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1- Deterministic

2- Inverse distance weighting (IDW)

3- Radial basis function (RBF)

4- Global polynomial interpolation (GPI)
5- Local polynomial interpolation (LPI)
6- Geostatistical

7- Ordinary kriging (OK)

8- Simple kriging (SK)

9- Co-kriging (COK)

10- Regression kriging (RK)

11- Global weighted regression kriging (GWRK)
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Figure 1. Location of the study area.

Y



OS2 g (5 yghme (o

bs 51y 5 <f DGPS U bad gl asks 551 s
B e 3y akE g sln b 4 S GIS
23,8 eslinal G gl i3l 5 Sl SO
L33k Gk Sl s adke o2 Glaess ald
SPOT6 ojlsals bl el ook 5 s
spslal 5 YAV Jl obe,s VO &b Lyye
(eod Saesy Jali aib VY s Google earth
Srom b)) 25 bl 25 sy 28
S0t 3 S pise bl S s bl
(Y JK2) csl o ys 3w ol 5 5058 50

95°38'0"E  55°40'0"E

95°42'0"E

sk ol o3 Ml (g slme 5 (15 24 g
for Sl 4 Glopls & gadankes £VY oMbl
sl 4 gladi g olie 4l S LB o &S e
oebsh Gl adllas 5590 am e 53 e EvexTUens
A Glaes 5 sdiS U ag Sl il (g5lede
3,8 eslizal g ek b asdlls 30 adbete
Voo abol b agedankad 0wl a3 &Sig,sba
AU s S cals i S 15 e 5l e
5 oSkl dai 00 LY 3 wiges askd
Candsn (alg 53 5 el sl S (6,8 SSka
55°44.|-'0"E

95°46'0"E  55°48'0"E

37°36'0"N

37°34'0"N

4

Kilometers

37°36'0"N

(Sampling point) ® by sl blE Cusise
(Agricultural area) U3 i ool
(Carpinus betulus) C:ﬁ 300

(Cupressus arizonica) &0 g

(Cupressus var hnrizuntalis]C\’S YT

(Herb&Shrub land) (T3 1 s 585 5% 4
(Mixed hardwood) (33 < os bakio
(Mixed hardwood and softwood) il < ueis &0 Higw bakine
(Mixed softwood) (73 < i byl
(Pinus brutia) Lwgngls
(Pinus pinea]C:S ekl gl
(Pinus sylvestris) (3% sl ¥
(Zelkova carpinifolia){"7 7

37°34'0"N

L | L] L]
95°38'0"E  55°40'0"E  55°42'0"E

L] L] L]
55°44'0"E  55°46'0"E  55°48'0"E

e 55 655 pa g3 B Cardgn g ALS b g o A2B Y S

Figure 2. Vegetation type map and location of sampling points in the study area.
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Table 1. Area and percentage of vegetation types.

() Comlns s 4l

Area (%) Area (ha) Land cover Type
S sl S sl
10.68 378.8 Soos [TacdV) Soos [TasdV)
Agricultural area Agricultural area
0.08 2.9 Srom oA e
Hardwood Carpinus betulus
g . 0 LJs
30.75 1090.3 SRk S Lol
Hardwood Mixed hardwood
2.99 106.1 Srom oAl L]
Hardwood Zelkova carpinifolia
0.58 207 S S s
Softwood Cupressus arizonica
18.33 650.0 S S
Softwood Cupressus semperviren var horizontalis
0.55 195 S s S 535 b sl
Softwood Mixed softwood
16.59 588.1 S won S
Softwood Pinus brutia
0.36 12.7 S sl
Softwood Pinus pinea
0.22 7.8 S s e
Softwood Pinus sylvestris
1.81 64.1 sl S i3S pie byl
Other Mixed hardwood and softwood
17.05 604.5 e S g Jie
Other Herb & Shrub land
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Figure 3. Litter thickness variations in vegetation types.

Yy



AR (F) 05land (TV) s IS0 9 oon (5998 9 ool (slasidngy @y puid

gl 5 SoiY Calns Jly gleesls £ IS s Sl sl baesls wss 03 J g
Aoz Giled om0 LS Gl e | ke oslinal b oS Wil ol by, 5l S Ll
.(p-Value>~/~0) L;Jﬁ g_,.i\JﬁpJg_ﬁyw‘ g_e)nyJ}S Q}AJT J‘

(Y dsas) S35 13 mop 2op SIS

AL i o dly 53 (em) S LY Culbis aasiia gl 4 - Y Jpd

Table 2. Statistical analysis of litter thickness (cm) characteristic in vegetation type unit.

Jol- A oSl e Sl (S (Sl A e o 55
Minimum Maximum Mean Std. error Skewness Kurtosis Land cover type Group
1.9 2.5 2.18 0.28 0.32 -3.03 e
Carpinus betulus
c .. B os
0.4 4.5 1.8 0.92 0.59 0.1 o"ﬁ e
Mixed hardwood S e
sl5T Hardwood
0.3 4 1.96 1.09 0.18 -1.2
Zelkova carpinifolia
0.3 4.5 1.83 0.94 0.49 -0.22 &
Total
lo 25
0.3 0.8 0.56 0.16 -0.22 1.66 e

Cupressus arizonica

0.1 5 1.63 0.94 0.86 0.96 )
Cupressus semperviren var horizontalis
[T L Js
12 3.2 1.94 0.78 1.11 0.6 S A ke
Mixed softwood
sy 7S S s
0.1 4 1.99 0.95 0.15 0.61 IR SAs
Pinus brutia Softwood
L I8
0.9 1.7 1.32 0.33 0 -1.61 SR
Pinus pinea
Ly, I8
0.4 0.8 0.6 0.17 0.38 -1.79 =T
Pinus sylvestris
0.1 5 1.72 0.96 0.58 -0.06 S
Total
0.4 3 1.71 0.94 0.08  -127 Sk S A il
Mixed hardwood and softwood
Ol a5 L4 s Al
0.1 3 0.77 0.76 2.47 6.69 ) i
Herb & Shrub land Other
0.1 3 1.27 0.97 0.68 -0.97 S
Total
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Figure 4. Histogram of raw litter thickness data (a), logarithmic transformed of litter thickness (b), raw data
of basal area (c) and logarithmic transformed of basal area (d).

Fs S My GRIB il gl S
AT 5 ) Kl S el 1 O ol s Sl
3l Cw)‘kaﬁm Calbes o e St
alae S5 5 ol kil 4 s s e
S s s dafu Cb.ﬂ Sgdesly S
s oo Sy cubs L) Sieer oo
S gl Ul 5l SaS glaesls Olgsa Ll 5 e

-’;:i‘. D13 eslanals ;5o

14

0L b 1S sy b b bagin bl
Aoy gaae 5 S,uY Culbhs o &S b
daj.a éa_w s s C s sl (i ct
s ooy plil oS0l Gl o Sle QS
s 5 oot st dal, oKy, gl
oSl s) Slapaze il DLl &S 55 351 555
O Jsd) 2 b SLuaY culbks L

22 e SN (SIS il Al L S she



AR (F) 05land (TV) s IS0 9 oon (5998 9 ool (slasidngy @y puid

Table 3. Correlation coefficient between litter thickness and other variables.
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Figure 5. Fitted experimental cross semivariogram with exponential model for litter thickness.
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Table 4. Parameters of fitted experimental cross semivariogram of different models for litter thickness.
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Table 5. Evaluation results of different interpolation methods of litter thickness in the study area.

& S S RMSE MBE MAE %RI
Type Method Model

Geostatistical Cokriging Exponential 0.783 -0.0088 0.633 2.85
Geostatistical Cokriging Spherical 0.789 -0.00603 0.631 2.11
Geostatistical Cokriging Gaussian 0.791 -0.00679 0.629 1.86
Geostatistical Kriging Exponential 0.8 0.0146 0.653 0.74
Geostatistical Kriging Spherical 0.806 -0.0144 0.652 0.00
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Deterministic LPI Quartic 091 0.0302 0.746 -12.90
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Figure 6. Litter thickness map of Arabdagh region produced by co-kriging method.
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Abstract

Background and Objectives: Regarding the importance of litter thickness in the regulation of
microclimate and the physical, chemical and biological characteristics of soil, the regulation of
soil input and output exchanges and evolution and continuity of forest stands and investigating
its characteristics in planted forests and different environmental conditions, this study estimated
litter thickness and provided its spatial variability map through using and comparing the
different techniques of interpolation and geostatistics in Arabdagh area located in northeast of
Golestan province.

Materials and Methods: Litter thickness data were collected in 422 circular sample plots each
one with an area of 400 m’ using a systematic cluster network (400x600 m, each cluster
includes 5 plots with a distance of 100 meters) in different needle-leaved (Pinus brutia,
Cupressus sempervirens var. horizontalis, Pinus pinea, Pinus sylvestries), broad-leaved
(Zelkova carpinifolia, Carpinus betulus, Parrotia persica, Acer velutinum) and mixture of shrub
and herb stands (Cornus australis, Paliurus spina-christi, Punica granatum) then after an initial
analysis of the data in statistical software, their spatial and descriptive database was prepared in
GIS environment. In order to produce litter thickness thematic map, the efficiency of different
interpolation methods of EBK, OK, RBF, LPT, LDW and Co-kriging were compared.
Cross-validation was performed to evaluate the accuracy of different interpolation techniques by
the coefficient of determination (R?), mean relative error (MRE), mean bias error (MBE), mean
absolute error (MAE) and root mean square error (RMSE).

Results: The results of this study showed that the highest thickness of the litter was in the
natural broad-leaved stands and the lowest thickness was in Cupressus arizonica plantation in
the study area. Also, in the broad-leaved group, the pure Zelkova carpinifolia forest type had the
most changes (1.09 cm) while Carpinus betulus forest type had the lowest standard deviation
(0.27 cm) and had almost a constant thickness. In the needle-leaved group, the Pinus brutia
forest type showed the most variations in thickness of the litter. The results of this study showed
that the Co-kriging interpolation method with the exponential (0.783), spherical (0.789) and
Gaussian (0.791) models using the auxiliary data of basal area per hectare and with least squares
error and the highest coefficient of determination had better capability in spatial distribution
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interpolation of litter thickness in Arabdagh region compared to kriging (0.8 to 0.817) and
deterministic models (0.875 to 1.05).

Conclusion: Due to the effect of litter thickness on some stand and habitat factors such as
regeneration, soil quality and infiltration and the severity of some common natural disturbances
in the region such as fire and considering the results of this study, the Co-kriging interpolation
method with the exponential and Gaussian models due to the accuracy of the results can be
more effective in determining the litter thickness of forest stands as well as managing similar
stands and afforestation plans compared to other methods.
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