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Questions

What will the likely effects on soil and water chemistry be, 
in a scenario of intense forest management and decreased
atmospheric emissions?

What chemical processes contribute to significant
responses and what are the time scales of these?

Which is most important; limited availability of base
cations or decreased pH?



Method

HD-MINTEQ, a dynamic version of Visual MINTEQ, in which e.g. 
organic complexation (SHM), precipitation are considered



Method

Chemical equilibria are solved for a 
number of boxes (horizons) on a 
weekly time step, and a 1-D ADE is 
used for water transport

Instead of ”real” deposition 
estimates, we used pulses of
deposition to better understand the 
relative role of different types of
response.





No harvest Whole-tree harvest

1986 depn. 2020 depn.

Whole-tree harvest causes:

- Very small pH effect in O horizon
- Lower pH in E and upper B compared to ’no 

harvest’, but still high compared to under the 
1986 deposition regime

- Insignificant difference in the discharge area



No harvest Whole-tree harvest

Dissolved Ca is strongly affected by both acidification recovery and whole-
tree harvest. Dissolved BC goes down to extremely low levels in the 

simulations! BC availability may be a crucial factor!



Two types of response to changes in acid-base status

I. The immediate response (weeks to months) in organic horizons). 
Caused by ionic-strength-dependent proton dissociation. 
In B horizons, SO4 desorption causes substantial delay
especially when few mobile anions are present. Can also
be termed the ”Salt effect”



0.001 M

0.01 M

0.1 M

Na+-H+ exchange (”old” models)

Ionic strength-dependent
proton dissociation, described
by Donnan or electrostatic
models (”new” models)

Data from Marinsky et al. (1980), model
of Gustafsson & Kleja (2005)

Ionic strength-dependent proton dissociation, or 
What happens if we add NaCl salt to Sphagnum peat?



solution

Decrease the ionic strength!

Consequence of the salt effect
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Acidity is transferred from the solution phase to the soil (if decreased
ionic strength), or the other way around (increased ionic strength)



Two types of response to changes in acid-base status

II. The slow response (many decades) Caused by the approach to a 
steady-state as regards the size of the BC pool under the given solution 
conditions. Extremely slow when there are few mobile anions. 

No harvest Whole-tree harvest



Kindla

Impact of sea-salt episodes?

Gårdsjön

3-month sea-salt episodes



What if we get a permanently higher seasalt input?

The ”old” models behave in a similar manner, but the 
recovery times are longer with the ”new” SHM model



Has the role of the salt effect been underestimated?

Open question:

Imagine that there would have been no acid rain in the 
1960s until today. Instead there was an equivalent increase
in NaCl from sea salt. 

To what extent would the acidification effects have been
different?

My hypothesis: not as much as we may have believed
previously…



Conclusions

Intense forest management (removal of stumps etc) will cause more
acid conditions in the soil compared to the reference scenario, but
the effect is smaller than the one caused by acid deposition.

In the riparian zone near streams the pH effect may be hardly
visible over a time period of several decades.

Moreover, the model identifies at least two types of pH response in 
response to changes in acid-base status: a ”salt effect”, which is 
immediate, and a much slower response. This suggests a role of sea-
salt episodes. It may also change our view on the history on 
acidification.

Instead the model simulations suggest long-term BC availability
may become crucially low as a result of forest management.


