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Table 1-Characteristics of stands structure (mean +* standard deviation) in relation with aspect
and amount of forest ground slope.
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Table 2- Frequency of damage types in the study area.
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Table 3- Frequency of snow damage in different tree species.
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Table 4- Slenderness coefficient (mean + standard deviation) of safe and damaged tree species.
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Figure 1- Frequency of damage types in DBH classes
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Figure 2- Frequency of snow damage in northern and southern aspects.
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Table 5- Results of Chi-square tests for comparing frequencies of damage types in different
ground aspects and slopes.
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Figure 3- Frequency of snow damage types in northern and southern aspects
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Figure 4- Frequency of snow damages on tree speciesin northern and southern slopes.
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Table 6- Results of Chi-square tests for' comparing damage frequencies on tree species in

different ground aspects and slopes.
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Figure 5- Frequency of snow damage in less and more than 50% of ground slopes.

OLL N e 5o Ao s 00 5l 5087 5 e glacad 5o Ol s b ol gl Sl
VoY) doys 00 (YL clac el o Ol s e ado ps o O Dol Sl .l el ol
s g ool Bld 51 Sl ) 5 ol (A3 £/9) Ao s 00 51 50S slaced Sl 5 ke (oo
53 el Sy e S ol Sl e (0 Jsbe) (X=V0/ P<e/n)) e
Sy Cal (os +/8) Ao 3 00 5l 50S Glacad 5l 5 ke (Aoa YY) dss 00 (VL glacd
S S 4 Gy bt sl (0 ) (=AY P<e/et) ol ls pae (sl bl
YIN) dops 00 5l 568 Glaced Sl S ke (Aepn Y1) oy 00 (VL slacd 53 o a5 4
g5 4w OO 1 (0 Jpde) (=0 NA P e s e bl Bl 1 Ll el (A
SAd o g a D ool Gl (s Osa:.{,,a;:,&mcu«f wwdo) Gy sl
S5 (Lo VA) Ao s 00 (VL slacd 5 5 i (Map3 YY) Ao s 00 5 FeS sl

VoA


www.SID.ir

n ol sl 9 jS15 0135

O Slope < 50% 'L 0- > = M@ Slope »50% *. 0+ < 2

12
10
4 8 8
)
37 P 6 b
s 54 a3
2
b
) ' 2l
Zh s SEAE JE - R
Crown Bending Stem Bent over
damage breakage

Heoy3 00 51 G0 g St glaced 53 G ool plsl Sl IS
Figure 6- Frequency of damage types in less and more than 50% of ground slopes.
VS s dss 00 0l 5 YL slacnd s Ol s il glad S 5 Gy ol Jlgl
Aoy 00 (VU slacas s Ol s glaw S plod Sy Sl Sl 3l el esls OLL
P V) s pme sl b 3l 658 jadais Lol (Sl Ao s 00 FeS slacad Sl 5k
(U)ol (' =VY/8

O Slope < 50% o> 2 @ Slope > 50% *. o = 2
— 50

W o
o o

= PN
o

o o

(s sl
Total damage (%

)3 00 51 508 5 Gt slaad 5o ks I P PV e TR W P ER g T
Figure 7- Frequency of snow damage on different tree species in less and more than 50% of
ground slopes.

)+

WWW.SID.ir


www.SID.ir

VAL (V) o)lond dTY) s SR> 5 g2 (5908 9 pole (o sidg sy & pubd

VE/v s ey OIS Ol s VJLA,UJ(;;,,; Oty O Ssles Lol G s
CUgumémoﬂwqﬂQ)L}C}JLﬁ-.Jj:ﬁe,lizo)u}&pjjgot}ﬁ)lmjz
5o (V8AY) O 5 GG 5 (V4AY) OLea 5 Y Lol |y JSleld o 5 5 Ol s
SIS b4 wds S s wiesl b K 3 1y Oty 5 Gy ol £5 RS
3 535 2ml) A8lS o a0l Sl ddnd 5 55 8 51 0k 55 26 a4 aeds (A 5 1E) Wles S
iS5 oWl s, uf.uuﬁ'.mﬁ ol o 5 Sl s Ol s 5l s 53078 (YARY (Ol
¢« (ol V) Ol s 31 deys /0 .(V4AY (O 5 JIK0) das o 2l 1 Ol s O g
j\ﬁpsdl-“;]‘-; Sl el 550 Ol j3 s g 0l 5 00 WS bagOas USA.:.{)}MLS:M_{M
SVok s b gees b ol Azl 513 e Sl T BT (Golad b 53 22 5 e Sl e
Sles s 5 1y el Salsy 5 eSS 4l Ol s gl s 5 et el (V44Y) Sbls
Al e g sy SialS Coamge dladle Ol s By e 51 004) Wles S0 55158 Jllile
B pe O3p Sote Slea Wige & Log aks gt Soles 35 Kas Ol s
Azl ol Sass
JSQ,L“}'@\J\;ﬂw;w,\m(,A)&L:;\J;?%ﬁ‘\s;\;gm&j;aw\@u
W) Jld g L3 O oLl (0 Jaas) dails P</ve)) s ome il G
B b St ¢ SIF B Mg el (pl g (o3 V) (oo g Sl S0 (Ao
Jdsa Llg oo o AL o x4 o Jled S 2 O 58 (SAiS
Lo bl 8 By sl (Bl Ol s 5 Bl Ol s Soslie gl S S 5
4 S SR Sl s Cer s s 55 R Dol Aoy 5 S (ShES
2oy Bl S ble S Cledd B8 b S el lides s dndly g
5 Vsl AV Oan 5 SIS 9888 (el pu) ol anils ls ame 30 G ol Slsl
03 9 B S DS LgLAJf.’q- 00k O ol S A (144Y Ol
Jld gla K 3 (0848 (liVsn) cnl el 518 s Sy G bl gla K
Goosd gl VAV LK 5 PIG) Loy s L ol SR (B0 s g L
Sl K 3 Lles S 5,158 o8 el (144Y) 0L 5 IS Slidos EW sl 5 sl

ALK


www.SID.ir

St Ml ol g 515 o555

S ded 5 Jld gbacer bl s G o)l date Cod Ol (aL‘.J Lol 55,0
O g oy ool 55

S ol gl sl Sl 0kt s 2l bt Sl a3l 0L G pl
.(VJ.<.:)gw\u{j},%;\;&ﬁgw&;@?ﬁ(em&sa{“aﬂxcjué)
Cr S 5 A Sl (s S 00 gl a4 aeds (T 0L 5 55 G 2
Llasls 1 Sl 3 op St o8 S 03 S o s S8 s e e S (Bl
OLan 5 P cl 5 kn sl a5 slacud o 4 S 15 glaes g js B ol (Y1)
XUV o glsls b o s bl 5 cly ols i dSu 5 Oty a0l Godow cpllmls 144V
S Sl 3 L Cs Sa jea 5 Sl Ol s s ol o S A Jeaie Lo 3 WYY 5 YV/Y TV
Copmlas das o OLES CL“’ b (Y Jade) Kladls | O ool GAS ko VIV 5 VV/0
Sliios S Lgear s ol el glite Gy il ol s Ot il slaa S
OLen 5 55 5 (V44Y) OKan 5 Vb ((V48V) OKas 5 S (YY) Ll 5 Sl
Ll e Ol ys il slaad S SULS Bilu,s 3 Sl (Y1 3IA O AY) cl (Yer)
Ll s 65850 ShiS B o bihls s 5 ol Koy Ol s il el oyl Jds
U'Juw;\,ot:});.,\.:l{;;L:>')>L-ﬁ_|CUo;ﬁfrgdg;gx\j&kﬁaﬁ);;&c;,u
Srow SOl gy bl 53 Ku g 5 bl ol s 5 Jled Glaced 3 o s 5 ok
Ol ys SALS U8 o b 5l 5S 5 edis sl Ol s SUES W8 (o (8 JSK) Wlanils
(8 Jsam) el oz e S ples 53 Wl

YAIY) doys 00 VL glacs o ol sy by ool Sl s sl OLES G ol o
Jdsas Wl oo al ol (0 ISK8) ol (s y3 1 0/0) Ao ys 00 5 FeS slaad 5l 5k (Lo s
e 53 5 o3 00 3l 508 Gl 4 Cad Ao 00 (VL el o S Ges Do S6S
osls QLIS 55V s 3 6 5 pb0len il 0T 2 By med 53 Ol 568 Cueslis
00 YL ot js el Sady, Ol s g a4l 5o edis ando Ol s JlglE cl ol
3 55 Slaes ml gl 3w ) LSl Aoy 00 51 S laced Sl SN e
YN b e il 33l O ol ey il 331 b Wles S 55058 a8 ol (Y0 0) 01,8

B MMLGU‘({MM) S ol gl ple Sl ;mr;@;«{a)u} e 3o

BB}


www.SID.ir

VAL (V) o)lond dTY) s SR> 5 g2 (5908 9 pole (o sidg sy & pubd

O UKE) 2 Ao 00 5l 568 e Sl SR o ps 00 (VL e s (A (Sads,
S e Aoy 00 VL Glacud 53 ey Ol B8 i e g O Colus JSlsl s
Y JS8) 5 Ao 00 5l 568 lacas
wadle BB Ll b 5L sleess Gy ol o dase 0L Gk ol s
S 5 Ol s Os g LS B S b Cleas (Ao y3 VE/0) Gy ol ool
45k Gl s bess Gilepslie jslea das e DL Gis pl ml ol e Ol
5SS belse b L s G ol s cad e b R Slkes 6l ]
LByl s 1y e Oy ol Jall el L8 oo sl ol Jf.;— Sl
Lol Gy oyl &) wﬂjbgﬁq—éuu)}wowyéolz}ﬁ SAs
5533 03,8 gy (el ealidl dwljb}vsjblﬁ ol ys s S he G ol Sl asr g
03,5 Jb 53 g ekl (SIS 0 & wow il SRS 4 gl cond (BA s
5 oS5 L (Y00 Y 05,6l da e Rl 5 G ol il s ol SOl gl 5 0
S Jla_“e{.S 9 Ol laes g sl Lzea & S ol a8 s ey b bl
oyl OAd Cs K ple 5 Ol S b (S5 bis s e Ll O ol
gwjgcusduo&,udﬁz@uﬁaﬁojw Sl pgr B s 2alS 3 Laes
Slress 53 05,8y, Sllesigl 2lianl Ko 5 5l Sk Al e S b b S
FeS AL 5 asys 00 VL 5 Il lacis s 13l 5 Koyt olids, 5 Ol
g G Ko s dslp 0l s ol G Sl el e K il s Ol s
fd ol Nsdge Syde Wl Vel s b ST ISR 5t 4 anllles
el slres 5 sl o SSG bl lal  Gda Ll axlas 350 adlaie Colie WLMJQ}
dor slaes 5 sl (bl bl Olea b bes s anb Sl bads sl S &L L o
dalst S Mo claes s 5 O ool alS s ot s gl S g5 ) cbla- 5wl
3pb oS K B gl 55 Ol s Cuglis 503y oS S Gas 5 glacd 5 adl s s
sble 5 JLd glacos 55 o daj.a C}a“ olBl s SeS SISl (YU e (65 ,0)
6)'LN<=)LEA 5 ol als jelieas ol sl palS 1y Ol Gy ool ol
o (uls e e 090 Rl il S5 LB 5 slasleliy Gl 5 adlas 5,50 slaes
s il daes s ol sl i (sl slaad g, o halS (il o

"y


www.SID.ir

St Ml ol g 515 o555

3ty bl laess 53 035 sy Sldes a5 slrl s (SIS Rl shd Ol s
ot 5 b gbess opl e CBlis sinea iames s s S g5l c bl
545 gl K8 belse U ahar Sl (5500 e Dl plnil (O sl ¢85 Jles]
Pl dile Kos 318 p5 Jelse o b 5 Ol s e slawi S sl s 35S g

Ll 53550 S Gas 5 L) mhaw

I (55 o

Sleo gzt L bLI1 55 Ol sy by ol a5 Gl 3 oas sl OliS G z=b
0r VU o 3 Ol sy 5 Oy olas Sl s ol (e Cgms o) 1S 55
S o Ok 5 Oy ol Sl s amea 5 Ao s 00 G gtS slacls Bl 2o Aoy
Sl Sud 5 Sl (K 318 58 Sl et (e dle sy g S 3 i Jled
2y Ol s (SUES ey s 5 o3Il WS L bl s Gy

&l

1.Briichert, F. and Gardiner, B.A. 2006. The effect of wind exposure on the aerial
architecture and biomechanics of Sitka spruce (P. sitchensis, Pinaceae). Am. J.
Bot. 93: 1352-1360.

2.Cameron, A.D. 2002. Importance of early selective thinning in the development
of long-term stand stability and improved log quality. Forestry, 75: 25-35.

3.Dunham, R.A. and Cameron, A.D. 2000. Crown, stem and wood properties of
wind-damaged and undamaged Stika spruce. For. Ecol. Manage. 135: 73-81.

4.Fakhari, M.A., Babaei; M. and Saeedi Zand, M. 2010. Investigation on snow
damage on pplantations in Sourdar- Vatashan region (Chamestan, Mazandran).
Iran. J. Forest and Poplar Research. 18: 3. 447-457. (In Percian)

5.Forest management plan, 2008. Asalem natural resources office, Nav watershed.
288p. (In'Persian)

6.Fridman, J. and Valinger, E. 1998. Modeling probability of snow and wind
damage using tree, stand, and site characteristics from Pinus sylvestris sample
plots. Scan. J. For. Res. 13: 3. 348-356.

7.Hurtalova, T., Matejka, F., Janous, D., Pokorny, R. and Roznovsky, J. 2007.
Influence of snow damage on aerodynamic characteristics of spruce stand.
International Conference: Bioclimatology and Natural Hazards, Polana and
Detvou, Slovakia.

8.Iran meteorological organization (IRIMO), 2012. Provinces reports, available at
the website of www.weather.ir.

VY


www.SID.ir

VAL (V) o)lond dTY) s SR> 5 g2 (5908 9 pole (o sidg sy & pubd

9.Jalkanen, A. and Mattila, U. 2000. Logistic regression models for wind and snow
damage in northern Finland based on the National Forest Inventory data. For.
Ecol. Manage. 135: 1-3. 315-330.

10.Martin-Alcon, S., Gonzales-olabarria, J.R. and Coll, L. 2010. Wind and snow
damage in the Pyrenees pin forests: Effects of stand attributes and location.
Silva Fennica, 44: 3. 399-410.

11.Martinik, A. and Mauer, O. 2012. Snow damage to birch stands in Northern
Moravia. J. For. Sci. 58: 4. 181-192.

12.Marvie-Mohadjer, M. 2005. Silviculture. Tehran Univ. Press. (In‘Percian)

13.Nicolescu, N.V., Petritan, 1.C. and Vasilescu, M.M. 2004. The early and heavy
snowfalls, a major threat to the young European beech. (Fagus sylvatica L.)
stands. International Beech Symposium: Improvement and Silviculture of
Beech, Tehran, Iran, 1: 69-100.

14.Nykénen, M.L., Peltola, H., Quine, C., Kellom&ki, S. and Broadgate, M. 1997.
Factors affecting snow damage of trees with. particular reference to European
conditions. Silva Fennica, 31: 2. 193-213.

15.Paatalo, M.L. 2000. Risk of snow damage in unmanaged and managed stands of
Scots Pine, Norway spruce and Birch. Scan. J. For. Res. 15: 5. 530-541.

16.Paatalo, M.L., Peltola, H. and Kllomaki, S. 1999. Modeling the risk of snow
damage to forests under short-term snow loading. For. Ecol. Manage. 116: 1-3.
51-70.

17.Pellikka, P. and Jarvenpaa, E. 2003. Forest stand characteristics and wind and
snow induced forest damage. in boreal forests. International Conference: Wind
Effects on Trees, September 16-18, 2003, University of Karlsruhe, Germany.

18.Peltola, H., Nykanen, M.L. and Kellomaki, S. 1997. Model computations on the
critical combination of snow loading and wind speed for snow damage of Scots
pine, Norway spruce and birch sp. at stand edge. For. Ecol. Manage. 95: 3. 229-
241.

19.Peltola, H.;and Kellomaki, S. 1993. A mechanistic model for wind throw and
stem breakage of Scot pine at stand edge. Silva fennica, 27: 99-111.

20.Schroeder, L.M. and Eidmann, H.H. 1993. Attacks of bark- and wood-boring
Coleoptera on snow-broken conifers over a two-year period. Scan. J. For. Res.
8: 257-265.

21.Solantie, R. 1994. Effect of weather and climatological background on snow
damage of forests in southern Finland in November 1991. Silva Fennica, 28: 3.
203-211.

22.Teste, F.P. and Lieffers, V.J. 2011. Snow damage in lodge pole pine stands
brought into thinning and fertilization regimes. For. Ecol. Manage. 261: 11.
2096-2104.

1€


www.SID.ir

St Ml ol g 515 o555

23.Valinger, E. and Fridman, J. 1997. Modeling probability of snow and wind
damage in Scots pine stands using tree characteristics. For. Ecol. Manage. 97: 3.
215-222.

24.Valinger, E., Lundqvist L. and Brandel, G. 1994. Wind and snow damage in a
thinning and fertilization experiment in Pinus Sylvestris. Scan. J. For. Res. 9:
129-134.

25.Valinger, E. and Lundqvist L. 1992. The influence of thinning and nitrogen
fertilization on the frequency of snow and wind induced stand damage in
forests. Scot. For. 46: 311-320.

26.Zhu, J.J., Li, X.F., Liu, Z.G., Cao, W., Gonda, A. and Matsuzaki, T. 2006.
Factors affecting the snow and wind induced damage of a mountain secondary
forest in northeastern China. Silva Fennica, 40: 1. 37-51.

AL


www.SID.ir

.........................

J. of Wood & Forest Science and Technology, Vol. 22 (2), 2015
http://jwfst.gau.ac.ir

Snow damages in related to physiographic factors in
Asalem-Nav forests, Guilan province

*F. Tavankar' and A. Eslam Bonyad?

!Assistant Prof., of Forest Sciences, Khalkhal Branch, Islamic Azad University,
Khalkhal, Iran, 2Associate Prof., of Remote Sensing and Biometry,
Faculty of Natural Resources, University of Guilan, Iran
Received: 01/15/2014 ; Accepted: 02/20/2015

Abstract

Background and objectives: Snow damage is a significant and serious problem in
managing of mountain forests. Extensive researches on snow damage have not
been down in Iranian natural forests. The main objective of this was to estimation
of frequency and intensity of snow damages on trees in relation with
physiographical characteristics (slope and aspect) in Asale-Nav mountain forests in
Guilan province.

Material and methods: Frequency of different types of snow damages on trees
were studied after heavy and early snowtfall in 11 Dec. 2011 in altitude of 1,350 to
1,650 m a.s.l. of Asalem-Nav forests. Frequency of damaged trees and snow
damage types were collected through circular sample plots with each area 1000 m?
in regular distances 100 m from each other. The frequency of snow damage types
in slopes (less and ‘more than 50%) and ground aspects (northern and southern)
were compared by non-parametric chi-square tests.

Results: About 14% of trees were damaged due to snowfall. The frequency of
damaged trees in slopes > 50% (18.2%) was significantly (P < 0.01) more than
slopes < 50% (10.5%). The frequency of damaged trees in the northern aspect
(17.6%) was also significantly (P < 0.01) more than southern aspect (10.3%). The
frequency of crown damage, stem breakage and bent over in slopes > 50% were
more than the slopes < 50%. Also the frequency of bending, stem breakage and
bent over trees in the northern aspect were more than the southern aspect. The
frequency of snow damage in Fagus orientalis, dominated tree in the study area, in
the slopes > 50% was more than slopes < 50% (P < 0.01). The snow damage on
tree species of Carpinus betulus, Acer velutinum and Acer cappadocicum was more
in the northern slope, while the snow damage on tree species of Quercus
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castaneifolia and Alnus subcordata was more in the southern slope. The most
frequency of snow damage was observed in trees DBH < 30 cm. The slenderness
coefficient of damaged trees was greater than safe trees in all tree species.
Conclusion: The snow damage on Asalem-Nav valuable stands is considerable.
The frequency and intensity of snow damage on trees was related with
physiographical characteristics and structure of these forests. In order to
strengthening of trees against to the snow damage needs to adequate silvicultural
operation in mountain forests.

Keyword: Snow damage, Ground slope, Silviculture, Asalem Nav forest
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