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Storm Damage to European Forests

e Storms (wind and snow) cause more than 50% of all damage to
European forests
e 38 million m3/year by wind
e 4 million m3/year by snow
e 2 major wind storms affect Europe every year
e Snow/ice damage occurs every 1-10 years in different parts of Europe
e Example from Storm Klaus:
Directly destroyed 43.1 Mm3 timber (14% of the standing volume)

> 5 Mm?3 subsequent insect damage
31 fatalities (12 in France, 15 in Spain, 4 in Italy)
1.7 million homes in SW France experienced power cuts

* Direct cost to sector > €1 billion, total economic loss was ~ €3 billion.
e Storm damage leads to increased risk of insect attack and fire
e Storm damage in Europe is expected to increase this century because
of increasing volume of standing trees, fewer but more intense
storms and a reduction in periods of frozen soil
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Damage Trends in European Forests
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Storm Damage as Percentage of Growing Stock
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Major Hazards to European Forests

e Wind

* Fire

e Bark beetles

* Snow/Ice

 Drought
e Pathogens

e Other biotic pests
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Forest Damage - Wind
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The Two Most Damaging Storms in South-west France

Tempéte Martin, 27-28 Décembre 1999

Martin (1988)
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Damage during Storm Lothar 1999
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Forest Damage — Snow/Ice (Tree Bending)
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Forest Damage — Snow/Ice (Snhapping)
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Forest Disturbance —Avalanche and Snow Sliding
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Coupled Forest Damage — Bark Beetle after Wind

Jura mountains
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Stadelmann et al. (2013). Forest Ecology and Management, 305
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Interaction between Abiotic and Biotic Hazards

More frequent interactions between abiotic and biotic hazards
- windstorm almost always trigger bark beetle outbreaks
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Fig. 5 Volumes of wood damaged by storms as reported in
European countries for 1850-2000 and as scaled up for total
Europe for 1950-2000.
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Fig. 8 Volumes of wood damaged by bark beetles, as reported
in European countries for 1850-2000 and as scaled up for total
Europe for 1950-2000.
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Increasing Damage Levels from Bark Beetles after Wind

Increased volume of vulnerable forests, e.g. fast growing conifers

Global Change Biology

Global Change Biology (2011), doi: 10.1111/}.1365-2486.2011.02452.x

Unraveling the drivers of intensifying forest disturbance
regimes in Europe
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Insect Attack after Show Damage

Toble 1. Specics most commaonly associated with consequential insect attnck after snow damage,

[msect Tine: SpeTiEs Feferenoes
Tomicus sp, Pinys sylvestris Juutinen 1953, Persson 1972
(pine shoot beethes) (Scols pame) Kolmann 1985a
Piszendes ap. Pinuz sylvesrris Rottmann 1985

[pine weevils)

Bhizoprhagidoe . Pimus sylvesiriy Roltmann 1985a
{Rhizophagidac-beetles)

ﬁ!’}ngﬂrr.'r .r.irqirngmlp.l'lm Picea ahies Perssom 1972, Eedtmanm 198 Sq
(Payopenes-beeth) ( Morway sproce]

fpx tvpographus Picea ables Persson 1972, Roftmann 19854
{spruce hark beetle)

Nincidoe sp. Fimux swlvesiny & Bolimann 1985

{wood wasps) Piceq abies

Trypodendron lineatum Pinus svlvesiris & Rottmann 1985a

{spruce amhrosia) FPicma qabies

Ceramibyveidae sp. Pemas svlvestinis & Roitmann 19853

{lomghom beetles) Picew ales

From Nykanen et al. 1997, Silva Fennica
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Components Affecting Wind Risk of Trees: Forest Edges
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Components Affecting Wind Risk of Trees: Thinning

17

FRISK-GO Merting 14/04/2014

o
= SCENCE & IMPACT

OPEAN FO

L ROPE S



1Ua121}J909 JUBWOW Bulpuaq 1ue)NSay



Streamling of Leaves, Branches and Trees

FIGURE 5.8. The compound leaf of a black locuss in sl air and winds of 11, 33, and 44
miles per hour (5, 15, and 20 m).

FIGURE 5.7. The leaf of a rulip poplar (alio called @ rulip sree .. - :
and winds of 11, 33, and 4 miles per hor (5, 15, and 30,y PP 55U air

After Vogel
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Components Affecting Wind Risk of Trees

Spacing A
Tree Species
Speed
Direction
Gustiness Dynamic Motion
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Windthrow Hazard Classification

. HMSO £1:75 net Forestry Commission 85

\-x\ b\"(\!*\ C@/{ Leaflet

e Windiness Scores
Windthrow Hazard

Classification — Re gio N

K F Miller

— Elevation

— Topographic
Shelter (Topex)

 Soil Score

— Rooting Depth
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Decision Support Systems (Linking Knowledge to Problems)
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ForestGALES 2.5: Wind (and Snow) Risk Modelling

L Single stand pre ns using field measurements
Stand Charactenistics | [ Tre= Ok

Stard ID 1leﬁm_gs E— Speces ]‘Sika Spuce vl .
Cultivation  [Morched Flaréng | S
Deanage 1Pou diainage ..] |

Fieport
Solipe  [FeayGiey =] ||| Tepheighioistandim 265 2] B
& Cument Spacing (m) |:1.2 = Mean DEH fom) |32.2 = & Help

" Cunent Stocking (N/ha]

DAMS . “Upwind Edge Ellect
& Giid Felerence  Calcudation © e edge

[NH1E0150  Apph.. | DAMS 5m|15 2] || @ Brownedge - Sica of gap fm] !" £ X Close
nd . R — -
0 Relumpeiiod  Wind Damage Risk Slalus Ciilical wind speed |
OVERTURNING [ [— | (<o ]mm
[} ForestGALES 2.0 5 2 B
BREAKAGE [ i[5t 4 [ whe 5
[

orestGALES

Average number of years until damage

The table indicates the age at which the stand or |
group of frees first reach each WDRS (Wind
Domage Risk Status)

For a defintion of WORS see the heip file

[smuumwnwu laiger than we have data for
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Predicting Wind Damage Risk

P

Forest Inventor i - : s
Tree-pulling ol y Wind Climate Terrain Conditions

Experiments

LY
| [/
Growth/yield
L model )
parameters
ForestGALES Airflow Model
or HWIND (e.g. WASP

Decision Support

o5 System

Kamimura et al. 2008 (Forestry) e

==_INRA  FRISK-GO Meeting 14/04/2014

’ SCIENCE & IMPACT

UROPEAN FOREST INSTITUTH
ROPEA SCTONAL OFFICE _ EFLA ANT



Risk Modelling, Mitigation and Management Cycle

- o - -Warning
- Risk mitigation analysis -
 Modify forest management plans - Implemenit Crisis Plan
- Provide stakeholders tools & information \
- Stakeholder meetings
- Develop crisis plan
- Access funding
- Insure forests
- Training for managers & emergency workers

- Imrnadiate assistance

- Restore access and power

- Asspss damage

- Assess markets & economic impact
- Stakeholder meetings

- Prapare roads & landing areas

- Harvest timber

- Transport timber

- Control diseases and pests

Management
Cycle

- Access regional/national/European funding
- Stakeholder meetings

- Restore infrastructure

- Regional development

- Risk mitigation analysis

- Forest management planning

- Forest restoration

- On-going social & economic recovery
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The Bending and Stress in Trees with and without Snow

Standard Tree with and without Snow

z/h

== Displacement (Snow)

—Stress (Snow)

= = Displacement (No snow)
= = Stress (No Snow)

= = Mass (No snow)

m—\ass( Snow)

1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Normalised Values
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Effect of Tree Shape and Stand Density on Snow Damage
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Adaptation to Snow

‘ d P

Engelmann spruce
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Species Vulnerability to Snow Damage

Teble 1. Relative risks of various tres spacies (o ench other to snow damage in Europe

according o some authoers (see below],

Eevenry of damage Trae apacies
Lagin name English nams
Lovw damage Betula sp. Birch sp, *®
Plesa abies Norway spruce !h &1 9. 1
Preudotsega menziesii  Douglas lir
Larix sp. Larch sp.. without needles ™5
Cuercus sp. bk sp., leafless ™
Acer presdoplaianis White maple, -~
Moderste damage Pleea abies Morway spruce 163
Pirs sylvestriz Scots pine &9
Betula sp. Birch sp.
Abies alba Silver fir ™
Picen omoerica Serbian spruce ™
Larix 5. Larch sp., with moedles ™
{huerens . hak sp., with leaves L
Acer pxeddal'_l.h'f.rlcmus Wihite rmph:- ST
Fagus sylvatica Common beech, leafless ™
Fraxinus excelsior Buropean ash, -*- 71
Severe damage Pinus sylvesiris Scotg pline 11358 W 1L

Ficen abies

Lirrix sp.

Pivus contorta
Firea sifchensis
Hirtula ap,
Populiuy sp.

Fagus slvarica
Fraxinny exceleior

Morway spruce 97

Larch sp., with newsdles 7
Laodgepole pine *

Sitka spruce

Birch sp. ¥4 T

Poplars sp, =71

Common beech, with beaves ™
European ash, -"- T

Bsferoaces used in Tahle 2: 1) Heikisheimo 1930, 2 Mikols 1938, ) Kangas 1959, 4 Spominen |863, 5j

‘Whaamell 1979, O Ni

Watirger aned Lundguis |

From Nykanen et al. 1997, Silva Fennica
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Forest Data from ICESat (Satellite LiDAR)
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Forest Data from National Inventories: EFISCEN-Space

FOREST MAP OF EUROPE

(geographical Evrope and Turkey)

Propaortion of forest from land area
(% at 1km x 1km resolution)
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[J1-25

I 26-50
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. 75100

[ Water

[ Mo data

o 260 BO0 750

ETRESS Lamiert Azimuthal Equal Area prajection

Dats sources

Earth cbservation data:

ELIZT, AL, BA. CH, HR, ME. MK, NO, RS, TR: Farssmnan-forss!
£ map S0CE (et verson) deveioped by the EC Joint Ressarch
Cantra, aggregated 1 1km resoiution. Based on IRS-PS LISS-I,
SPOTE [HRVIR) andt SPOTS HRG salshils dala of 2008
Belarus, Maidova, Ukraine, Fussian Federation: Forest share
a5IMatis based on AVHRR NDAA satelie dala of 19961905

National Savest Freentory slatisses
ot Europe's Fonests county statstos 2011

Mathod
T di products stal. 2m|

Fawinan at al al 2002} havn
safatical dala o produce & pm—Eumw fareat map um

andior regional leval Tha WIWDGDW fﬂl\ﬁl covar ualamﬁml

SN
L

agminisiraive region. For 16 cauntnas (ncuting the iy
Fiatirs werd the caibraton,
mh the cier counries statistics 2t natcnal kel have been
applad In & sacand catbrascn run, the map was acjustad 1a ha
renatianaly nammzod stabalica by Forest Eurcge 2011 &t
faw for 3

Furthar detsils

m:p:n;_.cw.cl:
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OT

EFISCEN + ForestGALES->Critical Wind Speeds oress {E@

Critical Wind Speeds for Aquitaine Forests
from ForestGALES and EFISCEN SFACE

@
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Critical Wind Speeds—> EFISCEN + ForestGALES

Critical Wind Speeds for Swiss Forests
from ForestGALES and EFISCEN SPACE
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European Forest at Risk from Wind
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Cegend From EU MOTIVE Project Deliverable 4.1B
Gritcel Windspesd “Mapping current and projected key
s European forest risks”
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European Forests at Risk from Bark Beetles

Legend

[J4-0
[ Jo-s0
[ 50 - 100
B 100500
I so0- 12000
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From EU MOTIVE Project Deliverable 4.1B
“Mapping current and projected key
European forest risks”

Based on Seidl et al. (2009)




Snow Climatology for UK (available for whole of Europe?)

'- Days of Snow Lying .
== Annual Average ‘;‘A‘

—_——
m 1971 - 2000 $§
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Tools for Managing Wind Storm Damage

.

File Mode DAMS Options Window Help

VL AW W

Stand Predictions Through Time - ForestGALES || = G
c Contrals———
Average number of years until damage bl m
‘== Print Form
S L e e e e e W Overturning
(TR JF PSR SO SN VU SO IR SN U1, RN S S S S M Break B Repon
2 150 i 0 0 : : : : i i
2 SN S S UL SO RO 'Y S R U S & Help
E 1004 i i i i i i i i i
= NSRS SR SN SO AU AU ST SO SO N WO A SR S IE] Escel Export
g S0 i 3§ 4 8 8 &8 B i X
5 I Save Al |
ﬂ I‘ I’ I’ I‘ I’ T I’ I’ I-— T T T T T T 1 E
0 5 I 15 20 25 30 35 40 45 0 55 e &5 70 75 BO
Age (yrs)

Age |Tumn |Break [DBH [TopHt |Spacing |Meanyol |YolHa ~  |'"WDRS [Tum |Break
! 200 (200 100 |6 0.020 D

22 200 200 120 498 22 0.040 25 2 B4 49
27 |200 (200 140 127 2B 0.0ea 127 3 B3 A2
32 |200 200 170 184 30 01ed 181 4 5 B2
37 200 200 210 178 34 n.zr0 239 5 /5 B4
42 200 200 240 202 3T nan 295 E 200 200

47 200 200 2RO 222 40 n.5a0 342

-
52110 43 230 240 44 0.rs0 386 _ | 200 indicates that the WDRS is not reached
R7 AR 4R w0nMRR AT nasn AR within rotation described in the vield table
Same of the modelled trees are larger than we have data for. "
deibullt, caloulated from DakS, For a definition of WDRS see the help file H

Als
"
4| m | b
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Online Support to Forest Managers and Owners
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Accueil Actualités

Documents & télécharger

| Librairie

L. _'S. A
PR L™
s et Services et
tz privées formation

o

Dossiers
thématiques

- 4 »
Espaces
régionaux

Documentation
et publications

| Liens | Lexique

Vous &tes icii Accueil = Dossiers thématiques = Tempéte

B rempite )

—— Tempéte Klaus
Tempéte Klaus
Qui a été touché ?
== (Quelgues conseils

Données météo

—— Reconstitution

—— Actualités

—— Agenda - Formations
— Articles et documents
—— Vios guestions

— Liens

TEMPETE : QUELQUES CONSEILS

1. Les organismes professionnels a votre service

2. Inventorier les produits pour les valoriser au mieux

3. La sécurité

4, Préserver le sol

5. Sortez couvert avec le TESA (Titre emploi simplifié agricole)
6. Aires de fagonnage-stockage

7. la conservation

&. la valorisation

Plus d'infos

1. LES ORGANISME S PROFESSIONNELS A VOTRE SERVICE

Le premier conseil sur lequel nous souhaitons insister, c'est la prudence. N'allez
pas en forét.

La situation esttrop dangereuse actuellement. Les arbres (et leurs branches) sont
fragilisés et sous tension : ils risquent de céder brusquement et de vous blesser trés
gravement.

Ne faites rien vous-mémes ! Faites appel 4 des professionnels !

Contactez un des organismes professionnels forestiers pour vous conseiller, vous

aider a trouver les bons interlocuteurs locaux : bicherons, entrepreneurs, exploitants
forestiers.

2. INVENTORIER LES PRODUITS POUR LES VALORISER AU MIEUX

La seule estimation possible est souvent celle de 13 surface abattue par le vent, etle
type de produits (sciage, industrie, trituration, etc.). Il faudra préciser si les bois sont
cassés ou déracings.

Attention, les peupliers et pins sont sensibles aux dégradations. Les pins exploités
bleuissent rapidement et doivent &tre usinés aprés exploitation.

L'expérience des tempétes précédentes montrent que les arbres déracinés d'autres
essences, avec la moitié ou le tiers de leurs racines en terre, et dont le houppier n'est
pas fagonné, peuvent attendre en I'état.

adhérents perzonnel

[ » Ajouter & votre classeur| ¢ |

Investissement Locatif —
defiscaliser.comprendrechois... *
Proprietaire a 250€/mois avec

la défiscalisation immobiliére.

Isolation des Combles
www.isolation-combles.fr
Isolation Thermigue Combles
& Toits Réseau des
Entreprises Spécialisées

-

BE
ic onby

d search

Chauffage infrarouge
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Factors Affecting Wind Damage to Forests

e Storm damage is affected by:

Topography can have large impact on wind speeds and damage location

Tree height

Soil moisture

Soil acidity

Recent thinning or creation of new edges. But early and regular light thinning
reduces risk

Species with conifers generally more vulnerable than broadleaves (but
sometimes contradictory evidence)

Silvicultural systems (but not always straightforward to interpret)

e Storm damage is a dynamic process with the gustiness and spatial
variability of the wind a key factor.

 Models exist to predict the probability of wind damage as function of
tree size, silviculture, soil, and species. These work best at the forest
level (too much variability to work precisely at stand or tree level)
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Factors Affecting Snow Damage to Forests

* Snow damage is affected by:
e Species: conifers most badly affected (species differences are less clear)
* Pole age stands (young to mid-aged)
e High height to diameter ratio (this is well accepted)
e Thinning: Heavy and late thinning leads to higher damage, early and regular
light thinning from below reduces damage risk
e Fertiliser and thinning combined increase risk of damage
e Broadcast sowing increases risk, planting seedlings reduces risk
* Asymmetric crowns
* Wet/heavy snow (meteorological conditions: temperature close to 0C, low
wind speeds < 9m/s)
e In Central Europe snow damage mainly occurs between 500-900m (this could
rise with changing climate)
 Models exist to predict the probability of snow damage as function
of tree size, silviculture, and species. However, these have not been
well validated because of the lack of good snow damage data
* Major difficulty is having accurate predictions of occurrence of
meteorological factors leading to heavy wet snow
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What we don’t know

There is little knowledge of wind and snow risk to broadleaves.
There are no risk models currently for silvicultural systems other than
clearfell/replant.

Predicting probability of different levels of damage within individual
forest management units is not currently possible.

Predicting airflow over complex forested terrain is extremely difficult
to do in a practical way (rapidly and easily implemented)

Predicting conditions for snow damage (heavy snow, temperatures
close to 0°C and light winds is difficult)

There are very few measurements during damaging storms.

The adaptive capacity of trees to their environment needs to be
better understood.

Current and future wind and snow climate over Europe at the
required spatial scale for forest management (< 1km) is not available
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