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Селевые потоки, вызванные прорывами ледниковых озер, относятся к типу турбу-
лентных селей высокогорья, которые часто инициируют последовательность опас-
ных процессов, наносящих ущерб социальному и экономическому развитию. В 
данной статье обсуждается влияние температуры и осадков. Результаты показыва-
ют, что прорыв ледникового озера является последствием аномальных климатиче-
ских условий. Влажные и холодные условия благоприятны для накопления льда. 
Селевые потоки могут быть легко спровоцированы, когда климат становится более 
влажным и теплым или более сухим и теплым, или когда средняя температура рез-
ко поднимается на 0,6–1,2°C. В итоге, проанализированы тенденции формирования 
селей в контексте регионального изменения климата за последние 50 лет. 
 
Debris flows induced by a glacier lake burst are a type of turbulent debris flow in high 
mountain areas, which often form hazardous chains of events that bring about damage to 
social and economic development. In this paper, the influences of temperature and pre-
cipitation have been discussed; the result shows that the breach of a glacier lake dam re-
sponds to abnormal climatic conditions. Wet and cold conditions are favourable to the 
accumulation of glacier, and debris flows can be easily induced when conditions change 
to wet-warm and dry-warm, or the temperature abruptly rises by 0.6÷1.2°C. Finally, the 
trends of debris flows are analysed in the context of regional climate change in the com-
ing 50 years. 
 

1  Introduction 

The debris flows resulting from unexpected glacier lake outburst floods (GLOFs) often 
bring about catastrophic hazards to people and property in alpine glacier-covered regions (Lu 
et al, 1999; Cheng et al, 2003). Because of the high locations and huge volumes of glacier 
lakes, the GLOFs can possess prodigious kinetic energy that mobilizes substantial loose mate-
rials in the U-shaped valley to form debris flows. These debris flows are generally character-
ized by high peak discharge, devastating destruction, short duration and extensive range of 
influence. They can also bring about a series of secondary disasters during the formation, mo-
tion and deposition. Typically, a hazard chain resulting from glacier lake outburst can be de-
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noted as below: glacier lake outburst, flood, debris flow, incorporation of loose materials de-
riving from rock avalanche or landslide, damming in main stream, floods from dam failure, 
whilst the hazard chain may be more destructive than normal debris flow inspired by rain-
storm. For instance, a large debris flow aroused by flood of icefall dam breach occurred in 
Peilong Valley, Aug. 23, 1984, which lasted 23 h and had the maximal discharge of 5245 m3· 
s-1. The materials came from icefalls, moraines, and loose deposits in the valley. It blocked 
Parlung Zangbo and interrupted the stream for 15 minutes. The total volume was about 
1.6×106 m3. And on June 20, 1985, a even larger event occurred, with discharge up to 8195 
m3·s-1, damming the river for half an hour and raising the water headwards up to the Tongmai 
bridge on the Sichuan-Tibet highway (Zhu et al., 1999); in July 20, 1988, a moraine-dammed 
lake located in Midui Gully failed and the consequent flood resulted in large-scale debris flow 
with peak discharge of 1021 m3/s, which was 5 folds more than the average runoff in Parlong 
Zangbo. A temporary dam was formed along the cross section of Parlong Zangbo and water 
level rose up to 10m, the inundation brought about huge losses to people and property (Zhu et 
al., 1999; Lu et al., 1999).  

2  The influences of temperature and precipitation to debris flow induced by GLOFs 
The formative processes of debris flows of glacier lake outburst are substantially com-

plex and mainly controlled by the following factors: the accumulative areas and thicknesses 
of glaciers, sizes and volumes of glacier lakes, configurations and stabilities of ice or moraine 
dams, channel gradients, magnitudes of loose materials, local temperatures and precipitations. 
Particularly, the events of debris flow are very sensitive to the temperatures and precipita-
tions. All the events of debris flow occurred in May to September (Table 1). Especially, the 
debris flows occur most likely in July and August that stand the tiptop of temperature and 
precipitation in Tibet, accounting for 61 percent of all events in the history.  

 
Tab1e 1. Historical events of debris flow induced by GLOFs in southeastern Tibet. 

Name  Basin County Date Disaster modes
Lumu Lake Parlung 

Zangbo 
Bomi 8.06.1931 Floods , Non-cohesive DF 

Taraco Pioqu Nielamu 28.08.1938 Floods, DF
Qiongbixiamaco Kangbuqu Yadong 10.07.1940 Floods, DF
Sangwangco Nianchu 

River 
Kangma 16.07.1954 Floods, Non-cohesive DF 

Jilaico Pengqu Dingjie 21.09.1964 Non-cohesive and cohesive 
DF

Damenlakeco Niyang River Gongboy 
yamda 

28.09.1964; 
15.08.1968

Floods, Non-cohesive and 
cohesive DF

Ayaco Pengqu Dingri 17.08.1969; 
17.08.1970

Floods, Non-cohesive and 
cohesive DF

Zharico Luozaxiongqu Luoza 24.06.1981 Floods, DF
Cirenmaco Pioqu Nielamu 11.07.1981 Floods, DF
Kungco Pengqu Dingjie 27.08.1982 Floods, DF
Peilong Gully Parlung 

Zangbo 
Linzhi 29.07.1983; 

23.08.1984; 
20.06.1985

Floods, cohesive DF 

Guangxieco Parlung 
Zangbo 

Bomi 14.07.1988 Floods, Non-cohesive DF 

Jialongco Pioqu Nielamu 23.05.2002; 
29.06.2002

Floods, Non-cohesive and 
cohesive DF

Degaco Luozaxiongqu Luoza 18.09.2002 Floods, Non-cohesive and 
cohesive DF

 
Normally, glacier lake outburst relates to unusually high temperature and heavy rainfall 

of short duration. Since the runoffs of glacier have a exponential relationship with tempera-
ture (Xie and Ding, 2006), the magnitude of thawing of glacier and snow could augment rap-
idly due to local warming; and the rainfalls in glacier covered regions on one hand could ac-
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celerate the ablation rate of glacier and snow and on the other hand lubricate glacier bed that 
increase the probability of icefall or avalanche. All these processes are favorable to moraine 
or ice dam failures in the terms of overtopping or piping.  

2  Debris flow induced by GLOFs and climate change 
Generally, since the accumulation and thawing, advance and retreat of glacier are func-

tions of climate, the glacier lake outburst closely relates to the climatic fluctuation and par-
ticularly the temporal and spatial combinations of temperature and precipitation. Obviously, 
relatively wet-cold weather is propitious to the accumulation and advances of glacier; on the 
contrary, wet-warm and dry-hot weathers increase the melting rate and attenuation of glaciers. 
It is the most favorable time for glacier lake outburst when the climate turn from wet-cold to 
wet-hot or dry-hot stage which had been testified by the historic events of glacier lake out-
burst. There are two hazard-concentrated regions, namely Bomi and Nielamu County, in 
which the climate changes to some extent indicate the unusually high frequency of such haz-
ards.   

Fig1. Curves of annual precipitations and annual mean temperatures in Bomi (A) and Nielamu (B). 

2.1  Bomi County 
In Bomi County, the annual mean temperature tended to warming and the annual pre-

cipitation obviously fluctuated and comprehensively increased in the last 50 years (Fig. 1, A). 
The climate in 1970s was dry-hot and debris flow occurred rarely ; in 1980s, the climate 
tuned to wet-hot owning to sharp increases of temperature and precipitation that led to fre-
quent debris flows, for instance, the three events resulting from icefall dam failures in Peilong 
Gully. The annual mean temperatures ascended considerably and exceeded the perennial 
mean value when entering into the new century, and it reached its maximum of 8.9°C of the 
last 40 years, in which detailed weather records were commenced. Since 2000, the weather 
has turned to wet-warm stage that is favorable for large-scale debris flows even when the pre-
cipitation decreases.  

2.2  Nielamu County 
The annual mean temperatures and rainfalls fiercely fluctuated during 1967-2006, and 

the tendency of weather changes could be characterized by the continuous increase of tem-
perature and precipitation as well as frequently extreme weathers (Fig. 1,B). E.g. the Ci-
remaco glacier lake outburst and resulting debris flow in July 11, 1981 due to extreme accre-
tion of rainfall in 1979 and 1980 successively. 

Generally, glacier lakes break in dry-hot and wet-warm conditions and result in debris 
flow. And such events are often controlled by the combinative effects of temperature and 
rainfall. 

3  Developing trends of debris flow  
It is susceptible to form glacier lake outburst and debris flow incorporated with masses 

of loose materials when the temperature and precipitation increase simultaneously, and the 

319 
 



 
Селевые потоки: катастрофы, риск, прогноз, защита 

320 
 

processes of debris flow can be represented as follows: warming, fierce thawing of glacier, 
raising of water level in glacier lake, icefall or glacier tongue plunging into the lake, ice or 
moraine dam failure, floods, debris flow. 

According to Ding, the air temperature and precipitation in Tibet would respectively 
rise ranges of 0.8÷1.2°C and 7÷17% in 2003 comparing to 1990 (Ding, 2002), and other me-
teorologic data in tow hazards severely suffered counties (Fig. 1 and Fig. 2) had proved the 
so-called forecast. The average value of annual mean temperature in Bomi County was 
8.69°C during 1961 to 2006, and the annual mean temperature reached 9.80 °C and increased 
by 12.7% after successive 6 years’ warming; and the average value of annual mean tempera-
ture in Nielamu County was 3.67°C during 1969 to 2006, and the annual mean temperature 
reached 4.9 °C and increased by 33.5%. The precipitations in the tow region take on the ten-
dency of fluctuation and helical ascending.  

The amounts and occupied areas of glacier have changed substantially during the few 
years due to the increase of temperature and rainfall in Tibet, and the glacier runoff will in-
crease by 50% and glacier covered areas will decrease by 50% in 2050 (Qin, 2002). Accord-
ing to glacier survey and interpretations of RS image in Tibet (Wang et al, 2003; Che et al, 
2004; Chen et al, 2007), the total areas of 24 glacier lakes in Pengqu Basin in 2000 and 2001 
enlarged from 42.032 km2 to 47.509 km2, increased by 13 % since 1980; the glacier covered 
areas in Bioqu Basin decreased by 10% and the amounts of glacier lakes (areas bigger than 
0.02 km2) increased by 11 % with increases in areas by 47 % from 1987 to 2005;  

The climate warming and increase of extreme events certainly enhance the probability of 
glacier lake outburst whilst accelerating the weathering processes of bedrocks that produce 
more loose materials in the gully, which in turn would be ready to form debris flows at the 
stimulus of the GLOFs. Thereby such type of debris flow will be intensely active from now to 
2050. Since the climate warming would sharply shrink the occupations and total volumes of 
glacier, the increasing of meltwater in glacier areas is not limitless, however the meltwater 
may decrease and reduce the probability of glacier lake outburst and resulting debris flow 
when exceeding the critical points. Namely, the developing trend of debris flow induced by 
glacier lake outburst in Tibet will take on reverse “U” shape, and the occurrences of such de-
bris flow mainly depend on the abrupt increase of precipitation.  

References 
Che T., Jin R., Li X., et al. Glacier lakes variation and potentially dangerous glacier lakes in Pumqu 

river basin in Tibet during of last two decades. – Journal of Glaciology and Geocryology, vol. 26, 
No. 4, 2004, p. 397–402. 

Chen X., Cui P., Li Y., et al. Changes of glacier lakes and glaciers of post-1986 in Bioqu river basin, 
Nyalam, Tibet. – Geomorphology, vol. 88, 2007, p. 298–311. 

Cheng Z., Zhu P., Gong Y. Typical debris flow triggered by ice-lake break. – Journal of Mountain Sci-
ence, vol. 21, No. 6, 2003, p. 716–720. 

Ding Y.  Assessment of environment in West China. Vol. 2: Forecasting of environment changes in 
West China. Beijing: Science Press, 2002, p. 39. 

Lu R., Tang B., Zhu P. Debris flow and environment in Tibet. Chengdu: Sichuan University Publishing 
House, 1999, p. 69–78. 

Qing D. Assessment of environmental changes in West China. Beijing: Science Press, 2002, p. 61–65.  
Wang T., Liu Z., Xia C., et al. Study of glacier lakes in Nianchu river basin, Tibet. -  Journal of Glaci-

ology and Geocryology, vol. 25, suppl. 2, 2003, p. 344–348.  
Xie C., Ding Y., Liu S., et al. Analysis on the glacial hydrological features of the glaciers on the south 

slope of Mt. Tuomuer and the effects on runoff. – Arid and Geography, vol. 27, No. 4, 2004, p. 
570–575. 

Zhu P., He Z., Wang Y., et al. A study of typical mountain hazards along Sichuan-Tibet highway. 
Chengdu Science and Technology University Publishing House, 1999. 

 
 
 
 
 

 


	2.pdf
	Сопредседатели Оргкомитета
	Заместители сопредседателей Оргкомитета
	Ответственный секретарь Оргкомитета 
	Члены Оргкомитета
	Со-Chairmen of the Organising Committee
	Deputy Co-Chairmen of the Organising Committee
	Executive Secretary of the Organising Committee 
	Members of the Organising Committee
	Организаторы
	Финансовая поддержка
	Organisers
	Financial support

	3.pdf
	1  Краткая предыстория
	2  Констатация сложившейся ситуации
	3  Главная методологическая задача научных исследований по проблеме
	4  Главная прикладная задача научных исследований по проблеме
	1  Introduction
	2  Constitute equations
	3  Governing equations
	4  Numerical scheme and verification
	5  Sensitivity analysis
	6  Results and discussion
	7  Conclusion
	References
	1  Introduction
	2  Method of numerical simulation of debris flow movement
	2.1  Numerical simulation of debris flow movement on the fan area
	2.2  Numerical simulation of debris flow movement in the channel

	3  Method of classification of risk zoning based on the distribution of kinetic energy
	4  Method of classification of risk zoning based on the ultimate bearing pressure of building under impacting
	5  Conclusion
	6  Acknowledgement 
	References
	1  Introduction
	2  Functions of technical debris flow mitigation measures
	3  Design of technical debris flow mitigation measure
	3.1 Measures to control the displacement and deposition processes
	3.2  Documentation and control


	References
	1  Введение
	2  Динамика приледниковых ландшафтов за последние 10 лет
	3  Динамика приледниковых ландшафтов за 2006-2007 гг.
	1  Location and importance
	2  Geological context
	3    January 17, 1945 debris flow
	3.1. Start zone
	3.2  Trajectory zone
	3.3  Deposit zone

	4  Final discussion

	References
	1  Основные события
	2  Предвестники
	3  Термальные проявления
	4  Некоторые особенности оползня
	5  Заключение

	Список литературы
	1  Введение
	2  Селевые процессы на о. Сахалине
	3  Селевые потоки экстремальных объёмов: условия формирования и повторяемость 
	4  Характеристики селевых потоков катастрофических объёмов
	5  Заключение

	Список литературы
	Список литературы
	1  Introduction
	2  Formation mechanism of debris flow
	3  Characteristics of debris flow

	References
	Список литературы
	1 Introduction
	2  Methodology  
	3  Regional Overviews
	4  Results and discussions
	4.1  The simplification independence of influential factors
	4.2  The result of canonical discriminant

	5  Conclusions

	References
	1  Introduction
	2  Distribution of debris flow
	3  Characteristics of debris flow hazards in mountain urban areas
	3.1  Heavy casualties and huge property damages
	3.2  Debris flows are always with high occurrence rates 
	3.3  Debris flow hazards are usually confined within part of the cities and towns

	4  Seriously restraining the economic development of the cities and the neighbouring area

	References
	Список литературы
	Список литературы
	Список литературы

	4.pdf
	1  Introduction
	2  Study site
	3  Methods
	4  Results
	5  Discussion
	6  Conclusion
	References
	1  Data and analyzed method 
	2  Rainfall characteristics and change trend in Dongchuan District of Xiaojiang River in 1990s
	3 The change characters of eroded sediment transport of debris flows in 1990 s 

	References
	1  Data and analyzed method 
	2  The analysis of monthly rainfall
	2.1 The change characteristics of monthly rainfall in 1990s
	2.2  The change trend of monthly rainfall in 1990s

	3  The analysis of season rainfall in 1990s
	4  The change characters of eroded sediment transport of debris flows in 1990 s 

	References
	1  Введение 
	2  Рассмотрение проблемы 
	3  Заключение  

	Список литературы
	Список литературы
	Список литературы
	Список литературы
	Список литературы
	1  Введение
	2  Методы и материалы
	3  Флуктуации циркуляции атмосферы
	4  Колебания повторяемости селей
	5  Выводы

	Список литературы
	Список литературы
	1  Introduction
	2  Study area
	3  Material and methods
	4  Results
	5  Discussion and conclusion

	References
	1  Introduction
	2  Historical slopeland disasters
	3  Typhoon rainfall induced slopeland disaster distribution 
	4  Conclusions

	References
	1  Введение
	3  Выводы

	Список литературы
	Список литературы
	Список литературы
	Список литературы
	1  Введение
	2  Постановка проблемы
	3  Факторы селеобразования
	4  Характеристики селевых процессов
	5  Аккумуляция селевых отложений на пляже
	6  Выводы

	Список литературы
	1  Введение
	2  Селеформирующие факторы
	3  Селеопасные районы юга Восточной Сибири
	4  Заключение

	Список литературы
	1  Введение
	2  Условия формирования селей в Макаровском районе
	3  Причины формирования и развития  природно-антропогенных селей в Макаровском районе
	4  Защита территории района от природно-антропогенных селей
	5  Выводы

	Список литературы
	Список литературы
	Список литературы
	1  Введение
	2  Особенности структуры и динамики ландшафтов
	3  Сукцессионные стадии на селевых конусах
	4  Выводы

	Список литературы
	Список литературы
	Список литературы
	1  Introduction
	2  Characteristics of debris flow streams
	2.1  Area and average slope of watersheds 
	2.2  Area and form factors of watersheds 
	2.3  Area of watershed and length of main stream
	2.4  Average slope of the watershed and that of riverbed

	3  Conclusions

	References

	5.pdf
	Список литературы
	Список литературы
	1  Introduction
	2  Infrasonic behaviours of debris flow
	3  Infrasonic warning device of debris flow
	4  Acknowledgment

	References
	Список литературы
	1  Введение
	2  Методика оценки
	3  Карты парагенетических систем и динамики ландшафтов

	Список литературы
	Список литературы
	1  Introduction
	2  Notes on preparation
	3  Discussion
	3.1  Surface size distribution
	3.2  Trajectory tracking of gravels and their velocity

	4  Results 

	References
	1  Вводная информация 
	2  Постановка проблемы
	3  Краткие сведения о ДМГС «Сток-Эрозия-Загрязнение»
	4  Краткие сведения о СМГС «Погода»
	5  Некоторые нетривиальные выводы

	Список литературы
	1  Introduction
	2  Field site
	3  Simulation
	4  Results
	5  Discussion
	6  Acknowledgements

	References
	1  Rheological parameters of mud slurries
	2  Rheological parameters of mixtures of gravels and mud slurries
	1 Introduction
	2  Study area
	3  Methodology
	4  Results
	5  Discussion and conclusions

	References
	Список литературы
	Список литературы
	1  Introduction
	2  Experiment
	3  Results and discussion
	4  Conclusion

	References
	1  Introduction
	2  Deposition and particle characteristics of debris flows
	3  Determination density by particle distribution of debris flows
	4  Determination the density of deposit sample of weak coherent debris flow
	5  Conclusions

	References

	6_Part_8_9.pdf
	1  Введение
	2  Условия формирования селей в высокогорной зоне Центрального Кавказа       (на примере Баксанской долины)
	3  Методика определения критических параметров селеопасной ситуации
	4  Практическое применение метода
	5 Заключение
	Список литературы
	Список литературы
	1  Введение
	2  Прогноз эрозионных явлений в  бассейне реки Дуруджи

	Список литературы
	1  Введение
	2  Определение максимальных расходов селевых потоков разной обеспеченности 
	3   Прогнозирование объема селевой  массы, транспортируемой рекой Дуруджи

	Список  литературы
	1  Введение
	2  Методы и материалы
	3  Содержание работы
	4  Выводы

	Список литературы
	1  Introduction
	2  Regional integrated meteorological forecast and warning model for geological hazards
	2.1  Model design
	2.2  Choices of model predictors
	2.3  Integrated meteorological forecast and warning model for geological hazards

	3  Conclusion

	References
	1  Introduction
	2  Data collection
	3  Results and discussion
	4  Final statement

	References
	Список литературы
	1  Озеро Башкара
	2  Прорывная волна
	3  Селевой поток
	4  Долина Адыл-Су
	5  Комментарий

	Список литературы
	References
	Список литературы
	Список литературы
	1  Introduction
	2  The influences of temperature and precipitation to debris flow induced by GLOFs
	2  Debris flow induced by GLOFs and climate change
	2.1  Bomi County
	2.2  Nielamu County

	3  Developing trends of debris flow 

	References

	7.pdf
	Список литературы
	Список литературы
	Список литературы
	1  Introduction
	2  The barrier system 
	3  Conclusions

	References
	1   The Illgraben test site 
	2  Debris flow events during 2006 
	3  The filling and the overtopping of the debris flow barrier 
	4  Observation stations in Spain
	5  Conclusions

	References
	References
	Список литературы
	1  Debris flow’s solid phase organic and inorganic components
	2  Grain size sorting or selection 
	3  Numerical example of grains sorting

	References
	1  Введение
	2  Обоснование комплексности и эффективности мероприятий инженерной защиты территорий размещения хвостохранилища на р. Вохчи от воздействия паводков, эффективного водопромснабжения и выработки электроэнергии 
	3  Заключение 

	Список литературы
	1  Введение
	2  Геолого-геоморфологические и метеорологические особенности территории г. Иджевана, провоцирующие развитие селевой опасности. Количественная оценка риска и районирование территории по степени селеопасности и риска
	3  Выводы

	Список литературы
	1  Introduction
	2  The Chain of Functions in Systematic Debris Flow Control
	3  Functions and their related measures (Huebl & Fiebiger 2005)
	4  Debris Flow Control by the Chain of Functions

	References
	1  Introduction
	2  Experiences with the chain of functions
	3  The functional structures in the debris flow origin
	4  The functional structures in the middle course and the apex of a debris flow
	5  The functional structures on the debris cone and the lower course of a debris flow
	6  Conclusion

	References
	Список литературы
	Список литературы

	58.pdf
	Список литературы
	Список литературы
	1  Introduction
	2  Infrasonic behaviours of debris flow
	3  Infrasonic warning device of debris flow
	4  Acknowledgment

	References
	Список литературы
	1  Введение
	2  Методика оценки
	3  Карты парагенетических систем и динамики ландшафтов

	Список литературы
	Список литературы
	1  Introduction
	2  Notes on preparation
	3  Discussion
	3.1  Surface size distribution
	3.2  Trajectory tracking of gravels and their velocity

	4  Results 

	References
	1  Вводная информация 
	2  Постановка проблемы
	3  Краткие сведения о ДМГС «Сток-Эрозия-Загрязнение»
	4  Краткие сведения о СМГС «Погода»
	5  Некоторые нетривиальные выводы

	Список литературы
	1  Introduction
	2  Field site
	3  Simulation
	4  Results
	5  Discussion
	6  Acknowledgements

	References
	1  Rheological parameters of mud slurries
	2  Rheological parameters of mixtures of gravels and mud slurries
	1 Introduction
	2  Study area
	3  Methodology
	4  Results
	5  Discussion and conclusions

	References
	Список литературы
	Список литературы
	1  Introduction
	2  Experiment
	3  Results and discussion
	4  Conclusion

	References
	1  Introduction
	2  Deposition and particle characteristics of debris flows
	3  Determination density by particle distribution of debris flows
	4  Determination the density of deposit sample of weak coherent debris flow
	5  Conclusions

	References




