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Potential Sources of Streamflow:



End-Member Mixing Analysis (EMMA)



End-Member Mixing Analysis (EMMA)

� Principal Component Analysis (PCA)…in a nutshell

n

Stream water data
p

solute 3 … solute p

solute 2

solute 1

solute 3

solute 2

.. . .. .
. . .

. .. .
. . .

.
..
.

.
.
.

. .. .
. . .

. .. .
. . .

.
..
.

.
.
.

x

y

z

=
1 1 1

-1.96 7.37 1.36

-1.15 2.76 -0.88

1

-2.8

2.6

n (samples) x p (solutes)

concentration

c
o
n

c
e
n
tr

a
ti

o
n

U1

U
2

. .
. .. . . .

.

.

PCA

Lower-dimensional 

U space



Fazenda Rancho Grande, Rondônia



Water yields



Mixing Diagrams:



Mixing Diagrams:



Overall Results:
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Mixing Diagrams: Amazon Sites



Mixing Diagrams: Amazon Sites

Forest



Mixing Diagrams: Amazon Sites



Mixing Diagrams: Amazon Sites



Mixing Diagrams: Amazon Sites (Large catchments)



Total Flow Proportions by Source (small catchments)



Total Flow Proportions by Source (large catchments)



Total Flow Proportions by Source Across Scale



Proportion vs. Flow Relationships (small catchments)



Some (transient) conclusions…and thoughts:

•A consistent pattern across sites in which groundwater and 

soil solution end members emerged as the main sources to 

stream flow on most sites

•“Fast” flowpaths dominated small watersheds

•“Slow” flowpaths increase predominance in large 

watersheds



Costa et al 2003, adapted by Foley et al. 2007

•Can this approach help us understand the links between the changes in water 

yields at the <1 ha and the changes (or lack of) at the river basin scale?



Costa et al 2003, adapted by Foley et al. 2007


