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The subject of the study is the processes of assessing indirect anthropogenic loads in the
catchment area of river basins by applying a point scale of desirability using the method of
constructing a generalized indicator. The purpose of the article is to develop a
methodological approach to assessing indirect anthropogenic loads in the catchment area
of river basins based on the generalized Harrington desirability function. The objective of
the article is to analyze existing approaches to assessing indirect anthropogenic loads in the
catchment area of river basins, methodological aspects of using the generalized desirability
index and justification for using the generalized Harrington function. The developed
method for assessing indirect anthropogenic loads on the territory of the catchment area of
river basins makes it possible to avoid an additive integral assessment indicator and can be
used to solve many problems, and is also applicable for territorial organization and
management of water use.
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1. INTRODUCTION

In the natural system, the activity of the catchment area of river basins is defined as a
spatial basis for population and nature management, performing environment-forming and
ecological functions. However, over several millennia, with the emergence and formation of
populations in the catchment areas of river basins with different conditions and directions of
economic and political development, their attitude to water has changed. In modern
conditions, river basins perform not only a runoff-forming function, but also a function of
recycling return waters formed in the process of municipal and domestic water supply,
industrial and agricultural water consumption, which has become the reason for
manifestations of anthropogenic load, the danger of which has led to irreversible changes in
the ecosystem of the watershed.

In this regard, in modern water management studies there are various approaches to
assessing anthropogenic impacts on the catchment area of river basins, where the entire set
of anthropogenic impacts is conventionally divided into direct (organized), caused by water
intake and wastewater discharge, and indirect (mediated), associated with economic activity
on the catchment area of river basins.

There are a large number of works on the assessment of direct anthropogenic impact
within the catchment areas of river basins using integral criteria, among which the works of
should be highlighted M. Falkenmark [1], P. Raskin, P. Gleick, G. Pontius, K. Strzepek [2],
V.1. Danilov-Danilyan , K.S. Losev [3], I.A. Shiklomanova [4], A. Boulay, J. Bare, L.
Benini, M. Berger, I. Klemmayer, M. Lathulliere, P. Loubet, A. Manzardo, M. Margni and
B. Ridoutt [5], Zh.S. Mustafayev [6], in which an attempt is made to assess the water
availability of the territory and the population using the Falkenmark indexer (CMF),
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sustainability index (SI), water resources utilization coefficient (WRUF), indicator of
specific water availability of the population (SWSP), indicator of specific water availability
of the territory (SWST), indicator of «water stress» (IWS) and complex indicator of specific
water availability of the catchment area of river basins (CISWS).

One of the fundamental directions for assessing direct anthropogenic impact within the
catchment areas of river basins is the direction developed in the works of J. Hernandez-
Bedolla, A. Solera, J. Paredes - Arquiola, M. Pedro-Monzonis, J. Andreu, S. T. Sanchez -
Quispe [7], Simon Damkjaer, Richard Taylor [8], M. Karamouz, P. Mohammadpour, D.
Mahmoodzadeh [9], R. L. Oxley, L.W. Mays [10], N. N. Kourgialas, G. P. Karatzas, Z.
Dokou, A. Kokorogiannis [11], Felipe I. Arreguin-Cortes, ]. Raul Saavedra-Horita, J.
Manuel Rodriguez-Varela, Velitchko G. Tzatchkov, Petronilo E. Cortez-Mejia,
Oscar J. Llaguno-Guilberto, Arizabeth Sainos-Candelario [12], B. D. Moyle, D. B.
Weaver, S. Gossling, C. L. McLennan, A. Hadinejad [13], O. Salehie, T. B. Ismail, S.
Shahid, M. M. Hamed, P. Chinnasamy & X. Wang [14], G. Sabia, D. Mattioli, M. Langone,
L. Petta [15], M. Jiang, Z. Wu, X. Guo, H. Wang, Y. Zhou [16], Zh. Mustafayev, A. Medeu,
I. Skorintseva, T. Bassova, G. Aldazhanova [17], Zh. Mustafayev, I. Skorintseva, A.
Toletayev, G. Aldazhanova, A. Kuderin [18] related to improving the modification of
sustainability indicators for integrated water resources management based on the ecological,
environmental and hydrological integrity of river basins swimming pools.

When solving multi-criteria problems, indirect anthropogenic impacts on the
catchment areas of river basins associated with the economic activities of the population,
industry and agricultural enterprises, including agriculture and livestock farming, which
have become an integral part of water resource assessments using various methods for
constructing a generalized indicator, are also taken into account.

For the first time, the basic principles of assessing the indirect anthropogenic load on
landscapes, based on environmental geography, were formulated by A. G. Isachenko [19],
where the quantitative measure of impact on them is determined in natural absolute or
relative (specific) indicators, within the framework of the density of industrial production,
emissions of harmful substances into the atmosphere, public roads, arable land, livestock per
unit area of agricultural land and population, and for each of the indicators an eight-point
conditional scale of intensity of anthropogenic load was adopted.

One of the fundamental directions for assessing the level of total anthropogenic load
on the catchment areas of river basins is the direction developed in the works of I. D. Rybkin,
N. V. Stoyashchev, N. Yu. Kurepin [20] of the Institute of Water and Environmental
Problems of the Siberian Branch of the Russian Academy of Sciences in the conditions of
Siberian regions for two groups of indicators of direct (immediate) and indirect (mediated)
impact, based on the methodology of A. G. Isachenko [19], using such indicators as
population density in the catchment area, industrial production density (according to S. V.
Odesser [21]), that is, the volume of industrial output in thousands of dollars per 1 km? of
production, as well as agricultural development, including plowing (%) and livestock load
(the number of conventional heads of cattle (cattle) per 1 km?), which were tested in the
basins of the Ob, Irtysh, Yenisei and Angara rivers.

The total indirect anthropogenic load was defined as the arithmetic mean of the
demographic, industrial and agricultural points, with a distinction made between agricultural
(plowing) and livestock loads [20], where the intensity of the load for each of the indicators
was adopted as an eight-point conditional scale based on the methodology of A. G.
Isachenko [19]:

- population density (people/km?): low or absent (1 point) - 0.00, very low (2 points) -
<0.10, low (3 points) - 0.20...1.00, low (4 points) - 1.10...5.00, average (5 points) -
5.51...10.00, high (6 points) - 10.10...25.00, high (7 points) - 25.10...50.00 and very high (8
points) - >50.00;
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- industrial production density (thousand dollars/km?): insignificant or absent (1 point)
- 0.00, very low (2 points) - <0.35, low (3 points) - 0.36...3.50, low (4 points) - 3.60...35.00,
average (5 points) - 36.00...105.00, high (6 points) - 106.00...140.00, high (7 points) -
141.00...170.00 and very high (8 points) - >170.00;

- ploughing (%): low or absent (1 point) - 0.00, very low (2 points) - <0.10, low (3
points) - 0.20...1.00, reduced (4 points) - 1.10...5.00, average (5 points) - 5.10...15.00,
increased (6 points) - 15.10...40.00, high (7 points) - 40.10...60.00 and very high (8 points)
- >60.00;

- livestock load (conventional heads of cattle/km?): insignificant or absent (1 point) -
0.00, very low (2 points) - <0.10, low (3 points) - 0.20...1.00, reduced (4 points) - 1.10...2.00,
average (5 points) - 2.10...3.00, increased (6 points) - 3.10...6.00, high (7 points) -
6.10...10.00 and very high (8 points) - >10.00.

Thus, when assessing the anthropogenic load on the catchment areas of river basins,
A. G. Isachenko [19], I. D. Rybkina, N. V. Stoyashcheva [20] mainly used a linear point
scale of varying length, and as a function of the generalized indicator they used an additive
convolution, which allows comparing different alternatives based on objective data and
taking into account their interaction with each other.

Based on the development and deepening of natural scientific ideas about
mathematical modeling of multifactorial technological processes, which include the
assessment of indirect anthropogenic loads on the catchment area of river basins, Zh.S.
Mustafayev [22; 23] developed a mathematical model that allows aggregating many factors
into a single indicator, based on the geometric mean equation, which is one of the classical
Pythagorean means, and has the following form:

AIAL; = All; = \J/ITIL  AAC; = JTTL | [1 — exp(—AIDC;)], (1)

where AIAILis the indicator of aggregation of types of anthropogenic loads or All;is
the indicator of total anthropogenic loads; AAC; = 1 — exp(—AIDC;) - relative values of
the level of anthropogenic loads or the coefficient of anthropogenic activity.

Application of the geometric mean equation, which is one of the modifications of the
desirability function Harrington, for solving multi-criteria problems in the context of
assessing indirect anthropogenic loads on the territory of the catchment area of river basins,
makes it possible to theoretically substantiate the path of modernization of this
methodological approach.

Thus, the conducted comprehensive studies show that one of the tools for creating a
mathematical model for assessing indirect anthropogenic loads on the territory of the
catchment area of river basins is the so-called desirability function proposed by E.
Harrington [24], which allows for bringing the real values of their parameters into a single
dimensionless numerical scale with fixed boundaries from 0 to 1 and the subsequent
mapping of private quantitative scales into generalized scales of quality criteria.

The aim of the study is to improve the methods for assessing the types of indirect
anthropogenic loads on the territory of the catchment area of river basins based on the
multidimensional Harrington desirability function, based on multiparameter data on
economic activity in spatial and temporal aspects.

2. MATERIALS AND METHODS

The methodological basis of the research is the materialistic theory of scientific
knowledge, which is the basis modeling, analysis and synthesis based on long-term
information and analytical materials on economic activities in the catchment area of river
basins.

The methodological basis of the study is the generalized desirability function of
Harrington [24], which has become a useful tool in the field of nature management [22, 23],
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engineering [25], chemistry [26], ecology [27], geography [28], economics [29],
management [30], and, where various methods of constructing a generalized indicator are
used to solve multi-criteria problems, that is, the Euclidean concept, linear and nonlinear
objective function in optimization problems.

To solve this problematic task, a technique of qualimetric evaluation of optimization
indicators can be used, using the mathematical apparatus of the generalized Harrington
desirability function, where each parameter has its own physical meaning and its own
dimension. The construction of this function is based on the transformation of abstract values
of particular indicators of various physical nature into a single dimensionless numerical
desirability scale with fixed boundaries from 0 to 1, allowing them to be presented in the
form of a generalized scale of quality criteria in a strict interval range: from 0 to 0.20 («very
bad»); from 0.20 to 0.37 («bady); from 0.37 to 0.63 («satisfactory»); from 0.63 to 0.80
(«good»); from 0.80 to 1.00 («excellent») [7].

3. RESULTS AND DISCUSSION

Quantitative assessment of indirect anthropogenic load on the territory of river basin
catchment areas, as a spatial basis for population and nature management, is a necessary
element in the development of a monitoring system and territorial organization of water use.

To assess the indirect anthropogenic load on the catchment area of river basins, one
can use the properties of the Harrington desirability function, which to some extent models
the activity of river basins as a spatial basis for population and nature management.

Based on the proposed methodological approach, based on the generalized desirability
function of E. Harrington [24], where average geometric desirabilities were used to assess
indirect anthropogenic loads on the catchment area of river basins, according to the
following mathematical expression:

AIAL = All; = [T AACZ, 2)

where AIAI; is a generalized indicator of a comprehensive assessment of
anthropogenic load or impact in the catchment areas of river basins; AAC;is the desirability
function for types of anthropogenic load in the catchment areas of river basins; a is the
significance or weighting coefficient of types of indirect anthropogenic loads; nis the
number of types of indirect anthropogenic loads.

The generalized indicator of the integrated assessment of anthropogenic load or impact
on the catchment areas of river basins ( AIAI,) is defined as the geometric mean desirability
indicator ( AAC;), for each assessment indicator, within the framework of population size,
volume of industrial production, area of agricultural land and number of domestic animals.

The totality of anthropogenic load and impact on the catchment area of river basins
(AIAI), obtained on the basis of aggregation of many factors into a single indicator in
relative values ( AAC;), which is based on the desirability function, where, with one-sided
or two-sided restrictions, is determined by the following exponential equation:

AAC; = 1 — exp(—MDCIAL)), ©)

AAC; =1 — [exp — exp(—MDCIAL))], (@)

where MDCIAL; — coded value of the density of types of indirect anthropogenic
loads.
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Basically, the tendency of changes in indirect anthropogenic loads in the catchment
area of river basins occurs with a unidirectional change in the indicator, that is, the limitation
is one-sided, and then it is advisable to use unilateral restrictions.

The density of demographic ( PD;), industrial ( ID;) and agricultural, with a
distinction made between agricultural (plowed) ( DAI;) and livestock ( DIF;) loads, is
determined by the following expression:

DAL; = AAl;/AAD;; DIF; = CNI,/AAD;, ©6)

where PS is the population size, people;IPV; - volume of industrial production,
thousand dollars; AAI- area of agricultural land (plowed area), km?; CNI;- conditional
number of domestic animals, converted to the number of cattle in administrative divisions,
conventional heads; AAD;- area of administrative divisions, km?;

The coded value of the density of types of indirect anthropogenic loads (MDCIAL;),
characterizing the relationship of the time-varying density of population (PD;), industrial
(ID;) and agricultural, with a distinction made between agricultural (plowing) (DAL;) and
livestock (DIF;) loads to its optimal value, is determined by the following expression:

MCPD; = PD;/ODDA;; MCPD; = ID;/ODI;; @)

MCALD; = DAL;/ODAL;; MCDDA; = DIF;/ODDA;, (8)

where MCPD; is the modular coefficient of population density; ODDA; - optimal
population density; MCPD; - modular density coefficient of industry; ODI; - optimal
industrial density; MCALD; - modular coefficient of agricultural land density; ODAL; -
optimal density of agricultural land; MCDDA; - modular density coefficient of domestic
animals; ODDA,; - optimal density of domestic animals.

At the same time, the scientific substantiation of the optimal density by types of
anthropogenic load in the system «population - industry - agricultural land — livestock» is
one of the important environmental indicators, in which the catchment area of river basins
retains the ability to function almost indefinitely without abrupt changes in their structure.
If we consider the scale of intensity of anthropogenic load on catchment areas of river basins
proposed by I. D. Rybkina and N. V. Stoyashcheva [31], within the framework of the criteria
«insignificant (absent) - very low - low - reduced - average - increased - high - very high»,
we can see that the permissible measure of deviation from the normal state is within the
limits of «reduced-average», which enables the system to exist stably in these conditions and
which can be eliminated by the system itself over time:

ODDAL = (PDmini + PDmaxt)/leDIl = (IDmini + IDmaxl-)/Z; (9)

ODALl :( DALmini + DALmaxl)/Z, ODDA,_ = (DIlenl + DIFmaxi)/Z’ (10)

where PD,,;,; - is the minimum population density, people/lkm?; PD,,,,;- is the
maximum population density, people/km?; PD,,;,;- is the minimum density of industrial
production, thousand dollars’lkm?, PD,,,,; - is the maximum density of industrial
production, thousand dollars/lkm?; DAL,,;,;- minimum density of agricultural land, %;
DAL,,,.; - maximum density of agricultural land, %; DIF,,;,;- minimum density of
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domestic animals, conventional heads/ km?; DIF,,,,; - domestic animals, conventional
heads/ km?.

Harrington desirability function is based on the idea of transforming natural values of
particular responses into a dimensionless scale of desirability or preference for assessing
indirect anthropogenic loads on the catchment area of river basins (Table 1).

The proposed methodological approach to assessing indirect anthropogenic loads on
the catchment area of river basins, based on the generalized desirability function of E.
Harrington, allows assessing and comparing anthropogenic loads from linear-area sources
of indirect anthropogenic loads in spatial and temporal aspects using digital technology.

Table 1
Number of intervals of the Harrington desirability scale for assessing indirect anthropogenic loads in the catchment area of

river basins

Desirability | Intervals of values of the desirability function | Desirability | Intervals of values of the desirability function

Minor 0 Average 0.475...0.743
Very low <0.024 Increased 0.744...0.941
Low 0.025...0.095 Tall 0.942...0.988
Reduced 0.096...0.474 Very high 0.989...1.00

4. CONCLUSION

The application of the generalized Harrington desirability function as an integral
indicator for assessing indirect anthropogenic loads on the catchment area of river basins is
considered, which makes it possible to avoid an additive integral assessment indicator.

The proposed methodological aspects of assessing indirect anthropogenic loads on the
territory of the catchment area of river basins, based on the Harrington desirability function,
make it possible to take into account the multifactorial nature of the controlled parameters,
without being tied to specific units of measurement, and to reflect the result in the form of a
single numerical value with a linguistic assessment.

The model for assessing indirect anthropogenic loads on the territory of river basin
catchments, firstly, reflects general trend modeling of a technological process based on
digital technology, secondly, the adaptability of the model to specific task scenarios is
becoming a key area of research, thirdly, it is a universal tool, where for each indicator the
assessment is maximally consistent with the objective relations to which the corresponding
indicator is subordinated, and can be used to solve many problems, and is also applicable
for territorial organization and management of water use .
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TYMIH CO3JIEP

ABCTPAKT

©3CHHIH Cy)XHHay analsl,
JKaHaMa TeXHOTEHIIK
JKYKTeMenepai Oaranay,
XappHHITOH JKaINbUIAMAIBIK
(bYHKIHACHI,

Oaramnay OipJIiri.
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XKi6epinmi: 22.06.2025
Kaiira kapanasr: 24.09.2025
Kaosumannasr: 29.09.2025
Kapusmangsr: 08.10.2025

3epTTeyne MoHI - KaimbllaMa KOpPCeTKIIITI Kypy OSAICiH MaijajaHa OTHIPHIIN,
MaKcaTThl OaIIBIK OIpJiriH KOJJaHy apKbLIbl ©3€H aNaNTapblHBIH Cy JKHHAY
amabpl ayMarblHIOA >KaHAMa TEXHOTCHHIIK JKYKTemelnepi Oaramay xyieciH
Kypy.MakanaHblH MakcaTbl - XappHHITOHHBIH JKaJIbLIaMajblK KOJaHIBUIBIK
(OYHKIMACBIHBIH HETi3iHAE ©3¢H allalTapblHBIH Cy JXKHHAY allaHblHA TYCETiH
JKaHaMa TEXHOTCHIIK O KYKTeMeJepAi OaramaynblH OIiCHAMANBIK TOCLTIH
a3ipriey.MakanaHbIH MakKcaThbl ©3¢H aJlalTapbIHBIH CY JKHHAY alaHblHA jKaHama
TEXHOTEHMIK  JKYKTeMenepai  OaFamaynblH  KOJNOAHBICTaFBl  TOCULAEPIH,
JKaJIbUIAMaJIbIK KOJAaWIbIIBIK KOPCETKIIIIH NaiaaaanyJbIlH 9liCTeMEeNIK Heri3iH
JKoHe XappHHITOH JKallMbulaMaliblK (YHKIMSACHIH TNMaiaaHyIblH Heri3ieMeciH
Tanaay Oouiblll TaObLIagbl. ©O3€H alanTapblHBIH Cy JXMHAY ainalObl ayMarbIHIa
JKaHaMa TEXHOTEHJIK JKYKTeMenepil Oaranayra apHJIBIN o3ipJEeHTeH Jici
KOCBHIMIIIA UHTETPAIBIK Oarajay KepCeTKIlIH KapacThlpMayFa MyMKiHIIK Oepeai
JK9HE KOITEreH MacelleNiep i ey YIIiH naiiiananyra 60aapl, COHBIMEH KaTap
CyZBI Nalianany bl ayMaKThIK YHBIMIACTHIPY jKoHe OacKapy YIUIiH Ie KOJIaHyFa
0Oo0JIabl.

METOJAUKA OIEHKHN KOCBEHHBIX AHTPOIIOI'EHHBIX
HAI'PY30OK HA TEPPUTOPUAX BOAJOCBOPA PEYHbBIX
BACCEMHOB C UCHTIOJIb30BAHUEM OBOBIIEHHOHN

O YHKIHUU KEJATEJIBHOCTU XAPPUHI'TOHA
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KJ/IFOYEBBIE CJIOBA

ABCTPAKT

BOIOCOODP PEUHBIX OaCCEHHOB,
OILICHKA KOCBEHHBIX
AQHTPOIOTeHHBIX Harpy3oK,
06o6uieHre GyHKINH
XappuHITOHA,

IIKaJIa OLlCHUBAHUS

Ilo craTne:

[TonmyueHo: 22.06.2025
[Tepecmotpeno: 24.09.2025
[Tpunsito: 29.09.2025
Ony6mukoBano: 08.10.2025

[lpeameroM  nccienoBaHMs — SBISIOTCS — HPOLIECCHI  OINEHKHM  KOCBEHHBIX
AQHTPOTIOTEHHBIX HAarpy30K Ha TEPPUTOPHUH BOJOCOOpa PEUHBIX OACCEHHOB ITyTeM
NPUMEHEeHNsT OajUIbHOM IIKANBl JKEJNATENbHOCTH C HCIOJIBb30BaHHEM METoa
MOCTpOeHHsT 0000IIeHHOrO ToKa3zarens. llenpio craTbu SBISETCS HA OCHOBE
0000IeHHOH  (YHKIMH  JKeNaTeJbHOCTH  XappHHITOHa  pa3paboTaTh
MCTO}II/I‘IeCKI/Iﬁ IoAX0J K OICHKE KOCBCHHBIX AHTPOIIOTCHHBIX HArpy3oK Ha
TEPPUTOPUHU BOLOCOOpa peyHBIX OacceWHOB. 3ajada CTaThH COCTOMT B aHAIIM3E
CYIIECTBYIOIUX IMOAXOA0B K OIICHKE KOCBCHHBIX aHTPOIIOTCHHBIX HArpy3oK Ha
TEPPUTOPUN  BOJOCOOpa PpEUYHBIX OAcCCeHOB, METOAMYECKHX  AaCIeKTOB
UCTIONIb30BaHMs OO0OOIIEHHOrO TII0Ka3aTelsl JKeNaTelbHOCTH M O00OCHOBAaHHE
UCTIONIb30BaHMsl 0000IIeHHOH (GyHKIMKH XappuHITOHa. PaspaboTaHHBIH MeTon
OLICHKH KOCBEHHBIX aHTPOIIOT€HHBIX HAarpy30K Ha TEPPUTOPUH BOJOCOOpa PEUHBIX
OacceHOB JaeT BO3MOXHOCTh M30€XaTh aJJUTUBHOIO HMHTErPAbHOTO
MOKa3aTesIst OLIEHKH M MOJKET OBITh MCIIOJIb30BaHa JUIsl PELIeHUs MHOTHX 3a1ad, a
TaKke NPUMEHUMa W ISl TEPPUTOPHAIBHOW OpraHu3alud M yIpaBICHUS
BO/JIOTOJIb30BAHUEM.
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