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Abstract 

The authors explore the connection between river discharge and exchange flux in the ocean – ice cover 

– atmosphere systems as a significant climate forcing factor in the high and middle latitudes of the 

northern hemisphere. The concept of key vulnerabilities of the Arctic climatic system as the North 

Atlantic Thermohaline Circulation  and  Beaufort Gyre are  some of the most important links in the 

global climatic system which should be an object of protection from the anthropogenic influence.  

The main factors that affect the North-Atlantic Thermocline Circulation and Beaufort Gyre include the 

river run-off of the Arctic watershed, boreal forests which stabilize the latter also.  So, they should be 

protected from the effects of anthropogenic factors.  

Lake Baikal and its watershed play a role in regulation of some part of the river runoff into the Arctic 

Ocean, and at the same time the lake itself is also affected by the climate changes.  It is crucial to 

consider adaptation of dam’s Angara River  regimes to changes in the frequency of largest levels of 

water it can reach in the flooding period and minimize of industrial influence on key vulnerabilities of 

the climatic system.     

Legislative mechanisms to protect the unique Lake Baikal ecosystem should take into account the 

climate forcing factors when conducting the Environmental Impact Assessment (EIA) and 

development of new post-Kyoto climate treaty. These environmental and legal aspects of the climate-

forcing functions of river run-off of the Arctic watershed, it is important to take into account when 

implementing the principles of sustainable development of the Arctic territories and should be 

considered when drawing up the program of the qualitative education for sustainable development. 
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The climate system of the planet Earth is very special from the point of view of its 

heterogeneity /versatility , quasi-regularity and non-uniqueness of the climate with the 

mutually intertwining feedback bonds [ Monin, Shishkov,1979]. A greenhouse effect is 

                                                           
 

 

 



the best well-known mechanism of this kind.  Public consciousness nowadays sticks 

firmly to the opinion that decrease of anthropogenic emissions of greenhouse gases could 

easily solve the problem of climate change caused by the emissions. However, the 

practice is far from it. Besides the greenhouse effect and limitations on anthropogenic 

emissions of greenhouse gases (the limitations being absolutely expedient), it is also 

necessary to consider other kinds of feedback systems and meaningful mechanisms of 

anthropogenic effect on the Earth’s climate system and ways to minimize these effects. 

The present  article concerns mainly some less well-known mechanisms of feedbacks in 

the planet’s climate system. Assessment of their probable influence on climate in relation 

to the anthropogenic transformation in the underlaying /underlying  surface as a result of 

hydroelectric dams construction and maintenance as well as cutting off boreal forests in 

the catchment basins of the rivers under regulation are some very important factors also 

discussed in the article. 

Many important results of recent scientific studies of key components of the climate 

system in the Arctic, affecting the hydrological cycles of the largest freshwater reservoirs 

in the Northern Hemisphere such as Lake Baikal and the Great Lakes, have not yet found 

an adequate reflection in the educational university programs and do not become the 

property of the public concerned and makers solutions in the management of aquatic 

ecosystems. 

  Lake Baikal is well known as a reservoir of 20% fresh water supply on Earth. It is also 

known as a genetic pool of fresh water species most of which are endemic (cannot be 

found anywhere else on the planet).In 1996 Lake Baikal and the surrounding area were 

given a status of the World Heritage Site #754. 

The main threats to the Lake Baikal’s ecosystem: 

 The disruption of the discharge of rivers that flow out and into Lake Baikal.  The 

disruption is caused by the electrohydropower dams.  

 Anthropogenic transformation of landscapes on the territory of the Lake Baikal 

watershed which is caused by mining and forest cutting.  



 

Concept of the Key Vulnerabilities adherent to the Climatic and Social-Economic 

Systems (The Fourth Working Groups of the Intergovernmental Panel on Climate 

Change (WG IPCC)) .  

                 Key Vulnerabilities:  

 highly sensitive to the climate change and low adaptability  

 systems or processes – the dramatic alteration/change of which is considered 

undesirable by the world community 

Hese are elements - systems or processes - a significant a change which is 

recognized by the world community undesirable. Such critically vulnerable 

elements are highly sensitive to climate change, low adaptive capacity and 

recognized the importance of the decision making process in the management of 

human influence on the climate system. 

 For the Arctic some of these elements are critically vulnerable North Atlantic 

thermohaline circulation and Beaufort Gyre  of the Arctic Ocean, a unique 

circulation component within the Arctic physical environmental system reflecting 

a set of specific atmospheric, sea-ice, and oceanic conditions that have significant 

interrelationships with the Arctic-wide as well as global climate 

systems[Proshutinsky et al,2002]. The Woods Hole Oceanographic Institution 

(WHOI, www.whoi.edu, Woods Hole, Massachusetts, U.S.A.)  observations have 

documented that in 2003-2014 the Beaufort Gyre region accumulated more than 

5000 km
3
 of fresh water and its fresh water content reached approximately 

22,000km
3
. Surprisingly, the volume of fresh water in the Beaufort Gyre is 

practically identical to the volume of fresh water in Lake Baikal (23,000 km
3
), the 

largest lake on the Earth, and is comparable with fresh water volume stored in all 

Great Lakes (23,000 km
3
). 

Factors affecting the thermohaline circulation: 

http://www.whoi.edu/


Melting glaciers and increasing the flow of the rivers into the ocean brings more 

fresh water and possibly slowing the ocean circulation that brings heat from the 

tropics to the poles, affecting global and regional climate. 

Siberian rivers, largely Yenisei to the Arctic basin forms the upper freshened 

layer and halocline (layer jump salinity) of the Arctic Ocean, blocking the flow of 

warm deep Atlantic waters to the bottom of the Arctic ice cover. The relationship 

of river flow and heat transfer in the ocean-ice - atmosphere is one of climatic 

factors in the high and temperate latitudes of the Northern Hemisphere. 

River runoff, boreal forests and wetlands have an impact on these critically 

vulnerable elements of the Arctic climate system  as the North Atlantic 

thermohaline circulation and Beaufort Gyre on time scales of 30-60 and 2-3 

years, 5-7 years. 

Legislation Deficiency 

a)Consideration of climate forcing changes in the EIA procedure and in the 

legislation on safety of hydrotechnical constructions.   

 Adaptation of electrohydropower dams to climate changes;  

 Consideration of industrial negative effects on key vulnerabilities of the Arctic 

climatic system  

 Environmental discharges at electrohydropower dams on rivers (i.e., water 

discharges in the fish spawning period)  

 Development/Extension of public participation through the EIA procedure  

b) Restoration of EIA Procedure  

 Since 2007 the environmental impact assessment procedure in Russia 

has weakened significantly which resulted in the increase of projects’ faults and 

emergency cases that occur during construction works of highly dangerous and 

technically sophisticated facilities like electrohydropower dams. Presently, 



environmental NGOs and other parties including state agencies are trying to 

restore the EIA procedure.   

                                              Conclusion 

The frequency of regional and global hydrological extremes in recent years, to mention 

only some of them in Russia: disastrous floods in the river Amur catchment  basin in the 

years 2007 and 2013, high water on the river Yenisey that caused catastrophic destruction 

on the Sayano-Shushenskaya hydroelectric dam in 2009, almost synchronic in time a 

flood   in the Altay region and a low water level at Lake Baikal in 2014 -  confirm the 

urgency of issues being discussed in the article. The purposes of the discussion could be 

as follows: 

1.Improving  the quality of background meteorological forecasts for Northern 

Hemisphere at least a year in advance with consequent specification of the information 

for each month and background forecasting of river flow in the Arctic basin with due 

regard for non-uniqueness of the climate. 

2.Estimating  the long -term effects of hydroelectric dams across  Siberian rivers on 

Arctic climate both at regional and global scales to minimize their influence on 

vulnerable elements  of the Arctic climate systems. 

3.Enforcing a legal regulation that makes hydroelectric dams climate adaptation 

necessary at all levels of legislation. 

4. Developing  an integrated management plan for the property of the Natural Heritage  

“Lake Baikal” in the part of its hydrological management mode in compliance with 

Regulations of paragraph 9 of the Decision of 38
th
 Session of the World Heritage 

Committee of UNESCO and paragraph 112 of the Operational Guidelines for the 

Implementation of the World Heritage Convention. 

5.Development  and consequent legislative ratification of the Regulation for the periods 

of  Lake Baikal level extreme phases to provide the opportunity of transgressing  against  

the allowed limits for a certain period of time on the grounds of Lake Baikal  catchment 

basin level forecasts.   

Further studies of non-uniqueness of the Earth’ climate (which means the almost   

intransitivity of the climate system) at various space and time scales should make it clear 

if any attempts of forecasting  a would-be-climate for the middle and the end of the 

present century based on scenario climate computations are practically expedient. It 

would also be important to estimate the cost of such information and to reflect if any 

scientifically grounded long term management decisions could be plausible nowadays. 



These environmental and legal aspects of the climate-forcing functions of river run-off 

of the Arctic watershed, it is important to take into account when implementing the 

principles of sustainable development of the Arctic territories and should be considered 

when drawing up the program of the qualitative education for sustainable development. 

In connection with the extreme climatic events (floods and low water) increased 

application understanding of the mechanisms and the role of the factors influencing the 

dry and humid hydrological cycles in the basins of the largest lake ecosystems. Taking 

into account recent research results in this area will improve the management of aquatic 

ecosystems, provide training in ecological profile universities in the field of climate 

adaptation in the use of aquatic ecosystems in economic activities (water supply of 

settlements, recreation and tourism, fisheries, and others.). 
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