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Land valuation is based on numerous principles, among which the principle of
residual productivity plays a leading role. According to this principle, the current
land value is determined by the residual income from its possible future use in the
future, taking into account the costs and the time required to obtain this income. In
addition, the residual productivity principle is fundamental in revealing the immanent
uncertainty of land valuation due to the multiplicity of its value, each of which will be
true in assumptions and false in other cases.

The application of this principle in the land valuation has become constitutional
in the formation and development of its methodological apparatus.

The article discusses the evolution of land valuation methods based on the
residual productivity principle — from traditional extraction methods and residual
capitalization to discounted cash flow methods — and analyzes the main advantages
and limitations of their use in valuation practice. The necessity of moving from
deterministic to stochastic cash flows models and supplementing them with optional
pricing models, which best reflect the modern understanding of the residual nature of
land value and taking into account its inherent uncertainty, has been proved.

Keywords: residual land productivity, uncertainty, deterministic and stochastic

cash flow models, optional pricing models.

Formulation of the problem. Valuation, including the estimate of value, is

based on numerous principles that reflect the nature of the asset, the external



conditions of valuation and the characteristics of the valuer. Adherence to these
principles not only effectively organizes the process of analytical research, but also
serves as a strong argument for the validity of the valuation and the reliability of its
results.

One of the most common principles in valuation practice is the principle of
surplus productivity or residual productivity. It is used in selecting the highest and
best use, in assessing the economic feasibility of investment projects, in estimating
the value of real property with potential for development (including unfinished
construction properties; properties whose land improvements have already exhausted
their economic life; assets that do not have a market at the date of valuation but may
have one when used alternatively); as well as start-ups; intangible assets, real options
and, above all, land valuation.

According to this principle, the asset value being measured in its present
condition is determined by the residual income from its possible future use, taking
into account the cost and time required to obtain that income, which ultimately
determines the residual nature of the asset value. These requirements are fully met by
valuing the vacant land.

The understanding that the land value is explained by the benefits they derive
from its use has long been formed. Back in ancient times, landowners, filling in a tax
return, wrote that they expected to get a certain crop of wheat or grapes, so they
would pay such a tax for the land. And after David Ricardo's classic work, On the
Principles of Political Economy and Taxation (1817), which argued the derivative
nature of land value from the nature of its use, the residual productivity principle
becomes decisive in land valuation.

In this case, it is the residual productivity principle that is fundamental in the
disclosure of the immanent uncertainty of the land valuation, caused by the
multiplicity of its value indications, each of which will be true under one assumption
and false in other cases.

The uncertainty is inherent in any valuation. Disclosures of its nature, sources of

origin, methods of identification and measurement are devoted to publications of



domestic and foreign authors [1 — 7]. However, in the land valuation, where its causes
are systemic — objective, subjective and model — character, uncertainty, rather, an
attempt to overcome it, in our opinion, is a driving force in the formation of
principles and improvement of valuation methods and procedures.

The influence of the uncertainty of the land valuation on the evolution of its
methods has already been the subject of consideration in the authors' publications [8;
9]. Therefore, the main material of this article would like to focus on the problem of
implementing the residual productivity principle in land valuing methods.

Purpose of the study. Revealing the role of the residual productivity principle
in the evolution of methods for determining the land value.

Results of the study and discussion.

1. Premise of the land value. The land value is a measure of its utility. In other
words, in order for land to acquire value, it must be used or intended for use
(agriculture or forestry, development, etc.). In any case, it must be allocated to a
separate parcel, set rights and obligations in respect of it and be improved
accordingly, i.e. to turn it into a real property product.

It is precisely as a component of real property to land that supply and demand is
formed and it is in real property that the land acquires value, which determines by the
residual income from land use (from the sale of the created product) after deducting
all costs associated with its receipt, including the finance costs and the profit of the
entrepreneur [10, p.15].

It does not matter what is the subject of consideration — the land rent (annual
value) or the land value (capital value) — since both arise as a result of land use.

That is, the land use should be considered as the premise of the land value.
However, given that the land can theoretically have an unlimited number of uses, the
same parcel of land will be characterized by the different value indications, indicating
the objective nature of the land valuation uncertainty.

The objective nature of the land valuation uncertainty is related to the problem

of choosing the value indication, which was initially a legal and then an economic



solution in principle, in which the land, even if it is improved, is considered vacant

and open to the highest and best use that provides the highest land value.

Annual Value Capital Value
The land-use income The value of the completed
(product) real property
The cost of the created product The construction costs
The investor’s interest The finance costs
The entrepreneur’s interest The developer’s profit
The land rent The land value

Fig. 1 The residual nature of land value

Particularly acute, this problem arose when resolving the issue of the fair
amount of land seizure compensation. In particular, in the United States the principle
of highest and best use was legally enshrined in 1878 [11, p. 119].

The highest and best use is adequate from the point of view of market
participants and should be considered as the basis for estimating the market land
value, which can be paid not only by the specific buyer but also by its competitors. In
other words, to estimate the market land value, it is necessary to consider all possible
(existing and alternative) land uses from the point of view of achieving its maximum
productivity. However, those uses that require the complete release of the site from
existing improvements should not be excluded from consideration.

Note that the highest and best use is not determined based on the subjective
opinion of the landowner or user, developer or appraiser, but is formed by
competitive market forces and is limited to the established zoning plan with the
relevant land use regulations.

With the widespread implementation of zoning rules and requirements to
comply with them (in Ukraine this requirement is stipulated by the Land Code and
the Law of Ukraine "On Regulation of City Planning Activity"), the choice of the



highest and best use began to determine of the function and intensity of land use — the
main factors affecting its value. This gave the land valuation the necessary certainty,
excluding from the case of under-improved or over-improved real property (the
balance principle).

It is typical that in editions of the International Valuation Standards 2010°s, the
terms concerning the highest and best use as “the most probable use ..." were deleted
to emphasize the uniqueness of choice™.

2. Problem of the shared residual. The principle of residual productivity is
linked to another problem — the problem of shared residual, — which was pointed out

in the early nineteenth century by David Ricardo.

The value of the completed real property

The construction costs

The finance costs

The residual income to be distributed

The developer’s profit The land value

Fig. 2 The residual income to be distributed
The fact is that the residual nature has not only the land value, but also the
entrepreneurial profit, which together form the shared residual to be distributed
according to the interests of the landowner and the interests of the entrepreneur

(developer). This leads to the land valuation subjective uncertainty, since each party

! How, when land valuation, the requirement of IVS 2017 for the need to take into account not only the
existing legal restrictions on the use of the asset, but also the likelihood that these restrictions will change
[12, p. 32], will be considered later



will have its own judgment about the usefulness of the asset and act on its own
behalf.

It is considered that a competitive market helps to reach a compromise between
the interest of the entrepreneur and interest of the landowner by establishing a normal
profit and market land value, reflecting the viewpoint not of a particular person or
group of persons, but of all participants of the market.

Therefore, as early as the nineteenth century, the substitution principle and
methods of market comparisons — sales comparison and statistical market analysis —
began to be used in land valuation, and when market evidence was clearly

insufficient, they resorted to contingent valuation.

statistical market analysis — the absolute indication of the factors
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Fig. 3 The models of market comparison

Due to their transparency, minimization of assumptions and the possibility of
direct market confirmation, the methods of market comparison had obvious
advantages and quickly found their supporters among the land valuers. As a result,
two classes of valuing models, have been disseminated in land valuation: market
comparison and residual productivity.

3. Comparative and residual land value. The authors’ research shows that, in
practice, the sharing of market comparison and residual productivity models to
valuation the same site often does not provide a definite result, but defines a certain
land value range, set by the minimum possible value for the seller and the maximum
possible for the buyer, indicating model uncertainty of land valuation.

If the buyer's intended use does not meet the requirements of best and most

efficient use, then the residual value of the land will be less than the comparative



value of vacant land on the market, based on their best and most efficient use and
most likely the normal profit of the developer will not be received by the buyer.

If the market has not yet reacted to the emergence of new, more efficient, buyer-
provided use, then the land value on the market will be less than the residual land
value in an innovative development project, and the buyer can count on additional,

economic, profit.
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Fig. 4 The ratio of comparative and residual land value

Interestingly, almost fifty years ago, in 1971, Jean-Claude Dutailly came to the
conclusion that the final land price fluctuates between its market price and the
maximum price the buyer is prepared to pay based on the construction conditions: the
expected income from the erected building minus the costs for their construction and
other additional costs [13].

Therefore, the land value will reflect the parity of the buyer and seller's interests
only when the estimated development of the appraised site is similar to the
development of such sites and provided that market participants consider such
development to be the highest and best use.

The last point is important methodologically, since the market value is always
estimate based on the principle of highest and best use of the asset, and if the asset
has potential for development, then the value judgment of such an asset will always

be based on the concept of residual productivity. This is the paradox of land



valuation: when valuing land, the site is considered vacant, i.e. without improvement,
but to valuing the land, one must know how the site will be improved.

In fact, residual rather than comparative value gives an idea of the price that a
hypothetical buyer is willing to pay for the site that is able to provide a reasonable
profit for market participants, provided that it is improved accordingly.

It should be noted that International Valuation Standards [14, It. 50] contain
reservations regarding the use of the models of market comparison that will be
relevant to the valuation of standard vacant site, the intended use of which is similar
but will have limited use for vacant site, the proposed improvements of which are
heterogeneous. This is due to the fact that the number and set of variables that
characterize such assets at first glance, such as differences in permissible use,
differences in ground condition, infrastructure arrangements within and outside the
site, etc., make the comparisons unreliable.

4. Extraction and residual capitalization. In order to improve the reliability of
the land valuation results, along with direct comparison methods, the method of
comparing vacant land sales and the subdivision development method, indirect
comparison methods have been used: extraction method, allocation method, method
of residual for land and income distribution method, — that are aimed at estimate the
land value as part of real property, improved in the same way as is foreseen for the

vacant land being assessed.

the market of purchase-sale the market of lease
of the improved real property of the improved real property
The extraction method The method of residual for land
Io.
VLi - VOi _VBi VLi = R d _VBi
0
The allocation method The income distribution method
Ip. —Vp -Rp
Vi, =Vo, -(1-B;) Vi, =— RLI

Fig. 5 The land valuing methods in the composition of improved real property



Indirect comparison methods are based on data on sale or lease prices of
improved real property, which is more homogeneous than vacant site, but does not
guarantee the reliability of the results obtained. Their correct application requires an
adequate estimation of the value and cumulative depreciation of land improvements,
therefore, most experts recommend to consider the land parcel market whose
improvements have not yet been depreciated [11, p. 256].

The unreliability of the results also has a methodological reason: indirect
comparison methods base on the value of land improvements, ignoring the fact that
land improvements do not have a standalone market, and their value is determined
solely by the contribution to the value of improved real property. In addition, land
acquires value at the stage of real property development, when the function and
intensity of land use are formed, and at the stage of function, this value is only
maintained for a time when the existing use corresponds to the highest and best use.

Instead, extraction and residual capitalization methods are relevant and widely
used to valuing land improvements of functioning real property when land value is

already known.
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Fig. 6 Asymmetric valuation of physical real property components
This gives grounds to speak of asymmetric valuation of the physical real
property components, according to which the land value has residual character, which
corresponds to the residual productivity principle, and the improvements value is

contributory and is determined by the difference between the current value of



improved real property and the market land value at the highest and best use (the
contribution principle)

5. Cash flow modeling. Awareness of the spatiotemporal nature of real property
contributed to the formation of key assumptions system and the introduction of
investment and financial analysis methods based on modeling cash flows that reflect
the relationship between the land value and the value of the completed real property,
the construction cost, the finance costs and the developer's profit.

One of the first models of this type was the model proposed by W. Britton, K.
Davies and T. Johnson back in the 1960s [15], which first determined the value of the
completed real property, then — accumulated over the development period land
improvements costs and, finally, the residual for the purchase of the vacant land that
was discounted into the land value. At the same time, to take into account the gradual
realization of expenses for their compounding, the interest rate was applied for the
middle of the real property development period.

On the basis of this model, a whole the collection of deterministic continuous
and discrete cash flows models was developed, at which the land value began to be
estimate as the difference between the present value of the completed real property
and the present value of contracting work. As the discount rate began to be used

interest rates, which reflect the investor’s and developer’s interests.
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a) the cost of land acquisition and its improvement; b) the cost of land acquisition and its
improvement, taking into account their financing and the developer's profit;
c) the land value and the land improvements value

Fig. 7 Distribution of the real property development costs over time



The application of a particular type of model depended on the complexity and
duration of the projected development, as well as on the degree of detail required for
cash flows by component and period.

The continuous cash flow models have become widespread in the land
valuation, with a relatively small period of improvement (development) that does not
require a clear timing of payments, for example, in the valuation of site used for
annual crops.

Instead, the discrete cash flow models are best suited to valuing land for
building, which will last long enough and require a clear allocation of costs over
payment periods.

Regardless of the type of model chosen, their application was based on one of
two assumptions:

the inputs on the income from the completed real property and the costs
associated with that development based on the current values at the date of the special
assumption that land improvements have already been completed in accordance with
the plan and specifications adopted; or

the inputs to the income from the completed real property and the costs
associated with that development are based on the projected values at the date of

completion of the land improvement according to the plan and specifications adopted.

The Britton model
V, V. -(1+i)>

V. =
g 1+1
The continuous cash flow model The continuous cash flow model
_ ¥ —0.5r mV. -V

T A+

The concept development model

Vv, =PV, - PV,

Fig. 8 Determined continuous and discrete cash flows models



Thus, discounted cash flow models did not violate the residual productivity
principle, but required the relevant development risks to be considered:

if cash flows were based on current values and costs (implicit growth model),
the risk of their possible change between the valuation date and the development end
date should be considered,;

if cash flows were based on projected values and costs (explicit growth model),
then the risk of such projections should be considered.

6. Sensitivity of the valuation results. The use of discounted cash flow models
has another problem with the model uncertainty of land valuation — the high
sensitivity of its results to changes in input data, which some experts have questioned
the feasibility of using these models in the land value estimate.

Instead, the International Valuation Standards Council, without abandoning the
use of deterministic discounted cash flow models, proposes to supplement the result
with a sensitivity analysis to establish the scale of the valuation uncertainty [12].

The sensitivity analysis allows you to outline all the land value indications when
it is possible to change the benefits and costs associated with its intended use, which
indicate the extent of their uncertainty and not the probability of their achievement.
Therefore, in our view, deterministic valuing land value models should be
supplemented by stochastic cash flow models and thus obtain more holistic and
realistic results rather than the only land value indication for which it is unclear how
likely it is to be achieved.

Most often, the Monte Carlo method based on a simple random sample is used
to construct this type of models [16].

The stochastic discounted cash flow models allow for the use of uncertain data
and the plausible picture of possible results that have their statistical interpretation. A
probability density plot is used to graphically represent the possible distribution of
land values. In addition, if necessary, one can always go to the single indication of
the land value, the so-called deterministic equivalent — the sum of all the results

obtained, each of which is multiplied by its probability.
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where 0O; and ¢J; - the indications of casual rejections of the value
of the completed real property and of the annuitized construction
value accordingly;
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Fig. 9 The stochastic cash flow model

7. Option pricing models. The option pricing models are also focused on
determining a single value when the input data is volatile. The possibility of their
application in the valuation practice has been considered in the International
Valuation Standards since 2011 [17].

In land valuation, these models came into use in the 1980s. The most widely
used models are the Black-Scholes model, the binomial model and the Samuelson-
McKean model.

Typically, these models are considered as an alternative to discounted cash flow
models. However, such a contraposition, in our view, is inappropriate because it
neglects the spatiotemporal nature of real property.

The implementation of cash flow discounting to the optional pricing models
performed by the authors of the article significantly increased this models operational
efficiency. In particular, the Black-Scholes model has proven itself best for
determining the land value with high volatility of land-use income; binomial model
(Titman model) — for determining the optimum intensity of land use in the situation
of inversion of the highest and best use; the Samuelson-McKean model is for
determining the hope value as an element of market value that reflects the
expectations of market participants for a possible change in current legally permitted
use in the future [18].



The Black-Scholes model® can be used to estimate any asset that has the features
of a real option: the asset value is derived from the income that can be derived from
the use of that asset, and the size of the income itself tends to change constantly.

These traits are also fully inherent in land, whose income, even in a stable
market situation, will fluctuate all the time under the influence of external (natural or
social) conditions. However, the averaging of the expected income, which is
characterized by volatility, is not always justified, since this method ignores the
possibility of earning land-use income, which will be greater than its average level.

The Black-Scholes model is aimed at generating higher-than-average income. In
essence, this model is one of the applications of the partial differential method of
dynamically changing value in an effective market, that is, when any changes that
affect cash flow in the future immediately lead to a change in the market value of the
subject asset.

For the land valuation, the Black-Scholes model inputs will be the average and
the coefficient of variation in land-use income (the underlying asset), as well as the
cost and duration of contract work required to achieve that income, reflecting,

respectively, the price and exercise term of the option.

V, =PV, -F(z1)- PV, -F(z2)

where F(.)- the function of normal distribution for parameters:
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U - the coefficient of variation in land-use income;

T - the development period, years

Fig. 10 The Black-Scholes model

2 It was proposed in 1973 by Fisher Black and Myron Scholes to evaluate corporate interests,
the value of which depends on factors with a high level of uncertainty, based on the characteristics
of the probability dynamics of the factor parameters.



A key component of the Black-Scholes model, which distinguishes it from
discounted cash flow models, is the normal distribution functions, whose values
allow us to take into account the trend in land-use income (the value of the completed
real property) and, thus, reflect this probability range, and therefore the risk of land
acquisition. In this case, the land value will increase with increasing volatility of
possible land-use income.

The binomial model® is advisable to apply in an unstable market, when the prices
of completed real property can both rise and fall, which leads to the problem of
optimal intensity of building (or other improvement) of the site, since under such
conditions the level of intensity can be decisive when choosing the highest and best
use.

To address this, Sheridan Titman in 1985 proposed to evaluate urban land as a
development option. In his work, “Urban Land Price Under Uncertainty”, he wrote:
“The intuition being that a vacant lot can be viewed as an option to purchase one of a
number of different possible buildings at exercise prices that are equal to their
respective construction costs” [19, p. 505]. In this case, the optimal volume of the
building — the total area of the apartments being erected — will be determined by
future housing prices.

The binomial model applied by Sh. Titman is based on two assumptions:

1) in one interval of the time there can be only two variants of events — the worst
and the best;

2) developers are risk-neutral, meaning the likelihood of the best case scenario
complements the worst case scenario.

Graphically, this model can be depicted as a binary tree in one interval,
reflecting the probable changes in the value of the completed real property and the
cost of contracting.

Obviously, in such circumstances, the market land value can be defined as the
average risk-weighted probability of land values under the real property prices rise
and fall.

3 Proposed in 1979 by J. C. Cox, S. Ross and M. Rubinstein to evaluate financial options
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Fig. 11 Probable changes in the value of the completed real property and
the cost of contracting

Note that when achieving the highest and best use does not depend on the
change in land use intensity, the land value at the valuation date will have the same
indication as in a stable market situation, despite the fact that its value will increase
with positive shifts by the market of the improved real property and will decline with
negative trends. Therefore, the use of a binomial model is only appropriate in
situations where, within the allowed land use, there is an alternative to the scale of its
improvement (the so-called hedge ratio), and the justification of the justified

construction costs (strike price) is a condition of adequate valuing of the market land

value.
The optimal scale of the improved real property The strike price — the construction costs
(the so-called hedge ratio) (the negative value)
u d d u
gop _ Vi =V PV"P—H‘VL —d-V;
— o c =
p-(u—d) h-(u—d)

The market land value as the option price

V,=p-ST+PVZ

Fig. 12 The binomial model
The Samuelson-McKean model* was first used for land valuation in 1989 by

David Geltner to explain the dynamics of changes in existing land use [20].

* It was proposed in 1965 by Paul Samuelson together with his colleague Henry McKean to evaluate
the indefinite American warrants



Using this model, the requirement of 1VS 2017, mentioned at the beginning of
the article, to implement, together with existing legally permitted land use, the
possibility of extending or amending the current regulation may also be implemented.
In other words, when determining the land value, when the current zoning rules no
longer meet the expectations of market participants, the hope value to the new most
efficient use should be taken into account.

The concept of "hope value" is used in English valuation practice [21] and is
covered by European Valuation Standards [22, p. 24], where it is interpreted as an
element of market value that increases its indication compared to the value of current
highest and best use in the event of a potential transition to a new, even more
efficient, use.

In this situation, the market value of the land reflects only a fraction of the
residual value that the land could receive in the case at its best and most efficient use
in the future, since at the valuation date the latter is not yet allowed. Of course, there
Is a risk that the legalization of such use may take some, rather all in all, for a long
time, or not at all.

The Samuelson-McKean model, adapted by the authors to estimate the hope
value [18], is a system of equations that give an idea of the market land value with a
built-in development option: as the sum of the land value in the current highest and
best use and hope value (the first equation) and as a share in the residual land value in

the possible highest and best use (the second equation).

The market land value with a built-in development option

(1 mH _ pu H
V" =Vt 4V,

v = (py PVC)-(

u

Fig. 13 The Samuelson-McKean Model



The first equation reveals a market value structure with a built-in development
option that, like the value of any option, includes the intrinsic value (in our case, the
land value in the current highest and best use), and the time value (the hope value
paid for the transition possibility to a new, more efficient, use) [23].

The second equation reflects the market land value with a built-in development
option as a derivative of the expected benefits of land use in the possible highest and
best use and the construction costs required to achieve it. A key parameter of this
equation is the ratio of the gross development value to the value of the completed real
property, which is adjusted by the elasticity factor, which determines which part of
the residual land value at the possible highest and best use will correspond to the
market land value with a built-in development option.

Obviously, the use of the Samuelson-McKean model is justified, provided that
the land value in current use is less than the land value in possible use, which in fact
leads to the hope of the transition to such use. Thus, than higher the indication of the

hope value, the higher the probability of passing to the possible highest and best use.
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Fig. 14 Changing the market land value with a built-in development option
Theoretically, the option pricing models can be applied to valuing all types of
vacant and improved site that are being developed, especially when it comes to

choosing their highest and best use.



Conclusions. The land valuing methods and models discussed in the article have
in fact covered the entire history of professional valuation activities, during which
numerous valuation procedures for the determination of land value were formed,
based on the dominant economic theories at the time.

Despite the evolution and change in the priority of these methods, it can be
argued that in each of them, including market comparison models, the principle of
residual productivity has been implemented.

That is, the history of the development of valuation methods has confirmed its
methodological and theoretical capacity, so its implementation is relevant for
domestic valuation practices, which usually ignore the residual nature of land value
and the provisions of International Standards, according to which vacant land belongs
to the class of development property.

It is impossible to valuing land parcel that, by their physical parameters and
legal status, cannot be used except in conjunction with other parcels. All efforts to do
so are without merit and are indicative of a misunderstanding of the valuation subject.

This also applies to attempting to give an exclusive character in determining the
land value to the method of comparing vacant land sales without taking into account
such significant factors as the parameters of their future improvement. Obviously,
valuation models of market vacant land comparisons should be complemented
(directly or indirectly) by residual productivity models, which will make it impossible

to apply any fractional valuation of real property by physical components.
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Jpanixoscorkuu O. 1., Ieanosa I. b.

PEAJII3AIIA ITIPUHITHITY 3AJTHIHIKOBOI ITPOJAYKTHBHOCTI B
METO/AAX BUSHAYEHHA BAPTOCTI 3EMJIT

Oyinrosanns 3eMai IPYHMYEMbCA HA YUCTEHHUX NPUHYUNAX, ceped SKUX
NPOBIOHA POJIb HANeHCUMb NPUHYUNY 3ATUUKOB0I npodyKmusHocmi. Bionogiono 0o

Yb020 NPUHYUNY NOMOYHA 8APMICMb 3eMi 0eMepPMIHO8AHA 3ATUUWKOM 00X00Y GI0 il



MOACIUBO2O BUKOPUCMAHHS 8 MAUOYMHbLOMY 3 YPAXYBAHHAM SUMPAmM KOWMI6 i Yacy,
HEOOXIOHUX Ol OMPUMAHHA Ybo2o 00Xx00y. Kpim mozo, npunHyun 3a1UKo801
NPOOYKMUBHOCMI € OCHOBHUM ) PO3KPUMMI IMAHEHMHOI HEeBU3ZHAYeHOCMI OYIHKU
3emai, 3YMOBIEHOI0 MHONCUHHICIIO 3HAYeHb ii 8apmocmi, KOJCHe 3 AKUX Oyode
00CMOGIPHUM NPU OOHUX NPUNYUWEHHIX [ HENPABOUBUM 8 THUIUX BUNAOKAX.

3acmocysanns Yybo2o0 NPUHYUNY 6 OYIHYI 3eMJli CMAN0 KOHCMUMYMUGHUM )
Gdopmyeanti ma po3eumky ii MemoouuHo2o anapamy.

YV cmammi pozenanyma egonoyis memooié SU3HAUEHHS BapmMOCMmi 3eMili,
3ACHOBAHUX HA NPUHYUNI 3ATUUKOBOT NPOOYKMUBHOCHT — 8I0 MPAOUYIUHUX MemOoOi8
eKCmpaKyii ma 3anuuKo8oi xanimanizayii 00 mMemooie OUCKOHMOBAHUX 2POULOBUX
NOMOKI8, — mMa NpPOAHANi308aHI OCHOBHI nepesazu ma O0OMEeNCeHHs Wooo ix
3acmocysanus 6 oOyiHouHiu npakmuyi. Jloeedena HeoOXiOHicmb nepexody 8i0
0emepMIiHOBAHUX 00 CMOXACMUYHUX MOOeell 2POULOBUX NOMOKIE Ma OONOBHEHHS iX
MOOenAMU ONYIOHHO20 YIHOYMBOPEHHS, WO HAUKPAWUM YUHOM 8I000padicaomo
cyuacHe YVAGNeHHs NpOo 3AMUUIKO8Y HNpupody 6apmocmi 3emMai ma 6paxoeye
NpUMamanHy ii OYyiHyi HeBU3IHAYEeHICMb.

Kniwwuosi cnosa: 3anuwikosa npoOyKmusHicmb 3eMli, HEBUIHAYEHiCMb,
0emepMmMIiHO8aHi Mma CMOXACMUYHI MOOeli 2POuo8Ux NOMOKI8, MoOeli ONYiOHHO20

YIHOYMBOPEHHA.

Jlpanuxoeckuti A. U., Heanosa U. b.

PEAJTH3AITHA ITPHHITHITA OCTATOYHOMH ITPOJIYKTHBHOCTH B
METO/AX OIIPE/IEJIEHUA CTOUMOCTH 3EMJTH

Oyenka 3emau 0CHOBbIBAEMCSL HA MHO2OUUCTIEHHBIX NPUHYUNAX, CPeOU KOMOPbIX
8e0ywas poib NPUHAONEHCUM NPUHYUNY OCmamouHol npooykmusHocmu. CoenacHo
OAHHOMY NPUHYUNY MEKYWds CMOUMOCMb 3eMAU OemepMUHUPOBAHA OCMAMKOM
00X00a 0Mm ee 803MOANCHO20 UCNONIL30BAHUS 8 OYOVWEeM C YUemOoM 3ampam cpeocms u
8pemeHU, HeobX00UMbIX OJisl NOJyYeHus 3moeo 0oxoda. Kpome moeo, npunyun
0CMAamoyHOU NPOOYKMUBHOCMU SA61AeMCsl OCHOBHbIM 8 PACKPbIMUU UMMAHEHMHOU

Heonpe()eﬂelmocmu OUYEHKU 3eMJiu, 06yC]Z06]Z€HHOL7 MHOHCECMBEHHOCbIO 3HAYEHULL



ee cmoumocmu, Kaxcooe u3 Komopwix 6yoem 00CMo8epHbIM NPU OOHUX OONYUEHUSX
U JIOJCHBIM 8 UHBIX CYUASIX.

Ilpumenenue 0anHo20 NPUHYUNG 8 OYEHKe 3eMIU CMAL0 KOHCIUMYMUBHbIM 8
Gdopmuposaruu u pazeumuu ee MemoouyeckKo20 annapamad.

B cmamve paccmompena s6onroyus memooos onpeoenenusi CmoumMocmu 3emu,
NOCIMPOEHHbIX ~ HA ~ NPUHYUNe  OCMAMOYHOU  NPOU3BOOUMENbHOCU  — O
MPAOUYUOHHBIX MEMOO08 IKCMPAKYUU U OCIMAMOYHOU KANUMATUAYUU K MemOoOam
OUCKOHMUPOBAHHBIX OCHEHCHbIX NOMOKO8, — U NPOAHAIUSUPOBAHBI OCHOBHbBLE
npeuMywecmea U O02pPaHuyeHus Nno Ux MNPUMEHEeHUI0 8 OYEHOUHOU NpPAaKmuKe.
Jloxazana neobxooumocms nepexooa om OemepMUHUPOBAHHBIX K CIOXACMUYECKUM
MOOCNSIM ~ OCHENCHBLIX NOMOKO8 U  OONOJHEHUS. UX MOOCIMU  ONYUOHHO2O
YEeHOoOPAa3068aHUs, KOMOpble HAULVHUUM O00pPA30M OMPANCAIOM  COBPEMEHHOe
npeocmasieHue 00 OCMAMOYHOU NPUPooe CMOUMOCMU 3eMAU U VHUMbIEAIOM
npuCyuyio ee oyeHke HeonpeoeieHHoChb.

Knioueevle cnosa: ocmamounas npooykmusHOCMb 3eMIU, HEONPeOeleHHOCb,
0emepMUHUPOBAHHbIE U CMOXACMUYECKUEe MOOeIU OCHENCHbIX NOMOK08, MOOeu

ONYUOHHO20 L;eH006pa306aHzm.



