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1. INTRODUCTION

Climate is not only condition system and resourfcagoicultural production, but risk factor as
well; variability of climate within and between ysaaffects significantly for agricultural
production. Unfavorable environmental conditionsnarrily are low or high temperature, and
lack of water or abundance of water, between tmtimental climatic relations of Carpathian
Basin. Extreme amount and distribution of moistsihews increasing tendency in Hungary,
and its negative effect manifests in the yield§edfl plants.

GIS, and within remote sensing gives significariptfer the performing of tasks related to
agro-environmental protection. Utilization of remlgtsensed data is one of the most modern
and the most effective tool of the observation anderstanding of the analysis of difficult
phenomena, which continuously vary in space anc tand that pass off in our direct
environment, and in spheres (soil, water, air),chvhare affected by agriculture, furthermore
the following and monitoring of the variation ofethdifferent environmental parameters.
Environmental modeling helps in understanding ofimmmental problems. Environmental
modeling, as an important part of agro-environmleptatection, and GIS became a well
prepared, accepted and applied area in researcpraaiice for these days, so the connection
of them is obvious.

Occurrence probability of extreme climatic phenomélong-term drought periods, floods,
gales) increased in space and time in HungaryeBifft climatic models show divers results
in respect of the repetition density of these phesma in the future. Correction of the
reliability of calculations needs such data souvdeich is able to supply input data on daily
level not only for climatic models, but for othealculations (hydrology, water management,
GIS etc.) as well.

Moisture is one of the most changeable environnheeliements. Spatial and temporal
distribution of moisture is exceptionally deterntima in respect of agriculture. The main
problem of the appropriate handling of rainfall alad the lack of groundbased rain gauge
stations; that is why measured data give reliablees only for the tight environment of the
extant weather station, but do not give consequémoemation about those areas, where
there are no rain gauge stations.

Density of weather stations decreased 150 km frOrkrb after system change in Hungary.
Data, supplied by these stations are not sufficfentthe measurement and forecast of
regional climatic anomalies, which is caused byrheroclimate of bigger cities or quickly

variable landuse. Groundbased data collection {jgyetvic, TDR, pF tensiometer) needs a lot



of time, cost, and the results will be pointwise n®t georeferred data. Dynamic changes can
be covered only by quickly freshened measurememdbdae, which covers the whole
examined area. Accordingly, examine of the uppemoaphere became necessary.
Meteorological balloons, than satellite images bexaeally appropriate for this task. The
earlier data shortage can be complemented by daggn from satellite images, since these
became useful instruments in the daily averagelasoisture estimation.

MSG-1 (Meteosat Second Generation) weather-foresatgtlite operated by EUMETSAT
(European Organization for the Exploitation of Metdogical Satellites) supplies data since
28" August, 2002. This satellite is appropriate fotadgetting with better quality, than the
universally prevalent NOAA AVHRR satellite imagdsgcause time of image creating is
oftener (15 minutes), examines more channels €@),its spatial resolution is better as well
(1 and 3 km). The satellites sense cloud covemirghumidity, air movements, and ground
temperature. The retrieved data characterize thealastate of the Earth; however these can
be used for weather forecast as well.

Data of MSG meteorological forecaster satellite sapply as an input for researches related
to agro-environmental protection. Thanks for thatowmous developments, local rainstorms
that threaten with disaster and other unexpectedradaafflictions can be forecasted with
some couple of hours. Inland water and flood endeetjareas can be observed continuously.
The more accurate exploration of the amount antla@and temporal distribution of one of
the environmental elements, - which is significamtevery scale, in my opinion -, the

moisture is indispensably important in the mirrbsostainable agricultural approach.
2. AIMS OF THE RESEARCH

For my assays, which are about the developmentatémresource management, area of
Hajdusag loess ridge, which is dry, and has caprgcimoisture distribution, but good water
management, was chosen. With my assays, regioral vesource management coordination
and local farm level intervention wanted to be blasEhe major scientific aims are the
following:

I. Creation of the regional complex water managementeptual model.

Il. Applicability assay of Digital Elevation Models ek on different interpolation

methods in the water management.

lll. Applicability assay of spatial interpolation metisdohsed on rainfall data.



IV. Applicability advantage assay of a water managemardel integration based on a
GPS based location determination and remote semsimgcision farming.
V. Assay of runoff relations by the use of Digital ¥&on Model.
VI. Applicability assay of METEOSAT satellite images the daily average aerial
moisture estimation:
a. Review of the processing method of METEOSAT saeelimages by GIS
softwares.
b. Performing statistical analysis on three channdisthe remotely sensed
images.
c. Determination of relative reflectance of METEOSATmages in the
environment of groundbased rain gauge stations.
d. Applicability assay of METEOSAT images in the daglyerage aerial moisture
estimation by the coherence assay of the data ainglbased rain gauge

stations.

3. MATERIALS AND METHODS

3.1. General characterization of the examined area

The area of the assays was the Hajdusag loess wviithen Hajduhat. Soil cover was
generated on loess sediment on Hajdusag loess Rdgdominant majority of these soils has
very good agricultural properties and productiviigin chernozem with lime deposit occurs
in major aerial part. This area is dry with cai@ moisture distribution; the annual amount
of moisture is 530-570 mm. The climate is modeyatghrm and dry, the mean-annual

temperature is 9,7-10C.

3.2. Planning of the regional complex water manageamt conceptual model

The annual average moisture amount of Hungary isenough for the secure production.
High rate of drought years requires the necessiirigation in such field cultures, like sugar
beet, potato, or sweet corn. Hajdusag loess ridgpoobr with water; water demand of
cropping on the excellent quality chernozem sdilghis area have to be ensured by irrigation.
Rise of the security of water supply requires thiegrated strategy of water demand- and
water resource-regulation in the future. The irdégnt water resource management is a good

frame in the planning of the accommodation to ctimehanges.



5 phase conceptual model of the complex water n@anagt system was created for the
researched area of Hajdusag loess ridge, whiclketermined basically by the integration to
uniform database of data realized during data ciddle and the well based decision support

system, which is lean on models and necessaryetmtérventions.

3.3. Process of the configuration of hydro-geoinfonation system

As a first step of the creation of the system, cempmlata recording was performed in the
Kaba production sector of the sometime sugar fact@astern Sugar Plc. One of the
milestones of the data recording was the assaheofjeneral production level. Data of the
altogether 15 farmers were integrated to a unifdatabase. Mapping of soil relations was
also performed. After this, data were totalizeddyners, than by cities.

Kaba production sector was covered by 39 maps,hwhigre georectified. In the maps that
were fit to projection, fields of those farmers tbe sugar factory were digitized, which
concerned to the 4 sub-sectors that have the dtiggeial extension (Bamazujvaros-, Ebes-,
Hajduszoboszlé-, Nagyhegyes-sub-sectors). Aredsattie next to each other and concerned
to the same farmer were blocked. The extant crapi@ohnological data together with data of
weather stations compose the base of the databaseest on relief and cadastre data, and
from which geoinformation system integrated in @ibform was created in unique thematic
vector and raster environment. The system was aegplwith the hydro-geodatabase in
possession of hydrological data.

In hydro-geoinformation system, farmers, who seppropriate data in quantity and quality,
were selected in the knowledge of crop lands, #ttibute tables of the concerned plots were
refilled with the data of registration. The creatgbdatabase was analyzed in ESRI/ArcMap,

and ArcView environment by modern GIS and stattmethods.

3.4. Assay of applicability possibilities of DigithElevation Models in water management
based on different interpolation methods

Digital Elevation Model of the 19 ha sample plot dajdusag loess ridge was created by
digitizing of the elevation points of two pieceslof0 000 topographic maps. TIN-model was
the base of the creation of slope-, aspect-, dighhding maps.

By smoothing the contour lines drawn from TIN-mqdsdtimation was performed by spatial
interpolation method in those points of the regiahjch had no elevation values. From the

interpolation methods, Kriging, Inverse Distanceigtieed, and Spline methods were applied.



For interpolation surfaces realized by kriging aiV techniques, slope-, aspect-, and
hillshading maps were created. After this, gecstiatianalysis was performed for the best
resulted interpolation technique.

3.5. Assay of spatial interpolation processes based rainfall data

Analyses were performed for the data of three dffe rainfall amount days (03.31.2006. —
12,3 mm; 11.04.2006. — 53,7 mm; 05.17.2006. — 166v0.

This assay oriented for the evaluation of spatmérpolation techniques, where different
spatial interpolation methods, based on the dath3ofain gauge stations, were compared.
Estimations, generated from the data of rain gaiggons, were performed with 30 meters
output cellsize. Interpolation methods, used indhksay are the following: Inverse Distance
Weighted — IDW (variable searching radius); splineerpolation (regulized and tension

option); kriging (ordinary: spherical, circular,mnential, Gauss, linear).

3.6. Remote sensing based on field size precisioater management

Water management system of a 19 hectare sugarfiegbton Hajdusag loess ridge was
analyzed. Agro-technological data was prepared ntGAS environment. Plant evaporation
surface was calculated by ADC AM100 type leaf aseanner in different phenological
phases, and parallel sampled and measured thd aotuaater content by TDR method in
every 0.2 m layers till 1.5 m depth. Locations ainpling were registered by GPS.

Sample points were selected by geostatistical atialy, which was based on 1:10 000 scale
digital elevation TIN model and digital soil mapEime-series were calculated from nine
different Landsat images that cover the sample ghat the full phenological period. NDVI
(Normalized Difference Vegetation Index) was cadtedl from the Landsat images.

Basic input of farm level irrigation models is tbmp coefficient (K), which can be defined
by the leaf area. In the knowledge of leaf aresgmitade of transpiration can be determined
depending on phenological changes. FAO CROPWATation planning and managing
program uses the climatic, soil characteristics water management attributes and data of
the given field as input parameters, and estimiiteby three points, but this estimation is
accused comparatively with big fault. With the helpthe software and the utilisation of
Penman-Monteith equation, reference crop evapgimat®n (ET,) can be calculated. Crop
evapotranspiration (EJ; is calculated by multiplying the reference cmmapotranspiration
(ETy), by the crop coefficient (K.



The value of the crop coefficient is between 03-depending on crop varieties, so its
average estimation error can reach the 200-300ifi6e She value of the actual crop water
requirement based on model sensitivity analysesertép on the actual value of;K
significantly, the error propagation influences tie&ability of the whole model. One of the
aims of my searches is the rise of the accuradhede parameters using remote sensing data
sources.

Considering runoff direction, the amount of effeetirain was calculated by D8 runoff
algorithm from the digital elevation model. Statiat and image analyses were performed by
different software packages. Principal componemaslyais was performed by SPSS 12
statistical program, and spatial statistic evabratby clustering was fulfilled by IDRISI
Andes and ENVI 4.2 softwares.

3.7. Assay of runoff relations by the use of Digit&Elevation Model

Knowledge of the directions of runoff is necesstoythe selection of drainless areas and
assignment of accumulation points. Start-up dawlmsthese tasks is the detailed digital
elevation model of the examined area. Digital Elieva Model of Hajdusag loess ridge
covered by 2 pieces of 1:10 000 topographic maps amated by digitizing of the contour
lines and elevation points of the maps. Shape,filesated in ESRI/ArcView 3.3 GIS
software were transformed XYZ form, than interpolation was performed with krigjirby
SURFER 8.0 software.

Slope- and aspect map of the sample plot was crdstehe program. By derivation of the
surface, accumulation map of the sample plot wademtom which location of convergent
and divergent areas can be determined. Calculb@sed on the rate of the terrain aspect-
variation measured in horizontal level. By the sita of those areas from the accumulation
map, where the water keeps gradually to the napitsin the surface, such map was created
that contains the inland-water sensitive areas.e¥Whaalance map, which is based on the
difference between inflow and outflow, was fulfdidy the interpolation of those values,

which were calculated for all cells of the contins®surface.

3.8. Daily average aerial moisture estimation frornemote sensing images

Visible (VIS, 2. channel), infrared (IR, 3. channelind water vapour (WV, 6. channel)
channels of 2 hourly imges were used for the dawgrage aerial moisture estimation
analyses from METEOSAT satellite images. For thHedation of estimation method of daily

average moisture values origins from remotely sgrisgages, daily rainfall data of six



weather stations located on the Great Hungariann P{®almazujvaros, Derecske,
Hajduszoboszlé, Kaba, Oroshaza, Szarvas) wereeabdlhe analysis was performed for the
21% August, 2006 and (8September, 2006 period, where rainfall estimatiomnigins from
groundbased rain gauge stations, were bring tohsyvith the rastered satellite remotely
sensed data. Georefering of satellite images wdsrped, than the further processing of
rectified images by IDRISI Andes GIS software.

For the comparison of average relative reflectaradees to rainfall data, pixel values around
the points that sign the six rain gauge stationsewaveraged on the satellite image by
channels. Average was also calculated from raimfath of the six groundbased rain gauge
stations and the values were used for the compatis@average pixel values on behalf of
further process. Diagrams were created from theogp@ate value pairs and the acquired
results were evaluated. Images of the differenhicbls were analyzed, principal components

analysis and regression-calculation were performed.
4. MAIN RESULTS OF THE THESIS

4.1. Conceptual model of regional water managemesystem
Regional complex water management conceptual medsl processed for the 23450 ha
research area located at Hajdusag loess ridgehwilds dissociated to 5 phases.

Phase 1: Planning of start-up state
After surveying of necessity, aims and tasks aterdened. Preliminary model conception is

perform considering model barriers.

Phase 2: Data collection, creation of database dath integration

This phase can be dissociated to the followingspgroundbased data collection (measuring
of soil, plant, climate, cropping technologies paeters); dynamic data realizing with remote
sensing (task is the performing of reliability paeters); collection of other information
(relating laws, regulation, organization data); evabalance creation (dynamism (moisture
distribution, - fluctuation, groundwater flow, vability of evapotranspiration, periodic
runoff)); surveying of the possibilities of irrigah; assay of irrigation strategies (for water
resource, time and cost); irrigation-modeling (CROAT).



Phase 3. Decision support system, processing efratives, running of model parameters
Decision-maker is helped by an established, compised system, which uses data- and
analysis models as a resource, for the water mamagenterventions, to be able to come to
the best decision from the direct intervention pumbtes. The three major elements of
decision support are information technology, euvatumatechnology and decision-makers.
Processing of alternatives is followed by runnirigrmdel parameters. Keep in touch with
professionals have huge significance during plasnnm assay is necessary, whether decision
making group is pleased with the prepared altereatiThe given answer for this question
shepherds the process of planning to two wayshdf dontact persons find the prepared
alternatives not appropriate, process of water g@amant planning have to be trace back to
the stadium of processing of new alternatives, @e@rmination of the project have to be
rethink, performing optimization and different aysds, and maintaining continuous
contribution by contact persons. Process of plaprsteps to fourth phase, in case of

complacency with the processed alternatives.

Phase 4: Processing of the detailed determinatioth@ project

During processing of the final phase, detailed metgation of the project is processing,
which is followed by the build and analysis of theodel. After analysis, conformation

parameters are planning. Parallel with model bogdand analysis, cost-, yield- and risk-
analysis is performing. Certainly, survey of funaing rules and models is performing before
model-building. After performing all these taskslestion of project plans is fulfilled, which

point means the end of feasibility assay.

Phase 5: Planning
Phase 5 is for planning, in which implementation start after resolving, than, action, next to

continuous monitoring.

4.2. Analysis and coherence assay of factors integed to hydro-geodatabase

Extent of fields of Kaba production sector in dimition of sub-sectors are the following:
Balmazujvaros sub-sector: 1904,4 ha; Ebes subss&8t,9 ha; Hajduszoboszlé sub-sector:
3991,5 ha; Nagyhegyes sub-sector: 834,4 ha.

After processing of the possessed cropping teclgredadata, evaluation of yield averages of
the similar production sub-sectors was performetl@mpared to nationwide yield averages

of year 2004. Yield averages of the eight majomppmg plants (sweet corn, fodder corn,



corns, sugar beet, potato, sunflower, rape, pulsesg processed. Results of farmers in this
sector passes the nationwide yield averages signifly in case of sugar beet and potato, and
lower rate in case of sunflower, corns and pulbes remained under in case of sweet corn,
fodder corn and rape. Sugar beet yield averageh®fetxamined farmers was 51,9 t/ha,
standard deviation was 6,71.

Survey was performed concerning to the extentrgjable fields of farmers (Figure 1). In
case of two farmers from the 15 in Kaba sector2d@ the whole are is irrigable. Also in
case of two farmers is the opposite, namely comustithat necessary for irrigation, are
missing. In case of the further farmers, more tB@#%6 of the whole area is irrigable by 7

farmers. Less, than 50% rate occurs only at founéas.
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Figure 1. Extent of irrigable areas in rate of thewhole area in case of farmers in Kaba production ssor

of Eastern Sugar Plc.

Pearson-correlation analysis was performed fomthagor cropping technologies parameters.
The considered factors were the following: yiel@m@age (t/ha); nutrient supply (N (kg/ha), P
(kg/ha), K (kg/ha)); soil disinfection (name of tleemical: Counter, dose: I/kg/ha); leaf
fertilization (Boron: name of the chemical: Solupdiose: I/kg/ha; MgS®© name of the
chemical: bitter salt, dose: I/kg/ha); irrigatiatoée: mm/ha).

As a result of correlation calculations by factaiirp, irrigation shows tight (r = 0,824, P =
5%) relation with the conformation of yield averag&gnificant coherence between yield
average and other factors could not be establidResult of correlation analysis support the

huge significance of irrigation on behalf of accetbigger yields.



4.3. Creating of Digital Elevation Model based onigitizing of elevation points

Digital Elevation Model was prepared for the examirl9 ha sample plot in Hajdusag loess
ridge by Triangulated Irregular Network (TIN) methowhich is based on the point-type
shapefile, which was created by digitizing of tHevation points of 2 pieces of 1:10 000
topographic maps. Slope-, aspect- and hillshadiagsmvere created for the TIN-model.
Elevation values can be considered to continuot&s type; hereby they are appropriate for
value estimation for those areas, which are nataiding with the sampling point set. These
unknown values can be calculated by the ambieniegalith the help of spatial interpolation.
As a comparison, Kriging (Figure 2.a), Inverse Bigte Weighted (Figure 2.b), and Spline

interpolation methods were applied.
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Figure 2. a) Result of Kriging interpolation for the sample plot in Hajdusag loess ridge; b) Result of

Inverse Distance Weighted interpolation

Spline method considered less appropriate for seréstimation from elevation data. Major
reason of rejection of this method is the high alisdfluctuation of elevation values within
the examined area, namely the variety of the vatdesput points within a little horizontal
distance, so the value of curvature is high as.welthose assayed surfaces, where variability
of elevation values is high slope of the surfacevben the points is less moderate, Spline
interpolation method does not give appropriate @alWV/hile the method minimizing the
whole curvature of the surface, two extremes oWatlen values are under-, and over

estimated.



By kriging, spatial variety of elevation valuessististically homogeneous everywhere in the
surface (the same pattern variation can be obsemexvery part of the surface). Variograms,
origins from the original measurement data, cancbesidered completely stabile, since
literature consider variogram stabile in case ofeast 50-100 data points, and our inquiry
based on 167 measurement points.

IDW method determines output cell values by lilvearghted combination by the pattern of
input points. The weight is a function of invergstance; the surface is an interpolated of a
variable depends on a location.

On the whole it is determined that kriging and IDMé&rpolation is more detailed, than Spline
interpolation. Nevertheless, kriging weights arerensophisticated for the ambient measured
points, than IDW weights.

As a result of the inquiries it is established thaint type shape file created by digitizing of
elevation points of a given area is exceedinglyasle for the preparation of digital elevation
model by Triangulated Irregular Network (TIN) methdurthermore value estimation by
spatial interpolation methods for those points,clhihave no measured data. As a result of
three examined interpolation technique it is eshbl that spline interpolation method is less
suitable for the estimation of elevation valuesaofiven region because of the excessive
smoothing. In contrast to this, both kriging andAlDnterpolation techniques can be applied
for estimation accordingly, with good results. Sle@mnd aspect maps created from these

interpolated surfaces give detailed informationutstope and aspect relations of the region.

4.4. Evaluation of spatial interpolation methods baed on rainfall data

Data of the rain gauge stations of year 2006, tbeses with different moisture amounts were
selected and estimation was performed for thesesdsith 8 different interpolation methods.
Dates, selected for the analyses, were the follgw#1.13.2006., 11.04.2006., 17.05.2006.
Date March was a low moisture event day (12,3 ndae April was a middle (53,7 mm), and
date May was a higher moisture event day (106,0.mm)

From the moisture interpolation assay based on é&sarement points it is established that
for estimation of the moisture amount and distidnutof a region with a low density rain
gauge network, the best approach can be reachedrdigary kriging with exponential
semivariogram and variable searching radius (Figd)reMethod of kriging ensures loyal
value rendition in the given points. It is weiglgifrom the ambient measured data on behalf
of getting data for those areas, where there wereneasurement in fact, therefore contour

lines follow trend more appropriately and ther@assuch under- or over-estimation, than by



in case of the other methods. Inverse Distance kt&iginterpolation with variable searching

radius gives less sophisticated, but approximagebd result.
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Figure 3. Result of ordinary exponential kriging based on moisture data concerning to 31.03.2006.

Geostatistical analysis was performed for the bestlted exponential kriging and IDW
technique. During both kriging and IDW interpolatjothe least estimation error was

experienced by in case of the lowest moisture amnday (Table 1 and 2).

Table 1. Cross validation results of moisture datan 31.03.2006. concerning to kriging interpolation

Location of rain Calculated | Estimated | Standard Error Standardized | Normal
gauge station value value error error value
Szarvas 1,9 1,9249 1,0001 0,0249 0,0249 0,0000
Oroshaza 3,8 1,4003 1,0613 -2,3997 -2,2611 -1,7688
Karcag 0,3 0,9900 0,9323 0,690( 0,7401 0,6151
Kaba 0,7 0,4797 0,6349 -0,2203 -0,3470 -0,1940
Hajduszoboszlé 0,5 0,6644 0,5905 0,1644 0,2784 40,19
Balmazujvaros 0,0 0,7331 0,8852 0,7331L 0,8282 @.869
Komadi 0,0 1,0602 0,7988 1,0602 1,3272 1,7688
Derecske 1,0 0,3368 0,7274 -0,6632 -0,9117 -0,8694
Salonta 1,7 0,6061 0,9129 -1,09309 -1,1982 -1,1984
Biharkeresztes 0,0 0,5352 0,8063 0,5352 0,663 50,39
Nyiradony 1,3 0,7044 0,8488 -0,5956 -0,7017 -0,61b1
Sacuieni 0,0 0,8136 0,8242 0,8136 0,9871 1,1984
Valea lui Mihai 1,1 0,6729 0,7639 -0,4271 -0,5591| 0,3957




Table 2. Cross validation results of moisture datan 31.03.2006. concerning to IDW interpolation

Location of_raln gauge Calculated value Estimated value Error
station

Szarvas 1,9 1,5693 -0,3307
Oroshéaza 3,8 1,1182 -2,6818
Karcag 0,3 0,8069 0,5069
Kaba 0,7 0,5203 -0,1797
Hajdlszoboszlé 0,5 0,6604 0,1604
Balmazujvaros 0,0 0,6815 0,6815
Komadi 0,0 0,7796 0,7796
Derecske 1,0 0,4699 -0,5301
Salonta 1,7 0,4027 -1,2973
Biharkeresztes 0,0 0,5943 0,5943
Nyiradony 1,3 0,6750 -0,6250
Sacuieni 0,0 0,8009 0,8009
Valea lui Mihai 1,1 0,6065 -0,4935

Accuracy of interpolation was defined statisticatlyfference between the original and values
origins from interpolation were determined in thestt set. Deviation of estimated and
measured data was analyzed by every interpolaGafculated errors by the selected test
sample showed that kriging and IDW methods gaveosinthe same values. Goodness of
kriging values was determined on the similar dajRMSEqiging31.03.2006. = 0,9238;
RMSEiging11.04.2006 = 2,262; RMSKiging17.05.2006= 2,935. Values are the following in case of
IDW method: RMSkpws1.03.2006.= 0,972; RMSkpwi1.04.2006.= 2,184; RMSkpw17.05.2006. =
3,234.

In cross validation, the prominently bad error ealas origin from the estimation of the data
of Oroshaza rain gauge station, which can be exgthwith the location of this station,
because this rain gauge site lies at the most switiim the research area, namely slim is the
measured data within a given cell distance, - samobient measured data are the most far

from this point — so the estimation is accused Withher error.

4.5. Analysis results of the development of remotsensing based field size precision
water management

Applicability advantages of a water management rhodegration based on a GPS based
location determination and remote sensing in piatisarming was examined. Principal
components analysis was carried out from Landsa-8eries. Clustering was made from the
first principal components image, and 5 parts ef plot that considered homogeneous were
selected by this. NDVI was calculated from Landsae-series images, from which i§érop
coefficient value was calculated (Figure 4). Theutes of the analysis showed that crop

coefficient values, calculated from remotly sensedges, are far reliable, than Kalues,



estimated by CROPWAT irrigation planning model. €ideration of K values, calculated
from NDVI are suggested during planning of irrigati since 200-300% average estimation
error can be eliminated by the adaption of thisictvlorigins from the wide interval of the

value of crop coefficient by the usage of CROPWAGde.
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Figure 4. Relationship between crop coefficient (§and normalized difference vegetation index (NDVI)

values and tertiary equations for the 5 selectedtsis

Reference evapotranspiration measurement results maltiplying by ac constant factor
(the average value of this factor is 0,76), andtiplylng the modified reference crop
evapotranspiration (EJ by the crop coefficient (§, crop evapotranspiration (ETwas

calculated for the 5 selected sites (Figure 5).
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Figure 5. Curves of calculated crop evapotranspirabn (ET.) for the 5 sites and estimated EJby
CROPWAT



Correlation analyses between NDVI and LAI, and lestw LAl and K proved to be close.
Analyses, origins from satellite images, were foumgbropriate for the calculation of
reference crop evapotranspiration (E'ET, and crop water requirement values estimated by
CROPWAT model have exceeded the calculated valmesh based on measured data. By
the results, usage of the measured data is suggespeactice. The model is suitable for not
only the development of water management stratdgised on natural moisture, but also for
different irrigation variants, such as irrigatiomeé period and technical optimization of water
distribution.

Crop irrigation requirement, net scheme irrigatiequirements in mm day; 1 s* ha and 13,
irrigated area as percentage of total scheme arehjrrigation requirement in 15ha™
within the actually irrigated area were calculat€tbp water requirement was determined and
applicability of the method for optimization ofigation necessity was established.

Water management model integration based on a GR8dblocation determination and
remote sensing proved to be appropriate for thdysisaof effectiveness of environmental
water management strategies, and also for develapwie effective utilization of water
amount, origins from natural moisture and artificiaater supply, furthermore it has a great
significance in respect of cost reduction and wat@vidence. With low inputs it is also
suitable for testing of the water regime of differeplant varieties and precision soil

cultivation alternatives.

4.6. Relief analysis of water relations of Hajdusatpess ridge

Runoff-accumulation relations of Hajdlsag loesgeitvere assayed by the creation of Digital
Elevation Model. Accumulation mapping was performadd runoff directions were
illustrated on 3D elevation model of the samplet.pl@onvergence and divergence of runoff
directions showed the rate of accumulation anddbation of the possible inland water spots.
Slope- and aspect-map of the area was created. eibyivvalues were determined
accordingly to runoff directions fit to slope ofetlsurface. Those parts of the sample plot,
from where surface waters spread, and those axb&se the waters accumulate (convexity),
were illustrated on map (Figure 6.a). By the imptaent of convergent areas, such map was
created that shows those parts of the sample whith are liable to overmoisturing, inland
water (Figure 6.b). Map, which illustrates thesetspwas exported to shape file from Surfer
8.0 software, which can be processed in ESRI/AnsV83 environment. In this software,

area of these spots was calculated by the runningnoESRI script that serves the area



calculation. Summarizing the results, it was fodhdt almost half (49,63%) of the whole

4570 ha area is liable to overmoisturing.
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Inflow and outflow can be observed equally on terfeeld parts. Water balance map, which
is based on the difference between inflow and owtflwas created by the interpolation of

those values, which were calculated for all cellhe continuous surface (Figure 7).
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The prepared digital data file contributes to tladional planning of water management
interventions, realignment of cultivation sectdrs.case of major coherent spots, which are
liable to inland water, farmer units can get hedp &ssignment of substrahend areas from

production, and optimizing of cultivation.

4.7. Evaluation of the applicability of METEOSAT sdellite images in daily average
aerial moisture estimation

Remotely sensed images were submitted to a sdegedlimage processing method. In ENVI
4.3 software, cutting of Region of Interest andisgvas a.tiff image was performed, than
fitting to EOV projection of the satellite image svdulfilled in ArcMap9.2 software by
rectification to the vector layers of DTA 50 fil&his significant time needed image
processing procedure was performed altogetherhimiirhages of 6 dates of 19 days, and 3
channels by dates, concerning to the whole timeser

Processing of the numerous rectified images wasraged in IDRISI Andes software further.
Geotiff can be imported to this software, but safted processing needs its convertation to
raster. This transformation was performed on evreages, so the barrier of determination of
relative reflectance left off.

During this, shape file in ArcView 3.3 GIS softwamas created by the EOV coordinates of
the 6 groundbased rain gauge stations, which madsilge the illustration on map of the
geographical location of the measuring stationsis ®hape file was also needed to be
“coded”, namely convert to vector.

Principal components analysis of VIS, IR and WV rglels was performed, which showed
that 12, 14 and 16 hour is the most determinativeaespect of moisture events. After
preparation of NDVI image (Figure 8.a), mask wasated by the selection of clouds (Figure
8.b), on behalf of the spatial narrowing of theags3 hreshold value was determined by 0,15.
After this, tightness of coherence between theedbft channels was examined by cross-
correlation calculation. During the calculation @bss-correlation, the resulted correlation
values were similar to literary values (WV-IR: r0:619; VIS-IR: r = 0,867; VIS-WV: r =

0,644; where is the cross-correlation coefficient).



NDVI

Figure 8. a) Normalized Difference Vegetation IndeXNDVI); b) Mask, created from NDVI image

Vector layer, which contains the coordinates of tvea stations, was fitted to the rastered
satellite images. Thanks for the agreement of thgegption system, value of relative
reflectance of the 3x3 pixel area around the ppwtsch sign the measuring stations, was
readable. Values were recorded in Microsoft Exeegm by measuring stations, dates and
channels. At the end of data recording, relativBectance values were averaged and
compared to the daily average moisture data ofiieasuring stations and illustrated on a
diagram (Figure 9).

Connection between VIS, IR and WV channels was esqad by regression-assay. Cross-
correlation value is 0,61 between simulated andeegpced values. By the results it is
established that METEOSAT satellite images are @ppate for the conclusion of the
average pointwise rainfall event of a region fdorger period. Performing regression assay
for the average values of 1 day it is establisied ¢ross correlation value falls back to 0,34.
Therefore, utilization of METEOSAT satellite imagies the average moisture estimation is
suggested only to a longer period (at least someksyeon behalf of more reliable

information.
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During the evaluation of the temporal variabilifyspatial averages it was established that the
assay of the relative reflectance values of stelinages and comparison of their average
values to the daily average moisture values of glmindbased rain gauge stations, give
reliable information by the estimation of daily sage moisture events of a given area
(region).

By the result of regression assay of VIS, IR and WWMannels, it was verified that
information, origins from METEOSAT images, are wsdbr the conclusion of the average

pointwise moisture event of a region, concerning tonger period.



By the results, it is established that cross-cati@h value falls back significantly in case of
short time series, by the assay of the averagetaneisalue of only one day, it decreases for
its half.

On the whole, by the assays between the averagé \yaes of satellite images around the
rain gauge stations and moisture values origin® fitee groundbased rain gauge stations it is
determined that examination of a longer period gibetter correlation value, that is why
usage of satellite-based moisture estimation metBogsuggested primarily not for daily
estimation, but for estimation of the moisture éwana longer period, on behalf of the more

accurate data getting.

In my dissertation, assay extended to a narrowgiagro-environmental tasks. However, by
the delineated results, | think that invoke of G$Sindispensable for the effective water
resource management development nowadays. Usagemofiely sensed data can help in
better cognition of difficult processes that pagk spheres affected by agriculture, and
monitoring of variability of the similar environmeh parameters. My assay results point at
such solutions that can be effective tools in nally dhe optimization of cropping, but in

appropriate temporal and spatial completion of watanagement interventions as well.

5. NEW SCIENTIFIC RESULTS

1) A hydro-geoinformation database was created inoamifthematic vector and raster
environment, based on cropping technologies, clonand relief cadastre data.
Applicability possibilities of Digital Elevation Miels in water management were
optimized.

2) Comparative analysis was performed for 8 interpaiatechniques concerning to the
spatial estimation of the moisture amount and ithstion of a region with low density
moisture measurement network. It was verified thatbest approach can be reached
by ordinary kriging with exponential semivariogramd variable searching radius.

3) Applicability advantages of a GPS-RS based watemagament model in precision
farming were verified.

4) K. crop coefficient values calculated by physicalct@ Landsat TM — NDVI time
series were parametered.

5) By my establishments, literary EValues of CROPWAT model exceed the measured

ET, values calculated from spectral data with 7-12%.



6) During the evaluation of temporal variability ofagj@l averages, daily average aerial
moisture estimation was calibrated using the wsibhfrared, and water vapor
channels of METEOSAT SG1 satellite. By the resufsprincipal components
analysis, performed for the channels, it is deteedithat 12, 14 and 16 hour was the

most determinative in respect of moisture events.

[o2]

. PRACTICAL UTILIZATION OF THE RESULTS

1. Circle of value estimation processes based on @i@itevation Models, which can be
applied dependably in water management, was detethi

2. It was verified that exponential kriging methodhe most appropriate for the assay of the
distribution and intensity of moisture.

3. GPS-RS-WMM model integration can be applied effedyi in the analysis of the
effectiveness of environmental water managemeategjies, and also for development of
effective utilization of water amount, origins fronatural moisture and artificial water
supply.

4. K. values, calculated from NDVI that origins fromedate images can reduce 200-300%
estimation error of empirical estimated Walues order of magnitude.

5. ET, and water requirement calculations by satellitages accused with significantly less
error, than values estimated by CROPWAT model.

6. Near ground remotely sensed data sources suppdydddicit origins from input model
parameters that change dynamically, which can heréenced in case of the robust
pointwise water management models. Usage of METEDS#ellite images, in case of
the assay of a longer period (at least some wesérs)es with reliable information

concerning to the average moisture estimations.
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