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Where does 
water go when it 
rains?
How long does 
water reside in 
the watershed?
What flowpath 
does water take 
to the stream?
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Sustentable??
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Outline for today

Background on isotope           
hydrology (isotopo naturalmente estable)

Conceptualizing runoff processes
Rapid mobilization of old water
Streamwater age and scaling relations

Implications for water mgmt.
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Precipitacion-Caudal 
what we usually examine…….

Time (Day of Year)

Ru
no

ff
 (L

/s
)



Where 
does water 
go when it 

rains?

Oregon State University 

Stable isotopes of water
a different type of information…

Transporte de particulas
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Hillslopes store water for months to years and then release
it in minutes or hours to streams (Kirchner, 2003 HP)

One of catchment hydrology’s biggest 
findings in the past 30 years
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How is old water so 
quickly mobilized?

Groundwater ridging
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NZMaimai HJ Andrews

Panola Low Pass
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How is pre-event water mobilized?
Plot scale

ψ<0

ψ<0

δ18Ο = −5ο/οο

dθ/dZ

Storm Rainfall Σδ18Ο = −10ο/οο

δ18Ο = −4.5ο/οο

If we could examine one 
pixel from this slope…



How is pre-event water mobilized?

Total storm precipitation (mm)
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a

Lluivia umbral

Umbral: One extreme
Maimai, NZ



Where 
does water 
go when it 

rains?

Oregon State University 

Unbral: Another extreme

Slope 2.5 - 5°
Depth to argillic layer 

(mean: 0.97 m, cv: 21%)

Savannah River, South Carolina
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Many internal mechanisms: same emergent behavior

High 
PET

Low bedrock 
permeability
Low subsurface 
storage

Long Antecedent Drainage
High PET

Low bedrock 
permeability
Low subsurface 
storage
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Manejo sustentable agua??



Where 
does water 
go when it 

rains?

Oregon State University 

MRT = 2.2 years
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Two watersheds in 
Chile Oregon
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Calculating streamwater mean 
residence time

HJ Andrews
(LOOK – 6200 ha)

WS10 
(10 ha)

WS02 (60 ha)

WS03 (101 ha)WS08 (21 ha)

MACK (580 ha)

WS09
(9 ha)

Photographed by Al Levno Date: 7/91 
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…no relation to basin area, but…

HJ Andrews
(LOOK – 6200 ha)
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Photographed by Al Levno Date: 7/91 
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The coast range site:
Seemingly identical catchment
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Seemingly identical rainfall-runoff

2389 mm

2214 mm

2278 mm 2425 mm

2297 mm

1178 mm

1833 mm 1612 mm
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Much older water
Opposite scaling relations!

r2=0.84
p=0.0015
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3-4.5 
yrs 3.5-6.5 

yrs >6 yrs

0-2 yrs

5+/-2 yrs

>10 yrs

Bedrock groundwater
Agua subterranea
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Summary I
Western Cascades

Coast Range

MRT (years)

Manejo
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Summary II
Runoff process conceptualization and 
the advent of stable isotopes

What we know: Pressure vs particle; old water paradox.

Explaining the rapid effusion of old 
water

What we think we know: Fill and spill, thresholds, 
connectivity. 

A future storage based view of the 
system

What we need to know: How the subsurface boundary 
influences total/dynamic storage, MRT and MRT scaling
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