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Extended Abstract
Introduction: The Zagros forests, as one of Iran's most important forest ecosystems, play a crucial role in preserving

water resources, carbon storage, and biodiversity. Soil moisture in these forests is vital for ecosystem stability,
groundwater recharge, vegetation growth, and erosion control. However, accurately measuring soil moisture across this
vast and challenging terrain is difficult due to its extent, inaccessibility, and high costs. Consequently, advanced
interpolation methods like Kriging have become essential for creating soil moisture maps and managing environmental
resources. Nevertheless, selecting the optimal Kriging method under varying topographic and climatic conditions
remains a research challenge that requires further investigation.

Materials and Methods: This study involved collecting 60 soil samples from depths of 0 to 15 cm across different
forest zones with varying canopy densities (open and closed), in both northern and southern aspects, and at three
elevation classes (1750-1850 m, 1850-1950 m, and 1950-2050 m) within the Zagros forests. Various Kriging methods,
including Ordinary Kriging, Simple Kriging, and Universal Kriging, were utilized to estimate and map soil moisture
distribution across the region. The primary objective of employing these three Kriging methods was to compare and
determine the most accurate approach, aiming to achieve precise soil moisture distribution estimates based on limited
sampling data and to minimize estimation error. Model accuracy was evaluated using statistical metrics, including Root
Mean Square Error (RMSE), Mean Absolute Error (MAE), and Coefficient of Determination (R2). In this evaluation,
models with lower RMSE values were considered more accurate for estimating soil moisture spatial distribution.
Results and Discussion: The results indicated that slope aspect and canopy density significantly influenced soil moisture
content (P < 0.05). The highest soil moisture content, approximately 12.46%, was observed in areas with closed canopy
and northern slopes, which was significantly greater than that in open canopy areas and southern slopes, suggesting the
protective effect of closed canopies in retaining soil moisture. Furthermore, comparison of interpolation models revealed
that Simple Kriging with a linear variogram had the best performance on northern slopes, achieving the lowest RMSE
value (0.79), indicating the effectiveness of this model in conditions where soil moisture distribution exhibits a linear
dependency on spatial location. Conversely, on southern slopes, Ordinary Kriging with an exponential variogram
provided higher accuracy, with an RMSE value of 0.44. This finding suggest that in conditions with greater moisture
complexity and nonlinear variation, employing an exponential variogram and Ordinary Kriging can yield improved
interpolation results.

Conclusion: This study strongly emphasizes the critical importance of selecting the correct variogram models and
interpolation techniques, which are specifically suited to the unique characteristics and features of a given region. The
results clearly demonstrate that employing a single, fixed interpolation method across all areas does not necessarily yield
the most optimal results. The choice of the appropriate interpolation method can have a significant impact on improving
the accuracy of soil moisture predictions and estimations. For example, in areas with more uniform variations and
relatively stable conditions, simple Kriging with a linear variogram proves to perform better, while in regions with more
rapid and significant changes over shorter distances, ordinary Kriging with an exponential variogram results in higher
accuracy and better performance. Therefore, it is highly recommended that researchers take into account a combination
of various optimal interpolation methods, carefully considering the climatic, topographical, and vegetation
characteristics of the region. This methodical approach can greatly assist in reducing estimation errors, improving the
precision and reliability of soil moisture maps, and ultimately enhancing the management and preservation of natural
resources and forest ecosystems. Additionally, this study underscores the importance of conducting a thorough and
precise analysis, along with the careful selection of suitable statistical methods, in order to achieve more accurate
predictions of soil moisture conditions, which play an essential role in sustainable natural resource management and
environmental conservation, particularly in forested and ecologically sensitive regions.
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Figure 2- Mean comparison (£ standard error) of soil Moisture in different elevation classes, aspects
(north and south), and two canopy cover types (open and closed); non-identical letters in the columns
indicate a significant difference at the 0.05 level
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Table 2- Parameters of the nugget effect and sill for the fitted variograms
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Figure 3- Linear variogram fitted to the soil moisture data in the northern slope
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Table 3- Results of cross-validation for three Kriging variograms
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Table 4- Results of accuracy evaluation for three Kriging variograms with actual soil moisture values
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Figure 5- Soil moisture distribution map using Ordinary, Simple, and Universal Kriging methods in the

northern range

rroru e N rrovy L 2R N

rrovv avN



(A (plis adlaie 16,90 axlllas) o ST5 Sl S S Cugb, gbaosls obigye 10 Suon S Gl gl Jow oL, VYE

rrovy .

N FrorU ran N

o

Frovor FenN

LAPYVIMTE  iENTYA

1Y r"E AT S"E AT r-"E

TE etrAtvs"E

ENCPVIVLTE. ENYAYSTE anCrAlve"E

z Z sz ‘
¢ E Eof ;
§ F £ E E
z £ z z z
s = L
E £ £ F £
§ E E E
Zi = F = £
= E £ : £
S S 3 Pl Koy S
o et Ko S E t ”l"‘ﬁ_"j t t universal ord;:arv t
Kriging ordinary simple ordinary e i G
- g igh: 7.2315
-' High: 7.23152 5 2 - R z Zz -_ z
S— g OE i S| s =
B Low: 3.43077 E 2 T L3 44m 2 2 P s 2
N L PN Y SR Y VY £ B Lamoen : \A £ E ¥R R Y IS 94 E
- Fosks [ = — [OWD T o
ENCYVIPTE NPYA"SE YA r-"E ENVIVV"E. 1UPA-"E. VAP E NV r."E YA TE eCrA'r-"E
S aold 50 ple g ool (( Jgore ooz )5 o9, 4 S Cughy @ jei alds —F Sl
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