
Rivers discharge in the NEESPI 
region:

� sa Rennermalm
UCLA

region:
Trends in mean and extreme flow



River discharge trends in the 
NEESPI region

Mean flow

Extreme flowExtreme flow



The NEESPI region within the 
pan-arctic drainage basin 



Rivers connecting land and marine 
biogeochemical cycles

Spring freshet source of 
labile dissolved organic 
carbon [Holmes et al. 
(2008) GRL]

Dissolved organic 
carbon correlated to 
river discharge 
magnitude in NEESPI 
rivers [Raymond et al. 
2007 GBC]



River discharge and the terrestrial 
water balance

http://www.metoffice.gov.uk/education/primary/students/watercycle.html



What does river discharge trends 
suggest?

Peterson et al. (2002) Science



A historical perspective

MacDonald et al. (2007) JGR-Biogeosciencee

Peterson et al. (2002) Science



What does this suggest?

• 20th century increases in river flow
– Enhanced DOC flux to the Arctic Ocean?
– A wetter climate?

• Internal variability or global warming



What else can we learn from river 
discharge trends in the NEESPI region?discharge trends in the NEESPI region?



Extreme flow

• Spring peak flow
– Driven by snow melt

• Low -flow• Low -flow
– Driven by groundwater



Peak flow: 
No widespread change

• earlier spring

• no evidence for 
widespread 
discharge trends

Shiklomanov et al. 2007 JGR - Biogeoscience



Low-flow: Mobilization of 
subsurface water resources

• increased low-
flow all year 
round

Smith et al. 2007 JGR - Biogeoscience



A new subsurface hydrological state?

– Permafrost degradation [Halsey, et al., 1995; 
Jorgenson, et al., 2001; Jorgenson, et al., 2006]

– Deeper summer thaw of permafrost, reducing 
soil freezing [Frauenfeld, et al., 2004]

– Earlier spring soil thaw [Smith, et al., 2004]– Earlier spring soil thaw [Smith, et al., 2004]
– Soil moisture: increased surface water 

content in some areas [Grippa and others, 
2007] enhanced soil drying [Smol and Douglas, 
2007] and drought in other areas 
[Meshcherskaya and Blazhevich, 1997]



Implications of new subsurface 
hydrology state

• Soil moisture
– Forest fires [Groisman et al. 2007]
– Population dynamics for plants, microbes, 

animals [Callaghanet al. 2005]animals [Callaghanet al. 2005]
• Surface destabilization

– Lake distribution [Yoshikawa and Hinzman 
2003, Smith et al. 2005]

– Vegetation [Osterkamp et al. 2000, Racine 
et al. 2001]



How widespread are the low-flow 
trends?

Long term 1936-1999 Short term 1958-1989



Science question

• What are the patterns in cold-season low-
flow trends? 
– increasing, decreasing or not changing?– increasing, decreasing or not changing?

• Definition of cold-season low-flow
– Minimum monthly river discharge between 

October and April



The most extensive dataset 
(R-Arctic Net)

R-Arctic Net 4.0, Lammers et al. 2001



Trend periods: overlapping time 
series



Overlapping time series

25 year trend periods

60 year trend periods

80 year trend periods



Simple data representation 

Time series of river discharge 
from a gauging station

Trend detection method: 
Mann Kendall test for monotonic trends

from a gauging station

Simplify
increasing

no - trend

decreasing

Trend periods



Exceptional dominance of cold 
season low flow
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…on all time scales



Distributed cold season low flow, 
long time scale 1935-1994

Large scale (>50 000 km2) Intermediate scale (50 - 50 000 km2)
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increasing
no trend
decreasing

increasing
no trend
decreasing

Streamflow influenced 
by water management



Large scale (basin > 50 000 km 2)

25 year trend periods, 1935-1964 25 year trend periods, 1965-1994

increasing
no trend
decreasing
mixed trends

increasing
no trend
decreasing
mixed trends

Streamflow influenced 
by water management



Distributed cold season low flow, 
late 20 th century 

Large scale (>50 000 km2) Intermediate scale (50 - 50 000 km2)
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increasing
no trend
decreasing
mixed trends

increasing
no trend
decreasing
mixed trends

Streamflow influenced 
by water management

Eastern Eurasia



Conclusions

• Cold-season low-flow is increasing in most 
of the pan Arctic

• Recent switch to increasing flow in Eastern 
EurasiaEurasia

• Eastern Eurasia only dominated by 
increasing flow at large scale



Implications

• What is causing the cold-season low-flow 
increase?
– enhanced soil moisture storage? 
– earlier timing of spring?– earlier timing of spring?

• Both causes may have profound impacts on 
vegetation and biogeochemical cycles in the 
NEESPI region
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