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Total annual river discharge to the Arctic Ocean from the six 
largest rivers in the Eurasian Arctic for the observational period 
1936-2008 (updated from Peterson et al., 2002)(red line) and 
from the four large North American pan-Arctic rivers over 
1970-2008 (blue line). The least squares linear trend lines are 
shown as dashed lines. Provisional estimates of annual 
discharge for the six major Eurasian Arctic rivers, based on 
near real time data from http://RIMS.unh.edu, are shown as 
red diamonds. Upper green line shows the September 
(minimum) sea ice extent in the Arctic Ocean over 1979-2009 
from NSIDC (http://nsidc.org/data).  
Over the historical record from 1936 to 2006, the mean annual 
river discharge for the six largest Russian rivers was 1796 km3 
y-1 and the previous record was 2080 km3 y-1 in 2002.  Our 
estimates indicate 2007 showed a massive flux of fresh water 
from the Russian land surface of 2250 km3 y-1 . This is an 
increase of more than 23% over the long term mean which is 
equivalent to the total annual flow from the Ob basin – the 8th 
largest basin in the world by drainage area.  
It is interesting to note that the correlation between Eurasian 
river discharge and sea ice extent over 1979-2008 is R=-0.72, 
or greater than the correlation between observed precipitation 
(lower plot) and runoff in these Eurasian drainage basins (R= 
0.54).  This suggests that both rivers and sea ice were 
responding to changes in large-scale hemispheric climate 
patterns (Shiklomanov and Lammers, 2009). Insignificant 
increases in river discharge to the Arctic Ocean from North 
America have also been observed. 
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Changes in annual river discharge from largest pan-Arctic rivers 
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Conclusions 
o  River discharge from the large Russian river basins continue to increase and in 2007 it 
superseded the previous records by 10%.   
o  While that year’s flow was unusually high, the overall spatial patterns were consistent with 
the hydro-climatic trends since 1980 indicating 2007 was not an aberration but a part of the 
general trends.   
o  If this is the case then we can expect further large fluxes of river discharge from these 
rivers in the future.  
o  There are significant hydrological changes in cold season supporting the hypothesis of 
intensification of water cycle.   
o  An increasingly ice free summer in the Arctic Ocean contributes to wetter conditions on 
the land via atmospheric moisture transport from open sea areas  
o  Increased air temperature could intensify permafrost thawing contributing to higher inflow 
to the Arctic Ocean from the Eurasian pan-Arctic.  
Shiklomanov A. I. and Lammers R. B. (2009). Record Russian river discharge in 2007 and the limits of analysis. 
Environ. Res. Lett. 4 045015 (9pp)  

Change in runoff, precipitation, air temperature and runoff ratio over 1980-2007 evaluated 
from the slope of the least squares linear regression and their anomalies in 2007 for 12 
subbasins in the Yenisey, Lena and Ob watersheds and 3 river basins.  

The partitioning of the annual river discharge into the six contributing drainage basins showed record 
high flows in 2007 in the Pechora and Yenisey basins and very high flows in the Ob, Lena and Kolyma. 
Only the Severnaya Dvina had flow near the long term mean (Figure above).  Except for the Kolyma, 
contributions of individual rivers to the 2007 record river discharge were very consistent with the 
contributions of the river basins to the long-term discharge change (computed based on linear trends 
over 1936-2006, Figure to the Left). The Figure shows contributions of each drainage basin to the 
1936-2007 trend (red bars) and the 2007 anomaly (blue bars)  
This suggests the 2007 river discharge record reflected the patterns of the long-term changes 
observed in the Eurasian pan-Arctic over the 1936-2007 period and the year 2007 was an anomaly in 
magnitude without major structural changes between basins.  

Maps of long term trend and 2007 anomalies in precipitation, river runoff,  precipitation/
runoff (P/R) ratio and air temperature.  River runoff and P/R ratio calculated over 15 
inter-station regions as shown by black circles. Precipitation anomalies for 2007 
(Figure) showed much of the observed river discharge  increase to the ocean for that 
year originates from runoff in the northern parts of the drainage basin despite the 
decreasing anomalies in the southern headwaters of the largest basins. The annual 
trends from 1980-2007 (Figure) demonstrate similar patterns to the 2007 precipitation 
and discharge anomalies which further supports the suggestion that 2007 was a higher 
magnitude expression of the ongoing pattern of change over the last 28 years. It is 
interesting to note that 2007 was the warmest year over the last 60 years in Yenisey, 
Lena and Kolyma basins covering about 90% of the total permafrost area in the six 
Eurasian basins (Figure and Table). The warmer conditions of 2007 could therefore 
have intensified permafrost thaw giving an increased rate of runoff. Indeed, the runoff 
ratio (runoff/precipitation) in 2007 was significantly higher than the long-term mean over 
1980-2007 (Figure) for all subbasins located inside these three permafrost-dominated 
watersheds. All subbasins where the runoff anomaly exceeded the precipitation 
anomaly by more than 25 mm for 2007 (bold font in Table) were located in the transition 
zone between non-permafrost and permafrost regions where permafrost degradation is 
expected to have a greater impact with global warming (Stanilovskaya et al., 2008; 
Marchenko et al., 2007). 

Changes in winter runoff across Russia 

Time-series of observed and naturalized (reconstructed) river discharge for Yenisey at 
Igarka over 1936-2004; (a) annual, (b) winter (November to April), (c) spring (May to 
June), (d) summer-autumn (July to October). Thin dashed lines show linear trends 
defined from least squares linear regression analysis and p-values represent 
significance of the trend. Trend is considered significant if p<0.05 (α=95%). The long-
term annual trends do not change significantly as both the observed and naturalized 
annual discharge show significant positive trends over 1936-2004 (Fig 5a). However, 
the winter, spring and summer-autumn time series (Fig. 5b,c,d respectively) show large 
changes in trend as a result of dam construction and the region of influence of these 
major dams is seen all the way to Igarka. (From Shiklomanov & Lammers ERL, 2009).   

Map above shows anomalies of winter runoff over 1978-2006 (in % from long-term mean over 1946-1977) for Russia. Blue and 
red triangles show increase and decrease in runoff respectively. Most unregulated river basins demonstrate increase in winter 
runoff. The greatest positive change (up to 40-70%) is observed in the Irtysh Basin. Winter runoff has increased by 10-30% in 
upstream parts of Ob and Yenisei basins and in the right-bank tributaries of Lena: Vitim, Olekma, Aldan. 
Plot above shows winter runoff for largest Eurasian and North American rivers flowing into the Arctic Ocean averaged over : 
1936 - 1979, 1980 - 2007, 2000 - 2007 for Eurasian rivers and over 1970 – 1999, 1980 – 2007, 2000 – 2007 for North American 
rivers.  
1 – Severnaya Dvina, 2 – Pechora, 3- Ob’, 4 – Yenisei, 5 – Lena, 6 – Kolyma, 7 – total for 6 Eurasian rivers, 8 – Yukon, 9 - 
Mackenzie, 10 – total for 2 North American Rivers. 
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Six largest Eurasian river basins 

Volume of ground ice in three 
largest Eurasian pan-Arctic river 
basins, from D. Yang presentation 
in Bishkek, September 2009. 

Dynamics of winter river discharge for largest pan-Arctic 
unregulated rivers 

1 – Severnaya Dvina, 2 – Pechora, 3 – Yukon 
Change in annual air temperature aggregated for six river 
basins in Eurasia (Dvina, Pechora, Ob, Yenisei, Lena, 
Kolyma) and for two in North America (Mackenzie, Yukon) 

Study of water release from permafrost on small experimental watershed 
in Eastern Siberia shows that during warm years the additional volume of 
water released from thawing of ice rich transition layer located below 
active layer may contribute as much as 25% of total precipitation over 
the warm season (based on data from CALM sites in Chersky, analyzed by 
Davydov). This suggests the significant increase in runoff during warm 
years.      
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