic means and
medians) and nonparametric statistical procedures were used. The Spearman coefficient was applied
to evaluate the correlation in the dynamics of climatic parameters. The Shapiro-Wilk test was applied
to verify the normality of data distributions. Statistical significance of differences was determined
using the y? test with the Kruskal-Wallis method, which is used to test equality of medians.

The results are presented in Tables 1 and 2, as well as Figures 1-3. They demonstrate
significant differences in precipitation, air temperature and relative humidity patterns between the
two stations. Amberd received considerably higher average annual precipitation compared to Kapan.
The precipitation range during the study period was also more extensive at Amberd, compared to
Kapan. Notably, precipitation showed the highest variability among all climate parameters examined,
with coefficients of variation higher in Amberd, compared to Kapan (Table 1). This indicates that at
higher elevation, Amberd received more annual precipitation and has more variation than Kapan.
Mean annual temperatures differed substantially between the two stations, reflecting the elevation
gradient. According to data from Table 1, Kapan is warmer, but this suggests greater temperature
variability at higher elevations. These findings align with the data from [3], indicating that the most
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mountain regions experience moderate to high temperature changes, while precipitation changes vary
significantly across different mountainous areas, including in Armenia. Relative humidity was
notably higher at Kapan compared to Amberd. The coefficients of variation for humidity were
relatively low compared to other parameters indicating more stable humidity conditions over time,

with Kapan being more humid and having stable humidity level.

Table 1 - Climate of Armenia according to data from the Kapan and Amber weather stations for 1938-
2023

Parameters Stations Averages Median | Minimum | Maximum C
Relative air humidity Kapan 73,07+£0,40 72,50 64,67 85,99 5,06
Amberd 63,05+0,46 63,27 51,92 72,78 6,79
Air temperature Kapan 5,71+0,09 5,65 3,59 7,73 14,71
Amberd 12,31+0,09 12,33 10,61 14,57 6,78
Precipitation Kapan 549,21+11,52| 547,15 322,10 907,4 19,45
Amberd 692,91+20,00| 689,10 375,90 1241,44 26,77

C - coefficient of variation, %

Table 2 - Spearman's correlation matrix between climatic variables in Armenia according to data of
the Kapan and Amber weather stations 1938-2023

Parameters Stations | Humidity Temperature Precipitation
Amberd Kapan Amberd Kapan Amberd
Humidity Kapan 0,43%%* 0,02 0,30%* -0,13 -0,38%**
Amberd -0,08 -0,16 0,09 0,12
Temperature Kapan 0,67*** -0,30** -0,28**
Amberd -0,58%** -0,55%**
Precipitation Kapan 0,36%**
The symbols ** and *** show a correlation at the significance levels p<0.01 and p<0.001,
respectively.
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Figure 1 - Precipitation dynamics in Armenia in 1938-2023 according to Amberd (solid line)
and Kapan (dashed) meteorological stations
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Figure 2 - Temperature dynamics in Armenia in 1938-2023 according to Amberd (solid line)

and Kapan (dashed) meteorological stations
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Figure 3 — Relative humidity dynamics in Armenia in 1938-2023 according to Amberd
(solid line) and Kapan (dashed) meteorological stations

As shown in Table 2, Spearman correlation analysis revealed significant associations between
climate indicators, including a strong positive correlation in temperature trends between the two
stations and a notable negative correlation between temperature and precipitation in Amberd,
reflecting complex climate dynamics across regions.

High-elevation environments are affected by the temperature gradient in the atmosphere,
which refers to the variation in temperature with changes in elevation, commonly called as the
"temperature lapse rate ". The observed differences between Kapan and Amberd clearly demonstrate
the influence of elevation on climate parameters in Armenia's mountainous terrain. The temperature
differential of approximately 6.6°C between stations aligns with the expected lapse rate of about
0.6°C per 100m of elevation gain, given their elevation difference of roughly 1,000 m.

The higher precipitation variability at Amberd indicates that precipitation patterns at high
elevations could be more vulnerable to shifts in atmospheric circulation patterns.

Among the examined three climate parameters, precipitation showed the highest variability at
both stations, while humidity demonstrated the most stability over the study period. The greater
temperature variability at Amberd compared to Kapan suggests that higher-elevation environments
in Armenia may experience more pronounced temperature fluctuations, potentially making them
more sensitive to climate change impacts.
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The long-term data from these two stations provide valuable insights into Armenia's climate
patterns. The significant variations observed between stations separated by just over 1,000m in
elevation highlight the importance of maintaining weather-monitoring stations across different
elevation zones in mountainous regions to accurately characterize climate conditions. This analysis
of over 85 years of climate data (1936-2023) from Amberd and Kapan meteorological stations reveals
notable differences in precipitation, temperature, and relative humidity patterns between these
locations in Armenia. The influence of elevation on climate parameters is evident, with higher-
elevation areas experiencing increased precipitation, lower temperatures, and reduced humidity
compared to those at lower elevations. The climate parameters show different degrees of temporal
stability, with precipitation demonstrating the highest variability and humidity showing the greatest
stability over the study period. These patterns of variability may have important implications for
understanding the climate change patterns in Armenia.

The analytical approach used in this study is crucial for dendrochronological studies, as
October to September time frame typically demonstrates a complete biological growth year, including
both: dormancy and active growth phases.

The authors thank Eva Danielyan and Artur Gevorgyan for providing the climate data and
valuable suggestions.
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