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1. Introduction

Conservation of natural forest ecosystems will require a land ethic as prelude to under‐
standing the functioning of forest ecosystems, ecological and physiological impacts of dis‐
turbances on ecosystems, and the processes involved in recovery of disturbed ecosystems.
Many of the harmful effects of pollution, fire, flooding, and soil compaction can be abated
by judicious planning measurements to create and perpetuate the critical components of for‐
est stand structure and species composition. Strategies for continuous production of the
products and services that can be supplied by forest ecosystems will need to be reinforced
by expanded long-term research and close cooperation among various disciplines such as
forest biologists, social scientists, economists, and regulatory government agencies [17].

Nowadays, multi-objective planning is necessary in forestry because of increased and varied
demand for forest products and services. Management objective such as production of qual‐
ity potable water, carbon stocking, aesthetic, recreation and community health in forest es‐
pecially adjacent to big cities are of great importance. Forests have managed to produce
wood products at various diameters and quality classes as the society demanded overtime
[24]. Afterwards, the importance of these objectives has gradually diminished and over‐
whelmed by other management objectives such as conservation of water resources, preven‐
tion of soil erosion, carbon stocking, creation of landscape aesthetic, camouflaging military
facilities and allocation of land for recreation [2]. The forest values on be grouped as static
and dynamic forest values (Figure 1).
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Figure 1. Classification of Forest values [23]

2. Soil Erosion

Erosion, the detachment of soil particles, occurs by the action of water, wind, or glacial ice.
Such 'background' soil erosion has been occurring for some 450 million years, since the first
land plants formed the first soil. Only erosion caused by water will be considered here. Wa‐
ter related erosion occurs when raindrops, spring runoff, or floodwaters wear away and
transport soil particles. Erosion is a complex natural process that has often been accelerated
by human activities such as land clearance, agriculture, construction, surface mining, and
urbanization.

Soil erosion by water and wind affects both agriculture and the natural environment, and is
one of the most important of today's environmental problems. It isn't easy to find compre‐
hensive information about erosion, as the subobject is multidisciplinary involving geomor‐
phologists, agricultural engineers, soil scientists, hydrologists and others; and is of interest
to policy-makers, farmers, environmentalists and many other groups.

Schumm and Harvey [32] believe some of the terms used to describe erosion are misleading.
Normal erosion and geologic erosion are often meant to imply pre-agricultural conditions of
low erosion rates, whereas accelerated erosion and historic erosion imply greatly increased
erosion rates caused by man. Because of the great variability in natural erosion both spatial‐
ly and temporally at present and throughout geologic time, neither concept is correct. They
prefer the term natural erosion for normal and geologic erosion, and the term man-induced
erosion for accelerated and historic erosion.
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3. Forest Management and Soil Erosion

All forest management activities affect soils, with effects ranging over a continuum from
nearly none where the activity is minimal to large. To foster communication, a threshold
should be established above which effects merit attention and below which further consider‐
ation is not justified. The magnitude of that threshold varies with the state of knowledge,
about forest dynamics and must include recognition of uncertainty. Failure to identify
thresholds inhibits communication to a wider audience and even among ourselves [12].

There are two kinds of effects of forest management on soils. The first, direct effect is an al‐
teration of soil properties such as an increase in bulk density following passage of heavy
equipment. Soil scientists generally agree on those direct effects; recognition of those altera‐
tions is literally axiomatic. The second effect of management on soils is indirect; a change in
site productivity due to alteration of soil properties. Some of those secondary effects are ob‐
vious enough that can be considered corollaries. Specific studies and personal and vicarious
experience have led to this worldview. Conversely, some of the indirect effects of manage‐
ment on soils are not as clear, and can be considered postulates. The distinction between axi‐
oms, corollaries, and postulates is often in the eye of the beholder, and depends on
interpretation of both published reports and personal observations. Papers that support a
position are evaluated differently than those in opposition. I offer no excuses for bias; "For
every expert, there is an equal and opposite expert" [6].

Erosion is a natural process, but one whose rate and extent is exacerbated by forest manage‐
ment [36]. Most emphasis on erosion has been directed towards its effects on water quali‐
ty and fish habitat, but because it involves displacement of soil, the growing medium, erosion
also can affect site productivity [21]. However, forest management activities are necessary
parts of forestry, and there may be minimal control over the circumstances under which
they are carried out. Alterations of soil physical properties are extensive, immediate, and
their effects in reducing productivity are well-documented. Chemical and biological prop‐
erties of soils are also changed by management activities, but the effects on productivity are
less well-documented and of longer term; their influence is not clear. Historical evidence
shows that forest ecosystems are dynamic and resilient. Assessment of the consequences of
changes in properties must recognize that shifts in preferred species should not be equa‐
ted with changes in productivity, and that short-term effects,  measured by the length of
most experiments or observations, may not be indicative of long-term effects [12].  Accu‐
rate assessment of the effects of its change, however, is likely to continue to be obscured by
the influence of the many other elements that also affect forest productivity [40]. At our
current state of ignorance, a reasonable approach may be a simple sensitivity analysis that
uses  spatially  based  techniques  (geographic  information  systems)  and  reasonable  esti‐
mates of effects of the many factors that affect forest productivity to develop an impres‐
sion of changes in soil productivity [12].

Use of more sophisticated simulation models implies greater knowledge than we currently
possess. Both ethical and economic considerations demand good stewardship with profes‐
sional accountability for our natural resources. Extensive forest management, if carried out
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with both wisdom and prudence, is not antithetical to good stewardship. "All of us have
vested interests in making forest management a wise and efficient use of resources. Soil in‐
formation can immeasurably help us be good stewards of the land" [12].

4. Soil Loss Characterization

Characterization of soil loss is very important for environment and natural resources. In
erosion control  planning,  soil  loss estimates for a particular site  are determined using a
prediction model and compared with a T-value for that site [31]. The Universal Soil Loss
Equation (USLE) is an example of a model used extensively to predict erosion from crop‐
lands and rangelands. More recently, the Agricultural Research Service, Forest Service, and
the Bureau of  Land Management have joined in a cooperative effort,  the Water Erosion
Prediction Project (WEPP). WEPP has been implemented to develop an improved model
based on modern technology for estimating soil erosion by water. WEPP technology is based
on fundamental hydrologic and soil erosion processes and is designed to replace the wide‐
ly used USLE [8].

Until recently, prediction of soil loss rates on National Forest lands involved using the USLE
[8, 22]. Soil losses were evaluated in the context of potential soil losses, natural soil losses,
current soil losses and tolerable soil losses. Potential losses were those that would occur af‐
ter complete removal of the vegetation and litter. Natural losses were associated with the
potential natural vegetation community. Current losses were those occurring with current
management. Tolerable loss was assumed to be the rate that can occur while sustaining in‐
herent site productivity [8].

The Universal Soil Loss Equation (USLE) is a widely used method for calculating annual soil
losses, based on rainfall, runoff, slope, runoff length, soil type and landuse parameters. The
equation originally developed on small agricultural plots, but has been adopted for evaluat‐
ing erosion from large watersheds under a wide range of land uses. [41]

A R K L S C P= ´ ´ ´ ´ ´ (1)

where A represents the soil loss, commonly expressed in tonnes ha-1 year-1. R refers to the
rainfall erosivity factor, calculated by the summation of the erosion index EI30 over the peri‐
od of evaluation. EI30 is a compound function of the kinetic energy of a storm and its 30-
min maximum intensity. The latter factor is defined as the greatest average rainfall intensity
experiences in any 30-min period during a storm. K is the soil erodibility factor reflecting the
susceptibility of a soil type to erosion. It is expressed as the average soil loss per unit of the
R factor. L is an index of slope length, S is a slope gradient index, C is an index for the pro‐
tective coverage of canopy and organic material in direct contact with the ground. It is meas‐
ured as the ratio of soil loss from land cropped under specific conditions to the
corresponding loss from tilled land under clean-tilled continuous fallow conditions. Finally,
the protective factor P represents the soil conservation operations or other measures that
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control the erosion, such as contour farming, terraces, and strip cropping. It is expressed as
the ratio of soil loss with a specific support practice to the corresponding loss with up-and-
down slope culture [41].

Soil loss rates have been generally estimated in agricultural areas up to now. Various USLE
and GIS combinations have been used to estimate soil loss in forest land [25]. But in this
kind of studies, soil loss was determined by quantitatively. For example; in study realiz‐
ed in Taiwan estimating watershed erosion using GIS coupled with the USLE in agricul‐
tural areas. Furthermore a WinGrid system was developed to calculate slope length factor
(L) in USLE [4].

Samar [30] developed three soil loss prediction models (WEPP, EPIC, ANSWERS) and used
them for simulating soil loss and testing their capability in predicting soil losses for three
tillage systems (rigde-till, chise-plow, and no-till). In other study (leave a space after point),
USLE and GIS combination were used to predict long-term soil erosion and sediment trans‐
portation from hillslopes to stream networks under different climate conditions and forest
management scenarios. Soil erosion was predicted by the USLE watershed level. The GIS
utilities are employed to calculate total mass of sediment moving from each cell to nearest
stream network [35]. Mısır et al. [25] developed a soil loss model applicable for forest man‐
agement scenarios for forested areas in northern Turkey.

Forest values including soil protection function need to be determined quantitatively in
multi-objective forest management planning. Relationships between soil loss and stand
structure on a particular must be determined before incorporation of soil protection values
into multi-objective forest management plans.

5. Soil Loss Estimation

The soil loss expressed as ton ha-1 year-1 is determined using the Universal Soil Loss Equa‐
tion (USLE). Soil samples are collected from sample plots and analyzed in a laboratory for
soil properties including; silt %, sand %, clay %, organic matter %, and classes for structure
and permeability. The soil erodibility factor K values of soil samples are calculated using the
following equation [41]:

1.14 42.1 10 (12 ) 3.25 ( -2) 2.5 ( -3)
100

M OM S PK
-´ ´ ´ - + ´ + ´

= (2)

where OM is soil organic matter content, M is (%silt + %very fine sand)x(100-%clay), S is soil
structure code and P is permeability class. If soil organic matter content was greater or equal
to 4%, OM was considered constant at 4%. Moreover, the influence of rock fragments on soil
loss was accounted for by a subsurface component in the soil erodibility K factor [29]. The
rainfall erosivity was differently obtained from average annual rainfall erosivity map for
countries or locations.
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The slope length factor L, accounts for increases in runoff volume as downslope runoff
lengths increase. The slope stepness factor S accounts for increased runoff velocity as slope
stepness increases. These factors were obtained from digitized topographic maps of scale
1:25 000.

For direct application of the USLE a combined slope length and slope stepness (LS) factor
was evaluated for each sample plots as [1]:

0.5 2(0.0138 0.00965 0.00138 )LS l S S= ´ + ´ + ´ (3)

where l is runoff length (meter), S is slope (percent).

Crop and management factor is the soil loss from an area with specified cover. C is a func‐
tion of landuse conditions such as vegetation type, before and after harvesting, crop resi‐
dues, and crop sequence. Forest management practices create a variety of conditions that
influence sheet and rill erosion. The USLE has been used with varying degrees of success to
predict these forms of erosion on forest land. Assigning a proper value to cover-manage‐
ment factor (C) in the USLE is a problem, however. An undisturbed, totally covered forest
soil usually yields no surface runoff. What erosion does occur on undisturbed forest land
comes from stream channels, soil creep, landslide, gullies, and pipes, none of which are
evaluated by the USLE. Logging, road building, site preparation, and similar activities that
disturb and destroy cover expose the soil to the erosivity of rainfall and runoff [41].

Tree categories of woodland are considered separately:

1. undisturbed forest land,

2. woodland that is grazed, burned, or selectively harvested, and

3. forest lands which have had site preparation treatments for re-establishment after har‐
vest.

Factor C for undisturbed forest land may be obtained from Table 1 [9].

Percent of area covered by canopy of

trees
Factor C

100 – 75 0.0001 – 0.001

70 – 45 0.002 – 0.004

40 – 20 0.003 – 0.009

Table 1. Factor C for undisturbed forest land

The conservation practice factor P, is determined by the extend of conservation practices
such as strip, cropping, contouring, and terracing practices, which tend to decrease the ero‐
sive capabilities of rainfall and runoff. Values of P range from zero to one.
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6. Data Analysis and Modeling

The candidate variables modeling are numerous and diverse. Hartanto et al. [14] classified
such variables in four groups: Soil characteristics, physiographic properties, climatic proper‐
ties and stand characteristics. The candidate variables of soil loss models can be divided in
to two groups:

1. measures of physiographic structure and

2. measures of the stand level of structure and density.

Altitude, exposition, aspect, slope and exposure length have been used as measures of phys‐
iographic structure. Mean height, mean diameter, crown closure and stand density may
have been used as measures of the stand level of structure.

Several possibilities exist to describe stand density. Hamilton [13], Ojansuu et al. [26], Van‐
clay [38], Thus [37], all of whom used BA, and [3], who used N, have provided examples of
models with stand density parameters as explicatory variables in modeling. Since N and BA
were directly determined, and did not rely on functional relationships, as opposed to vol‐
ume (V), different stand density indexes [7, 28, 10, 5] may be tested.

The soil loss model should be applicable to different stand structures. Therefore, all varia‐
bles must be tested. Based on the discussion above, the following soil loss models have been
generally hypothesized:

0 1 1 2 2 3 3Â S S Sb b b b= + + + (4)

where S 1 is the physiographic structure (altitude, exposition, aspect, slope and exposure
length), S 2 is the stand structure (d̄ q, h̄ qand crown closure) and S 3 is the stand density.

Relationship between magnitude of soil loss obtained from sample plots and stand charac‐
teristics have been used to model soil protection value one of the forest values for quantify‐
ing soil loss by using linear, nonlinear, mixed linear and mixed nonlinear procedures in
Regression Analysis Method The significance of parameter estimates was tested by means of
t=b/ASE, where b is the parameter estimate and ASE is the asymptotic standard error. The
parameters of the model for data have been determined using a software package (e.g. SPPS,
SAS). Only were variables which are significant (P<0.05) included in the equation. A soil loss
model is constructed based on some site and stand characteristics as a predictor and possi‐
ble insignificant predictor are excluded. The predicted variable in the soil loss model is an‐
nual soil loss amount, which resulted in a linear or nonlinear relationship between the
dependent and independent variables. The predictors of a soil loss model were chosen from
stand level characteristics as well as their transformations. Some of them had to be signifi‐
cant at the 0.05 level without any systematic errors in residuals. The assumption of homo‐
scedasticity has been tested using the Durbin-Watson test.
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7. Model Validation

The soil loss model was evaluated quantitatively by examining the magnitude and distribu‐
tion of residuals to detect any obvious patterns and systematic discrepancies, and by testing
for bias and precision to determine the accuracy at model predictions [39, 33, 11, 20]. Rela‐
tive bias and root mean square error have been calculated as follows:

( )
1

ˆ
n

i i
i

A A
Bias

n
=

-
=
å (5)

( )2
1

ˆ
n

i i
i

A A
RMSE

n p
=

-
=

-

å (6)

where n is the number of observations, p is the number of parameters in the model, Ai and
Âi are observed and predicted soil loss values, respectively.

In addition, the models were further validated by an independent control data set. The vali‐
dation of a model should involve independant data. Data were partitioned in two independ‐
ent groups, one for model development of soil loss estimation and the other set for
validation. The data set used for model development of soil loss eestimation comprised ap‐
proximately 80% of the plots, while the remaining 20% of plots were used for validation. Al‐
though the number of sample plots determined for development of soil loss estimation was
made relatively large in order to provide sufficient data for model development phase, the
number of sample plots in the test data still should be large enough for validation and ap‐
propriate statistical test. The deviations between predicted and observed values were tested
by Student’s Paired-t test or Wilcoxon test.

8. Sample size

The size of sample plot for sampling can be an advantage or disadvantage to model soil loss.
A plot size of 800 m2 means that a relatively large number of the trees are not affected by the
forest conditions outside the plot. In other words, a relatively number of trees is affected by
the forest conditions inside the plot. In this kind of studies plots that might have been sub‐
jected to any harvesting operation between the measurements were excluded from the data
material because of insufficient information about treatments. If the harvest on these plots
was a result of “regular” management practices, there were no problems related to the ex‐
clusion [37]. However, if the harvest was a result of an extraordinary situation (i.e. floods),
exclusion of the plots may have lead to an underestimated soil loss amount.
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9. Uncertainty

There are many sources of uncertainties related to large scale forestry analyses in general,
e.g. related to the inventory of input variables used as basis for the analyses [e.g. 16], to
model errors of the numerous functions used for predictions [e.g. 15], to the stochasticity of
future condition [e.g. 18, 27] and to the stochasticity of future prices and costs [e.g. 34, 19].
Thus [37], as long as the soil loss models are unbiased, they will not introduce any substan‐
tial change with respect to the final uncertainty of large scale forestry analyses.

10. Conclusions

Soil loss is an important variable which is used for multiple forest management planning.

Measuring soil loss is costly; however, foresters usually welcome an opportunity to estimate
this function (forest value) with an acceptable accuracy. Missing soil losses may be estimat‐
ed using a suitable soil loss equation. Based on a comprehensive data set which includes very
different stands, such soil loss equation should be fitted for a major tree species in complex.

The stand position and stand density measures used in this kind of studies and variables
entered to the soil loss model are easily obtained and are available in forest inventories. In
summary, the suggested or developed soil loss models improve the accuracy of soil loss pre‐
diction, ensure compatibility among the various estimates in a forest management scenario,
and maintain projections with reasonable biological limits.

Linear, nonlinear or mixed models for prediction of soil loss for stand level, designed for use
in large scale forestry scenario models and analyses, may been developed. Although soil
loss as a phenomenon is complicated to model, and in spite of several uncertain topics re‐
vealed from the work, the model fit and the validation tests may be turned out satisfactory.

Provided the many uncertainties of large scale forestry scenario analyses in general, soil loss
models seem to hold an appropriate level of reliability, and we feel that it can be applied in
such analyses. This does not mean that the model cannot be enhanced, however. With new
rotations of permanent sample plots measurements, the models should be evaluated and, if
necessary, revised or calibrated.
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