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Avrinningsbildning, ytvattenflöden, grundvattenflöden:
Need for basic hydrology in capacity building
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Forests + Flow Regimes = Complexity
Ethiopia and everywhere else

50 years is not enough
•

• More Good Data
• New Approaches
• Multiple Scales
• More trained

minds!
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Do we need the field work and process 
knowledge when we have models: Why

argue with success?

Less than 4% forest in Blue Nile

Hydrologi – fundamentet för 
restaurering till produktiva landskap

Kevin Bishop1 and 
Solomon Gebreyohannis1,2

1 Swedish University of Agricultural Sciences 
2Ethiopian Institute of Water Resources 
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Hydrology’s Dilemma
Simplicity’s Complexity

Hydrology’s Dilemma
Simplicity’s Complexity
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Being ’right for the wrong reason’ 
can have consequences

CONTRASTING VIEWS ON (DE)FORESTATION AND WATER YIELDS

Slide courtesy of Aida Bargúes
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Hydrological Cycle
Quantified in the Catchment Water Balance DS= P – Q - ET

Ocean

Evaporation
Evaporation (ET)

runoff

Precipitation

Aquifer

Infiltration

Evaporation

Precipitation
Evaporation/ET
Surface Water
Groundwater

Water cycle fluxes: 
different scientific disciplines
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Goals: A Biophysical Base

• The Catchment Water Balance
DS= P – Q - ET

• Quantification and Uncertainty
– Measure stream flow
– Define Catchments
– Drivers of Flow – Energy Gradients

• Key Issues
– Green/Blue Water
– Water Quality
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Watershed / Catchment

The area which 
collects the 
precipitation
that runs off 
to a certain 
place

Water Divide
Guaging Station
Elevation 
Curves
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Watershed Mass 
Balance

Precipitation (P)

Evaporation
+

Transpiration (ET)

Runoff (Q)

Storage (DS)
Groundwater 
in or out (GW)
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Where does water come from?

A. Kirchner (1664)
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Precipitationsheds
Tele-connections - Forests as rain suppliers

How much of Ethiopia’s rain comes
from West Africa’s Rain Forests?

Ellison, Futter & Bishop, 2012
Global Change Biology
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Water Balance

P = E + R + ∆S

P: Precipitation

E: Evapotranspiration 
Evaporation and Transpiration

R: Runoff (also Q)

∆S: Storage Change
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Precipitation
-----------------
Potential 
Evapo-
transpiration

After 
1 year

-----------------

After 
2 years

EVAPOTRANSPIRATON
A Key Factor in 
Water Supply
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Annual 
Evapotranspiration

500 mm

300 mm

P = E + R + ∆S

How does Sweden Measure it?
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Annual 
Evapotranspiration

500 mm

300 mm

How does Sweden Measure it?
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Measuring Flow – Current Meter

Water Level 
measured 
continuosly

Flows calibrated 
to water level via 
”rating curve”

Water Level

Current 
Meter
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Mean Annual 
Runoff 1960-
1990

annual variation

Ethiopian Highlands 
have river gauging 

1960-
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Made in 
Ethiopia
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Standard Rain Gauge
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How well do we know the 
Catchment Water Balance?

P = E + R + ∆S

Defining the catchment
Measruing Precipitation
Measuring Runoff
Measruing Storage (Hydrological Year)
Estimating Evapotranspiration (Difference)

DOES THE UNCERTAINTY MATTER? 
CAN WE ESTIMATE THE UNCERTAINTY
CAN WE COMMUNICATE THE UNCERTAINTY

Precipitation  – the basic water 
resource

GW 

GW

GW

GW

GW 

Adapted from:  GWP (M. Falkenmark), 2003, Water Management and Ecosystems: Living with Change 

Blue & Green Water - perspective
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Soil Erosion:
One of many
concerns

Dams for Irrigation?

Breaking into the Water
Balance Equation:

Soil and Groundwater
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CONTRASTING VIEWS ON (DE)FORESTATION AND WATER YIELDS

Slide courtesy of Aida Bargúes

Breaking into
the Water
Balance:

Soil and 
Groundwater
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Hydrology’s Dilemma
Simplicity’s Complexity

Breaking Into The Water Cycle:
Soils hold onto water!

• Soils Control Water in 
Terrestrial and Aquatic Ecosystems

• Soils Properties are:
– Heterogeneous

– Scale Dependent

– COMPLEX!
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Infiltration Excess Overland Flow (IEOF) or Horton Overland Flow 
(HOF)
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The Paradigm Shifter

18O: Nature’s tracer

Residence
Time

2 years

-4

-8

-12

-16

d1
8 O

‰

-4

-8

-12

-16

d1
8 O

‰

Catchment or 
hillslope

RunoffPrecipitation

Average -9.4‰
Amplitude 10.1‰
Std Dev. 3.4 ‰

Average -9.4‰
Amplitude 1.2‰
Std Dev. 0.6 ‰

Convolution Integral

Plummer et al., Chem. Geology 2001

Where does runoff come from?
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Forests + Flow Regimes = Complexity
Ethiopia and everywhere else

50 years is not enough
•

• More Good Data
• New Approaches
• Multiple Scales
• More trained

minds!


