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SUMMARY: PROFILE/FORSAFE 2.0 SYSTEM 

•Extended the model to slopes and watersheds; streams

•Revised and updated weathering model; deeper soils

• Integrated C-N-P dynamic cycles inside model

• It works for critical loads based on biodiversity

•Biodiversity based critical loads have been mapped for 

Sweden
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MINERAL 
DISSOLUTION RATES, 

INCLUDING H+, H20, CO2, 
ORGANIC ACID (R), OH-

AND RETARDING 
FUNCTIONS BASED ON 

BC, Al3+, R-, Si

Rate =



REVISING AND EXPANDING KINETIC COEFFICIENTS AND BRAKES, USING 
EXPERIMENTAL DATA

11 mineral families:

• Feldspars

• Neosilicates

• Pyroxenes

• Amphiboles

• Phyllosilicates

• Limestones

• Cyclosilicates

• Sorosilicates

• Phosphates

• Clays

• Volcanic glasses

(93 different minerals)



PROFILE

1988
Steady-state soil weathering model (Sverdrup & Warfvinge)

SAFE

Dynamic soil chemistry model (Warfvinge et al.)

ForSAFE

Coupled forest ecosystem 

model (Wallman et al., 

Sverdrup et al.)

1993

2005

2016

2D forest ecosystem model 

(Zanchi et al., Erlandson et 

al.)
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GETTING SOIL CHMISTRY TO THE STREAM
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PHOSPHORUS CYCLE INSIDE THE 
FORSAFE MODEL
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Figure 4. Major carbon (C), nitrogen (N) and phosphorus (P) processes included in the new ForSAFE. 

① photosynthesis, ② deposition (fertilization), ③ plant nutrient uptake, ④ C and nutrient allocation,⑤ retranslocation, ⑥ litter fall, ⑦microbial assimilation, ⑧microbial decay and 

overflow metabolism, ⑨microbial respiration, ⑩ immobilization, ⑪ biological mineralization and overflow metabolism mineralization, ⑪ biochemical mineralization, ⑫
humification, ⑬ P weathering, ⑭ P sorption/desorption, ⑮ P occlusion, ⑯ nutrient leaching (percolation and surface flow). EDC denotes easy decomposable carbon.



N & P nutrition in a southwestern Swedish forest 
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SOIL MICROBIOLOGY AND 
IMPROVED NITROGEN DYNAMICS 
INCLUDED IN THE FORSAFE MODEL



ForSAFE-2.0;

N leaching following a 

clearcut is mostly 

determined by the net 

balance between 

mineralization on one 

hand (output), and uptake 

(Nutrient removal by 

both microbial and by 

plants growth) on the 

other, resulting in new 

litterfall (input).

(Zanchi et al., 2014)



ForSAFE 2.0

Following two 

consecutive storms, the 

peaks in N leaching is 

mostly explained by a loss 

of microbial ability to 

retain N due to the 

disturbance.  

(Yu et al., 2016)



BIODIVERSITY-BASED CRITICAL LOADS FOR SWEDEN

• Based on the Swedish forestry database, using data from 27,600 sampled forest stands and using a subset of

660 sites for dynamic modelling studies. Included is climate change and long term changes in forestry.

• Checks sustainability of the forestry applied first:

• Base cations mass balance (Mg, Ca, K)

• Phosphorus mass balance

• Nitrogen and carbon mass balance

• Runs biodiversity criteria, yielding critical loads for the combined effect of the following pollutants

• Acidity

• Nitrogen

• Biomass harvest





PARAMETER LIBRARY WITH 430+ PLANT TYPES



AT HUBBARD
BROOK, THE
NITROGEN 
SIMULATIONS
ARE REALLY
GOOD DOWN
TO DETAILS



FIELD TEST AT HUBBARD BROOK WATERSHEDS
BELYAZID ET AL., 2019



SUMMARY 1

• Weathering; ForSAFE weathering module was revised with expanded kinetics to 

include more minerals, better performance in deeper soils and groundwater. It works on

profiles, slopes and for catchments relevant to trees and streams as well as in deeper

groundwater.

• Phosphorus was successfully included into the ForSAFE-VEG system. Involves soil

microorganism community and biomass. Importance for tree growth as well as ground

vegetation composition. Allows accurate simulation of soil and runoff nitrogen dynamics.

• Geometry: ForSAFE was reconfigured to handle:

• Soil profiles and forest stands on flat land

• Soil profiles on slopes; Soil chemistry dynamics on slopes along flow paths, forest growth

• Catchments and hydrology;  Water chemistry entering streams from sloping watersheds. 



SUMMARY II; BIODIVERSITY

• Biodiversity; 

• ForSAFE-2-VEG recreates the plant species distribution over space and time in sites across

Sweden, Switzerland, United States of America and France with good accuracy. 

• Biodiversity-based critical loads have been mapped and published for Sweden, but have not yet

been included in the Swedish National Critical Loads Reporting to the CCE.

• We are likely to see effects in terrestrial environments long before anything is visible in the

waters.  The models are ready for terrestrial ecosystems, for aquatic ecosystems they are many

years away. Focusing on water biodiversity instead of terrestrial is not consistent with the

message from our models. 



SUMMARY III

• Climate change

• The simulations i ForSAFE-2 have been linked with climate change models amd the effects of cimate

change on carbon cycling, soil chemistry, forest growth and biodiversity has been fully integrated

(Belyazid and Zanchi 2019, Belyazid et al., 2019)

• Tree growth and forest production is included in the ForSAFE-2-VEG system.  

• Allows accurate simulation of tree growth, forest production and nutrient dynamics (Water balance, 

cations, nitrogen and phosphorus).

• The hydrological effect on growth, eliminates the effect of increased temperature on growth and 

weathering

• Regional forest production estimates.



SUMMARY 4; VALIDATION

• Validation done:  

• The model works well for mapping critical loads for nitrogen and acidity based on biodiversity

protection, using regional databases. 

• Biodiversity-based critical loads have been completed, validated and published for Sweden, 

Switzerland, United States of America and France, but have not yet been included in the

Swedish National Critical Loads Reporting to the CCE.

• Vegetation change simulations field tested and validated for United States (Rocky Mountains, 

New England), Sweden, Switzerland and France (Regionally, Research sites)



SUMMARY 5; POLICY FAILURES

• Lack of funding; 

• No funding for making critical loads for nitrogen and acidity based on biodiversity

• Lack of priority and interest

• No interest in maintaining competence and willingness to prepare critical load database 

submissions for critical loads for acidity and nitrogen based on biodiversity

• Loss of mometum and focus

• Competence is evaporating and the strategic initiatives have been lost across European 

Environmental Agencies.  Environmental initiatives are replaced by bureucratic proceedures and 

minutes from meetings.  The connection to large scale issues like climate change or natural

resource use is not being followed up and acted on.
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