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Observed increase in river flow to the Arctic Ocean can slow down oceanic thermohaline 
circulation and lead to dramatical changes in climate of Northern Hemisphere (Peterson et 
al, 2002). Annual and seasonal variations of total observed river discharge for six largest 
Eurasian rivers flowing to the Arctic Ocean (Yenisey, Lena, Ob, Kolyma, Pechora, Sev, 
Dvina). Change in observed winter and spring discharge accounts for 65% and 35% of 
annual discharge increase correspondingly (Shiklomanov et al, 2021).

Annual and seasonal variations of total naturalized river discharge for six largest Eurasian 
Arctic rivers. Naturalization of discharge records to eliminate the human impacts and better 
quantify climatic causes of changes in river flow has been made with the Hydrograph 
Transformation Model developed at AARI (Tretiakov & Shiklomanov, 2022). Significant 
differences in observed and naturalized seasonal river flow was found. Change in 
“naturalized” winter and spring discharge accounts for 40% and 44% of annual discharge 
increase correspondingly. Human impacts mainly due to reservoir regulation play significant 
role in seasonal river flow to the Arctic Ocean and it is often ignored when possible causes of 
changes in river discharge are analyzed.

Anomalies of winter (a) and spring (b) runoff (%) across Russia over 1978-2010 
relatively to 1940-1977

WBM	description	

Inputs:	Natural	

•  Climate		

temperature	and	
precipitation	
•  Land	surface	

topography	

•  Soil	properties	

•  Vegetation	properties	

•  Aquifer	properties	

•  Lake	locations	

•  Glacier	melt	

	

Inputs:	Human	

•  Dams	&	reservoirs	

•  Population	density	

•  Crops	and	irrigation	

•  Livestock	

•  Impervious	surfaces	

(i.e.,	pavement)	

•  Interbasin	transfers	

(canals	across	basins)	

	

Grid	cell	view	of	the	natural	&	anthropogenic	

hydrologic	cycle	

WBM validation: intercomparison of simulated and observed 
annual river discharge has shown: 1) precipitation in observational 
data are underestimated; 2) trends of simulated discharge based 
on climate reanalysis do not correspond observational ones.

Hydrological model
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Observed	and	WBM	simulated	with	MERRA2	climate	drivers	daily	discharge	
hydrographs	for	Lena	at	Kusur		

Lena_observed	

Lena_WBM_AASH	
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Observed	and	WBM	simulated	with	MERRA2	climate	drivers	daily	discharge	hydrographs	
for	Yenisei	at	Igarka		

Observed	
WBM_30_AASH_PM	

Changes in the observed annual precipitation and air temperature 
(CRU grids) over 1936-2018 based on linear trend, changes in annual 
runoff simulated with Water Balance Model using CRU climate data, 
and changes over 2000-2018 in maximum active layer thickness data 
derived from remote-sensing data and modeling. Trends in runoff 
mainly correspond changes in precipitation. Most increases in active 
layer thickness are observed in areas of discontinous and sporadic 
permafrost.

Trends in WBM-simulated annual runoff across Eurasian pan-
Arctic basin based on different climate input data. There are large 
uncertainties in runoff trends evaluated based on observational 
climate data (CRU and UDEL), re-analysis (NCEP-NCAR, 
MERRA2, ERA5) and historical GCM (CCSM4).
Monthly changes in WBM simulated runoff based on MERRA2 
climate data are shown on right maps. The most significant 
changes are observed during transition periods April-June and 
September-November. They are mainly due to earlier snowmelt in 
spring and later freeze-up in fall. 
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Slope=1.75 km3/Year; P= 9x10-28

Slope=0.98 km3/Year; P= 0.0003
Slope=-0.03 km3/Year; P= 0.93
Slope=2.7 km3/Year; P= 5x10-7

Observed changes in river flow Contemporary changes Projected changes in runoff and water balance components

Models and scenarios for future simulations. The climate data from CMIP5 
models adjusted under the Inter-Sectoral Impact Model Intercomparison 
Project (ISIMIP) have been used in WBM historical and future simulations

Changes in annual runoff based on different GCMs and future scenarios. 
There is a general tendency toward further increase in river flow across the 
Eurasian pan-Arctic. The most significant runoff increases are projected 
along the Arctic Ocean sea coast and in the Central, Eastern Siberia.
Average WBM-simulated daily discharge hydrographs for historical 1971-
2005 (thick black line) and different future climate scenarios/models are 
shown for 2006-2035 and 2036-2065 periods. Common patterns 
include: shifts to earlier spring floods, greater winter discharge and higher 
spring flood discharge in Eastern Siberia

Projected changes in seasonal runoff by 2036-2065 for RCP4.5 scenario relative to mean 
runoff over 1971-2005

Deviations of average projected annual precipitation (P) and WBM-simulated evapotranspiration, 
snow water storage and runoff for RCP4.5 scenario from their average values over 1971-2005.

Projected changes in river flow (%) for large Eurasian Arctic rivers by 2050 

Online system for rapid hydro-climatological analysis earthatlas.sr.unh.edu

https://earthatlas.sr.unh.edu/

