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9 Abstract

10 Climate and its evolution strongly influence numerous natural processes, and in
11 permafrost areas this impact outweighs that of any other factors. The main publicly
12 available databases consist of data only for 167 meteorological stations within
13 Republic of Sakha (3,08 ml km?), Magadan Obslat (0,46 ml km?) and Chukotka
14 (0,72 ml km?), which makes the meteorological network in that region - almost
15  entirely underlain by continuous permafrost - one of the sparsest on the planet, at
16  approximately 1 station per 25000 km?. The longest series dates back to 1834 at the
17  first official meteorological station in Yakutsk-24959, while the shortest to 1987 in
18 Anabar-21608), however, data availability is highly inconsistent, and more than half
19  of meteorological stations contain gaps of up to 40% in their timeseries. Despite the
20 abundance of reanalysis products, here we aim to assess the current meteorological
21 network, the available observation data, and to merge three different datasets into a
22 unified database containing the following parameters: mean, maximum, and
23  minimum daily air temperature, daily precipitation totals and snow cover thickness.
24  The resulting database spans the period from 1 January 1966 to 30 September 2025,
25  with daily temporal resolution, and includes source references as well as the number
26  of measurements recorded for each day as a quality indicator parameter. We carried
27  out automated cleaning for obvious mistakes and typos as well as deleting duplicates.
28  Chosen parameters are particularly important for a wide range of researchers, as well
29 as for society and policymakers. This dataset has been used for filling gaps in air
30 temperature time series using machine learning approaches. For convenient access,
31  we have developed an online dashboard that presents the main meteorological
32 parameters at daily, decadal, monthly, and annual scales. The database presented and
33  described in this article is available for download at
34  https://doi.org/10.5281/zenodo.19883706 and at
35 https://robertseesaw.shinyapps.io/meteo-dashboard/.
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36 1. Introduction

37 Datasets from meteorological stations situated across the permafrost zone of
38 northern latitudes have great value due to their limited availability (Cowtan and Way,
39 2014; Folland et al., 2013; Simmons et al., 2010). Severe climate conditions, road
40 inaccessibility, and high cost of experiments and instrument maintenance result in a
41 low density of meteorological network (Gorokhov and Fedorov, 2018; Lytkin et al.,
42 2021; Streletskiy et al., 2019, 2025). Although numerous climatic indices exist, the
43  most representative indicators are near-surface air temperatures, precipitation and
44 snow depth (Hu et al., 2021; Menne et al., 2012; Tran et al., 2024). Changes in these
45 parameters have a significant impact on water and heat exchange processes, fauna
46  activity, geomorphological processes, as well as on permafrost conditions (Almeida
47 et al., 2014; Cannone et al., 2006; Oliva et al., 2017). As long observation records
48 are indispensable for almost every research, comprehensive information from
49  meteorological stations is the key to better understanding each side of the natural
50 environment’s evolution (Jones and Moberg, 2003; Luterbacher et al., 2024; Swift
51 and Ragsdale, 1985).

52  Since the pronounced increase in climate warming began in the 1960s, for this study
53 we selected 1966 as the inception of resulting dataset (IPCC 2023). Furthermore, the
54  transition from four-times-daily (every 6 hours) to eight-times-daily (every 3 hours)
55 measurements at governmental meteorological stations occurred on 1 January 1966
56 across the entire territory of the former Soviet Union, thus, that date is considered
57 the beginning of standardized meteorological monitoring for the vast territories of
58 the North-East of Russia (Handbook of ..., 1969). The dataset ends on 30 September
59 2025 in order to correctly account for the last hydrological year, therefore, it consists
60 of both 59 calendar and hydrological annual periods.

61 Except for NOAA (https://www.ncei.noaa.gov/), there are three main datasets used
62 to acquire meteorological data for the North-East of Russia: the official repository
63 of the World Data Center - meteoru (http://meteo.ru/data/), and two datasets
64 deployed and maintained by enthusiasts - rp5 (https://rp5.ru/) and pk
65 (www.pogodaiklimat.ru). A unified database of referenced dataset is essential for
66 facilitating the use of meteorological information for various scientific purposes,
67 such as the assessing the impact of climate change and identifying the trigger of past
68 geomorphological processes (Jones and Moberg, 2003). The appearance of a unified
69 database eliminates ambiguity in the data, avoids differences in both data
70 presentation and databases structure, and will be beneficial for practical use (Hu et
71 al., 2021). The correct merging of existing datasets while preserving all advantages
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72 and minimizing disadvantages is the main challenge in creating a useful and
73 convenient product (Evans et al., 2026).

74  The main objective of this study is twofold: to assess both the quality and the
75 quantity of the available data, and to characterise the specific features of the
76 individual services providing access to meteorological parameters. We selected the
77  three services most widely used within the scientific community, which are
78 referenced particularly often in studies of the permafrost zone of north-eastern
79  Eurasia (Malkova et. al., 2011; Leibman et al., 2014; Gorokhov and Fedorov, 2018).
80 The provision and aggregation of these data are framed by the principle of free and
81 unrestricted data exchange established by the World Meteorological Organization
82 (WMO Resolution 40; WMO, 1995) and subsequently broadened under the WMO
83  Unified Data Policy (Resolution 1; WMO, 2021), and the resources employed have
84 repeatedly served as data sources for peer-reviewed publications (Leibman et al.,
85 2014; Gorokhov and Fedorov, 2018; Grigorieva, 2020; Tran et al., 2024). An
86 assessment of the representativeness and quality of the records promotes the
87 evaluation of the reliability of the meteorological network as a whole and of each
88 individual resource in particular. Given the declared principle of free exchange of
89 meteorological information — which under the Unified Data Policy grants the
90 research and education communities free and unrestricted access to such data for
91  non-commercial purposes (WMO, 2021) — raw-data aggregation services cannot
92 shield these records from use and analysis, since their publication and open
93 availability inherently presuppose broad utilisation. In addition, an analysis of the
94 volume of the available data allows research to be planned more deliberately,
95 clarifying whether the existing meteorological network can be relied upon or
96 whether independent meteorological monitoring is required.

97  With regard to the user interface, given the considerable size of meteorological

98 databases, an online dashboard representation is far easier to interpret than

99 conventional formats such as .csv, .xlIsx, or .txt (Sarikaya et al., 2019; Yigitbasioglu
100 and Velcu, 2012). Although raw data may contain valuable measurements and
101 observations, only processed time series are used for assessment, description, and
102  decision-making (K&éb et al., 2018; Zhu et al., 2024). Nevertheless, seemingly
103  straightforward operations — such as finding minimum and maximum values,
104 averaging data, and selecting a time period — applied to raw data can take even
105 more time than more substantive and important scientific work. To address this, the
106  data must be cleaned and preprocessed, while a dashboard can provide interactive
107 charts and tables that react to the selected time period.
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108 In this study, we aim to present a merged database of all of the online available (167)
109  meteorological stations across 4.27 ml km? on the North-East of Russia. This dataset
110 produced and checked using R language and simple statistical approaches. Data
111 availability and information quality for each station was assessed, which is essential
112 for investigating climate variability on long timescales. That preprocessing further
113 enhances the coherence of local nature environment. We hope the proposed
114  dashboard becomes a robust and convenient resource for evaluating long-term and
115  spatial distributed climate variability and simplifies the preliminary steps for any
116  advanced research.

117 2. Study area

118  Three large administrative regions are distinguished in the North-East of Russia -
119  the Republic of Sakha (Yakutia), Magadan Oblast, and Chukotka. The combined
120 territory of these regions extends from 100°E to 170°W in longitude and from 55°N
121 to 76°N in latitude and is bounded by Arctic seas to the north. It consists of the 22%
122 of the entire territory of Russia or 8% of Eurasia and 25% of the planet’s permafrost
123 zone (Brown et al., 1997; Obu et al., 2019). The region encompasses a wide range
124  of natural landscapes, from coniferous forests in the south, through taiga, to tundra
125 and Arctic barrens in the north (Fedorov et al., 2018, 2017). Mountainous terrain
126 occupies about 40% of the study area and is mainly located in its southern and
127  eastern parts, with the highest peak reaching 3003 m (Peak Pobeda). Due to severe
128 climate conditions the continuous permafrost almost entirely underlies the region
129  (Fedorov et al., 2018). Temperatures at a depth of zero annual amplitude decreasing
130 toward north and elevation rising drops to -15°C on Lena Delta vicinity, but mostly
131 that indices vary from -6 to -2°C (Anisimov and Reneva, 2006; Kirillin et al., 2022;
132  Sysolyatin et al., 2020; Varlamov et al., 2019).

133  The interaction between the movement of the Arctic air masses and the Siberian
134  High governs the climate over continental part of the study area, whereas coastlands
135  are strongly influenced by the nearest seas (Gong and Ho, 2002). Most of the study
136 area belonged to the continental climate by Koppen’s classification that
137  characterized by long, harsh winters, short summer and moderate amount of liquid
138 and solid precipitations (Kottek et al., 2006). Mountainous regions have more
139  specific climate patterns due to their tendency to promote temperatures inversion in
140 near-ground air masses (Kalinicheva et al., 2018). In fact of that, the Northern
141 Hemisphere’s “Pole of Cold”, where air temperature drops below -70°C, is located
142 in one of the mountainous valleys in the Verkhoyansk mountain (Ivanova, 2006).
143  Typically observed air temperatures minimum occurs in January, while higher
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144  temperatures tend to July, as well as the most precipitation occurs in warm season
145  (Gorokhov and Fedorov, 2018).

146  Transport accessibility, the scarcity of amenities, and the lack of staff and
147 equipment endurance are the main challenges to maintaining meteorological
148  monitoring in the region (Kirillina et al., 2023). Outside of major settlements, many
149 meteorological stations are accessible only via seasonal routes — by river in
150  summer or over frozen ground and ice in winter — making the supply of food and
151 fuel a complex logistical task (Stephenson et al., 2011). Due to their extreme
152  remoteness, coastal and island stations can be resupplied only a few times per year.
153  The shortage of qualified personnel is an equally significant obstacle. Harsh living
154  conditions, prolonged isolation, and the absence of social infrastructure make it
155  difficult to attract and retain trained staff at remote stations, leading to gaps in
156  observational continuity. Moreover, instruments exposed to extreme cold, strong
157  winds, salt air, and icing are subject to frequent failure, while the delivery of spare
158  parts is slow and costly. Power supply presents additional difficulties, as many
159 remote stations rely on fuel-based generators, which are directly affected by the
160 same supply constraints (Fiebrich et al., 2010; Sabatini, 2017). These logistical,
161  human, and technical challenges collectively undermine the consistency and
162  quality of meteorological data collected across the region.

163  Figure 1 depicts the location of 167 meteorological stations which were available
164 to download in December 2025. We have removed 3 no data and 2 automatic
165 meteorological stations out of raw datasets due to no presence even 1-year
166  consistent observations period. There are only 15 meteorological stations
167 established in 19" century over that area — Yakutsk, Viluysk, Verkhoyansk,
168  Olekminsk, Sredne-Kolymsk, Anadyr, Ust-Maya, Nyurba, Churapcha, Amga,
169 Markovo and Suntar. The next period for encompassing meteorological
170  observations took place in 1920-1930s years to support the reclaim of that frontier
171 land, when 59 stations were established. In short period of 1941-1945, on 31
172  stations the observation was begun to maintain the Lendlease program. After WWII
173 and next 20 years there were 54 stations established and only 11 after 1966. Note,
174  some of the stations are not available in open-access datasets, but that amount does
175 not reach 15 stations, and their time series is not long and clear.
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Figure 1. Schematic map showing the locations of 167 meteorological stations available from
open-access datasets. Although some of the stations were established in the 19th century, this
does not guarantee completeness of data or continuous records of air temperature, precipitation,
or snow cover. The numbers correspond to Table S1, which provides information about each
station in detail. Note: I — Yakutia, II — Magadan Oblast, IIT — Chukotka.

Table 1. Basic information for meteorological stations in selected regions

Number of Number of
Number of Region Density, stations out coastland/island
Region meteorological area. km? 1 station of town or stations, (%)
stations ’ per km? settlements,
(%)
Yakutia 102 3083523 30231 45 (44) 12 (12)
Magadan 10 (33)
Oblast 30 462 464 15415 16 (53)

Chukotka 35 721 481 20613 17 (49) 18 (51)
Total 167 4267 468 25 554 78 (47) 40 (24)

The distribution of meteorological stations across the study area is highly uneven
(Fig. 1, Table 1). Yakutia has the lowest station density relative to its total area,
with approximately one station per area equivalent to the entire territory of Belgium
(Bertrand et al., 2021). In the Magadan Oblast, station density is roughly twice that
of Yakutia; however, a third of its stations are located in the offshore zone of the
Sea of Okhotsk, while the mountainous terrain of the north and east remains almost
entirely without meteorological coverage. Chukotka similarly has approximately
half of its stations situated on islands or along the coastline. Nevertheless, as the
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191  terrain in that region is considerably flatter than in Magadan Oblast, the spatial
192  representativeness of the observations is comparatively more reliable.

193 A further issue concerns the location of stations relative to settlements. Fewer than
194  half of all meteorological stations in the study area are situated outside of towns or
195 populated localities. This is a significant limitation, as urban and settlement
196 environments are well known to produce local heat island effects or create artificial
197 shadowing, which can systematically bias temperature and humidity records
198  (Magee et al., 1999; Oke, 1982). Consequently, despite the already critically low
199 density of the meteorological network across the region, a considerable proportion
200 of the available station data may be affected by local anthropogenic influences,
201 further reducing the representativeness and reliability of observations at the
202 regional scale.

203 3. Data description

204  As of 2015, the Russian state meteorological network comprised 1,921 stations, at
205 which both standard meteorological parameters and more specialised variables
206 (ground temperature, surface temperature, air pollution, etc.) are observed
207 (Kokorev and Sherstyukov, 2015). Since 1966, observations across the state
208 network have followed a unified methodology, harmonised with WMO standards
209 and based on eight measurements per day (Handbook of Meteorological
210 Instruments..., 1969, Anisimov et al., 2012). On the official portal of the All-
211 Russian Research Institute of Hydrometeorological Information — World Data
212 Center (VNIIGMI-WDC; http://meteo.ru/data/), 521 stations providing sub-daily
213  observations were openly available for the territory of the Russian Federation as of
214 26 November 2025. As this represents only about a quarter of the existing network,
215  enthusiast-maintained aggregator websites that facilitate access to meteorological
216  information (pogodaiklimat.ru, rp5.ru) have gained considerable popularity.

217 In this study we used three open-access datasets that accumulate data from
218  meteorological stations across the former Soviet Union (meteoru) and worldwide
219 (rp5, pk). All of them contain stations from Yakutia, Magadan Oblast, and
220 Chukotka, although the number of stations, data quality, and data structure are
221 completely different. General information on each dataset is summarized in Table
222 2, while more detailed information can be found for each particular dataset in the
223  Supplementary materials (for meteoru — Table S2, rp5 — Table S3, pk — Table S4).
224  While meteoru explicitly allows data utilisation and analysis, 7p5 and pk do not
225 provide standard licensing terms on their websites. Correspondence with
226 representatives of these two platforms further confirmed that our work does not

227  conflict with their terms of use. We have ensured that the data accessed on meteoru,
7
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rpS and pk, could be modified, aggregated and redistributed within our compilation
under CC-BY license.

Table 2 Detailed data of raw and the final datasets

Earth System
Science

Dataset | Number of stations Data Proportion | Numbers

availability, % | ofthe final | of
Yakutia | Magadan | Chukotka | = dataset, % | parameters
Oblast

meteoru__ | 47 12 20 98.36 60.8 36

rp5 97 19 17 98.88 19.8 27

pk 100 28 30 79.82 19.4 41

final 102 30 35 79.55 100 5

* - based on air temperature time series

The meteoru dataset was accessed on September 2, 2025, from the official
repository at http://meteo.ru/data/basic-parameters/  (through http://aisori-
m.meteo.ru/waisori/index.xhtml?idata=2), where a detailed description of the
dataset content is also provided. As of the most recent check, the total number of
available stations had decreased from 521 to 134 (on March 20, 2026). The dataset
contains 36 meteorological variables in term-measurement format for 79 unique
stations, with time series mostly dating back to January 1, 1966. The advantages of
the meteoru dataset are the best data quality and availability compared to the other
datasets, whereas the main disadvantages are the lowest number of stations and the
absence of snow cover thickness data (Gorokhov and Fedorov, 2018; Hu et al.,
2021).

The rp5 dataset was acquired in early September 2025 by submitting individual
requests for each meteorological station via a modified URL
(https://rp5.1u/%D0%90%D1%80%D1%85%D0%B8%D0%B2_%D0%BF%D0
%BE%D0%B3%D0%BE%D0%B4%D1%8B_%D0%B2_%D0%AF%D0%BA%
D1%83%D1%82%D1%81%D0%BA%D0%BS5) redirecting to the archive
interface. This repository is the most widely used source of meteorological data in
the Russian scientific community, as it contains the most up-to-date raw data on air
temperature, precipitation, and snow depth in term-measurement format, mostly
dating back to February 2005 and later. The primary drawback of the 7p5 dataset is
the large number of errors and typos that require considerable time for preliminary
preprocessing (Sysolyatin et al., 2020).

Like rp5, the pk repository aggregates observational records transmitted through
the WMO World Weather Watch SYNOP exchange protocol; surface synoptic
observations of this kind constitute essential data subject to free and unrestricted
international exchange under WMO Resolution 40, which has since been
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258 consolidated within the WMO Unified Data Policy (Zillman, 2019). For the pk
259  dataset, an automated data parser was developed using the A#tr and rvest R packages,
260  which substantially streamlined data acquisition. After a successful login, the user
261 gains access to the summary section of the selected station, where 41 indices are
262 available. This enthusiastically maintained resource is suitable for a brief overview
263 of climate conditions and for acquiring satisfying information about a station's
264 meteorological time series (Mingalev, 2021; Veselkin et al., 2019). On the other
265 hand, the pk dataset provides no term-measurement data (only daily, monthly, and
266 yearly scales), and its use for scientific purposes may be considered controversial,
267 as no methodology is described for preprocessing the raw data. Nevertheless, it
268  contains the largest number of unique stations (the number may vary, but as of late
269 December 2025, it had been 163).

Year of decade

Decades

1976-1985

2006-2015 153

150

Available data, (%) _

270 60% 70% 80% 90% 95"/ 100%

271 Figure 2. Temporal distribution of data availability across the study period (heat map) for
272 the North-East of Russia meteorological network. Cell color indicates the percentage of
273 days with observations, and the number in the middle of each cell shows the count of
274 meteorological stations with records during that year.

275  After preliminary preprocessing of the meteoru, rp5, and pk datasets, followed by
276  quality checking and merging (see the Methods chapter for further details), the fina/
277  dataset comprises 167 unique meteorological stations with the following attributes:
278  WMO ID, station name, date, mean daily air temperature, daily maximum and
279 minimum temperatures, total precipitation, snow depth, a quality flags referencing
280 the source dataset, the difference between the first and last measurement of the day,
281 and the daily’s number of measurements. The merging hierarchy was established
282  such that meteoru served as the primary source, as it contains the fewest errors.
283  Preprocessed data from rp5 were then merged into it where term-measurement data

9
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284  were available, following quality checking and duplicate cleaning. Finally, data
285 from pk were incorporated. Unfortunately, the pk dataset lacks the quality flag of
286 time difference between the first and last term, so these fields are empty for all
287 records originating from that source. Several important variables such as wind
288 speed, wind direction, and atmospheric pressure, were excluded owing to the
289 complexity of their quality control and preprocessing.

290 Data loss has been a common problem on the vast North-East of Russia
291  meteorological network due to harsh working conditions, and we assume that the
292  best way to represent the availability of data is by plotting a heat map chart. Figure
293 2 shows the number of available meteorological stations and the proportion of data
294  presence in the final dataset through the study period. The first five years from 1966
295 have perfect availability of data, then for two consecutive years it drops below 80%
296 in 1971 and below 60% in 1972, after incorporating pk dataset. From 2010 to 2024
297 the final dataset has almost always more than 95% of the available data, while the
298  1990s are the worst period in the entire time series. With respect to the precipitation
299 and snow cover time series, the raw datasets are of considerably lower quality and
300 continuity. To cope with that and avoid uncertainty we preprocessed and cleaned
301 the data as well and added a reference to the source dataset for the snow cover data
302 in the final dataset.

303 4. Method

304 A general overview of the workflow for creating the final dataset is shown in
305 Fig. 3. We use RStudio (R version 4.5.2), a programming environment built
306 around the R language, which is well suited for processing large datasets in
307 matrix form (Posit team, 2025). It allows reading in, standardizing, and
308 modifying various table-format sources through the tidyverse package. Due to
309 the heterogeneous structure of the datasets, different preprocessing strategies
310 were applied. The full R scripts for each dataset can be provided upon request;
311  for the meteoru dataset, they are available in the Zenodo repository (Sysoliatin,
312 2026).

313 Overall, the data preprocessing consisted of five major steps: (1) data
314 reformatting and elimination of single observations, (2) duplicate
315 identification and removal, (3) air temperature measurement quality control
316  using simple statistical and logical approaches, (4) snow depth quality check,
317 and (5) liquid precipitation quality check. All of these steps were necessary to
318 produce harmonized and uniform datasets for their successful merging and to
319  ensure the best possible data quality in the final dataset (Wang et al., 2018).

10
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320 No reanalysis products were used at any stage of the preprocessing in order to
321 preserve the integrity of the original in-situ observations.

322
meteoru |+| 5 |+ Pk b Interactive charts for
v v v v
Get data Daily, decadal, monthly, calendar
v v v year and hydrological year values
of AT, LP, SD, day-degree sum
AT, LP AT, LP, SD of AT, amount of freezing events
v v v
preprocessing and cleaning > Climatic norm
2 v a
averaging to daily Mean daily AT
v v v SD median value
concatenation 3-days LP sum
v
; » Annual and monthly statistic
final dataset || Dashboard : y
: : v Mean monthly AT
Select time period | Monthly and annual AT, LP,
and meteorological stations SD peak values
323
324 Figure 3. Schematic representation of the data preprocessing workflow used to compile
325 the different meteorological datasets and brief description of the dashboard content. Note:
326 AT — air temperature, LP — liquid precipitation, SD — snow depth.
327 4.1.1. Data harmonization

328  After loading the raw datasets, we converted them to tibble format, a special
329 table format for R. We then detected an abundance of single records in the
330 dataset, especially in the pk dataset. We decided to remove them from the final
331 dataset due to the low reliability of such isolated observations. The best way
332 to query the dataset is through the WMO ID, owing to wrong naming
333 conventions across meteorological station names. Therefore, title
334 standardization was performed through manual correction for each
335 meteorological station.

336 4.1.2. Duplicates detection

337 Duplicate detection was performed across both meteorological parameter
338 observation values (air temperature, humidity, precipitation, etc.) and
339 timestamps. In the first case, this may indicate gap-filling in meteorological
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time series by station staff or network operators. The causes of duplicate
observations include instrument failures, illness or medical emergency, natural
disasters, among others. Timestamp duplicates are evidence of incorrect data
entry and deficiencies in dataset management practices (for example 29-07-
2019 for pk dataset).

4.1.3. Air temperature quality control

Air temperature cleaning and quality control represented the most critical part
of the preprocessing workflow. We began with a logical check of the pk dataset
records — specifically, how many observations of minimum and maximum
air temperature do not agree with the mean daily temperature. We found that
up to 14% of all records at certain stations could represent minimum air
temperature values exceeding the mean daily air temperature, and maximum
air temperature values falling below the mean daily air temperature. These
records were removed. Meteoru and rp5 datasets provide extremum values of
air temperature, but we did not take them into account, instead of that we

derived maximum and minimum air temperature from terms daily observation.

Outlier detection in air temperature observations was the most challenging
part of the preprocessing stage. Following Sherstyukov (2010), we designed
a script for automatic statistical control of air temperature time series to detect
potential outliers. Observations were flagged as potential outliers when they
exceeded threshold values of 1.8, 2.0, or 2.5 standard deviations within a
moving window of 21, 15, or 11 observations, for the meteoru, rp5, and pk
datasets respectively. For each flagged value, we then searched for outlier
dates among the 3 nearest neighboring stations. When no matching outlier
dates were found within the lagged, current, or lead date, the value was
considered erroneous and removed from the time series. In addition to
detecting incorrect observations, this statistical control method is also suitable
for typo detection.

4.1.4. Snow depth and liquid precipitation quality control

Snow depth time series control was aimed at removing spurious observations
from the summer season and correcting wrong records. To address this, we
checked each snow depth value for drastic increases and decreases at each
timestep, and when this difference exceeded 20 cm, the value was removed
from the time series. For liquid precipitation, we determined that a daily value
cannot exceed 20% of the annual sum, and when such cases were identified,
the corresponding values were also removed from the time series.
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376 4.2. Dashboard

377  The dashboard is based on the shiny package with interactive charts from the
378  highcharter package and is deployed on the ShinyApps hosting platform
379 (temporary, subject to change). To produce decadal (10 days), monthly, and
380 annual means, we used only complete time series; if even one observation in
381 aselected time dimension is absent, the average value was not calculated. For
382 the air temperature climate normal, we averaged the values for each particular
383 day over the entire time series period; however, the result may be biased —
384 for instance, if a meteorological station has more warm season observations
385 than cold season observations. To preserve the 365-day climate normal time
386 resolution, we decided to combine the 28th and 29th of February into a single
387 date — the 28th of February. For the climatic normal of snow depth, we used
388 the median value of that index over the entire time series to reduce the impact
389 of rare anomalous events. For the liquid precipitation’s climatic normal, we
390 chose a 3-day temporal window to reduce noise in the chart and represent the
391  general pattern of liquid precipitation distribution at each station.

392 5. Results
393 5.1.  The final dataset

394 The final dataset consists of .
395 3,688256  daily  records ., 7

396  covering the period from 01-01- + [

X 80%
397 1966 to 30-09-2025 for 167 & 70% 24_-
. . 5 8
398 meteorological stations. z 60% 13-
400 records (70.4%) contain at least < 40% s
401  air temperature data. As aresult, " 2 |
. . 20 %
402 only 15 meteorological stations
. 80 60 40 i 20 0
403 have continuous records over the Number of meteorological stations
404 entire study period: Aldan Figure 4. The availability of data for

meteorological stations with not complete
timeseries.

405  (31004), Anadyr (25563),
406  Chokurdakh (21946), Chulman
407  (30393), Isit (24951), Lensk (24923), Magadan (25913), Olekminsk (24944),
408  Suntar (24738), Tiksi (21824), Ust-Maya (24966), Yakutsk (24959), Zhigansk
409  (24343), Zhilindy (21908), and Zyryanka (25400). On the other hand, Ytyk-
410 Kyuyol (24766) and Yekyuchyu (24361) show the lowest data availability, at
411 29.4% and 30.4%, respectively. Overall, 71 meteorological stations have more
412 than 95% data availability, although not all of them cover the entire study
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period. The detailed distribution of data availability is shown in Figure 4.
Approximately one-third of the stations have lost more than 30% of their air
temperature time series, while liquid precipitation and snow depth time series
are in considerably worse condition. Daily maximum and minimum air
temperatures were derived from daily observations rather than taken directly
from the dataset, as the latter could not be verified. For some snow depth time
series, linear extrapolation during the winter period was applied to fill small

gaps.

Figure 5 shows the distribution of content sources and quality flags across the
final dataset. The majority of the final dataset came from meteoru, while rp5
and pk, despite their considerable differences in time series period and number
of meteorological stations, contribute almost equally. Snow depth data were
derived from rp5 (41.5%) and from pk (58.5%). Data quality flags were added
to better represent meteorological records and to preserve the user's ability to
filter data. For instance, Macha-30074 has a 75% 4-terms/day observation
regime and an 18% 3-terms/day observation regime, which is not suitable for
contemporary requirements for meteorological observations. Consequently,
18.4% of records are flagged as reduced quality due to an incomplete number
of observation terms during the day. Another quality flag captures the
difference between the first and last observation terms within a day. This may
indicate that part of the diurnal cycle was lost due to missed observation
schedules. In practice, most stations show a 21-hour (observations every 3
hours) or 18-hour (observations every 6 hours) gap between the first and last
daily observations, while only a minor portion may reflect erroneous
meteorological data. Note that this quality flag was not applied to the pk
dataset, as it does not contain this type of information. Overall, accounting for
data absence and quality failures, approximately 60—65% of the North-East of
Russia meteorological data time series from 1966 may be considered reliable
for assessment.
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Figure 5. Distribution of data sources and quality flags throughout the fina/ dataset for
167 meteorological stations from 01-01-1966 to 30-09-2025.

5.2, Air temperature trend

To analyze air temperature trends for the period from 1966 to 2024, we used
only stations with continuous observation records. Thirteen of these stations
are located in Yakutia, with one additional station in each of the Magadan
Oblast and Chukotka. Prior to trend extraction, we tested the series for

homogeneity — a justified step given that over a 60-year period,
meteorological observation conditions may have changed substantially
(Domonkos and Stépanek, 2009; Killick et al., 2022). Homogeneity analysis
identifies the breakpoint at which the difference between the mean values of
the left and right segments of the time series is maximized (Alexandersson,
1986). Indeed, the homogeneity analysis divided the stations into two major
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subgroups — Arctic stations (breakpoint in April 2005) and continental
stations (breakpoint in April 1988) — along with one subgroup affected by the
2001 flood (breakpoint in April 2001) (Fig. 6). Despite the similarity in
patterns between the continental and flood-affected groups, the 2001 flood
event (Kilmyaninov, 2001) and its clear signature in the homogeneity analysis
of the Lensk and Isit' stations — both situated in the Lena River floodplain —
confirms the validity of the applied methodology.

=

Magadan
: . / —_—

R = /
Flooded stations /;/—\\__//"
/ .

'\_/"—’

Continental stations

&

Air temperature trend (°C)
o
-

Arctic stations

“e @ o+ o

Open Access

1966 1972 1978 1984 1990 1996 2002 2008 2014 2020 2024

Year

Figure 6. Air temperature trend for continuous time series from 01-01-1966 to 31-12-
2024. Bold colored lines represent group averages and individual reference stations,
while faint gray lines show the individual station series within each group. Black points
indicate Pettitt breakpoints (the moment of a statistically significant shift in the average
value) for particular stations and groups. The following groups and stations are displayed:
Arctic stations (Tiksi — 21824, Chokurdakh — 21946, Zyryanka — 25400, Zhigansk —
24343, Zhilindy — 21908) Continental stations (Aldan — 31004, Chulman — 30393,
Olekminsk — 24944, Suntar — 24738, Ust-Maya — 24966, Yakutsk — 24959), Flooded
stations (Isit — 24951, Lensk — 24923).

Station Anadyr-25563 exhibits a distinctly individual behavior pattern, as it is
strongly influenced by the waters of the Pacific Ocean. In contrast, Magadan-
25913, located on the shore of the Sea of Okhotsk, shares the same breakpoint
date as the continental stations in Yakutia. This may suggest a common
influence of global warming on the climate of the broader macro-region.
Based on the overall distribution of Pettitt breakpoints, it can be concluded
that the time series of both Arctic and continental stations are homogeneous
— even accounting for the undeniable urban heat island effect at station
Yakutsk-24959. For the Arctic station group, the Pettitt breakpoint is shifted
considerably to the left, clearly indicating a more pronounced temperature
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increase over the past two decades. This finding once again supports the
hypothesis of an amplified global warming signal at Arctic latitudes (Hu et al.,
2021).

Trend extraction was performed by decomposing each time series into a trend
component (10-year window), a seasonal component (365.25 days), and a
residual (Fig. 6). Examining the flood-affected and continental station groups,
several distinct phases can be identified: a period of stabilization (1972—1978),
episodes of sharp acceleration (1985-1991 and 2010-2024), and a period of
local trend decline (1991-1999). The trend for Arctic stations is steeper and
exhibits a more prolonged period of temperature increase beginning in 2001.
The northern Pacific coast (Anadyr-25563) is characterized by pronounced
fluctuations in air temperature, whereas the Sea of Okhotsk region (Magadan-
25913) displays a considerably smoother trend line.

Table 3. The average of mean air temperature for winter months (December, January,
February) for initial and final periods, and air temperature trend. *p-value < 0.001, **p
value < 0.005.

Earth System
Science

Data

Mean air temperature for winter
Meteorological stations and mo}t:;[]l(llioflcz)rgsiz:c}t]zjr};e?cods, Overall trend*,
WMOID 1966- | 1966- 2020- | 2016- C/10 year
1971 1976 2025 2025

Aldan — 31004 -27.6 -26.7 -24.7 -24.6 0.301**
Chokurdakh — 21946 -34.0 -34.0 -31.8 -31.5 0.568
Chulman — 30393 -31.3 -30.8 -27.6 274 0.385

Olekminsk — 24944 -31.2 -31.0 -28.1 -27.8 0.378**
Isit — 24951 -34.8 -34.7 -30.6 -30.5 0.567

Lensk — 24923 -29.6 -28.9 -26.1 |-25.5 0.371%**
Suntar — 24738 -33.1 -32.6 -29.5 -29.1 0.511
Tiksi — 21824 -30.8 -30.5 -28.1 -28.4 0.553
Zyryanka — 25400 -35.6 -35.9 -35.0 -34.0 0.467
Zhigansk — 24343 -37.5 -373 -36.2 -35.7 0.498
Zhilindy — 21908 -36.8 -36.8 -344 -34.1 0.699
Ust-Maya — 24966 -40.7 -39.7 -36.4 -36.5 0.534
Yakutsk — 24959 -40.4 -39.7 -353 -35.1 0.665
Anadyr - 25563 -19.6 -21.3 -20.5 -19.1 0.453
Magadan - 25913 -17.0 -16.2 -15.4 -15.3 0.342
Average -32.0 -31.7 -29.3  [-29.0 0.52

We also analyzed the numerical magnitude of the temperature trend alongside
aggregated mean winter-month temperatures at the beginning and end of the
study period (Table 3). Hydrological years were selected as the basis for this
analysis, since the use of calendar years would have excluded December from
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consideration. The majority of researchers have noted that the effects of global
warming are most pronounced during winter months, a finding that is also
confirmed by the meteorological network of northeastern Russia. Both short
5-year and more representative 10-year period comparisons yield an average
difference in mean winter-month temperature of 2.7°C. Station Yakutsk-
24959 stands out notably, with a difference exceeding 5°C — an increase
undoubtedly driven by the urban heat island effect, given that the city's
population has doubled over the study period. A less pronounced climatic
signal in winter temperatures is observed at Anadyr-25563, where winters
during 2020-2025 were on average colder than those of the late 1960s. The
statistically significant temperature trend exceeds 0.3°C/decade at all stations,
with a mean value of 0.52°C/decade across the 15 stations. This supports the
conclusion that winter months make the dominant contribution to changes in
mean annual temperature: at the derived trend magnitude, temperatures rose
by 3.1°C over six decades, of which 2.7°C can be attributed to the winter
months alone (IPCC, 2023b; Screen and Simmonds, 2010; Sun et al., 2024).

5.3.  Liquid precipitation and snow depth data

Liquid precipitation and snow depth measurements are recorded at stations
with considerable inconsistency (Zhilcova and Anisimov, 2009). Furthermore,
the automatic weather stations that have been integrated into the observation
network since the early 2010s do not capture these parameters at all. In the
final dataset, we provide precipitation and snow depth values aggregated to
daily resolution. Their analysis, quality assessment, and comparison are
complicated by the low density of the meteorological network. We made every
effort to remove obvious errors, such as snow depth records occurring during
the summer period, abrupt jumps in snow depth values, and residual code
entries in the format 999 or 9999 — indicating missing values. In its current
form, the data can be used for a general characterization of the local climate
at a given station; however, homogenization of the observation series is
required before trend extraction or more detailed analysis can be conducted
(Guijarro et al., 2023).

In the dashboard, these parameters are presented for each weather station,
along with the calculated climatic normals. It should be noted, however, that
both the length of the observation period and the quality of measurements vary
between stations, which may lead to inconsistencies in the results.
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Figure 7. Median snow depth on April 1 (bars, left axis) and median snow cover duration
(black line, right axis) across the study area for 1971-2025. The duration metric is
computed for the August 1 — July 31 season and labelled by the year of season
completion; only station-seasons with at least 200 days of non-missing snow depth
observations were used. The 1971 season is omitted from the duration series because of
incomplete coverage at the beginning of the dataset. Numbers above the bars indicate the
number of stations with non-missing snow depth records on April 1.

To provide a regionally aggregated overview of snow conditions across the
study area, we computed two complementary metrics for each year: the
median snow depth on April 1 — close to the climatological maximum of
seasonal snow accumulation in northeastern Russia — and the median
duration of the snow cover season, defined as the number of days with
snow_cover value above the zero within the August 1 — July 31 window and
labelled by the year of season completion. The 1971 season was excluded
from the duration series, because the dataset begins on 1 January 1971 and
covers only the second half of that winter. To limit the influence of station-
seasons with substantial gaps, only stations with at least 200 days of non-
missing snow depth observations were retained for the duration calculation.
Across the 1971-2025 period (Fig. 7), both metrics exhibit pronounced
interannual variability superimposed on weak long-term tendencies: a slight
increase in median April 1 snow depth and a slight decrease in median snow
cover duration. This pattern is broadly consistent with the response of high-
latitude snow regimes to ongoing warming, in which higher atmospheric
moisture content tends to enhance winter snow accumulation while rising
shoulder-season temperatures shorten the period of continuous snow cover
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566 (e.g., Bulygina et al., 2011; Brown and Mote, 2009). Given the heterogeneity
567 of the network (flat, mountain, continental, coastline areas) and the absence
568 of formal homogenization, these tendencies should be interpreted as a
569 qualitative regional signal rather than as quantitative trend estimates.

570 6. Discussion

571 6.1. Meteorological parameters quality check and some disadvantages
572  Despite comprising a smaller number of stations, the meteoru dataset accounts
573 for the largest share of the final merged dataset. This is attributable to its
574  longest observation period and the highest overall data quality among the
575 sources used (Parfenova and Tchebakova, 2023). However, the majority of
576  stations included in the meteoru dataset are located in urban areas, which may
577 significantly affect measurement accuracy due to artificial shading and the
578 urban heat island effect (Magee et al., 1999; Oke, 1982). In addition, the
579  meteoru dataset does not include snow depth records. Furthermore, at the time
580 of writing, the administration of the World Data Centers (WDC) in Russia
581  (http://meteo.ru/data/) has reduced the number of available stations from the
582  original 521 to 134, with coverage for the study region now not exceeding 15
583  stations.

584 To compare the final dataset with widely used meteorological databases, we
585 selected the Copernicus solution at daily and sub-daily temporal resolution
586 and the Northern Hemisphere dataset of Tran et al. (Copernicus Climate
587 Change Service, 2026; Tran et al., 2024). Both reference datasets contain up
588 to 10% duplicated stations within the study area; in the Tran et al. dataset,
589 individual stations occasionally appear in up to three copies. The Tran et al.
590 dataset additionally includes water-balance gauges (identified by 4-digit
591  codes), at which meteorological observations are conducted under a reduced
592  protocol. Furthermore, after a careful and thorough cross-check, we did not
593 identify any unique meteorological stations in the Tran et al. dataset relative
594  to the final and Copernicus datasets.

595 Toillustrate the relative usefulness and temporal completeness of each dataset,
596 we compared the number of stations providing air temperature time series
597  across the study period from 1966 to 2024 (Fig. 8). For the final dataset, two
598 data-availability thresholds were applied (>80% and >99% of daily records
599 present per year), whereas for the Copernicus and Tran et al. datasets all non-
600 empty time series were counted. Overall, the Tran et al. dataset and the daily
601 Copernicus dataset display nearly identical station counts throughout the
602 period, varying between 68 and 107 and exhibiting a gradual decline towards
603 the present, with both falling below 75 stations after 2021. The final dataset
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surpasses both reference products from the late 1970s onward, which confirms
the value of enthusiast-maintained repositories such as rp5.ru and
pogodaiklimat.ru in supplementing the official record. A pronounced dip in
the early 1990s is visible in the final dataset and is consistent with the post-
Soviet contraction of the state observation network (Groisman et al., 2014). A
recovery begins in the mid-2000s, followed by a sharp increase after 2009
associated with overall socio-economic improvement. The persistent gap
between the >80% and >99% curves indicates that a non-negligible fraction
of station-years contains intra-annual gaps, although this gap narrows in the
most recent decade, suggesting an overall improvement in data completeness.
The sub-daily Copernicus dataset is the least suitable option for the study area
in terms of long-term continuity, as station counts collapse from ~170 in
1969—-1971 to fewer than 20 stations by the mid-1990s and remain at that level
thereafter; nevertheless, the unique stations available in the early period
(1969-1971) constitute a potentially valuable resource for machine-learning-
based gap-filling of the historical time series.

170 1
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—e— final dataset, >80% daily records available Copernicus dataset, daily - & - Tran's et al., 2024 dataset
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Figure 8. Number of unique meteorological stations available per year from 1966 to 2024
in the final dataset, the Copernicus daily and sub-daily datasets, and the Tran et al. (2024)
dataset. For the final dataset, two data-availability thresholds are shown (>80% and >99%
of daily air temperature records present per year); for the Copernicus and Tran et al.
datasets, all non-empty annual time series are counted regardless of completeness.
The scripted error detection approach applied in this study is not without
limitations and is not particularly demanding in terms of computational
resources. A viable alternative would have been the use of the climatol

package; however, its authors explicitly note its limitations when applied to
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630 synoptic observations recorded six or eight times per day (Guijarro et al.,
631 2023). In our case, the priority was to preserve as much of the available data
632 as possible. Nevertheless, we plan to carry out homogenization of
633  precipitation totals in a future update, which will subsequently be reflected in
634 the dashboard. It should also be acknowledged that isolated errors have a
635 negligible effect once data are aggregated to decadal and monthly timescales,
636  which renders both the original datasets and our merged product suitable for
637 climatic characterization of the region (Gorokhov and Fedorov, 2018).

638 It is also important to recognize the inherent methodological limitations of
639 obtaining meteorological information (Handbook of Meteorological
640 Instruments..., 1969). Observations at weather stations are conducted at a
641 single measurement point, and given the very low density of the station
642 network in the study region, the resulting picture of climatic conditions may
643 Dbe distorted (Anisimov and Orttung, 2019; Sherstyukov and Sherstyukov,
644  2015). A clear illustration of this is the climatological snow depth distribution.
645 It is well established that the Magadan-25913 region, situated along the Sea
646 of Okhotsk, is characterized by substantial snow depths, whereas central
647  Yakutia — and Yakutsk-24959 in particular — belongs to a zone of low
648  precipitation, both liquid and solid (Bednorz, 2016). Yet when comparing
649 median snow depth values, Yakutsk-24959 exceeds Magadan-25913. This
650 discrepancy may be partly explained using the median statistic, which
651 suppresses the contribution of the heavy snowfall events characteristic of
652 Magadan-25913, but is more likely attributable to the high exposure of the
653 Magadan-25913 observation site to wind and the generally windier conditions
654 inthatregion. These considerations underscore the need for a critical approach
655 when interpreting the climatic characteristics of the study region.

656 A further potential limitation is the exclusion of stations located outside the
657 boundaries of the study region. Many of these stations have more complete
658 observation records, which could have assisted in the quality control of time
659 series at the target stations. This will be addressed in future expansions of the
660 final dataset. An additional weakness lies in the application of the quality
661 control and error detection methodology separately to each of the three
662 original datasets, which individually contain fewer stations than the merged
663  final product. This results in greater distances between neighboring stations,
664  which in turn reduces the precision of error and outlier detection.

665 A common objective is the general scarcity of data. The figures presented in
666 Table 2 may be misleading, as they do not account for the full extent of the
667 potentially available observation period. The quality of the data also warrants
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scrutiny: more than 20% of air temperature observations do not meet
contemporary meteorological standards and are therefore considered non-
compliant. The situation is considerably worse for other meteorological
parameters. Across the entire dataset, fewer than 10% of stations maintain a
continuous observation record dating back to 1966, and only 4 of these are
located outside of major populated areas — a circumstance that severely limits
a comprehensive understanding of the natural climatic conditions of such an
extensive region (Gorokhov and Fedorov, 2018).

ﬂ . = A Meteorological stations and their
Arctic Ocean source datasets with the

longest time series:
@ - The final dataset, current article
A - Copemicus daily dataset

'V - Copernicus sub-daily dataset
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Russia °©

A
Magadan~
G Z

™

S
Ufaanbaaeiarf’

Sea of Okhotsk

.

Figure 9. Spatial distribution of all meteorological stations across the study area,
compiled from the final dataset (current article), the Copernicus daily dataset, and the
Copernicus sub-daily dataset. For each station, the source providing the longest
continuous time series is shown. Station numbers correspond to the entries in Table S5,
where additional metadata are provided. Note: I — Yakutia, Il — Magadan Oblast, ITI —
Chukotka.

To assess the spatial coverage of meteorological observations across
northeastern Eurasia, we mapped all unique stations from the three reference
datasets described above (Fig. 9). After duplicate removal and time-series
consolidation, the combined inventory comprises 238 meteorological stations,
of which 151 (63.5%), 65 (27.3%), and 22 (9.2%) originate from the final
dataset and from the Copernicus daily and sub-daily datasets, respectively
(Table S5). The resulting observation density for the study region reaches
approximately one station per 18,000 km?, which is not comparable even with
another one Russia region — for example, the Kaliningrad region maintains
10 meteorological stations across 15,000 km?. The spatial distribution is, in

Open Access

Earth System
Science

Data

23

suoIssnasig



https://doi.org/10.5194/essd-2026-346
Preprint. Discussion started: 15 July 2026
(© Author(s) 2026. CC BY 4.0 License.

693
694
695
696
697
698
699
700

701
702

703
704
705
706
707
708
709
710
711

712

713
714
715
716
717
718
719
720

addition, strongly inhomogeneous: stations are concentrated along the major
river valleys (Lena, Indigirka, Kolyma) and along the southern coast and
inland transport corridors, whereas vast inland areas of central Yakutia and the

interior Chukotka Peninsula remain effectively unobserved. To improve the
representativeness of the dataset, we plan to incorporate all remaining unique
stations from Copernucus dataset identified through this comparison into the
final dataset and to update the accompanying dashboard accordingly.

6.2.  The dashboard solution

Key meteorological parameters and climate indicators of meteorological stations over continuous permafrost regions (Yakutia, Magadan Oblast, Chukotka) =¥ -~
Tete Data type. Period [*]
bsorvations only . @ x 261

Vakatek

Figure 10. Main components of the dashboard. 1 — control panel for selecting
meteorological stations, climate parameters, data type (observations or modelled data),
and time period; 2 — language switcher (Russian and English available); 3 — main
interactive time series chart displaying selected parameter for chosen stations, with an
interactive tooltip, a legend, and optional LOESS and GAM smoothing overlays; 4 —
three supplementary interactive charts showing climatological norms for the selected
stations over the full available period: mean annual temperature cycle, snow depth
(September—June), and liquid precipitation (May—September); 5 — detailed statistics table
values for the selected parameter across all chosen stations, with additional facilities. A

map for spatial navigation across the study area is located below the table.

Usability is as important as quality for climate data (Sarikaya et al., 2019;
Yigitbasioglu and Velcu, 2012). Researchers debate reanalysis accuracy, while
non-specialists rely on the most accessible indicators (Biskaborn et al., 2019).
For our region, comprehensive climatic information is hard to obtain: beyond
data-quality issues, it is fragmented across three structurally different
databases. The most convenient, pogodaiklimat.ru, supplies pre-aggregated
results of questionable quality and still requires reformatting before temporal
change can be assessed.
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721 To simplify access, we developed an interactive dashboard delivering user-
722 defined aggregates of air temperature, liquid precipitation, and snow depth in
723  both graphical and numerical form (charts, tables). It also supports direct
724  comparison of climatic zones; the two-station limit is adjustable but balances
725 readability of the graphical output.

726  Stations are selected by WMO ID or name, with 40 indicators currently
727 available. A data-type toggle switches between raw observations and gap-
728  filled reconstructions, and optional LOESS and GAM overlays reveal long-
729  term trends in the main time-series panel. Smaller plots show climatic normals
730 — daily mean temperature (365 days), liquid precipitation (May—September),
731 and snow depth (October—-May) — while a lower panel reports summary
732  statistics and an integrated map supports spatial navigation across the study
733  area.

734  The final dataset may retain minor errors, chiefly in maximum and minimum
735 temperature. We deferred comparison with reanalysis products, as suitable
736 evaluation criteria remain unclear. Planned developments include more
737  stations and broader coverage (West Siberia and the Qinghai—Tibet Plateau,
738  China), biannual updates (March—April and October—November), and a
739  possible mobile version. Comments on both the dataset and the dashboard are
740  welcome.

741

742  Data availability

743  The final dataset and is available at https://doi.org/10.5281/zenodo.19883706
744  (Sysoliatin, 2026). The R preprocessing pipeline
745 (meteoru preproc pipeline.R) and its documentation (README.md) are
746  included in the repository root.

747

748 7. Conclusions

749  This article describes the steps undertaken to consolidate meteorological data
750 from the station network of northeastern Russia — a remote and climatically
751  severe region. Despite the considerable challenges involved in working with
752  three distinct data sources, the final dataset delivers the following outcomes:

753 1. None of the raw datasets individually can provide complete, high-quality

754 meteorological records for North-East Eurasia. The merteoru dataset
755 covers fewer than half of the available stations; rp5 holds records only
756 from 2005 onward and its time series are of comparatively lower quality;
757 and pk is a preprocessed dataset whose methodology is not transparent.
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Only the integration of these heterogeneous sources, combined with a
multi-stage preprocessing workflow, makes it possible to obtain a coherent
picture of the regional climate and its ongoing changes. The fina/ dataset
encompasses key climatic indicators spanning the period from 1 January
1966 to 30 September 2025 and will be updated on an ongoing basis.

2. Time series of key meteorological parameters — daily mean air
temperature, daily precipitation totals, and snow depth — have been
compiled for the period from 1 January 1966 to 30 September 2025. Each
observation is accompanied by an indication of its source and an objective
assessment of data quality.

3. A comprehensive evaluation of data availability and quality across the
meteorological observation network has been carried out. The greatest
data losses occurred during the 1990s. Of the entire dataset, only 15
stations maintain a continuous air temperature record. The quality and

completeness of precipitation and snow depth data are considerably poorer.

4. The magnitude of observed climatic change varies across the region;
however, the overall trend points toward a widespread increase in air
temperature. At the current rate of warming, positive mean annual
temperatures may begin to be recorded at individual stations within the
permafrost zone.

5. An interactive system for accessing the final dataset has been developed
and launched, enabling rapid retrieval of information on 40 aggregated
meteorological parameters from 167 stations across the region. This
system provides the detailed meteorological information required by a
wide range of users and researchers.

We invite the scientific community to refine our approach and contribute
missing data from currently inactive meteorological stations.

Supplement. The supplement is published alongside this article and is
available online. The dashboard is available at
https://robertseesaw.shinyapps.io/meteo-dashboard/. The preprocessing R-
scripts and sub-daily data of each source datasets are available upon request
from Robert Sysoliatin.
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