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11 Abstract
12 The research objective is to analyze the causes of the catastrophic rise in the water level of rivers in the Katun River basin (the
13 territory of the Altai Republic) in 2014. The research was conducted through the consideration of the impact factors that lead to
14 flooding of the territory. Themoisture regime is analyzed, as well as the change in the air temperature of the considered basin. It is
15 established that the flood in several areas of the Altai Republic located in the Katun River basin was caused by the cumulative
16 effect of the natural and anthropogenic factors, which created the emergency situation, with the dominating natural one—the
17 record high precipitation for the entire period of instrumental monitoring. The general reason for such prolonged and intense
18 precipitation was the extensive stationary cyclone, which spread to most of the Altai Mountains due to the blocking role of the
19 high-level anticyclone spread from the southeast to the western and central parts of Russia in the last third ofMay–the first third of
20 June 2014.
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23 Introduction

24 Among the natural disasters observed on the territory of the
25 Russian Federation, which cause great material damage, a
26 special place is held by floods. The events of the last decade
27 have expressly demonstrated their danger. Thus, in the

28summer of 2013, after many days of heavy rains on the
29Amur River, a catastrophic flood occurred, which resulted in
30the flooding of 185 settlements, the destruction of 15,000
31residential buildings, and 611 km of roads (Semenov et al.
322014). At the end of June 2019, one of the most catastrophic
33floods in more than 100 years occurred in the Irkutsk region,
34which covered five districts. Only direct economic damage is
35estimated at several billion roubles. There are casualties (25
36people died and 7 went missing) (Vinober 2019).
37Generally, in Russia, a territory with a total area of over
38400.000 km2 is subject to potential flooding; the annual ma-
39terial damage from floods averages over 50 billion roubles.
40Over 35% of the population live in places that may be flooded
41(Vorobyov 2016). The problem is also relevant to the world
42community (Alaoui et al. 2018; Rokaya et al. 2018; Liu et al.
432018; Gianotti et al. 2018; He et al. 2018).
44The fact that there is a tendency of increase in the frequency
45and size of floods, and as a result, the increase in their social,
46economic, and environmental damage is of particular concern
47(Winsemius et al. 2016; Tanoue et al. 2016; Istomina 2013;
48Nigmetov et al. 2003). Many flood researchers are inclined to
49consider ongoing climate change as the main cause of such

large-scale natural disasters (Nigmetov 50 2003; Selezneva 2012;
51Makhinov et al. 2014; Danilov-Danilyan and Gelfan 2014).
52Our research is focused on a detailed analysis of the causes
53of the catastrophic rise in the level of rivers in the Katun River
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54 basin (the territory of the Altai Republic) in 2014. As a result
55 of the flood, 504 km of roads was flooded, 223 km of which
56 was destroyed. Floodwaters destroyed and damaged 235 brid-
57 ges; power supply was disrupted in 50 settlements. Forty-nine
58 social facilities were affected in Choysky, Mayminsky,
59 Chemalsky, Ulagansky districts, and Gorno-Altaisk. Six resi-
60 dential buildings were destroyed, eight houses are beyond
61 restoration, and 4 thousand residential buildings require capi-
62 tal repairs. For the republic with a total population of just over
63 200 thousand people, these figures are very significant.
64 Significant floods on the Katun River are observed at dif-
65 ferent intervals. Thus, for example, the floods of 1966, 1969,
66 and 1973 were the most significant. 1969 stands out in this
67 series. The water level reached 4800 m3, which exceeds the
68 long-term average by more than two times. This year, in many
69 tributaries of the Katun, in the highlands and the midlands, an
70 abnormally high flow was also formed during the flood sea-
71 son. The main reason for this situation is that the winter of
72 1968–1969 was frosty and snowy. By early spring, the snow
73 reserves almost doubled the norm, but the depth of soil freez-
74 ing, nevertheless, was significant. The beginning of spring
75 was relatively cold, and the snow melted slowly, gradually
76 saturating with water. When the air temperature increased to
77 stably positive values, intensive water loss from the snow
78 deposits began, which caused the flooding. The research ob-
79 jective is to analyze the causes of the catastrophic rise in the
80 level of rivers in the Katun River basin (the territory of the
81 Altai Republic) in 2014.

82 Material and methods

83 The research is based on observational data at the hydrometeo-
84 rological posts and stations of the Gorno-Altai Centre of
85 Hydrometeorology and Monitoring of Environment—a branch
86 of the Federal Government Budgetary Institution “West Siberian
87 Territorial Administration for Hydrometeorological and
88 Environmental Monitoring” in the Katun River basin. For the
89 correct analysis of the spatiotemporal distribution of atmospheric
90 precipitation in the river basins, we used the daily observational
91 data from operational observational units, the data posted on the
92 official website of the All-Russian Research Institute of
93 Hydrometeorological Information—WorldDataCentre (climatic
94 data of cities around the world), and the precipitation data by the
95 observation dates to extend the series from the website of the
96 operational meteorological data (Website of Operational
97 Meteorological Data).
98 To identify possible patterns and dependencies, the follow-
99 ing estimations were performed: the climatic norm of aver-
100 aged May precipitation for the base period (1960–1990), the
101 maximum and minimum precipitation levels in May for the
102 period of 1955–2013, the variability of the mid-May precipi-
103 tation, the frequency of precipitation days (the day with

104precipitation was the day during which the amount of precip-
105itation was 0.1 mm or more), and the delay time of the water
106level rise in the largest rivers near meteorological stations
107during the flood period of 2014.
108To illustrate the long-term dynamics of precipitation, a few
109diagrams were created with the display of linear trends, which
110generally characterize the direction of changes. To visualize
111the situation at the end of May 2014, a series of graphs were
112constructed, which reproduce the amount of precipitation and
113the spike in water level during the flood period. To assess the
114greatest contribution to the increase in water level during the
115flood period, the excess of precipitation over the climatic
116norm at the meteorological stations was calculated and a com-
117parative analysis of hydrometeorological indicators was
118performed.
119The Katun River is the most significant river in the Altai
120Republic. It originates in the Katun glaciers on the southwest-
121ern slope of Belukha Mountain. The drainage basin is pear-
122shaped and stretches from south to north. The total drainage
123area is 60,900 km2, and the length is 688 km. Throughout the
124entire river, Katun receives 6799 tributaries. The river receives
125the most water-abundant tributaries in the upper and middle
126streams.
127In the territory of the researched basin, 8 meteorological
128stations (MS) are located: Ak-Kem, Kara-Tyurek, Katanda,
129Kosh-Agach, Kyzyl-Ozyok, Onguday, Ust-Koksa, and
130Chemal (Fig. 1). They cover six administrative districts of
131the Altai Republic. The analysis also involved the data from
132the Ust-Kan meteorological station since some of the rivers in
133the Ust-Kan district belong to the Katun River basin. Notably,
134the indicated number of MS is completely insufficient for the
135researched mountainous area.
136The hydrometeorological situation in the Mayminsky dis-
137trict is characterized by the data from the Kyzyl-Ozyok MS.

138Results and discussion

139The objective of this research is to thoroughly study the situ-
140ation in the Katun River basin, which preceded the flood. We
141produced and analyzed the detailed timing, quantitative infor-
142mation on temperature, and precipitation at all meteorological
143stations of the Katun River basin, as well as the water levels of
144the river and all its significant tributaries. Such a level of effort
145will facilitate to find the causes of the catastrophic increase in
146the water level.

147Analysis of atmospheric precipitation according to
148Kyzyl-Ozyok MS data

149According to Kyzyl-Ozyok MS data, in May 2014, 206.9 mm
150of precipitation fell, which is 2.75 times higher than the

Air Qual Atmos Health

JrnlID 11869_ArtID 887_Proof# 1 - 26/07/2020



U
N
C
O
R
R
EC
TE
D
PR
O
O
F

151 climatic norm (75.1 mm is the value of the base period of
152 1960–1990) (Fig. 2).
153 It is also notable that with significant climatic changes ob-
154 served in Altai from 1955 to 2013, no statistically significant
155 deviations of precipitation values were established at the
156 Kyzyl-Ozyok meteorological station; the mid-May

157precipitation increase, proceeding from the linear trends,
158amounted to 16 mm over 58 years (1955–2013), while in
1592014 it increased to 30 mm (Fig. 2). The maximum amount
160of precipitation was observed in 2007 and amounted to 182
161mm; in 1973—142 mm; and in 1969 and 1987—121 mm and
162122.2 mm, respectively. The mid-May precipitation

Fig. 2 Accumulated precipitation
for May according to the Kyzyl-
Ozyok MS data for the 1955–
2014 period

Fig. 1 Map chart of the location of meteorological stations in the Altai Republic
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163 variability was also small: at a norm of 75.1 mm, the devia-
164 tions for the period from 2000 to 2012 only amounted to
165 3.1 mm upwards, including for the 2007–2012 period, which
166 is 3.6 mm downwards.
167 The precipitation frequency for the researched period was
168 16 days. Days with precipitation over 10 mm prevailed. The
169 highest values were registered on May 14—22.2 mm;
170 May 27—28.9 mm; May 29—42.4 mm; and May 30—26
171 mm. However, in the first third of May, precipitation was
172 virtually absent; 48.4 mm fell in the second third and 157.5
173 mm—in the last.
174 The period from May 25 to May 31 is characterized by
175 daily precipitation of a widespread nature, sometimes turning
176 into rainfall. During these seven days, the accumulated pre-
177 cipitation exceeded the monthly norm by 1.9 times, with the
178 highest mark of 42.4 mm on May 29 and amounting to 141.9
179 mm, with the critical amount of 137.2 mm for the period from
180 May 25 to May 30.
181 Along with the change in accumulated precipitation, the
182 level of the Mayma River was changing. The delay in the
183 increase of the river, on average, equates to a day, due to both
184 physical processes and the considerable distance of the gaug-
185 ing station from the meteorological one. It reached pre-critical
186 levels at 8 p.m. on May 29—357 cm; on May 30 at 8 a.m., it
187 was 396 cm; at 2 p.m., it exceeded the level of flooding (424
188 cm) by 12 cm; and by 8 p.m., it dropped to 397 cm. The
189 hydrometeorological situation in the Chemal district is char-
190 acterized by the data from the Chemal MS.

191 Chemal meteorological station data characteristic

192 According to the Chemal MS data, 165.3 mm of precipitation
193 fell in May 2014, which is 2.67 times higher than the climatic
194 norm (61.8 mm—the value of the base 1960–1990 period)
195 (Fig. 3).
196 The increase in mid-May precipitation, proceeding from
197 linear trends according to Chemal MS data, was 11 mm over
198 58 years (1955–2013), and increased to 23 mm in 2014 (Fig.
199 3). The maximum accumulated precipitation was observed in
200 1973 and amounted to 135.5 mm; in 1977 and 2007—
201 105.3 mm and 109.8 mm, respectively; in May 1969—94.2
202 mm.
203 Variability of mid-May precipitation: at a norm of 61.8
204 mm, deviations for the period from 2000 to 2014 were
205 3.2 mm upwards, including for 2010–2013—1.2 mm down-
206 wards, and for 2010–2014—19.8 upwards. The precipitation
207 frequency for the researched period was 16 days, over 10 mm
208 of which fell in 6 days. The highest readings were registered
209 on May 27—37.2 mm; May 29—37.6 mm; and May 30—26
210 mm. Precipitation was virtually absent in the first third of
211 May, 30.9 mm fell in the second third with a norm of 18.1
212 mm, and the last third—133.2 mm with a norm of 28.5 mm,

213i.e., the excess was 4.7 times. In the first third of June,
21442.2 mm fell, with a norm of 25.6 mm.
215The period from May 25 to May 31 is characterized by
216daily precipitation of a widespread nature, sometimes turning
217into rainfall. During these seven days, the accumulated pre-
218cipitation exceeded the monthly norm by 1.9 times, with the
219highest mark of 37.6 mm on May 29 and amounted to 120.5
220mm. Along with the change in accumulated precipitation, the
221level of the Katun River was changing. The delay in the in-
222crease of the river, on average, equates to 3–4 days. It reached
223the pre-critical level by 8 p.m. on May 30—897 cm; at 8 a.m.
224onMay 31, the level of flooding reached a critical mark of 970
225cm; by 8 p.m., it exceeded the level of flooding by 31 cm; by 8
226a.m. on June 1, it dropped to 939 cm.

227Analysis of water level and climatic precipitation for
228the Shebalino meteorological station

229The hydrometeorological situation in the Shebalinsky district
230is characterized by the data from the Shebalino MS.
231According to the data from the Shebalino MS, in May 2014,
232150.3 mm of precipitation fell, which is 2.5 times higher than
233the climatic norm (60 mm—the value of the base 1960–1990
234period) (Fig. 4).
235The decrease in the amount of mid-May precipitation, pro-
236ceeding from linear trends according to the Shebalino MS
237data, was 14 mm over 48 years (1966–2013); in 2014, the
238trend became neutral, not fixing any deviations of the mid-
239May precipitation amount from the climatic norm (Fig. 4). In
240previous years, the maximum accumulated precipitation was
241observed in 1969 and amounted to 108.6 mm, in 1973 and
2422007—102.8 mm and 103.9 mm, respectively. The variability
243of mid-May precipitation: at a norm of 60 mm, deviations
244from 2000 to 2014 were 2.8 mm downwards, including for
245the 2010–2013 period—3.6 mm downwards, and for 2010–
2462014—15.2 upwards.
247The precipitation frequency in May was 18 days, over
24810 mm of which fell in 4 days. The highest readings were
249registered on May 29—42.1 mm. Precipitation was virtually
250absent in the first third of May; 28.1 mm fell in the second
251third; 119.7 mm—in the last third. Provided the norm of 30.6
252mm, the excess was 3.9 times. In the first third of June,
25335.8 mm of precipitation fell, with a norm of 25.2 mm.
254The period from May 25 to May 31 is characterized by
255daily precipitation of a widespread nature, sometimes turning
256into rainfall. During these seven days, the accumulated pre-
257cipitation exceeded the monthly norm by 1.8 times, with the
258highest mark of 42.1 mm on May 29 and amounted to 108.3
259mm.
260Along with the change in accumulated precipitation, the
261level of the Sema River, the left tributary of the first order of
262Katun River, was changing. The delay in the increase of the
263river, on average, equates to 1 day. It reached pre-critical
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264 levels by 8 p.m. on May 24—165 cm; over the next 24 days,
265 the level did not drop below the critical level, with the highest
266 readings of 250 cm on May 30. It is noteworthy that the
267 gauging station data in all subsequent periods after May 30
268 requires levelling, since the measurement was performed on
269 newly installed piles, as previous piles were destroyed by the
270 rising water.

271 Analysis of the information received according to
272 Onguday MS data

273 The hydrometeorological situation in the Onguday district is
274 characterized by the data from the OngudayMS. According to

275Onguday MS data, in May 2014, 102.1 mm of precipitation
276fell, which is 2.6 times higher than the climatic norm (39.4
277mm—the value of the base 1960–1990 period) (Fig. 5).
278The magnitude of the increase in the amount of mid-May
279precipitation, proceeding from linear trends according to the
280Onguday MS data, was 17 mm over 60 years (1955–2014)
281(Fig. 5). For previous years, the maximum accumulated pre-
282cipitation was observed in 2010 and amounted to 108 mm; in
2831983 and 2007—103.7 mm and 88.8 mm, respectively.
284Variability of mid-May precipitation: at a norm of 39.4 mm,
285deviations from 2000 to 2014 were 13.2 mm upwards, includ-
286ing for the 2010–2013 period—19.6 mm, and for 2010–
2872014—28.2 mm upwards.

Fig. 3 Accumulated precipitation
for May according to Chemal MS
for the 1955–2014 period

Fig. 4 Accumulated precipitation
for May according to Shebalino
MS data for the 1966–2014
period
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288 The precipitation frequency inMaywas 14 days, more than
289 10 mm of which fell within 3 days. The highest readings were
290 registered on May 30—27.1 mm. Precipitation was virtually
291 absent in the first third of May; 12.2 mm fell in the second
292 third; 88.2mm—in the last third, with a norm of 18.4 mm, i.e.,
293 the excess was 4.8 times. In the first third of June, 40.3 mm of
294 precipitation fell, with a norm of 20.3 mm.
295 The period with continuous precipitation of widespread
296 nature, sometimes turning into rainfall, was observed from
297 May 27 to May 31. During these five days, the amount of
298 precipitation was 2 times higher than the monthly norm, with
299 the highest mark of 27.6 mm onMay 30 and amounted to 81.4
300 mm.
301 Along with the amount of precipitation, the level of the
302 Ursul River, a left-bank tributary of the first order of the
303 Katun River, was changing. No delay in the increase of the
304 water level was observed. It reached pre-critical marks by 8
305 p.m. on May 29—159 cm; on May 30 at 8 a.m., it exceeded
306 the level of the beginning of flooding by 11 cm; and by 8 p.m.,
307 it reached the highest point—232 cm.

308 Description of the hydrometeorological situation in
309 the Ust-Kansky district

310 The hydrometeorological situation in the Ust-Kansky district
311 is characterized by data from the Ust-Kan MS; and although
312 the Charysh River belongs to the Ob River basin, still, many
313 small rivers of the district are included in the Katun River
314 basin. According to Ust-Kan MS data, 86.1 mm of precipita-
315 tion fell inMay 2014, which is 2 times higher than the climatic
316 norm (43.9 mm—the value of the base 1960–1990 period)
317 (Fig. 6).

318The increase in the amount of mid-May precipitation, pro-
319ceeding from linear trends according to the OngudayMS data,
320was 20 mm over 60 years (1955–2014), while until 2013, the
321trend deviation was statistically insignificant compared with
322the decreasing trend. For previous years, the maximum
323amount of precipitation was observed in 2007 and amounted
324to 113.8 mm, in 1958 and 1973—92.3 mm and 97.3 mm,
325respectively. Variability of mid-May precipitation: at a norm
326of 43.9 mm, deviations from 2000 to 2014 were 1.2 mm up-
327wards, which is not a significant reading, including for the
3282010–2013 period—there were no deviations from the climat-
329ic norm, and for 2010–2014 they amounted to 8.4 mm
330upwards.
331The precipitation frequency in May amounted to 14 days,
332over 10 mm of which fell within 4 days. The highest readings
333were registered on May 29—18.5 mm. Precipitation was vir-
334tually absent in the first third ofMay; 53 mm fell in the second
335third, and 153.2 mm—in the last third, which exceeded the
336monthly norm by 2.4 times. In the first third of June, 34mm of
337precipitation fell, with a norm of 83 mm in June.
338The period with continuous precipitation of a widespread
339nature, sometimes turning into rainfall, was observed from
340May 25 to May 31. During these seven days, the accumulated
341precipitation exceeded the monthly norm by 1.7 times, with
342the highest mark of 18.5 mm onMay 29 and amounted to 73.6
343mm.
344Along with the change in accumulated precipitation, the
345level of the Charysh River, the left tributary of the first order
346of the Ob River, was changing. No delay in the increase of the
347water level was observed. It reached critical levels onMay 29,
348and by 8 p.m., it had already reached 990 cm, which is 101 cm
349higher than the initial level of flooding. On May 30, there was

Fig. 5 Accumulated precipitation
for May according to Onguday
MS data for the 1955–2014
period
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350 no access to the gauging post; therefore, there is no data. On
351 May 31, the level dropped below critical.

352 Analysis of hydrometeorological data in the Ust-
353 Koksinsky district

354 The hydrometeorological situation in the Ust-Koksinsky dis-
355 trict is characterized by the data from Ust-Koks, Katanda,
356 Kara-Tyurek, and Ak-Kem meteorological stations.
357 According to the Ust-Koks MS data, in May 2014, 79.1 mm
358 of precipitation fell, with a climatic norm of precipitation
359 equal to 58.8 mm (Fig. 7).

360The magnitude of the increase in mid-May precipitation,
361proceeding from the linear trends according to the Ust-Koks
362MS data, amounted to 9 mm for 59 years (1955–2013), in
3632014, the increase was 12 mm (Fig. 7). In previous years,
364the maximum accumulated precipitation was observed in
3651971 and amounted to 141.1 mm; in 1973, 1983, and
3662007—134.2 mm, 135.3 mm, and 129 mm, respectively.
367Variability of mid-May precipitation: at a norm of 58.8 mm,
368deviations from 2000 to 2014 were 4.8 mm downwards, in-
369cluding for the 2010–2013 period—10.6 mm downwards, for
3702010–2014—4.4 downwards.
371The precipitation frequency in May 2014 amounted to 14
372days, over 10 mm of which fell in one day. The highest

Fig. 7 Accumulated precipitation
for May according to Ust-Koks
MS data for the 1955–2014
period

Fig. 6 Accumulated precipitation
for May according to Ust-Kan
MS data for the 1955–2014
period
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373 readings were registered on May 30—37.1 mm. Precipitation
374 was virtually absent in the first third ofMay; 6.9 mm fell in the
375 second third, and 70.8 mm—in the last third, with the norm of
376 22.1 mm, i.e., the excess was 3.2 times. In the first third of
377 June, 32.1 mm of precipitation fell, with a norm of 21.1 mm.
378 The period from May 25 to May 31 is characterized by daily
379 precipitation of a widespread character, sometimes turning
380 into rainfall. During these seven days, the accumulated pre-
381 cipitation was 1.2 times higher than the monthly norm, with
382 the highest mark of 37.1 mm onMay 30 and amounted to 70.4
383 mm.

384 Climate analysis of the Katanda MS data

385 According to Katanda MS data, in May 2014, 85.5 mm of
386 precipitation fell, with a climatic norm of precipitation equal
387 to 52 mm (Fig. 8). The change in the amount of mid-May
388 precipitation, proceeding from the linear trends according to
389 the Katanda MS data, did not reveal statistically significant
390 deviations. In 2014, the increase amounted to 6 mm, which is
391 also insignificant (Fig. 8). For previous years, the maximum
392 amount of precipitation was observed in 1983 and amounted
393 to 102.2 mm; in 1982, 2007, and 2013—96mm, 101 mm, and
394 96 mm, respectively.
395 Variability of mid-May precipitation: at a norm of 52 mm,
396 deviations from 2000 to 2014 were 6.2 mm upwards, includ-
397 ing for the 2010–2013 period—11 mm upwards, and for
398 2010–2014—15.5 mm upwards. The precipitation frequency
399 in May 2014 amounted to 15 days, over 10 mm of which fell
400 in one day.
401 The highest readings were registered on May 30—21.5
402 mm. Precipitation was virtually absent in the first third of
403 May; 14.5 mm fell in the second third, 70 mm—in the last

404third, with the norm of 23 mm, i.e., the excess was 3 times. In
405the first third of June, 28.3 mm fell, with a norm of 19 mm.
406The period from May 25 to May 31 is characterized by daily
407precipitation of a widespread character, sometimes turning
408into rainfall. During these seven days, the accumulated pre-
409cipitation exceeded the monthly norm by 2.4 times, with the
410highest mark of 21.5 mm on May 30.

411Analysis of the data from the Kara-Tyurek MS

412According to the Kata-Tyurek MS data, 84.3 mm of precipita-
413tion fell in May 2014, with a climatic norm of 66.4 mm (Fig. 9).
414The magnitude of the increase in mid-May precipitation,
415proceeding from the linear trends according to the Kara-
416Tyurek MS data, amounts to 24 mm over 64 years (1951–
4172014) (Fig. 9). For previous years, the maximum accumulated
418precipitation was observed in 1995 and amounted to 127.1
419mm; in 1982 and 2007—126mm and 125.1 mm, respectively.
420Variability of mid-May precipitation: at a norm of 66.4 mm,
421deviations from 2000 to 2014 were 6.2 mm upwards, includ-
422ing for the 2010–2013 period—4.8 mm upwards, and for
4232010–2014—6.6 upwards.
424The precipitation frequency in May 2014 amounted to 12
425days, over 10 mm of which fell within 8 days. The highest
426readings were registered on May 30—42 mm. There was no
427precipitation in the first third of May; 27.6 mm fell in the
428second third; and 53.7 mm—in the last third. In the first third
429of June, 34.7 mm of precipitation fell. The period from
430May 26 to May 31 is characterized by daily precipitation of
431a widespread nature, sometimes turning into rainfall. During
432these six days, the amount of precipitation amounted to
43342.7 mm with the highest mark of 21 mm on May 30.

Fig. 8 Accumulated precipitation
forMay according toKatandaMS
data for the 1968–2014 period
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434 Analysis of the Ak-Kem meteorological station data

435 According to the Ak-KemMS data, inMay 2014, 151.5 mm of
436 precipitation fell, with a climatic norm of 64.8 mm (Fig. 10).
437 The magnitude of the increase in mid-May precipitation,
438 proceeding from the linear trends according to the Ak-Kem
439 MS data, amounted to 11 mm for 53 years (1961–2013), in
440 2014 the increase was 20 mm (Fig. 10). In previous years, the
441 maximum accumulated precipitation was observed in 2007
442 and amounted to 135.4 mm, in 2005—114.6 mm.
443 Variability of mid-May precipitation: at a norm of 64.8 mm,
444 deviations from 2000 to 2014 were 14.6 mm upwards,

445including for the 2010–2013 period—3.2 mm upwards, and
446for 2010–2014—19.9 upwards.
447The precipitation frequency inMay 2014was 13 days, over
44810 mm of which fell in 8 days. The highest readings were
449registered on May 30—42 mm. In the first third of May,
450precipitation was virtually absent, 37 mm fell in the second
451third, and 114.2 mm—in the last third. In the first third of
452June, 37 mm of precipitation fell. The period from May 25
453to May 31 is characterized by daily precipitation of a wide-
454spread character, sometimes turning into rainfall. During these
455seven days, the amount of accumulated precipitation exceeded
456the monthly norm by 1.7 times.

Fig. 9 Accumulated precipitation
for May according to Kara-
Tyurek MS data for the 1951–
2014 period

Fig. 10 Accumulated
precipitation for May according
toAk-KemMSdata for the 1961–
2014 period
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457 The change in water level in the Ust-Koksinsky district was
458 registered at Ust-Koksa Gauging Station-1, the Koksa River (a
459 first-order tributary of the Katun River), Tyungur Gauging
460 Station-1, the Katun River, Terekhta Gauging Station-1, the
461 Bolshaya Terkhta River, Kucherla Gauging Station-1, the
462 Kucherla River (a first-order tributary of the Katun River).
463 For all stations, the delay in the increase of the river was, on
464 average, 1 day. Over the entire period, the critical level was
465 not exceeded. The highest reading was registered on May 31,
466 2014, according to Tyungur Gauging Station-1—571mm (the
467 level of the beginning of flooding is 580 mm), according to
468 Ust-Koksa Gauging Station-1—377 mm (the level of the be-
469 ginning of flooding is 410 mm).

470 Analysis of the hydrometeorological situation in the
471 Kosh-Agachsky district

472 The hydrometeorological situation in the Kosh-Agachsky dis-
473 trict is characterized by the data from the Kosh-Agach MS.
474 According to Kosh-Agach MS data, in May 2014, 16.4 mm of
475 precipitation fell, with a climatic norm of precipitation equal
476 to 7.3 mm (Fig. 11).
477 The deviation of the mid-May precipitation trend (1961–
478 2014), according to the Kosh-Agach MS data, is statistically
479 insignificant (1 mm). In previous years, the maximum accu-
480 mulated precipitation was observed in 1961 and amounted to
481 31.3 mm, in 2005—23.5 mm. Variability of mid-May precip-
482 itation: at a norm of 7.3 mm, the deviation for the periods of
483 2000–2014 and 2010–2014 was absent, and for 2010–2013 it
484 amounted to 2.2 mm downwards, with the norm of 3.2 mm.
485 The precipitation frequency in May 2014 amounted to 8
486 days, no more than 2 mm of which fell within 6 days. The

487highest readings were registered on May 31—9.8 mm.
488Precipitation totalled 1.1 mm in the first third of May; 3.3
489mm—in the second third; and 12mm—in the last third, which
490was 4 times higher than the climatic norm of this period and
4911.8 times higher than the monthly norm. In the first third of
492June, 3.7 mm of precipitation fell.

493Comparative hydrometeorological analysis of the
494researched meteorological stations

495As a result of hydrometeorological analysis of meteorological
496station data on the territory of the Katun River basin, it was
497established that the period with an increased amount of pre-
498cipitation contributing to the emergence of a critical flood
499situation was observed mainly from 25 May 2014 to 31
500May 2014. The largest contribution to the runoff level increase
501was indicated by the data of the Kyzyl-Ozyok, Chemal,
502Shebalino, and Ust-Koksa meteorological stations.
503Throughout the entire Katun River basin, the accumulated
504precipitation significantly exceeded the climatic norm. The
505largest excess was indicated by the data of the Kyzyl-Ozyok
506MS, according to which, for the last third of May, the accu-
507mulated precipitation amounted to 525% of the climatic norm,
508as well as the data of the Onguday and Ust-Kan meteorolog-
509ical stations—480% of the norm, and Chemal—470% of the
510norm. The smallest excess was registered at the Kara-Tyurek
511MS, amounting to 190% of the norm.
512During May 2014, an uneven variation in the ground air
513temperature of the atmosphere was observed with slight sta-
514bilization and increase fromMay 24 to May 29 (Fig. 12). The
515ratio of the average monthly temperature (May 2014) with the
516average long-term base period (1960–1990) indicates

Fig. 11 Accumulated
precipitation for May according
to Kosh-Agach MS data for the
1956–2014 period
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517 insignificant deviations (up to 0.5 °C) in the entire researched
518 territory (Fig. 13).
519 In 2014, the catastrophic water rise in several areas of the
520 Altai Republic located in the Katun River basin was caused by
521 the cumulative effect of the natural and anthropogenic factors,
522 which created the emergency situation, with the dominating
523 natural one—the record high precipitation for the entire period
524 of instrumental monitoring.
525 We analyzed the hydrometeorological situation in other
526 years of the most significant floods on the Katun River to
527 determine the basic mechanisms for the formation of maxi-
528 mum runoff. As a result, it was established that most often
529 these floods are formed under the following combinations of
530 runoff factors: (1) high snowmelt intensity with snow reserves

531exceeding the norm, deep soil freezing on the drainage and
532rains during the flood decline (as in 1969); (2) an extremely
533high intensity of snowmelt, even with snow reserves close to
534normal, a significant depth of soil freezing and moistening; (3)
535high intensity of snowmelt, with snow reserves close to nor-
536mal and low runoff losses. For small rivers, the mechanisms of
537the formation of extreme hydrological situations are generally
538similar, but the role of rain floods is increasing (Chung and
539Kim 2019).
540Climate changes, both on a global and regional scale, can-
541not but affect the peculiarities of the intra-annual flow distri-
542bution (The second assessment report … 2014; Kharlamova
5432013). The Second Assessment Report of Roshydromet (the
544Russian Federal Service for Hydrometeorology and

Fig. 12 The monthly temperature
variation by daily average
readings during May 2014

Fig. 13 The ratio of the average
monthly temperature (May 2014)
with the average long-term base
period (1960–1990)
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545 Environmental Monitoring) on climate changes and their con-
546 sequences in the territory of the Russian Federation contains
547 the information that in the regions with the maximum flows
548 formed by the rainfall (the Black Sea coast of the Caucasus,
549 the Kuban and Amur basins), there were catastrophic floods at
550 the end of the last and the beginning of this century that had
551 never been observed before (Kharlamova 2013; Kim et al.
552 2017). So, it is notable that in recent years, in mountainous
553 inland territories, the role of intense rainfall in the formation of
554 flooding has also significantly increased even on such large
555 rivers as the Katun and Biya.

556 Conclusions

557 1. In the period from May 25 to May 30, the underlying
558 terrain of the Katun River basin was waterlogged, which
559 virtually eliminated the additional leakage of precipita-
560 tion. Excessive accumulated precipitation in combination
561 with low temperatures (Fig. 13) and evaporation within
562 5–10 mm led to a sharp increase in surface runoff.
563 2. The reasons for the catastrophic water level increase in
564 several districts of the Altai Republic located in the terri-
565 tory of the Katun River basin lie in the cumulative effect
566 of the natural and anthropogenic factors, which created
567 the emergency situation, with the dominating natural
568 one—the record high precipitation for the entire period
569 of instrumental monitoring.

570 The general reason for such prolonged and intense precip-
571 itation was the extensive stationary cyclone, which spread to
572 most of the Altai mountain region, due to the blocking role of
573 the high anticyclone spread from the southeast to the western
574 and central part of Russia in the last third ofMay–the first third
575 of June.
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