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  to	
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  decision	
  support	
  for	
  forest	
  management	
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Criteria	
  and	
  indicators	
  of	
  sustainability	
  	
  
Forest	
  Europe	
  (MCPFE,	
  2003)	
  	
  

I	
  Forest	
  
Resources	
  

II	
  Health	
  and	
  
vitality	
  

III	
  Produc5ve	
  
func5ons	
  

IV	
  Biological	
  
diversity	
  

V	
  Protec5ve	
  
func5ons	
  

VI	
  Socio-­‐
economy	
  	
  

Forest	
  area	
   Depositon	
  of	
  air	
  
pollutants	
  

Increment	
  &	
  
produc;on	
  

Tree	
  species	
  
cmposi;on	
  

Protec;ve	
  forests	
  
(soil,	
  water)	
  	
  

Forest	
  owners	
  

Growing	
  stock	
   Soil	
  chemistry	
   Round	
  ;mber	
   Regenera;on	
   Protec;ve	
  forests	
  
(climate	
  …)	
  	
  

Contribu;on	
  to	
  
GDP	
  	
  

Age	
   Defolia;on	
   Non-­‐wood	
  
products	
  

Naturalprocesses	
   Net	
  income	
  

Carbon	
  stock	
   Damaging	
  	
  agents	
   Forest	
  services	
   Deadwood	
   Capital	
  assets	
  

Gene;c	
  ressurces	
   Workforce	
  &	
  
safety	
  

Endangered	
  plant	
  
species	
  

Trade	
  

Landscape	
  
diversity	
  

Renewable	
  
energy	
  

Conserva;on	
  of	
  
biodiversity	
  

Recycling	
  of	
  	
  
paper	
  products	
  

Recrea;on	
  

Culture	
  



Forest	
  Health	
  &	
  tree	
  vitality	
  	
  
Resilience	
  

Growth	
  

(height,	
  
diameter)	
  

Foliage	
  density	
   Discoloura;on	
  	
  

Frui;ng	
  and	
  
reproduc;on	
  

Mortality	
   Bio;c	
  and	
  
abio;c	
  agents	
  	
  	
  

Resilience	
  is	
  the	
  long-­‐term	
  capacity	
  of	
  a	
  system	
  to	
  deal	
  with	
  
change	
  and	
  con;nue	
  to	
  develop.	
  



Forest	
  Health	
  &	
  tree	
  vitality	
  
Manual	
  	
  

Pinus	
  sylvestris:	
  defolia;on	
  in	
  2009	
  
h\p://www.forest-­‐data.org/futmon/webgis	
  



Climate	
  change	
  	
  
A	
  challenge	
  to	
  be	
  mastered	
  	
  

Atmospheric	
  greenhouse	
  
gas	
  concentra;ons	
  in	
  CO2	
  
equivalents;	
  	
  
major	
  scenarios	
  

Projec;ons	
  for	
  central	
  Europe:	
  reduc;on	
  of	
  summer	
  
precipita;on,	
  increase	
  of	
  winter	
  	
  precipita;on,	
  	
  
increasing	
  number	
  of	
  heat	
  days	
  comparable	
  to	
  2003	
  

Biological	
  ecosystem	
  condi;on:	
  
 	
  crown	
  and	
  tree	
  condi;on,	
  pests,	
  diseases,	
  mortality	
  
 	
  forest	
  biomass,	
  C-­‐pools,	
  growth	
  
 	
  phenology	
  
 	
  ground	
  vegeta;on,	
  species	
  diversity	
  
 	
  compe;;on,	
  stability	
  	
  

Economical	
  Impact	
  (market	
  of	
  forest	
  products,	
  
employees,	
  owners…)	
  

Tree	
  vitality	
  results	
  combine	
  
systema;cal	
  net	
  (Level	
  I)	
  and	
  
intensive	
  monitoring	
  	
  (Level	
  II)	
  
informa;on	
  



Defolia;on	
  Fagus	
  sylva;ca	
  
2004	
  vs.	
  2003	
  

Fagus	
  sylva;ca:	
  defolia;on	
  
in	
  2004	
  compared	
  to	
  2003	
  
h\p://www.forest-­‐data.org/futmon/webgis	
  



Fagus	
  sylva;ca:	
  C-­‐alloca;on	
  in	
  2003	
  
compared	
  to	
  1998	
  -­‐	
  2002	
  	
  	
  

Compartment	
   mean	
  1998-­‐2002	
  

Biomass	
  in	
  	
  	
  t	
  	
  ha	
  -­‐1	
  a	
  -­‐1	
  

stem	
  wood,	
  branches	
   6,7	
   3,3	
  

Foliage	
  biomass	
   3,3	
   3,6	
  

fruit	
  compartments	
   1,8	
   4,6	
  

sum	
   11,8	
   11,5	
  

2004	
  



Annual	
  mortality	
  	
  

Picea	
  abies	
  and	
  	
  	
  	
  	
  Fagus	
  sylva;ca	
  	
  

0 
0,5 

1 
1,5 

2 
2,5 

3 
3,5 

84- 
85 

85- 
86 

86- 
87 

87- 
88 

88- 
89 

89- 
90 

90- 
91 

91- 
92 

92- 
93 

93- 
94 

94- 
95 

95- 
96 

96- 
97 

97- 
98 

98- 
99 

99- 
00 

00- 
01 

01- 
02 

02- 
03 

03- 
04 

04- 
05 

05- 
06 

06- 
07 

% 

Hesse - Spruce Lower Saxony - Spruce Saxony Anhalt - Spruce (91-07)  
Hesse -Beech Lower Saxony - Beech Saxony Anhalt - Beech 

Storms	
  in	
  1990,	
  1992	
   Heat	
  &	
  drought	
  in	
  2003	
  	
  

Systema;c	
  net	
  (Level	
  1);	
  	
  central	
  European	
  countries	
  



Picea	
  abies	
  mortality	
  and	
  bark	
  beetles	
  

Sudden	
  changes	
  in	
  forest	
  condi;on	
  
ogen	
  related	
  to	
  abio;c/bio;c	
  damage.	
  	
  

Extensive	
  tree	
  health	
  monitoring	
  
networks	
  are	
  useful	
  in	
  revealing	
  the	
  
impacts	
  of	
  widespread	
  bio;c	
  damage	
  in	
  
boreal	
  forests.	
  	
  

Nevalainen,	
  S.	
  et	
  al.	
  (2011)	
  



Defoliators	
  on	
  Quercus	
  robur	
  

Different	
  organisms:	
  Evannis	
  defoliaria,	
  
Operophtera	
  brumata,	
  Tortrix	
  viridana,	
  
Thaumetopoea	
  processionea,	
  Lymantria	
  dispar…)	
  
Roskams,	
  Sioen	
  (2011)	
  



Crown	
  defolia;on	
  and	
  tree	
  mortality	
  
Swiss	
  Level	
  I	
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Crown defoliation in the previous year (%)	

Crown	
  defolia;on	
  in	
  the	
  previous	
  year	
  (%)	
  

Total	
  number	
  of	
  assessed	
  trees	
   Annual	
  mortality	
  in	
  %	
  (log	
  scale)	
  

Since	
  annual	
  mortality	
  
is	
  a	
  rare	
  event	
  (0,3	
  %	
  
per	
  year,	
  Europe),	
  
defolia;on	
  >	
  50	
  %	
  	
  is	
  a	
  
good	
  es;mator	
  for	
  risk	
  
evalua;ons	
  	
  
(Dobber;n,	
  2011)	
  



Fagus	
  sylva;ca	
  	
  

and	
  clima;c	
  water	
  balance	
  	
  
Mul;ple	
  regression	
  GAM,	
  Level	
  I	
  Central	
  Europe	
  

Clima;c	
  water	
  balance	
  

Mean	
  defolia;on	
  (%)	
  

GAM models: Defoliation 03-07  f (age, 
CWB, AWC, soil nutrient supply, 
temperature, elevation, position , 
liming, exposition, stand structure). 
Adj.  R2: 0,773; only age: Adj.  R2: 
0,49 Heuristic selection of variables  
G32: GAM VS  f (stand age***; CWB**, 
crown distance ***) 

Decreasing	
  Beech	
  
vitality	
  on	
  sites	
  if	
  
clima;c	
  water	
  balance	
  
is	
  more	
  nega;ve	
  than	
  
-­‐325	
  



Decision	
  support	
  for	
  	
  

forest	
  management	
  	
  	
  	
  

Defini;on	
  of	
  tree	
  specific	
  drought	
  risk	
  	
  
(sum	
  available	
  water	
  capacity	
  and	
  clima;c	
  water	
  balance)	
  	
  	
  	
  

Risk	
   Picea	
  abies	
   Fagus	
  
sylva;ca	
  

Quercus	
  
robur	
  

high	
  	
   <	
  -­‐350	
   <	
  -­‐400	
   	
  -­‐	
  500	
  

low	
   0	
  to	
  -­‐	
  116	
   0	
  to	
  -­‐134	
   0	
  to	
  -­‐166	
  

Spellmann	
  et	
  al.	
  2011	
  



Forest	
  Health	
  assessments	
  

–  quan;fy	
  criteria	
  and	
  indicators	
  of	
  sustainable	
  ecological	
  forest	
  
development	
  (;me	
  series	
  of	
  results)	
  	
  

–  support	
  quan;ta;ve	
  and	
  up-­‐to-­‐date	
  informa;on	
  on	
  forest	
  risks.	
  The	
  
management	
  of	
  forest	
  risks	
  is	
  crucial	
  to	
  further	
  develop	
  the	
  stability	
  of	
  
forest	
  ecosystems	
  by	
  way	
  of	
  example	
  as	
  a	
  precondi;on	
  for	
  carbon	
  
sequestra;on	
  and	
  climate	
  mi;ga;on	
  by	
  forests	
  in	
  Europe.	
  

–  result	
  as	
  an	
  example	
  in	
  site	
  drought	
  limits	
  of	
  tree	
  species.	
  The	
  forest	
  
sector	
  gains	
  by	
  results	
  of	
  forest	
  health	
  assessments	
  decision	
  support	
  for	
  
sylviculture	
  under	
  changing	
  clima;c	
  condi;ons:	
  Tree	
  species	
  selec;on	
  on	
  
given	
  sites	
  	
  

–  Forest	
  health	
  assessments	
  contribute	
  significantly	
  to	
  the	
  European	
  wide	
  
forest	
  and	
  nature	
  informa;on	
  system.	
  	
  

Conclusion	
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