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Hydrological function of 

forests

 1. Theoretical aspect: the rationale for a geographically 

deterministic concept of the hydrological significant of 

boreal forests

 2. Experimental data confirming the proposed concept: 

a) specifics of snow moisture balance in different  

environmental conditions

 b) the observation for river runoff changes  in 

connection with forest cover dynamics across natural-

climatic zones of Middle Siberia 



 Results of Water-forest studies suggest
that tropical and temperate forests tend to
increase evapotranspiration and reduce
the river run-off. The ambiguous results in
this relation occurs mainly for boreal
forests.

 There is evidence that boreal forests are
able to change the structure of water
balance and cause the hydrological effect
which consists as in increasing so in
decline of river runoff. So, at the first of all
I would like to give consideration to
transformation of the structure of water
balance by boreal forest in different
conditions.
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 Scientists are interested in the answer to
a question - why in one geographical
conditions a forest increase total
evaporation and reduce an annual river
runoff, but in other conditions, on the
contrary, a forest promote increase of
runoff, reducing evapotranspiration?
Without an answer to this question it is
impossible to propose reliable system of
forest-water management. Such system
should be based on the principles of
hydrological theory which can ensure the
sustainability of water and related
resources in forest landscapes



 By our opinion seeming contradictions in 
assessment of hydrological significant of boreal 
forest consist in underestimation of snow 
moisture balance specificity open and forest 
area in different environments. 

 Our study synthesizes knowledge about the 
hydrological consequences of forest 
management in the boreal zone. This 
knowledge can be used as part of a systematic 
approach to ensure integrated use of forest 
and water resources, particularly when 
considering the potential effects of climate 
change and the need to continually adapt our 
policies and practices.



 We proposed the concept of 
geographically deterministic hydrological 
role of boreal forests. This concept can 
serve as a theoretical basis for the 
management of water resources in the 
boreal zone. The concept allows to 
explain the contradictions existing in the 
assessment of hydrological 
consequences of forest management. 
Below we present the main features of 
this concept.
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Seasonal specificity of hydrological cycle in boreal region
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 Specificity of hydrological cycles of 
boreal zones biomes consists in 
essential difference of water balance 
of the cold and warm periods of 
year. In the warm period of year an 
atmospheric precipitation is at once 
included in active water cycles, and 
the ratio between the total runoff and 
total evaporation at this time is 
determined mainly by productivity of 
biogeocenoses, but not their type (a 
forest or field). 



 During the cold period of year solid 
precipitation for a long time is preserved 
in a snow cover, the transpiration stops, 
water exchange in frozen soil becomes 
slower and active water cycles at this 
time occur mainly on a surface of a snow 
cover, including snow intercepted by 
forest canopy. 

 Accumulation, evaporation and horizontal 
redistribution of snow moisture during 
this period essentially depend not on 
productivity of biogeocenoses, but on 
type of vegetation and the character of its 
spatial distribution, which determine  
snow storage value and volume of river 
runoff. 



 The data from different geographical conditions 
state  that intercept of snow by crowns is 
dependent on density of forest canopy, 
composition, age of  stands, air temperature, 
wind regime,  and amount of snowfall. 

 Intercept and snow evaporation  are growing 
with increase in density, age of stand, conifers 
ratio and with increase in air temperature. The 
wind produces different effects. Under frosty 
weather, dry snow falls down soon after a wind 
event, and therefore evaporation reduces. 
Under warm weather, the snow stays in 
canopy for a long time and moderate wind 
stimulates evaporation. 



 A study of horizontal fluxes of snow 
moisture and intensity of blowing snow 
sublimation has a great importance for 
assessment of hydrological significance of 
boreal forest in different climatic 
conditions. 

 Numerous investigations in northern 
hemisphere show that intensity of blowing 
snow sublimation is greater than 
stationary snow. Evaporation rate of 
blowing snow depends on wind speed, 
sizes of open sites, humidity and 
temperature snow and air.





The analysis of hydrological significance of boreal forests allows to 
state, that in conditions of humid and cold climate where, as a rule, 
not dense forest stands are produced, the forests "works" as the 
store of moisture and it is the factor of river runoff increase. 



In warm climate, where 
productivity of forest is higher, a 
forest land in comparison with 
non-forest areas, “works” as the 
best evaporator. It is related with 
two main causes - low evaporation 
of  snow on open sites (wet and 
dense snow does not promote 
development of snow-drift) and 
increase of interception of snow by 
canopy of  productive and dense 
forest stands. It serves as an 
explanation of the contradictions 
existing in estimation of a 
hydrological role of forests of 
different geographical regions. 
This results allow as to develop 
geographically deterministic  
concept of the hydrological role of 
boreal forests. 

http://images.yandex.ru/yandsearch?text=%D0%B7%D0%B8%D0%BC%D0%BD%D0%B8%D0%B9 %D0%BB%D0%B5%D1%81&img_url=http://img0.liveinternet.ru/images/attach/b/0/552/552805_Bild_004.jpg&pos=18&uinfo=sw-1221-sh-664-fw-996-fh-458-pd-1&rpt=simage
http://images.yandex.ru/yandsearch?text=%D0%B7%D0%B8%D0%BC%D0%BD%D0%B8%D0%B9 %D0%BB%D0%B5%D1%81&img_url=http://img0.liveinternet.ru/images/attach/b/0/552/552805_Bild_004.jpg&pos=18&uinfo=sw-1221-sh-664-fw-996-fh-458-pd-1&rpt=simage


Dependence of runoff from annual amount

of precipitation and forest cover  in 

different climatic conditions

Warm climate
Cold climate

Y – river runoff, mm; X – annual precipitations, mm; 

L – forest cover, %



Zonal specific changes of river runoff in 

connection with the forestation of watersheds



Zonal specific changes of river runoff in 

connection with the forestation of 

watersheds
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 The system approach to study of  
hydrological processes in forests allows 
not only to explain the existing 

contradictions, but also allows to create 
prognostic models of change of water 
balance structure under natural and 
anthropogenic changes in forests. Such 
models can serve as a basis of sustainable 

forest management for the purpose of 
receiving desirable hydrological effect.



Thank you for your 

attention!


