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Framework? 



METAIS: V, Mn, Co, Ni, Cu, Cd, Hg, Pb 

HAPs:      16 Priority USEPA 
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fire 

fire-induced erosion 

vegetation cover 

litter cover 

soil properties 
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downstream values at risk from: 

  - flooding 

  - silting-up (e.g. drinking water reservoirs) 

  - surface/drinking water pollution (~ ashes) 
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Alvares, 12/07/2017 
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tackle the problem at its source, on hillslopes 

same event 
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Vega et al., 2013 
Centro de Investigación Forestal  
Xunta de Galicia 

Robichaud et al., 2010 
Rocky Mountain Research Station 
Forest Service, USDA 



mulching with eucalypt logging residues 

barriers of pine logging residues 

mulching with euc. logging residues 
& PAM 

mulching with pine needle cast & seeding 

hydro-mulching 
mulching with eucalypt logging residues  
& ploughing & logging + wood extraction 

2015 

2012 

2010 2007 

2013 

2008 

Effectiveness field trials (<2017) 



Effectiveness field trials (2017) 



untreated 

untreated 

untreated 

mulched 

mulched 

mulched 

~ 2m 

~ 2m 

example (2010): mulching with eucalypt logging residues 
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example (2010): mulching with eucalypt logging residues 

4.5 Mg ha-1 y-1  

0.9 Mg ha-1 y-1  

-96 % 

-92 % << 1 Mg ha-1 y-1 

 

14 Mg ha-1 of  

forest residues 
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little mulch 
2.5 Mg ha-1 

much mulch 
 8 Mg ha-1 

How little mulch still does the trick? 

 field trial in 2015-burnt area   
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6 preselected potential post-fire erosion mitigation measures 

i.e.: i)  mulching 

       ii) countour ploughing 

2 selected by 15-25 stakeholders for testing/demonstrating 

                     - private forest owners 
                     - private forest companies 
                     - water energy company 
                     - GOs and NGOs 
                     - scientist  



0

5

10

15

20

25

30

35

400

50

100

150

200

250

300

350

S
e
p

-1
5

O
c
t-

1
5

N
o

v
-1

5

D
e
c
-1

5

J
a

n
-1

6

F
e
b
-1

6

M
a

r-
1
6

A
p
r-

1
6

M
a

y
-1

6

J
u

n
-1

6

J
u

l-
1

6

A
u
g

-1
6

I
3
0

m
a

x
 (m

m
 h

-1)

R
a
in

fa
ll
 (

m
m

)

Rainfall

Intensity

a

0%

25%

50%

75%

100%

E
ff

ic
ie

n
c
y

Low mulch

High mulch

b

a

a

a

a

a

a

a

a a

ab

b

b

b

b b
b

b
a

ab

b
b

c

b
c

c c

c b

b

0.001

0.01

0.1

1

10

S
e

d
im

e
n

t 
lo

s
s
e

s
 (

M
g
 h

a
-1

)

No mulch

Low mulch

High mulch

c

a

a

a

a

a

a

a
a

a
a

a

a b b a
a

a
a

a

a

a

a

a

a a

a

a a
a

a

0%

10%

20%

30%

40%

50%

S
e
p

-1
5

O
c
t-

1
5

N
o
v
-1

5

D
e
c
-1

5

J
a

n
-1

6

F
e
b
-1

6

M
a

r-
1
6

A
p
r-

1
6

M
a

y
-1

6

J
u

n
-1

6

J
u

l-
1

6

A
u
g

-1
6

O
rg

a
n

ic
 m

a
tt

e
r 

c
o

n
te

n
t

No mulch

Low mulch

High mulch

d

0

5

10

15

20

25

30

35

400

50

100

150

200

250

300

350

S
e
p

-1
5

O
ct

-1
5

N
o

v-
1

5

D
e

c-
1

5

Ja
n
-1

6

F
e

b
-1

6

M
a

r-
1
6

A
p
r-

1
6

M
a

y-
1

6

Ju
n
-1

6

Ju
l-
1

6

A
u
g

-1
6

I3
0

m
a

x (m
m

 h
-1)R

a
in

fa
ll 

(m
m

)

Rainfall

Intensity

a

0%

25%

50%

75%

100%

E
ff

ic
ie

n
cy Low mulch

High mulch

b

a

a

a

a

a

a

a

a a

ab

b

b

b

b b
b

b
a

ab

b
b

c

b
c

c c

c b

b

0.001

0.01

0.1

1

10
S

e
d

im
e

n
t l

o
ss

e
s 

(M
g
 h

a
-1

)
No mulch

Low mulch

High mulch

c

a

a

a

a

a

a

a
a

a
a

a

a b b a
a

a
a

a

a

a

a

a

a a

a

a a
a

a

0%

10%

20%

30%

40%

50%

S
e
p

-1
5

O
ct

-1
5

N
o

v-
1

5

D
e

c-
1

5

Ja
n
-1

6

F
e

b
-1

6

M
a

r-
1
6

A
p
r-

1
6

M
a

y-
1

6

Ju
n
-1

6

Ju
l-
1

6

A
u
g

-1
6

O
rg

a
n

ic
 m

a
tt

e
r 

co
n

te
n

t

No mulch

Low mulch

High mulch

d

0

5

10

15

20

25

30

35

400

50

100

150

200

250

300

350

S
e
p

-1
5

O
ct

-1
5

N
o
v-

1
5

D
e
c-

1
5

Ja
n
-1

6

F
e
b
-1

6

M
a

r-
1
6

A
p
r-

1
6

M
a

y-
1

6

Ju
n
-1

6

Ju
l-
1

6

A
u
g

-1
6

I3
0

m
a

x (m
m

 h
-1)

R
a
in

fa
ll 

(m
m

)

Rainfall

Intensity

a

0%

25%

50%

75%

100%

E
ff

ic
ie

n
cy Low mulch

High mulch

b

a

a

a

a

a

a

a

a a

ab

b

b

b

b b
b

b
a

ab

b
b

c

b
c

c c

c b

b

0.001

0.01

0.1

1

10

S
e

d
im

e
n

t 
lo

ss
e

s 
(M

g
 h

a
-1

)

No mulch

Low mulch

High mulch

c

a

a

a

a

a

a

a
a

a
a

a

a b b a
a

a
a

a

a

a

a

a

a a

a

a a
a

a

0%

10%

20%

30%

40%

50%

S
e
p

-1
5

O
ct

-1
5

N
o
v-

1
5

D
e
c-

1
5

Ja
n
-1

6

F
e
b
-1

6

M
a

r-
1
6

A
p
r-

1
6

M
a

y-
1

6

Ju
n
-1

6

Ju
l-
1

6

A
u
g

-1
6

O
rg

a
n

ic
 m

a
tt

e
r 

co
n

te
n
t

No mulch

Low mulch

High mulch

d no mulch 

2.5 Mg ha-1 

8    Mg ha-1 

sediment losses (Mg ha-1) 1st year after fire 
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 field trial in 2015-burnt area   



year 1   year2 

much mulch    236€       

little mulch     92€ 
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year 1   year2 

doing nothing    8 Mg/ha        

much mulch 

little mulch 

 -98 % 

 -86 % 

0.5 Mg/ha 

  -68 % 

 -96 % 

sediment losses? 

cost per benefit? how much € to avoid 1 Mg/ha erosion 

4102€ 

1491€ 



Messages for policy (1)  

 muching is highly effective to reduce enhanced erosion risk 
following wildfire, also using forest logging residues at low 
application rates 
 

 this effectiveness depends heavily on the timing of the 
mulching, ideally taking place before the first autumn rains 
 

 the private forest land owners and managers among RECARE’s 
stakeholders in the Portuguse case study will not easily adopt 
mulching after wildfire 

Leiria, 18/10/2018 



Messages for policy (2)  

 post-fire erosion mitigation measures have been applied in Portugal 
since 2009, using ERDP funds 

but their implementation typically: 

-  takes place after the 1st rainy season 

- suffers from ill-defined criteria and limited expertise in 
deciding which measures to apply where and when 

- lacks a broad stakeholder involvement, not involving private forest 
owners/managers or actors with a stake in downstream water resources 
management 

- is not accompanied by any kind of monitoring, so that little is 
learned from mistakes 
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