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Runoff

The “left over” hydrological process



Runoff

1) The total amount of liquid water leaving the region 
(Dingman, 1994)
2) Water precipitated into a catchment that is ultimately ) p p y
discharged to a stream channel (Hornberger et al., 1998)
3) i.Surface streams that appear after precipitation   ii. The 
flow of water in a stream (McGraw-Hill Dictionary of Earth flow of water in a stream (McGraw Hill Dictionary of Earth 
Science)
4) Runoff (or streamflow) comprises the gravity movement 
of water in channels which may vary in size from the one of water in channels which may vary in size from the one 
containing the smallest ill-defined trickle to ones containing 
the largest rivers such as the Amazon…(Ward and Robinson, 
1990)1990)
5) In hydrology, runoff is the combination of surface runoff
and interflow. It also equivalent to quick flow. (Wikipedia)



Runoff in IP3

We are particularly concerned with the influence of 
cold climate factors (snow, ice, frozen ground, 
permafrost, organic soils) on runoff generation and permafrost, organic soils) on runoff generation and 
lateral redistribution of moisture.
We study runoff at a variety of scales from the plot to 
h    h  i  b i  id if i  t the HRU to the entire basin, identifying emergent 

properties of the system.



Runoff and Global Change

From Walvoord and Striegl (GRL, 2007) showing changing 
winter flow regime. Increases in winter flow is most notable 
in permafrost regions. p g



Runoff and Development

There are strong 
practical implications 
of runoff generation 
from rapid expansion 
of development in the 
west and north. 



Runoff - Plot and Hillslope (HRU) Studies

Detailed investigation of infiltration, 
redistribution and soil physics that operate redistribution and soil physics that operate 
to generate saturated conditions and 
runoff.



Techniques

-High-frequency Sampling
-Synoptic Sampling
-Hydrometric
-Hydrochemical



Runoff – Plot and Hillslope (HRU) Studies
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Runoff – Plot and Hillslope (HRU) Studies

Infiltration and percolation is 
restricted when soils are ice-rich 
(typical of permafrost soils)  
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April 28Organic (typical of permafrost soils), 
enhancing runoff generation. 
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Runoff – Plot and Hillslope (HRU) Studies
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Runoff – Plot and Hillslope (HRU) Studies

Snowmelt Runoff (mm)
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Runoff – Plot and Hillslope (HRU) Studies

The position of the frost 
table has strong control on 
the delivery of water to the y
drainage network. In cold 
regions, appropriate 
consideration of ground 
thermal and moisture 
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Runoff – Basin Scale Interactions

How do processes at the plot  

c)

b)a)How do processes at the plot, 
hillslope/HRU scale “upscale” to the 
basin

c)
lakeIs what we observe at larger scales 

explainable by our small scale 
observations



Runoff – The Influence of Glaciers

OpabinOpabinOpabinOpabin
GlacierGlacier
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Runoff – The Influence of Glaciers

Opabin Creek in June 2005



Runoff – The Influence of Glaciers

snow melt glacier melt rain stream flow
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Runoff – the hydrograph
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Runoff – the hydrograph
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T i l t ti  l d fl  Fill d ill fl  h i

Runoff - Thresholds
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Runoff - Thresholds
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Runoff - Thresholds
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Runoff - Tracers
Stage

The IP3 network is strongly 
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Runoff - Tracers
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Runoff Modelling



Runoff Modelling

Soil layers

Sub-HRUs
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Runoff Modelling

Basic element of runoff and storage 
can be modelled, and shortcomings 
point to areas where future research 
is needed.



Runoff Modelling

1
1

w

permafrostpermafrost
uplandupland

0

0.5
0

0.5

no
 fl

ow

m
)

wetlandwetland

1

0 5 10 15 20 25 30
-0.5

0 5 10 15 20 25 30
-0.5

1ev
at

io
n 

(m

observation well

0

0.5

1

0
-0.1
-0.20

0.5 0
-0.1
-0.2
-03

el

ψ

0 5 10 15 20 25 30
-0.5

0
-0.3

0 5 10 15 20 25 30
-0.5

-0.308/20/200
1

distance (m) PermafrostPermafrost

Hayashi et al. (2005, IAHS Proceedings)

PermafrostPermafrost



Thank You


