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1. MozenoBaHHSI HaBaHTaXXEHHS 6i0T€HHUMU eJIeMeHTaMH BOI0300py JlicOCTernoBoi 30HU YKpaiHu (Ha IpuKiIami
piuku Cyia)

2. Modeling of nutrient loads in a watershed within the forest-steppe zone of Ukraine (a case study of the Sula
River)

Pedepar:

1. Inceprauifiny po60Ty IPUCBSIYEHO MOJEJIIOBAaHHIO HaBaHTaXXeHHs BOL036ipHOTro 6aceiiny Cynu 6ioreHHUMI
eJIeMEeHTaMU (CIIOJIyKaMU HiTporeHy Ta ¢pocdopy) METOL0M MacoBOro 6anaHcy i 3acobamu mopesni MONERIS, a
TaKOXX PO3pO0JIEHHIO TPOTHO3HUX CLIEHAPiiB BipOrinHOi 3MiHU eMicii 6i0T€HHUX €JIEeMEHTIB Ta PO3IJIsILY
e(PeKTMBHUX yNPaBJIiHCbKUX 3aXO/IiB 7151 SMEHIIE€HHS aHTPOIIOT€HHOTO HAaBaHTa)KEHHS Ha BOJ030ipHMI 6aceiH. Y
POOOTi 1151 BUBHAYEHHS HABaHTa)KEHHS 6i0reHHUMU eJIeMEHTaMU BUKOPUCTAHO [1Ba Pi3Hi METOIU — pO3PaxyHKOBUM
(MacoBoro 6anaHcy) Ta KoHLenTyansHy mogeab MONERIS. Po3paxoBaHuii METOZOM MacOBOTO 6aJIaHCy eMiciliHui
NOTIiK 6i0reHHUX eJIEMEHTIB y BO1036ipHOMY 6aceliHi Cynu cknagae 921,2 T - pik-1 gys vitporeny ta 312,9 T - pik-1
17151 ocdopy. Y pesysbpTaTi IpoLeciB yTpUMaHHs [0 rojoBHOro pycia Cyau HafxoouThb yCboro 29 % HiTporeHy Ta



43 % pocdopy. 3a METOIOM MACOBOTO 6aJIaHCY HAMOILIbIII HAIXOAKEHHS HITPOT€HY BU3SHAYE€HO 3 OPHUX 3eMelb (35
%) Ta Bim HacesleHHs, 10 He Mae JOCTYILY [0 KaHasizauilHux cucteM (25 %). Haitbinpmuii cTik pocdopy BU3HaYEHO
3 opHUX 3emeJb (70 %), Tozi sIK Bij HaceJIeHHs], 10 He Ma€e JIOCTYIy 4O KaHali3allillHuX CUCTEM, BiH CKJIafla€ BCbOTO
7 %. [HIITUM Ba>KJIMBUM METOJIOM OLIIHKM HaBaHTa>KeHHs 6ioreHHUMM ejieMeHTamMu € Mmosiesib MONERIS, ronoBHo0
nepesarolo sKoi € ii I'IC-opientoBaHicTs. Mopess MONERIS okpeMo BU3Ha4ae LUISIXU Ta IKepesia HAIXOIKEHHS,
€MiCilo Ta HaBaHTa)KEeHHsI 6i0OreHHUMU eJleMeHTaMU. Y ycepTallii po3risiHyTO pO3paxyHKOBUIA arlapaT MoJiei
MONERIS, a TakoX AeTasbHO 0XapaKT€pHU30BaHO OCHOBHI Ta NEPiONYHI BXi[Hi JaHi, Bif IKOCTi SIKMX 3aJI€>KUThb
epeKTUBHICTb MOAieoBaHHS. 3acobamu mogeni MONERIS po3paxoBaHo 3arajibHy €MiCilo HiTPOT€HY, sIKa CKjaja
17151 Bopjo36ipHoro 6aceiiny Cynu 1 809,8 T - pik-1. BcraHoBieHo, 1mo yepes audysHi axxepea HagxoguTb 91 %
yCbOTO HITPOTE€HY, 3 SIKUX OCHOBHUM IIIJIIXOM HaJXOJKEHHSI HITpPOreHy € mnifzemHi Bogu (57 %), 10 06yMOBJIEHO
nig3eMHUM XuBJieHHAM Cyuin Ta ii IPUTOK. AHTPOIIOT€HHI IpKepeia ckiagaoTs 90 % eMicii HiTporeny y
BOJ1030ipHOMY 6aceiiHi Cyu, 3 IKUX OCHOBHUM € CilIbCbKe rocrofapctso (55 %). Came ToMy HaibibIi 3HaYEeHHS
eMicii HiTporeHy CriocTepiraioTbCsi B aHaJIiTHYHUX OJMHULISIX 3 HAHOIIbIIMMU IIJIOLAMY OPHUX 3€MeJlb. 3acobamMu
mogesni MONERIS pospaxoBaHo 3arajnbHy eMmicio pochopy y BoposzbipHomy 6aceriti Cyiuy, sika ckiana 196,2 T - pik-
1. BcraHoBzeHo, 1o yepe3 audysHi mKepesa 10 Bogo3bipHoro 6aceitny Cynu Hagxoauts 71 % docdopy, 3 SKux
rOJIOBHMMHU IIJISIXaMU HaixokeHHs pocdopy € ninzemHi Boxpu (39 %) Ta ypb6anizoBaHi Teputopii (22 %). BusisieHo,
1110 QaHTPOIIOTEHHI JpKepesia ckiafaioTb 87 % 3aranbHoi eMicii pocdopy, 3 IKUX TOJIOBHUMU € MicbKi mkepena (50 %
eMicii). YHacIigoK 1boro Halbinbi 3Ha4eHHs eMicii pocdopy BUSIBIEHO B aHAJIITUYHMX OOVHULSX 3 HAUBUIIAM
piBHeM ypb6aHisauii. Po3po6aeHo 4otupu 6a30Bi clieHapii aHTPOIIOreHHOI aKTUBHOCTI B MEXKax BOJI030ipHOTO
6aceiiny Cynu — iHepTHUH, JerpajaliiiHyil, yYMOB BOEHHOTO CTaHy Ta 30ajlaHCOBaHOCTI. [HepTHUI clieHapii
XapaKTepu3ye MiHiMaJIbHi 3MiHU B 00CSIrax i CTPYKTYPi aHTPOIIOT€HHOTO HaBaHTaXXEHHS, AerpafaliiiHuil €
HalTipIIUM ClieHapieM aHTPONOT€HHOI aKTUBHOCTI, ClieHapill yMOB BOEHHOTO CTaHy BijoOpaskae IOTOYHi TeHAeHIii
aHTPOIOTreHHOI aKTUBHOCTI, a 30aJIaHCOBaHU CLieHapill € TaKKUM, 10 SIKOTO CJIif IIParHyTy. 3a iHepTHOTO clieHapiio
1o 2030 poky HaxOIKEHHS HiTporeHy 3pocte Ha 7,1 %, a pocdopy — Ha 2,8 %. 3a gerpagauiiiHoro cueHapio
npupicT emicii HiTporeny Mmoxe cksiactu 14 %, a pocpopy - 15 %. 3a cuieHapito yMOB BOEHHOTO 4acy HaJIXO/KEHHS
OioreHHUX eJIeMEHTIB 3MIHUTBCS AyKe An(ePeHLiI0BaHO B PO3pPi3i aHAIITUYHUX OJJMHUIb, 32 YMOBU 3POCTaHHS
emicii HiTporeny Ha 3,5 % Ta 3HWXKeHHs eMmicii pocdopy Ha 4,1 % y Bono36ipHOMY 6aceiini Cyinu. 3a 36a71aHCOBAHOTO
CLIeHapilo eMicis HiTporeny 3HU3UThCA Ha 3,9 %, a pocdopy - Ha 6,5 %. I[IpencrasieHo orsy epeKTUBHUX
iHCTPYMEHTIB 3i 3MEHILIEHHS aHTPOIIOI€HHOTO HAaBaHTAKEHHSI Ha BOL0306ipHui 6aceiiH Cyiu Ha pi3HUX iepapXiuHuxX
PiBHSX. 3aIPONIOHOBAHO Ha HalliOHAJILHOMY Ta PETIOHAJILHOMY PiBHSIX BIIPOBAAUTH NOJI0KeHHS HiTpaTHOI
IVPEKTUBU, BECTU €KOJIOTO OPi€HTOBAHUI AiasloT MiX JepKaBHUMHU YCTaHOBAaMH, SIKi peasi3yloTh Iep>KaBHY
IIOJIITUKY y cpepi BOOHUX PECYpPCiB Ta MK OpraHaMiy MiCLIeBOIO CaMOBPsIyBaHHS, BOGOKOPUCTYBAa4aMH i
(depmepamu. 3arrporoHOBAHO CTBOPUTH €[IMHY iepapXiuHy cCUCTEMY 300Dy SKiCHOI Ta onepaTuBHOI iHpopmalii mpo
CTaH JIOBKIiJJISL B MeXKaX BOLI036ipHUX 6aceiiHiB, a TAKOX HajlaroJyuTH CUCTEMY BUMIPIOBaHHS XiMI{YHOTO CTOKY
HiTporeny Ta ocdopy Ha BCiX BOCbMU TiIpOJIOriYHUX IIOCTaX y MexXax 6aceiHy Cyinu. Cepell KOHKPETHUX 3aXO0/iB
31 3BMEHIIEHHS aHTPOIIOT€HHOI'O HAaBAHTAKEHHS! Y BOL030ipHOMY 6aceriiHi CyJn 3alpONOHOBAHO: IIOKPAL€HHS
SIKOCTi KaHaJli3aliiiHUX CUCTeM Ta OYMCHUX CIIOPYJ,; 3HIDKEHHS 00CATIB 3aCTOCYBAaHHS MiHEpaJIbHUX I0OPUB;
3HIDKEHHS YaCTKM OPHUX 3€MEJIb LIJISIXOM IX IIepeBEeHHS B [IaCOBUIIA Ta JIiCH; iMIZIEMEHTALLisl METOIiB
OpraHiYHOro 3eMJIEPOOCTBA; JeMapKallisi IpUOePeXKHUX 3aXUCHUX CMYT Ta CyBOPE iX TOTPUMAaHHS; BilHOBJIEHHS

IPUPOAHUX BOAHO-OOJIOTHUX YTillb TA BiIbHUX TeUill piuoK.

2. The thesis is aimed at modelling the nutrient load of the Sula catchment (nitrogen and phosphorus substances)
by the mass balance method and the MONERIS model, as well as developing forecast scenarios of probable
changes in nutrient emissions and considering effective management measures to reduce the anthropogenic load
on the catchment. In the thesis, two different methods were used to determine the nutrient load: the mass balance
method and the MONERIS conceptual model. The emission flow of nutrients in the Sula catchment area, calculated
using the mass balance method, is 921.2 tonnes year-1 for nitrogen and 312.9 tonnes year-1 for phosphorus. As a
result of the retention processes, only 29 % of nitrogen and 43 % of phosphorus are released into the Sula.
According to the mass balance method, the largest nitrogen inputs are from arable land (35 %) and from the



population without access to sewerage systems (25 %). The largest phosphorus inputs were identified from arable
land (70 %), whereas the population without access to sewerage systems accounted for only 7 %. Another
important method for assessing nutrient loading is the MONERIS model, the main advantage of which is its GIS-
orientation. The MONERIS model separately determines the pathways and sources of nutrient inputs, emissions
and loadings. The thesis describes the calculation apparatus of the MONERIS model and describes in detail the
basic and periodic input data, the quality of which determines the efficiency of modelling. The MONERIS model
calculated the total nitrogen emissions, which were estimated at 1 809.8 tonnes year-1 for the Sula catchment. It
was established that 91 % of all nitrogen is supplied through diffuse sources, of which groundwater is the main
source of nitrogen (57 %), due to the underground feeding of the Sula and its tributaries. Anthropogenic sources
account for 90 % of nitrogen emissions in the Sula catchment, with agriculture being the main contributor (55 %).
That is why the highest nitrogen emissions are observed in the analytical units with the largest areas of arable land.
The MONERIS model calculated the total phosphorus emissions in the Sula catchment area, which reached 196.2
tonnes year-1. It was established that 71 % of phosphorus enters the Sula catchment area through diffuse sources,
of which the main ways of phosphorus supply are groundwater (39 %) and urban areas (22 %). It was revealed that
anthropogenic sources account for 87 % of total phosphorus emissions, of which urban sources are the main ones
(50 % of emissions). As a result, the highest values of phosphorus emissions were found in the analytical units with
the highest level of urbanization. Four basic scenarios of anthropogenic activity within the Sula catchment area
have been developed: inert, degradation, war-time and sustainable. The inert scenario describes minimal changes
in the volume and structure of anthropogenic pressure, the degradation scenario is the worst-case scenario of
anthropogenic activity, the war-time scenario reflects current trends in anthropogenic activity, and the
sustainable scenario is the one to be aspired to. Under the inert scenario, by 2030, nitrogen inputs will increase by
7.1 % and phosphorus - by 2.8 %. Under the degradation scenario, the increase in nitrogen emissions could reach
14 % and phosphorus emissions - 15 %. Under the wartime scenario, the supply of nutrients will change very
differentially by analytical unit, with a 3.5 % increase in nitrogen emissions and a 4.1 % decrease in phosphorus
emissions in the Sula catchment. Under the sustainable scenario, nitrogen emissions will decrease by 3.9 % and
phosphorus emissions - by 6.5 %. An overview of effective instruments for reducing the anthropogenic load on the
Sula catchment area at different hierarchical levels is presented. It is proposed to implement the provisions of the
Nitrate Directive at the national and regional levels, to conduct an environmentally oriented dialogue between
state institutions implementing the state policy in the field of water resources and between local governments,
water users and farmers. It is proposed to create a unified hierarchical system for collecting qualitative and
operational information on the state of the environment within the catchment basins, as well as to establish a
system for measuring chemical nitrogen and phosphorus runoff at all eight hydrological stations within the Sula
basin. Specific measures to reduce the anthropogenic load in the Sula catchment include: improving the quality of
sewage systems and wastewater treatment plants; reducing the use of fertilisers; reducing the share of arable land
by converting it to pasture and forest; implementing organic farming methods; demarcating and strictly enforcing
buffer strips; and restoring natural wetlands and free-flowing rivers.
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Micue3HaxoaKeHHS: npocnekt Haykuy, 6ya. 37, Kuis, 03028, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
Biacue IlpizBuie Im's I1o-6aTbKOBI [llepyenko Onexciit Jleoninosuy

TOJIOBH paju



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi

OisSIIBHOCTI

[lleBuenko Osekciit JIeoHimoBHUY

Yopuomopenp 0.0.

VKpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



