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ABSTRACT

Calculation of complex evaluation of land drainage plots (ME criteria) is carried out on the base of Saaty
pairwise comparison method [2, 14-20]. In the case this method involves pairwise comparisons of 4 criteria (TC,
EC, SC and ECC) to create a ratio matrix. It takes as an input the pairwise comparisons and procedures the
relative weights as output. Specifically, the weights are determined by normalizing the eigenvector associated
with the maximum eigenvalue of the ratio matrix.

Complex evaluation of land drainage plots is carried out for two special cases:

1) in case of ecological criterion is more important;

2) in case of economical criterion is more important.

The use of method of multi-criteria assessment for definition the index of multiple evaluations allows
creating integrated description of current state of the drainage areas.
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1. Introduction

The data published by FAO in December 2010 had shown that the food price index in the world has
reached the highest value for last 20 years (215 points) [1]. Moreover, existing growth of the population demands
doubling of food production in nearest 25 years and there are all preconditions for the beginning new crisis, and
first of all, it will be expressed in increase of the food prices in the world market [1]. Thereupon it increases
efficiency of investments into food production. Tendencies in climate changes are those, that climatic conditions
in the North-West of Russian Federation will become more favourable.

Therefore the problem about renovation and returning drainage lands with the drainage systems in an
unsatisfactory condition (they demand repair) into agricultural food productions is actual. This problem demands
the balanced ecological-economic decision. As on the one hand abandoned drainage lands have adverse
influence on ecological conditions and the renovation will allow improving it. And on the other hand it is necessary
to provide correct functioning of drainage system that ecological conditions did not worsen. In the present work
we report the decision of the problem. The method for choice of agricultural land parcel with drainage system for
reconstruction on the basis of modelling in Geographical Information Systems (GIS) environment is presented.

2. Literature review

GIS are important tools for spatial planning. Spatial planning involves decision-making techniques that are
associated with techniques such as Multi Decision Criteria Analysis and Multi Criteria Evaluation. Combining GIS
with those techniques creates a powerful tool for spatial planning [2]. Another category of decision-making
techniques utilised in spatial planning is based on the application of fuzzy set theory [3]. The combination of GIS
with fuzzy set theory and deterministic models is known as GIS Fuzzy Modelling (GISFM). During the last few
years, several applications of this approach for spatial planning have been attempted. In particular, GISFM was
used for land suitability assessment in the process of agricultural experimentation [4]. Common problems of using
of fuzzy algorithms to support spatial planning had been discussed in [5].

Many elements of sustainable land use management planning have uncertainties on the one hand and
geo-located characteristics on the other hand. Uncertainty is inherent in processes of the planning, which involve
data and model uncertainty. It originates from the features of objects (variability, instability, etc) and also from the
way of obtaining data (measurement accuracy, processing error, quality of data source, etc). GISFM is a useful
approach for dealing with uncertainty and imprecision. Here common GISFM approach is illustrated on the base
of development of two fuzzy algorithms: one algorithm - for creation of complex criterion on the base of partial
criteria, and another algorithm - for evaluation of data quality.

GISFM approach was adopted for solution of the problem of investments allocation into worse agricultural
land parcel with drainage system that requires renovation. GISFM was applied for complex evaluation of land
drainage systems located in the suburbs of Saint-Petersburg agricultural area. The missing data about loads on
water bodies (rivers in region) by agriculture waste products from land drainage system is calculated and mapped
automatically by the use of the ecological model and software developed by authors. Complex evaluations of land
drainage parcel are carried out by fuzzy model with the use of four criteria (technological, economical, ecological
and social) for two special tasks: 1) ecological criterion is more important and 2) economical criterion is more
significant. The results show the opportunity of parcel ranging by criterion of fund efficiency. All results were
provided by measure of trust, which was created by GISFM.

3. The goal of the work

Assess land parcel with drainage system on four criteria (ecological, economic, social and technological)
and using GIS and fuzzy set theory and choose the one more land parcel suitable for renovation.

4. Material and methods

It is necessary to solve the problems of allocation of investment between drainage land parcels that need
renovations in the design of transformation of land drainage systems. In other words, each land drainage system
can contain some elements that need to be improved, and funds for their transformation and rehabilitation are
limited in most cases. Thus, it is necessary to solve the following problem: how to allocate the available
investment between these parts. Figure 1 has shown a structure of GISFM adopted for complex evaluation of
land drainage systems.
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Figure. 1: Structure of GISFM adopted for complex evaluation of land drainage systems

Combination of fuzzy modelling and GIS technology with process-oriented (or object-oriented) models and
expert systems creates a new opportunity for decision making. Methodological basis of complex evaluation of
land drainage parcels is the section of fuzzy set theory devoted to multi-criteria evaluation and choice of
alternatives [5]. Coefficients of relative significance of criteria are determined by the pairwise comparison method,
which was developed by Saaty [2].

In the process of planning to renovate a drainage system, it is necessary to assess the current state of
each land drainage plot and evaluations of land drainage systems for allocation of investment. In connection with
this, the problem can be defined as requiring the following:

— tocollect data sets;
— to estimate a measure of mistrust for gis database [6];

— to obtain missing data about loads on water bodies (rivers in region) by some contamination from
land drainage system;

— to obtain data about possible crop production on the land parcels, which will renovated;

— to carry out complex evaluation of land drainage systems for special cases when ecological
criterion is more important;

— to make similar analysis for other cases in which economical criterion is more important.
All these steps have been illustrated for a drainage system near Saint-Petersburg, Russia.

The missing data about loads on water bodies (rivers in region) by some contamination (products of
agriculture) from land drainage system is calculated and mapped automatically by the use model is based on the
regional recommendations [7]. This guideline has the relevant legal status that ensures a legal basis for usage by
local administration of the results of the model application. The model is intended for calculation of the amount
and concentration of pollutants transported into water objects from agricultural plots through drainage systems.
The model contains sub-models for nitrogen (NH4, NO3, NO2) and phosphorus (P). A whole load (L) from
agriculture parcel with drainage systems per year for any contamination is follow:

L=F(p,1s,dsq), 1)

p - precipitation per year (with probability 10, 50 and 95 percents); | - type of land use (arable land or not); s - soil
texture; d - type of drainage system (which determines a proportion between a drainage and surface runoff); sq -
area of agriculture plot.

We used argoecosystem soil-plant-atmosphere model AGROTOOL to obtain data about possible crop
production on the land parcels [8].
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5. Results and discussion

Application of GISFM was utilised for complex evaluation of land drainage systems located in the suburbs
of Saint-Petersburg agricultural area. GIS database was created with the use of the county plat maps, data of
land surveys, cadastre documents, etc. After creation of GIS database for drainage system a measure of mistrust
for all attributes has been set on the base of expert opinion, using appropriate fuzzy model. The integrated
measure of mistrust has been defined by the fuzzy operation named Fuzzy Algebraic Product [9].

Above-mentioned ecological model and AGROTOOL - a crop simulation model were coupled with GIS
using software developed by authors (figure 2). Land drainage parcels are introduced as alternatives and the four
criteria for evaluation of the parcels are defined as follows (all criteria are estimated by membership function for
fuzzy set "the best land drainage plots for investment"):

Economic criterion (EC): defines the economic efficiency of the use of fund for renovation. Thus, EC =1 if
the economic efficiency is high; EC = 0 if it is not.

Technological criterion (TC): defines the labour-intensiveness of the renovation. TC =1 if labour-
intensiveness is normal; TC = 0 if labour-intensiveness is greater.

Ecological criterion (ECC): defines the ecological effect of renovation. ECC =1 if the ecological situation
has improved greatly; ECC = 0 if it has not improved very much.

Social criterion (SC): defines as the human reaction. SC =1 if the human reaction is very strong; and SC =
0 if it is not.

Index of multiple evaluations (ME): defines the composite effect of the economic, technological, ecological
and social factors. ME =1 if land drainage parcel is the best for investment; ME = 0 if it is the worst.
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Figure 2: Loads (kg/year) on water bodies (rivers in region) by contamination from land drainage system: A,
B - load of P, C - total load of P; D, E - load of NH4; F - total load of NH4

Experts evaluate particular values for all criteria. In this case study, the economic and technological criteria
are described by a stepwise linear function [5, 10-13]. A social criterion is evaluated using linguistic values. The
approach is based on the observation that experts usually use linguistic constructs for the evaluation of ecological
and social situations. A five-point membership scale ranging from Absence to Very High values has been
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assigned. The expert's job is to evaluate each land drainage plot and then choose the most suitable linguistic
value to describe the evaluation of the ecological or social effects of the renovation. Ecological criterion is
evaluated using linguistic constructs and results of modelling.

Calculation of complex evaluation of land drainage plots (ME criteria) is carried out on the base of Saaty
pairwise comparison method [2, 14-18]. In the case this method involves pairwise comparisons of 4 criteria (TC,
EC, SC and ECC) to create a ratio matrix. It takes as an input the pairwise comparisons and procedures the
relative weights as output. Specifically, the weights are determined by normalising the eigenvector associated
with the maximum eigenvalue of the ratio matrix. Complex evaluation of land drainage plots is carried out for two
special cases: 1) ecological criterion is more important and 2) economical criterion is more important. The use of
method of multi-criteria assessment for definition the index of multiple evaluations allows creating integrated
description of current state of the drainage areas.

6. Conclusions

GIS Fuzzy Modelling (GISFM) is a new approach based on interfacing fuzzy and crisp modelling with GIS.
It is an appropriate methodology to support location choice and land suitability assessment, as demonstrated by
example of practical implementation to the problem of investment allocation into worse part of the land drainage
systems located in the Saint-Petersburg suburbs. The result has demonstrated the advantages of GISFM. In
particular, fuzzy models are modelling constructs featuring two main properties firstly, they can operate at the
level of linguistic terms (fuzzy sets); and secondly, they represent and process uncertainty. Using GISFM, it
possible to describe both subjective (knowledge-driven) and deterministic (data-driven) information. Also GISFM
is an effective tool for evaluation of the quality of attribute database. In particular, it has been show as all results
are provided by measure of mistrust, which was created by GISFM.
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OueHka 3eMernbHOoro y4yacTKa € APeHaXHbIMUN CUCTEMaMU AnNA UX
BOCCTaHOBJ1I€eHUSA

®.I'. TapaceBckuii’ , B.J1. BageHko’
@rb60Y Bl0O CaHkm-lNemepbypackuli 2ocydapcmeeHHbIl nonumexHudyeckul yHueepcumem, 195251, Poccus,

Cankm-lNemepbype, lNonumexHuyeckas, 29.

MHOPOPMALIUA O CTATbE UcTtopusa KnoueBble cnoBa

YK 332.28 lMopaHa B pepakumio 29 saHeaps 2014 3eMerbHbI y4acToKk;
OcpopmnienHa 21 mapTa 2014 [PEHaXXHblE CUCTEMbI;
CornacosaHa 22 mapta 2014 reo-MHOPMaLIMOHHLIE CUCTEMBI;

He4YeTKne MHOXeCTBa,
KOMMNJ1IeKCHadA OLUEHKa,

AHHOTALINA

PacueT KOMMMEKCHOW OLEHKM 3eMeribHbIX Y4acTKOB C JApeHaxHbiMu cuctemamun (ME kputepuam)
ocyllecTBsieTcst Ha ba3e Saaty meToga cpaBHeHUst nonapHo [2, 14-20]. B aaHHOM cnyyae 3TOT MeTo[ BKIoYaeT
napHele cpaBHeHust no 4 kputepusm (TC, EC, SC n ECC) ana co3gaHuns oTHoweHusa B Buae matpuubl. OH
NPUMHUMaeT B KadecTBe BBOAA NMapHble CPaBHEHWUs U OTHOCUTENbHbIE Beca B KadecTBe BbiBoda. B yacTtHocTw,
BECa OnpeaenstTca NyTeM HOpManuaaumMm COOCTBEHHOIO BEKTOPA, CBA3AHHOIO C MakCMMaribHbIM COOCTBEHHbLIM
3HayeHveM KoapduumeHTa MaTpuupbl.

KomnneKkcHylo oueHKy 3eMenbHbIX Y4aCTKOB C APEHaXHbIMU CUCTEMaM MPOBOAAT B ABYX YACTHbIX Criydasx:

1) 3KONOrnMYecKkni KpuTepun ABnseTcs bonee BaXKHbIM;

2) 3KOHOMWYECKNI KpUTEPUI ABNseTcs bonee BaXKHbIM;

Mcnonb3oBaHue meToaa OLEHKN MO MHOXECTBY KpUTEpPUEB ONSA onpeaeneHns MHOEeKCa MHOXECTBEHHON OLeHKM
no3BoMnseT co3gaBaTbh MHTENPMPOBAHHOE OMUCaHNe TEKyLLEero COCTOSHNS BOAOCOOPHbIX nnoLagen.

KoHmakmHbIl asmop:
+7 (981) 859 0736, 89213886908@mail.ru (Tapacesckuin dPununn Meoprmesnd, CTyOeHT)

+7 (952) 371 3922, jdkgerl@mail.ru (bageHko Bnagumup JlbBoBUY, 4.T.H., npodeccop)
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