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PROMOCIJAS DARBA APROBACIJA /
APPROBATION OF RESEARCH RESULTS

Promocijas darba pétljumos ieglito rezultatu aprobacija var izdalit Cetrus
butiskus posmus, kas atspogulo pétjjuma nozimigumu un konceptuala
hidrologiska modela METQ turpmakas attistibas perspektivas. Promocijas darba
pétijuma rezultati un iestrades ir izmantotas vairakos fundamentalo un lietisko
pétijumu projektos. Par promocijas darba rezultatiem ir sagatavotas un publicétas
vairakas publikacijas, kas tie$i saistitas ar promocijas darba p&tijumu un ir vérstas
uz talaku konceptuala hidrologiska modela METQ pilnveidi un izmanto$anu
SEG emisiju modelésana no augsném. Zinojumi konferences un diskusijas lava
identificét esosas problémas un veikt precizak mérk&tus modela uzdevumus.
Izglitojosais darbs lauj modela izmantoSanas iesp€jas paplasinat un nodot
zinasanas topoSajiem zinatniekiem un nozares specialistiem.

Four major steps can be distinguished in the braceleting of the results of the
research studies, reflecting the significance of the study and the prospects for
further development of the conceptual hydrologic model METQ. The results and
inputs of the study have been used in several fundamental and applied research
projects. Several publications have been prepared and published on the results
of the research work, directly related to the study work, which focuses on further
development and use of the conceptual hydrological model METQ for the
modelling of GHG emissions from soils. Reports at conferences and discussions
made it possible to identify existing problems and to perform more targeted
model tasks. Educational work allows the possibilities of using the model to
expand and transfer knowledge to prospective scientists and industry specialists.

Projekti / Projects

Promocijas darba izstrades laika ir nemta daliba 31 projekta:
Participation in 31 projects has been taken into account during the development of
the research work:

1. 2016. Climate KIC ES letvara programmas projekts; Eksperts

2. 2017. — 2019. Rigas juras Iica integréta slapekla apsaimniekoSanas sistéma ES
Kopienas iniciativas INTERREG projekts Projekta vaditaja

3. 2017. — 2020. Klimata izmainas lauksaimnieciba Starptautiskas organizacijas
mérkfinanséts izglitibas projekts Eksperte

4. 2018. Aramzemes un ilggadigo zalaju apsaimniekoSanas radito siltumnicefekta

gazu (SEG) emisiju un oglekla dioksida (CO2) piesaistes uzskaites sist€émas
pilnveidosana un atbilsto$u metodisko risinajumu izstra P&tniecibas (zinatnisko
izstrazu) ligumdarbs (pakalpojuma ligums) ar Latvijas vai arvalstu uznémumiem,
organizacijam (komersantiem) P&tniece

9



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2018. — 2019. Inovativa degrad@to teritoriju regeneracija parrobezu regionu
ilgtspgjigai attistibai ES Kopienas iniciativas INTERREG projekts Pétniece
2018. Melioracijas ietekmes noveértéSana klimata parmainu (pladu riska)
mazinasana Valsts parvaldes iestades finanséts projekts P&tniece

2018. — 2021. Latvijas Lauksaimniecibas universitates parvaldibas pilnveide
(ES28) ES struktiirfondu projekts izglitibas programmas direktors
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Eksperts

2018. Zinojums par gaisa piesarnojoSo vielu emisiju aprékinasanu un
sagatavoSanu no lauksaimniecibas sektora par 2017. gadu Valsts parvaldes
iestades finanséts projekts Pétniece

2018. TAIEX-EIR PEER 2 PEER Eiropas Teritorialas sadarbibas programmas
projekts Eksperts
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2019. — 2022. Augsnes kimiska sastava ietekme uz SEG emisijam no
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2019. TAIEX Eiropas komisijas kaiminvalstu un paplasinasanas sarunu tiklojums
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Zinojumi konferences / Presentations in international scientific conferences

Promocijas darba izstrades laika ir sniegti 177 zinojumi starptautiskas
zinatniskas konferenc€s, no kuriem 65, kas noraditi saraksta zemak, ir tiesi
sasititi ar promocijas darba pétijuma tému:

During the development of the research, 177 reports have been provided at
international scientific conferences, 65 of which, listed below, have been directly
hit with the topic of the reserch:

1. Effect of soil physical properties on N20 isotope formation. Sindija Liepa,
Kristaps Siltumens, Jovita Pilecka-Ulcugaceva, Inga Grinfelde, Dace Butenaite,
22nd International Multidisciplinary Scientific GeoConference SGEM, Albena,
Bulgaria, 04-10 July, 2022. Bulgarian Academy of Sciences Albena, 2022.

2. The calculation algorithm of nitrous oxide emissions from soils integration into
the conceptual hydrological model METQ. Inga Grinfelde, Anda Bakute, Jovita
Pilecka-Ulcugaceva, International congress on sustainable development in the
human environment-current and future challenges ICSDEV 2022, Alanya,
Turkey, 19-22 october 2022. Bydgoszcz University of Science and Tehnology
Ananya, 2022,

3. Effect of soil physical properties on N20 isotope formation. Sindija Liepa,
Kristaps Siltumens, Jovita Pilecka-Ulcugaceva, Inga Grinfelde, Dace Butenaite,
Linnaeus ECO-TECH 2022, 13th International conference "Establishment of
cooperation between companies and institutions in the Nordic countries, the Baltic
Sea region and the world", Kalmar, Sweden, November 21-23, 2022. Linnaeus
University Kalmar, 2022.

4. Towards an improved understanding of greenhouse gas emissions from organic
soils used for agricultural production. Kristine Valujeva, Jovita Pilecka-
Ulcugaceva, Sindija Liepa, Inga Grinfelde, 21th International multidisciplinary
scientific GeoConference SGEM 2021, Albena, Bulgaria, 16-22 August, 2021.

5. Composition of the isotopes of nitrous oxide in the clay soil at different moisture
conditions. S. Liepa, D. Butenaite, A. Bakute, |. Grinfelde, J. Pilecka-
Ulcugaceva, 21st International multidisciplinary scientific GeoConference SGEM
2021, Albena, Bulgaria, 7-10 December, 2021.

6. Hydrological regime optimization model for sustainable management of lake:
case study of Tasu lake. Kristaps Siltumens, Inga Grinfelde, Jovita Pilecka-
Ulcugaceva, Lasma Lucija Vebere, Anda Bakute, 21st International
multidisciplinary scientific GeoConference SGEM 2021, Albena, Bulgaria, 16-22
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10.

11.

12.

13.

14.

15.

16.

17.

August, 2021. Bulgarian Academy of Sciences Water resources. Sofia, 2021.
The nitrous oxide isotope measurements for soil samples under laboratory
conditions. Dace Butenaite, Inga Grinfelde, Jovita Pilecka-Ulcugaceva, Zane
Vincevica-Gaile, Sindija Liepa, 21st International multidisciplinary scientific
GeoConference SGEM 2021, proceedings, Albena, Bulgaria, 2021.

The land use and climate change impact on lake Usma hydrological regime. A.
Bakute, I. Grinfelde, J. Pilecka-Ulcugaceva, S. Liepa, K. Siltumens, 21st
International multidisciplinary scientific GeoConference SGEM 2021, conference
proceedings of selected papers, Albena, Bulgaria, 7-10 December, 2021.

The conceptual framework of GHG module integration in conceptual
hydrological model METQ. Inga Grinfelde, Jovita Pilecka-Ulcugaceva, Anda
Bakute, Laima Berzina, Sindija Liepa, 21st International multidisciplinary
scientific GeoConference SGEM 2021, conference proceedings of selected
papers, Albena, Bulgaria, 16-22 August, 2021.

The impact of crop on GHG emissions from clay soils: case study of Latvia. Anete
Anna Zalite, Jovita Pilecka-Ulcugaceva, Kristine Valujeva, Inga Grinfelde,
Sindija Liepa, Juris Burlakovs, Zane Vincevica-Gaile, Research for Rural
Development 2021:, Jelgava, Latvia, 12-13 May, 2021.

The impact of soil treatment and moisture regime on N2O emissions from
agricultural soil. Paula Eihe, Inga Grinfelde, Jovita Pilecka, Kristine Valujeva,
Lasma Lucija Vebere, 20th International multidisciplinary scientific
GeoConference SGEM 2020, .Albena, Bulgaria, 18-24 August, 2020.

The water quality in river and role of incoming flows: case study of Svete river.
Lasma Lucija Vebere, Paula Eihe, Jovita Pilecka, Inga Grinfelde, Oskars
Purmalis, 20th International multidisciplinary scientific GeoConference SGEM
2020, proceedings, Albena, Bulgaria, 18-24 August, 2020.

The nitrous oxide isotope measurements for soil samples under laboratory
conditions. Dace Butenaite, Inga Grinfelde, Jovita Pilecka, Zane Vincevica-
Gaile, "ECOBALTICA”: XVII-th International Youth Scientific and
Environmental Forum of Baltic region countries, Saint-Petersburg, Russia, July
16-17, 2020.

The impact of landscape structure of catchment area on lake hydrology. Inga
Grinfelde, Anda Bakute, Jovita Pilecka, Laima Berzina, Lasma Lucija Vebere,
19th International multidisciplinary scientific GeoConference SGEM 2019,
Albena, Bulgaria, 30 June-6 July, 2019.

Urban hydrology research fundamentals for waste management practices. Kaur-
Mikk Pehme, Juris Burlakovs, Mait Kriipsalu, Jovita Pilecka, Inga Grinfelde,
Toomas Tamm, Yahya Jani, William Hogland, Research for Rural Development
2019, Jelgava, Latvia, 15-17 May, 2019. Latvia University of Life Sciences and
Technologies. Jelgava, 2019.

The automated chambers application using cavity ring down spectroscopy at field
measurements. Inga Grinfelde, Jovita Pilecka, Geophysical Research Abstracts.
European Geosciences Union Vienna, 2019.

The chamber configuration impact on soil flux precision using cavity ring-down
spectroscopy. Olga Frolova, Inga Grinfelde, Ruta Kalnina, Laima Berzina,
Kristine Valujeva, 18th International multidisciplinary scientific GeoConference
SGEM 2018, Albena, Bulgaria, 2 - 8 July, 2018.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Tool of consistent reporting of GHG and air pollutant emissions: case study of
Latvia's agricultural sector. Laima Berzina, Inga Grinfelde, Olga Frolova, Karina
Zaharane, Jovita Pilecka, 18th International multidisciplinary scientific
GeoConference SGEM 2018, Albena, Bulgaria, 2 - 8 July, 2018.

Urbano tdenstilpnu Gdens kvalitati ietekmgjosie faktori. Liga Lauma Plavniece,
Inga Grinfelde, Geografija. Geologija. Vides zinatne: referatu tEzes, Riga,
Latvija, 26.janv.-7.febr., 2018. Latvijas Universitate (Latvijas Universitates 76.
zinatniska konference). Riga, 2018.

The calibration and validation of forest hydrological response unit of conceptual
hydrological model METQ. Z. Kalvite, Z. Libiete, I. Grinfelde, Nordic
Hydrological Conference 2018 "Hydrology and Water Resources Management in
a Changing World", Bergen, Norway, August 13-15. Norwegian Hydrological
Council, Nordic Association for Hydrology. Bergen, 2018.

Dislapekla oksida emisijas faktora atbilstibas izvértjums Latvijas augsnes un
klimatiskajiem apstakliem. Inga Grinfelde, Laima B&rzina, Jovita Pilecka, Olga
Frolova, Lidzsvarota lauksaimnieciba, zinatniski praktiskas konferences tézes,
Jelgava, Latvija, 22.02.2018. Latvijas Lauksaimniecibas universitate.
Lauksaimniecibas  fakultate. Latvijas Agronomu biedriba.  Latvijas
Lauksaimniecibas un meza zinatnu akademija. Jelgava, 2018.

Moisture effect on CO2, CHs, NHz and N2O emissions from soils in Latvia. Liene
Kalnina, Olga Frolova, Kristine Valujeva, Inga Grinfelde, 13th International
scientific conference "Students on their way to science™ (undergraduate, graduate,
post-graduate students), April 20, 2018 Latvia University of Life Sciences and
Technologies. Jelgava, 2018.

Urban hydrological response unit parameter calibration and verification for
conceptual hydrological model METQ. Inga Grinfelde, Anda Bakute, 16th
International scientific conference “"Engineering for rural development”, Jelgava,
Latvia, May 24 - 26, 2017 Latvia University of Agriculture. Faculty of
Engineering. Latvian Academy of Agricultural and Forestry Sciences. Jelgava,
2017.

The local parameters sensitivity of urban hydrological response unit of conceptual
hydrological model METQ. Inga Grinfelde, Anda Bakute, 8th international
scientific conference "Rural Development 2017: Bioeconomy Challenges”,
Kaunas, Lithuania, 23-24 November, 2017.

Urbanas hidrologiskas atbildes vienibas integracija konceptualaja hidrologiskaja
modeli METQ. Inga Grinfelde, Vadims Ul¢ugacevs, Konference "Kudra un
sapropelis — razo8anas, zinatnes un vides sinergija resursu efektivas izmantoSanas
konteksta", . Riga, Latvija, 31. Janvaris, 2017.

Application of model METQ for hydrological calculations. Anda Bakute, Inga
Grinfelde, Ainis Lagzdins, Research for rural development 2017, annual 23rd
international scientific conference ., Jelgava, Latvia, 17-19 May, 2017.

The Automated cavity ring down spectroscopy usage for nitrous oxide and
ammonia emissions measurements from soil using recirculation and closed
chamber systems. Inga Grinfelde, Laima Berzina, Kristine Valujeva, Innovative
solutions for sustainable management of nitrogen, international conference at
Aarhus University Denmark, June 26-28, 2017.

Automated cavity ring down spectroscopy usage for nitrous oxide emission
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29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

measurements from soil using recirculation system. Inga Grinfelde, Kristine
Valujeva, Karina Zaharane, Laima Berzina, 16th International scientific
conference "Engineering for rural development”, proceedings, Jelgava, Latvia,
May 24 - 26, 2017.

The changes of lake hydrological cycle: a case study of lake Usma in Latvia. Inga
Grinfelde, Anda Bakute, Kristine Steinberga, Jovita Pilecka, 17th International
multidisciplinary scientific GeoConference SGEM 2017, conference proceedings,
Albena, Bulgaria, 29 June-5 July 2017.

The measurements of direct N2O and NHs emissions from nitrogen fertilizers
application in laboratory conditions. Olga Frolova, Karina Zaharane, Inga
Grinfelde, Kristine Valujeva, Laima Berzina, 17th International multidisciplinary
scientific GeoConference SGEM 2017, conference proceedings, Albena,
Bulgaria, 29 June-5 July 2017.

Measurement time estimation of COz, CH4, N2O and NHs in closed chambers and
recirculation system with Picarro G2508 analyser. Kristine Valujeva, Jovita
Pilecka, Olga Frolova, Laima Berzina, Inga Grinfelde, 17th International
multidisciplinary scientific GeoConference SGEM 2017, Albena, Bulgaria, 29
June-5 July 2017.

Karjera tipa kiidras ieguves ietekme uz augsta purva hidrologisko rezimu. Inga
Grinfelde, Oskars Purmalis, Jovita Pilecka, Kristine Valujeva, Konference
"Kidra un sapropelis — raZo$anas, zinatnes un vides sinergija resursu efektivas
izmantoSanas konteksta", Riga, Latvija, 31. Janvaris, 2017.

Spektrofotometra Picarro G2508 izmantoSanas iesp&jas siltumnicefekta gazu
emisiju noteik$anai dazadas augsnés. Kristine Valujeva, Inga Grinfelde, Olga
Frolova, Jovita Pilecka, Laima Bérzina, Konference "Kidra un sapropelis —
razoSanas, zinatnes un vides sinergija resursu efektivas izmanto$anas konteksta",
Riga, Latvija, 31.janvaris, 2017.

Measurements of direct N2O and NHs emissions from nitrogen fertilizers
application in laboratory conditions. Karina Zaharane, Inga Grinfelde, 12th
International scientific conference "Students on their way to science"
(undergraduate, graduate, post-graduate students), April 21, 2017.

Development of sustainable urban rain water management and drainage systems
in Latvia’s climate conditions. Madara Keiva, Inga Grinfelde, 12th International
scientific conference "Students on their way to science™ (undergraduate, graduate,
post-graduate students), April 21, 2017.

Peat extraction impact on hydrological regime of raised bog. Jovita Pilecka, Inga
Grinfelde, 12th International scientific conference "Students on their way to
science" (undergraduate, graduate, post-graduate students), April 21, 2017.

The local parameters sensitivity of urban hydrological response unit of conceptual
hydrological model METQ. Inga Grinfelde, Anda Bakute, The 8th International
scientific conference "Rural development 2017: Bioeconomy Challenges":
Kaunas, Lithuania, 23-24th November, 2017.

The automated cavity ring down spectroscopy usage for nitrous oxide and
ammonia emissions from synthetic fertiliser application. Inga Grinfelde, Laima
Berzina, International Expert Workshop NIFLUM 2017 "Nitrogen Flux Method
Evaluation”, Berlin, Germany, 28-29 Sept., 2017.

Impact of the Slampe river renaturalisation on hydrological regime of nearby
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40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

territories. Laura Virubka, Inga Grinfelde, 12th International scientific
conference "Students on their way to science" (undergraduate, graduate, post-
graduate students), collection of abstracts, April 21, 2017.

Frézktdras ieguves ieteckme uz augsta purva hidrologisko reZimu. Inga
Grinfelde, Jovita Pilecka, Olga Frolova, Kristine Valujeva, Konference "Kiidra
un sapropelis — raZzoSanas, zinatnes un vides sinergija resursu efektivas
izmantosSanas konteksta", Riga, Latvija, 31. Janvaris, 2017.

The development of conceptual model METQ and integration in study process.
Inga Grinfelde, Laima Berzina, Jovita Pilecka, X Nordic-Baltic Agrometrics
conference: Mathematics and statistics for the sustainable development, Jelgava,
Latvia, Sept. 15-17, 2016.

The abandoned block-cut peat extraction field influence on the natural raised bog
hydrological regime. Oskars Purmalis, Inga Grinfelde, Kristine Valujeva, Juris
Burlakovs, Research for rural development 2016, annual 22nd international
scientific conference proceedings, Jelgava, Latvia, 18-20 May, 2016.

Integration of urban hydrological response unit into the conceptual model METQ.
I. Grinfelde, A. Bakute, Nordic Water 2016, XXIX Nordic hydrological
conference "The role of hydrology towards water resources sustainability",
Kaunas, Lithuania, August 8-10, 2016.

Optimisation of sustainabale water level management: case study of lake Usma.
Anna Kuduma, Inga Grinfelde, 11th International scientific conference
"Students on their way to science", (undergraduate, graduate, post-graduate
students), collection of abstracts, April 22, 2016.

The impact of catchment area land management on lake water level fluctuations.
Sabine Oficiere, Inga Grinfelde, 11th International scientific conference
"Students on their way to science”, (undergraduate, graduate, post-graduate
students), collection of abstracts, April 22, 2016.

Gravas un Vecdzirmavu HES darbibas ietekme uz Usmas ezera fidens Iimenu
svarstibam. Jovita Pilecka, Inga Grinfelde., Latvijas Universitates 74. zinatniska
konference, Geografija. Geologija. Vides zinatne, Riga, Latvija, 1.-5.febr., 2016.
Sensitivity analysis of the conceptual model METQ. A. Bakute, I. Grinfelde,
Nordic Water 2016, XXIX Nordic hydrological conference "The role of
hydrology towards water resources sustainability”, Kaunas, Lithuania, August 8-
10, 2016. Aleksandras Stulginskis University, Vytautas Magnus University,
Nordic Association for Hydrology. Kaunas, 2016.

Development of the greenhouse gas emission calculation tool MITGHGLV.
Laima Berzina, Inga Grinfelde, Olga Frolova, X Nordic-Baltic Agrometrics
conference: Mathematics and statistics for the sustainable development, Jelgava,
Latvia, Sept. 15-17, 2016.

The changes of lake hydrological regime: a case study of lake Usma in Latvia. I.
Grinfelde, K. Steinberga, J. Pilecka, Nordic Water 2016, XXIX Nordic
hydrological conference "The role of hydrology towards water resources
sustainability”, Kaunas, Lithuania, August 8-10, 2016. Aleksandras Stulginskis
University, Vytautas Magnus University, Nordic Association for Hydrology.
Kaunas, 2016.

The peat extraction impact on hydrological regime of the raised bog. 1. Grinfelde,
K. Valujeva, O. Purmalis, Nordic Water 2016, XXIX Nordic hydrological
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

conference "The role of hydrology towards water resources sustainability",
Kaunas, Lithuania, August 8-10, 2016. Aleksandras Stulginskis University,
Vytautas Magnus University, Nordic Association for Hydrology. Kaunas, 2016.
Pamatméslojuma ietekme uz augsnes @idens kvalitati Populus tremuloides X
Populus Tremula kokaugu stadijuma mineralaugsné. Arta Bardule, Dagnija
Lazdina, Inga Grinfelde, Toms Sarkanabols, Andis Bardulis, Latvijas
Universitates 74. zinatniska konference, Geografija. Geologija. Vides zinatne,
referatu tézes, Riga, Latvija, 1.-5.febr., 2016.

Base nutrient leaching in the fertilized hybrid aspen (Populus tremuloides x
Populus tremula) plantation cultivated in agroforestry system in Latvia. Inga
Grinfelde, Arta Bardule, Dagnija Lazdina, Toms Sarkanabols, Andis Bardulis,
Nordic Water 2016, XXIX Nordic hydrological conference "The role of
hydrology towards water resources sustainability”, Kaunas, Lithuania, August 8-
10, 2016.

The abandoned block-cut peat extraction field impact on the naturally raised bog
hydrological regime. Kristine Valujeva, Inga Grinfelde, 10th International
scientific conference "Students on their way to science”, (undergraduate,
graduate, post-graduate students), collection of abstracts, April 24, 2015.

The Gravas and Vecdzirnavu hydropower station impact on Usma lake water level
fluctuaction. Jovita Pilecka, Inga Grinfelde, 10th International scientific
conference "Students on their way to science”, (undergraduate, graduate, post-
graduate students), collection of abstracts, April 24, 2015.

The long-term changes of lake Usma hydrological regime. Kristine Steinberga,
Inga Grinfelde, 10th International scientific conference "Students on their way
to science", (undergraduate, graduate, post-graduate students), collection of
abstracts, April 24, 2015.

Influence of tourist objects on the water quality in Usma lake. Zanete Ziemele,
Inga Grinfelde, 10th International scientific conference "Students on their way
to science", (undergraduate, graduate, post-graduate students) :, April 24, 2015.
The impact of small hydroenergetic to the lakes’ hydrological regime. Anna
Kuduma, Inga Grinfelde, 10th International scientific conference "Students on
their way to science", (undergraduate, graduate, post-graduate students),
collection of abstracts, April 24, 2015.

Drained lakes in the territory of Latvia. Olga Frolova, Inga Grinfelde, 10th
International scientific conference "Students on their way to science",
(undergraduate, graduate, post-graduate students), collection of abstracts, April
24, 2015.

Ar karjeras metodi izstradato kiidras purvu hidrologiska reZima atjauno$anas.
Inga Grinfelde, Kristine Valujeva, Oskars Purmalis, Latvijas Universitates 73.
zinatniska konference, Geografija. Geologija. Vides zinatne, referatu tezes, Riga,
Latvija, 2.-6.febr., 2015.

Changes of lake hydrological cycle: case study of lake Usma in Latvia. Kristine
Steinberga, Inga Grinfelde, 9th International scientific conference "Students on
their way to science”, (undergraduate, graduate, post-graduate students),
collection of abstracts, April 25, 2014.

Peat extraction impact on hydrological regime of high moss. Agris Bodnieks,
Inga Grinfelde, 9th International scientific conference "Students on their way to
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science", (undergraduate, graduate, post-graduate students), April 25, 2014.

62. Sensitivity test of hydrological model METQ. Karlis Deikovskis, Inga Grinfelde,
9th International scientific conference "Students on their way to science",
(undergraduate, graduate, post-graduate students), April 25, 2014.

63. Assessment of water body overgrow using GIS technologies: case study of lake
Usma. Zane Sarkane, Inga Grinfelde, 9th International scientific conference
"Students on their way to science", (undergraduate, graduate, post-graduate
students), collection of abstracts, April 25, 2014.

64. Hydroengineering sciences, hydrology, hydrotechnics and water management -
higher education development perspectives in Latvia = HidroinZenierzinatnu,
hidrologijas, hidrotehnikas un tdenssaimniecibas apak$nozares augstakas
izglitibas programmu attistibas perspektivas Latvija. Inga Grinfelde, From green
projects to green society, conference proceedings, October 22, 2010.

65. Changes in groundwater levels at agricultural fields caused by climate changes. J.
Valters, I. Grinfelde, E. Pundurs, 2nd International interdisciplinary conference
"Predictions for hydrology, ecology, and water resources management: changes
and hazards caused by direct human interventions and climate change", Prague,
Czech Republic, 20 - 23 September 2010.

AKkadémiskais darbs / Academic work

Promocijas darba izstrades laika iegiitas zinasanas un iestradnes tiek
izmantotas Latvijas Biozinatnu un tehnologiju universitates un citu augstakas
izglitibas iestazu, pamatstudiju studentu, magistrantu un doktorantu
zinatniskajos darbos. Promocija darba iestradnu integracija izglitojosa darba ir
apkopota 1.1. tabula, kur krasojums atbilst konceptuala hidrologiska modela
METQ pilnveides soliem kas grafiski prezent&ti 1.1. un 2.1. att€los.

The knowledge and input acquired during the development of the research
shall be utilised in the scientific work of the Latvian University of Life Sciences
and Technologies and other institutions of higher education, students of
undergraduate studies, master and doctoral students. The research integration
of workpieces into educational work is summarised in Table 1.1, where the paint
corresponds to the steps of development of the conceptual hydrological model
METQ presented graphically in Figures 1.1 and 2.1.
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1.1.tabula Promocija darba iestradnu integracija izglitojo$a darba
Table 1.1. The research intedration in academic work

Konceptuala  hidrologiska  modela
N.p.k. Aktivitate / Activity METQ izmantoSana / Use of the
conceptual hydrological model METQ
1. Studiju kurss Inzenierhidrologija 3 KP | Izpratnes veicinasana par hidrologiskajiem
procesiem, ipasi pavasara paliem
2. Studiju kurss Hidrologiska modelésana | Iepazistas ar modela struktdru un
3 KP galvenajiem darbibas principiem.
& Studiju kurss  Upju baseinu | Iepazistas ar modela struktiru un
apsaimniekosana I 2 KP un Il 2 KP galvenajiem darbibas principiem.
4. Studiju kurss Hidrologisko procesu | Iepazistas ar modela struktdru un
modelésana 4 KP galvenajiem darbibas principiem. Apgst
parametru kalibraciju.
5 Studiju kurss Zinatniska darba pamati | Modelis tiek izmantots dazados pétijumos.
112 KP
6. Doktora darbs Arta Bardule “Mikro- | Konceptualais hidrologiskais modelis
un makroelementu pliismas iscirtmeta | METQ tika izmantots, lai model&tu augu
apSu hibridu (Populus tremuloides | baribas vielu noteces apjomu no kokaugu
Michx. x Populus tremula L.) kokaugu | stadfjumiem (Bardule, Grinfelde, Lazdina,
stadijuma lauksaimniecibas zeme”. Bardulis, & Sarkanabols, 2018)
7. Magistra darbs Kristine Steinberga | Konceptualais hidrologiskais modelis
“Usmas ezera hidrologiska | METQ tika izmantots, lai model&tu Usmas
rezima ilgtermina izmainas”. ezera Gidens limena izmainas
8. Magistra darbs Anna Kuduma "Mazo | Konceptualais hidrologiskais modelis
HES hidroekonomiska modela | METQ tika izmantots, lai modelétu Usmas
adaptacija Latvija”. ezera
9. Magistra darbs Sabine Oficiere | Konceptualais hidrologiskais modelis
“Sateces baseina apsaimniekoSanas | METQ tika izmantots, lai modelétu Usmas
ietekme uz ezeru hidrologisko reZimu”. | ezera idens limena izmainas
10. Magistra darbs Dace Butenaite “N,O | Izstradata metodika N,O izotopu
izotopu meérfjumu veikSana augsnes | mErjjumiem no augsném
paraugiem laboratorijas apstaklos”.
11. Magistra darbs Anete Anna Zalite | Sagatavota SEG emisiju datu baze METQ
“Augsnes apstrades un audz&tas | modela pilnveidei.
kultiras ietekme uz SEG emisijam
mala augsnés”.
12. Magistra darbs Luize Lepiksone N,O | Pétita N,O izotopu izcelsme organiskajas
veidoSanas procesa izpéte augsnés ar | augsné
dazadu organiskas vielas saturu
13. Magistra darbs Sindija Liepa Izotopu | Izstradata metodika N,O izotopu avotu

izmanto$anas iespgjas N,O avotu
identifikacijai no augsném

identifikacijai no augsném
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1.IEVADS

Vairak neka puse pasaules iedzivotaju dzivo urbanajas teritorijas un ANO
iedzivotaju migracijas prognozes rada, ka 2030. gada to Tpatsvars parsniegs 80%
(United Nations, 2019). Iedzivotaju skaita un urbanizacijas limena palielinasanas
liek arvien vairak domat par ilgtspigu resursu, taja skaita ddens,
apsaimnieko$anu un adaptaciju klimata parmainam (Saedi, Sharifi, Saremi, &
Babazadeh, 2022).

Zemes lietojuma veida maina, Tpasi urbanizacija, butiski ietekmé
hidrologiskos procesus (Ajjur & Al-Ghamdi, 2022). Urbanas teritorijas ne tikai
rada papildus piesarnojuma slodzi un samazina tidens resursus, bet ari tajas veido
tidensapgades un kanalizacijas infrastruktiiru, ka ari attista plidu aizsardzibas
sisttmas (Crawford et al., 2022; Hernandez-Hernandez, Olcina, & Morote,
2020). Spécigu lietusgazu gadijuma urbanas teritorijas veidojas lokali pladi, kas
klast arvien intensivaki un atkartojas arvien biezak (Chen, Hill, & Urbano, 2009;
Kang, Park, & Singh, 1998; X. Li et al., 2022; Mark, Weesakul, Apirumanekul,
Aroonnet, & Djordjevi¢, 2004; Schmitt, Thomas, & Ettrich, 2004). Plidos
visbiezak cie§ vai zaude dzivibu iedzivotaji no sabiedribas nabadzigakajam
grupam, ka ar tiek nodariti materialie zaud€jumi, kas mérami vairakos miljardos
dolaru (Abdeljaber, Adghim, Abdallah, Ghanima, & ALjassem, 2022; Jonkman
& Vrijling, 2008; Kron, Steuer, Low, & Wirtz, 2012). Eiropas Savieniba pladu
riska mazinasanas pasakumus nosaka Plidu Direktiva 2007/60/EC (European
Parliament, 2007), kas nosaka dalibvalstim veikt plidu riska noveérté$anu un
apdraudéto teritoriju karté$anu.

Izpratne par urbano teritoriju hidrologisko rezimu paslaik tiek veidota un
attistita, izmantojot monitoringa datus un model&Sanas piedavatas iespgjas, tacu
lai izmantotu modeléSanas rikus, ir nepiecieSami vismaz divdesmit gadu
hidrologiska rezima dati (DeFries & Eshleman, 2004; Delleur, 2003; T. D.
Fletcher, Andrieu, & Hamel, 2013; Praskievicz & Chang, 2009; Zhong et al.,
2022). Urbano sateces baseinu hidrologisko procesu modeléSana ir sarezgita
sadrumstalotas vides, specifisko hidrologisko reZimu un urbanaja vide raksturigu
hidrologisko procesu d&l (Meng, 2022; Rodriguez, Andrieu, & Zech, 2000).
Urbana vide rada hidrologiska cikla izmainas un taja pasa laika loti jutigi reagé
uz hidrologiska cikla izmainam visa sateces baseina teritorija. Bach 2014,
petijums atklaj, ka ir nepiecieSams klasificeét urbano sateces baseinu integrétos
modelus un tos klasificet péc integracijas pakapes (Bach, Rauch, Mikkelsen,
McCarthy, & Deletic, 2014; Zhou, Luo, Qin, Su, & Ren, 2022), lai reducétu
modela aprékina rezultatu nenoteiktibu, ko rada urbanas vides heterogenitate.
Paslaik notiek diskusijas par Gidens aprites cikla universalas koncepcijas vai
metodologijas izstradi sateces baseina Iimeni (Zhou et al., 2022).

Hidrologisko  procesu mainiba un atkariba no klimata un
geomorfologiskajiem apstakliem, ka arT antropogénajiem faktoriem, musdienu
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hidrologiem sniedz izaicinajumu prognozg&t un paredz&t iesp&jamo hidrologisko
procesu dinamiku laika un telpa. Modeli ar augstu telpisko izSkirtspgju ir ar
sarezgitiem aprékinu algoritmiem un nepiecie$ams salidzino$i liels un blivs
novérojumu datu apjoms, kas biezi vien nav pieejams, tadgjadi ietekméjot
modela rezultatu nenoteiktibu. Modela rezultatu nenoteiktibu samazinaSanai
ieteicams izvEleties merkim un pieejamiem datiem atbilsto$u modelé$anas riku.
Starptautiska hidrologijas zinatnieku asociacija (IAHS) ir izvirzijusi kopuma
divdesmit tris neatbildétus jautajumus hidrologijas joma, kas jamégina risinat
nakamaja desmitgadg, taja skaita jautajumi, kas tiesi saistiti ar promocijas darba
izvirzito meérki (Bloschl et al., 2019), respektivi, hidrologisko modelu
izmanto$ana hidrologiska cikla izmainu prognoz&$ana mainiga klimata un zemes
lietosana veida apstaklos, urbanizacijas ietekme uz hidrologiska cikla izmainam,
idens parvaldibas ietekme partikas kédém taja skaita SEG emisijam no
antropogénam ekosist€émam.

Latvijas teritorija lielaka dala tidens objektu ir ar antropoggno ietekmi, un
antropogénajam slodzém regiona ir tendence palielinaties. Ka pieméru var minét
straujo pils€tu attistibu, mezsaimniecibas un lauksaimniecibas intensifikaciju.

1.1. Urbano hidrologisko procesu un SEG emisiju modeléSanas iespéjas
Latvija

Latvija kop$ 19.gadsimta ir izveidota nozimiga un ilglaiciga fundamentalo
pétijumu datu baze, kas lava attistit hidrologisko procesu modelé$anas
algoritmus. Ir loti plasa ilglaicigo pétijumu baze par gruntsidens Itmenu
svarstibam un mitruma reZimu augsné. Ka noslédzoso posmu $o pétijumu cikla
var minét konceptuala hidrologiska modela METQ izveidi. Kam par pamatu
nemts gruntsiidenu Iimena prognoze$anas riks METUL (Krams & Ziverts, 1993;
Ziverts, 1976; A. Ziverts & Jauja, 1999; Ansis Ziverts, 1997). Modela kalibracija
un validacija ir pabeigta dabiskajos zemes lietojuma veidos, Latvija tipiskajam
hidrologiskaja atbildes vienibam, tacu nav veikta kalibracija un validacija
urbanajai hidrologiskajai atbildes vienibai.

Pasaules pieredze rada, ka lielaka dala modelu, kas izmantoti hidrologisko
procesu modeléSana ir veidoti konkrétas zinatniskas grupas, kuru galvenais
uzdevums ir nodro§inat nacionala un lokala Itmena vajadzibas p&c ticamam
hidrologiskajam prognozém. Hidrologisko procesu modelé$ana ir nebeidzams
process, kur, palielinoties datu pieejamibai un programmu nodro§inajumam, ir
iespgjas ieklaut arvien precizakus aprékina algoritmus. Tomér, palielinoties
modelu datu ietilpibai un modela veiktspgjas jaudai, ir jaizverte katra modela
precizitates raditaji, jo neprecizi izejas dati var novest pie nepienemami augstas
rezultatu nenoteiktibas. Konceptuali hidrologiskie modeli ir loti veiksmigi
pielietojami urbano sateces baseinu hidrologisko procesu modelé$ana, jo sniedz
iesp&ju prognozet caurpliidumu konkréta gultnes véruma ar augstu precizitati.
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Konceptualo hidrologisko modelu uzbiive, kas balstita uz hidrologisko atbildes
vienibu aprékinu principiem lauj veikt modela uzlabojumus un izstradat un
integrét aprékinu algoritma neierobeZotu skaitu hidrologisko atbildes vienibu
skaitu.

SEG Emisiju aprékinu modeli ir loti daudzveidigi un balstiti uz atSkirigiem
principiem, kas katrs ir veidots ar konkrétu mérki. Ja mérkis ir modelét SEG
emisijas no augsnes, tad viena no labakajam pieejam ir izmantot hidrologiskos
modelus, kas balstiti uz konceptualajiem hidrologisko procesu modelé$anas
principiem. SEG emisiju no augsném modelésanas galvenie principi visam
gazem ir ciei saistiti ar temperatiiras un mitruma rezimu augsné. Sos parametrus
ir iesp&jams model&t, izmantojot konceptualo hidrologisko modeli METQ, kas ir
ar atvertu kodu un lauj izstradat un integrét papildu parametrus un modulus SEG
emisiju no augsném modelé$ana. Lai uzsaktu urbanas hidrologiskas atbildes
vienibas un SEG emisiju modulu integraciju konceptualaja hidrologiskaja
modelt METQ, ir nepiecieSams aprakstit modela galvenos algoritmus izprast
modela darbibas principus. Paraléli jasagatavo informacija par SEG emisiju no
augsném modelesanas pamatprocesiem un apkopot pieejamo informaciju par
papildus faktoru aprékina algoritmu ieklausanu modela algoritmu struktiira.

Konceptualais hidrologiskais modelis METQ ir izveidots Latvijas
Lauksaimniecibas universitates zinatnicku vadiba un aprobéts caurplidumu
kvantitativai noveértésanai. Lidz $§im izmantoto METQ konceptualo modeli nav
iesp&jams pielietot caurpliduma modeléSanai platibas ar urbanam teritorijam.
Galvenais iemesls §im trikumam ir tas, ka Latvija lidz $im nav izveidots
hidrometriskais postenis, kas monitorétu caurplidumu urbana sateces baseina.

Konceptuala modela METQ attistiba un pilnveidosana ir nepiecieSama ne
tikai caurpliduma kvantitativai analizei, bet, papildus to pilnveidojot, ir
iesp&jams veikt starpdisciplinarus pétijumus ekohidrologijas apaks$nozar€, kas
peta iidens un ekosistémas mijiedarbibu. Vides inZenierija, kas risina difuza
piesarnojuma samazinasanas jautdjumus, un SEG emisiju no augsném
samazino$o tehnologiju ievieSanas jautdjumus, kur Gidens saturam augsné un
gruntsiidens svarstibam ir viena no galvenajam lomam, pieméram, dislapekla
oksida emisiju rasanas procesos (Bloschl et al., 2019).

1.2. Promocijas darba meérkis

Promocijas darba mérkis ir pilnveidot konceptualo hidrologisko modeli
METQ, integréjot urbano hidrologisko atbildes vienibu, un sagatavot datubazi
un konceptualo risindjumu SEG emisiju no augsném model&Sanai, izmantojot
konceptualaja hidrologiskaja modeli METQ ietverto hidrologisko aprékinu
augsnes aktivaja slani, gruntsiident un ar to saistitaja kapilaraja pacel$anas slani.
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1.3. Promocijas darba pétnieciskie uzdevumi

apkopot Iidz§ingjo pieredzi hidrologisko procesu modelésana un
modelu izmantoSanas iesp&jas urbano hidrologisko procesu un SEG
emisiju no augsném model&sana;

izvertet urbanas hidrologiskas atbildes vienibas un SEG emisiju no
augsném aprékina algoritmu integracijas iesp&jas konceptualaja
hidrologiskaja modeli METQ);

izveidot konceptuala hidrologiska modela METQ model&sanas
platformu ar integrétu urbanas hidrologiskas atbildes vienibu un tai
izstradat algoritmu SEG emisiju no augsném aprékina modulu
konceptualo risinajumu;

izvertet konceptuala hidrologiska modela METQ parametru jutigumu
urbanas hidrologiskas atbildes vienibas kalibracijas un validacijas
procesa optimizacijai;

sniegt ieskatu konceptuala hidrologiska modela METQ izmanto$anas
iespgjam klimata parmainu un zemes lietoSanas veidu mainas
ietekmes izvertéSana un caurpliidumu prognozeésana;

izstradat konceptuala hidrologiska modela METQ pilnveides
scenariju SEG emisiju no augsn€m model&Sanai, kas ietver modula
algoritma izblives koncepciju dislapekla oksidam, metanam un
oglskabajai gazei.

1.4. Promocijas darba aizstavamas tezes

Konceptualais hidrologiskais modelis METQ ir piem&rots urbanas
hidrologiskas atbildes vienibas integracijai un klimata parmainu un
zemes lietoSanas veidu mainas ietekmes izveérté€§ana un caurplidumu
prognozesana;

Konceptualais hidrologiskais modelis METQ ir piemérots dislapekla
oksida, metana un oglskabas gazes potencialo emisiju model&sanai no
augsnem.

1.5. Promocijas darba novitate

Apkopota lidzsingja pieredzi hidrologisko procesu modelésana un modelu
izmantoSanas iesp&jas urbano hidrologisko procesu un SEG emisiju
modelésana;

izvertétas urbanas hidrologiskas atbildes vienibas un SEG emisiju
aprékina algoritmu integracijas iespgjas konceptudlaja hidrologiskaja
modelt METQ);
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3. izveidota, lietotajam &rta, konceptuala hidrologiska modela METQ
model&Sanas platforma ar integrétu urbanas hidrologiskas atbildes vienibu
un tai izstradats algoritms SEG emisiju aprékina modulu konceptualajiem
risindjumiem;

4, noveértéta konceptuala hidrologiska modela METQ modelésanas
platformas veiktspg€ja, izverteta autokalibracijas algoritmu efektivitate,
veikta modela jutiguma analize un urbanas hidrologiskas atbildes vienibas
kalibracija un validacija;

5. sniegts ieskats konceptuala hidrologiska modela METQ izmanto$anas
iespgjam klimata parmainu un zemes lietoSanas veidu mainas ietekmes
izvertéSana un caurplidumu prognozé$ana, ka ari wdenskratuvju
apsaimniekoSanas pasakumu optimizacijai;

6. izstradati priekSlikumi konceptuala hidrologiska modela METQ
izmantoSanai SEG emisiju no augsn€ém model&Sanai.

1.6. Promocijas darba pétijuma uzbiive

Promocijas darba petfjums veidots vairakas pakapées, lai saniegtu promocijas
darbam izvirzito mérki (skat.1.1.att.).

Konceptuala hidrologiska modela METQ sagatavo$ana
izmantoSanai pétijuma (l.Publikacija)

Urbanas hidrologiskas atbildes vienibas integracija modelt
METQ (Il.Publikacija)

Konceptuala hidrologiska modela METQ izmantoSana
(1,1, V., VL. Publikacija)

SEG emisiju no augsném modelésanas iespéjas un datu
ievakS$ana kalibracijas vajadzibam (VIL.,VIIL,IX.Publikacija)

SEG emisiju modulu integracijas konceptualaja hidrologiskaja
modelt METQ risinajums (X.Publikacija)

1.1.att. Promocijas darba pétijuma galvenie soli.

Pirmaja soli tika sagatavota modeléSanas platforma METQUL2012 ar
iebivetiem autokalibracijas algoritmiem un iebiivétu urbano hidrologiskas
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atbildes vienibu, ka arT veikts paremetru jutiguma tests. Otraja soll tika veikta
urbanas hidrologiskas atbildes vienibas kalibracija un validacija. Tresaja soli
konceptualais hidrologiskais modelis METQ tika izmantots klimata mainibas un
zemes lietojuma veida mainas kompleksas ietekmes izverte$ana uz hidrologisko
rezimu. Ceturtaja soli tika apzinatas metodes SEG emisiju modelg$anai no
augsném un sagatavota metodika gazu merijjumu veikSanai modela kalibracijas
vajadzibam. Piektaja soli tika izstradata koncepcija SEG emisiju aprekinu
algoritmu integracijai konceptualaja hidrologiskaja modelt METQ.

2. MATERIALI UN METODES

Promocijas darba izvirzitais mérkis ir sarezgits, tade] petijums tika sadalits
nosactti piecos posmos. P&tijuma veikSanas konceptuala sheéma ir att€lota 2.1.att.
Pirmaja posma tika izstradata konceptuala hidrologiska modela METQ
modelésanas platforma (Inga Grinfelde & Lauva, 2012). Otraja posma tika veikta
modela verifikacija, autokalibracijas algoritmu testéSana un veiktspgjas
salidzinasana un parametru jutiguma tests (I.publikacija) un tresaja posma tika
veikta urbanas hidrologiskas atbildes vienibas parametru kalibracija un urbanas
hidrologiskas atbildes vienibas modula verifikacija (II.Publikacija).

Ceturtaja posma tika veikta Usmas ezera noteces model&Sana, lai izvértétu
zemes lietojuma veida un klimata mainibas kumulativo ietekmi uz noteci (II1.;
IV. un V. Publikacija) un Tasu ezera kompleksa modeléSana ar mérki sniegt
rekomendacijas ilgtspgjigai ezera apsaimniekoSanai (VI.publikacija). SEG
emisiju no augsném model€Sanas iesp&jas un datu ievakSana kalibracijas
vajadzibam (VII.; VIII. un IX.publikacija). SEG emisiju modulu integracijas
konceptualaja hidrologiskaja modelit METQ risinajums (X.publikacija)

Promocijas darba izstrades laika tika iev@roti modeléSanas procesa
pamatposmi, kas lauj izsekot modela attistibai un mazina kltidu riskus modeli.

2.1. Konceptuala hidrologiska modela METQ sagatavo$ana izmantoSanai
pétijuma

Konceptualais hidrologiskais modelis METQ ir izveidots 1996. gada (A.
Ziverts & Jauja, 1996), ka modela METUL (Krams & Ziverts, 1993)
modifikacija, kas lauj udensteces baseinu sadalit apaksSbaseinos jeb
hidrologiskajas atbildes vienibas. Modela METQ96 aprékina algoritms dod
iespgju aprékinat ikdienas caurplidumu, izmantojot diennakts vidgjas
temperatiiras, nokriSnu un mitruma deficita novérojumus.

Konceptuala hidrologiska modela METQ nakama uzlabota versija
METQO0203 tika izstradata 2002. gada. Modeli ieteicams lietot caurplidumu
model&$anai baseiniem ar laukumu Iidz apméram 2000 km?. Udensnotekam ar
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lielaku baseina laukumu ieteicams baseinu iedalit dalbaseinos. Tomeér, ja
mazakas upes baseina ir liels ezers vai Gidenskratuve, tad modeleSana vispirms
veicama $1 ezera vai Gidenskratuves baseinam, bet baseina dala lejpus $1 ezera vai
tdenskratuves ir model&jama ka atsevisks dalbaseins.

!

Konceptuala
Urbanis hidrologiskas hidrologiska modela Autokalibricijas

atbildes vienibas modulis METQ modelesanas modulis

platforma

l

Konceptuala hidrologiska modela METQ modeleSanas
platformas validacija

L
a) [ ¥ v
w Modela veiktspejas Parametru juti A ibracijas
; tests tests (1. Pubikiciia) slgoritan saDdzind]
- [ ] 7
a.
Modelis darbojas
atbilstosi algoritmam
Zemes lietojuma Urbanas hidrologiskas atbildes
N " vienibas parametru kalibracija un G a
veida dati validacija Meteorologiskie dati
(1. Publikdcija)
— Konceptuala hidrologiski modela METQ model&¥anas platformas
(©) izmanto$anas iespgjas
3 |
o Udens kvalitates petijumi Klimata un zemes lietojuma kumulativa Hidrologiska rezima
o (Bardule etal 201‘!,) ietekme uz hidrologisko rezimu optimizé¥ana idenskratuves
< a (N1 IV. un V. Publikacija) (V1.Publikacija)
— SEG emisiju veido3anas SEG emisiju aprékina modulu iestrade SEG emisiju no augsném datu
ﬁ augsnes > konceptualaja hidrologiskaja modeli < ievakSanas metodika
o (IX. Publikdcija) METQ (X. Publikacija) (V11 un VII1.Publikacija)

2.1.att. Konceptuala hidrologiska modela METQ pilnveides plismas
diagramma

Turpinot konceptuala hidrologiska modela METQ pilnveidosanu, $1 pétijuma
ietvaros tika izveidota jauna un uzlabota modela versija METQUL2012, kas tika
izstradata Latvijas Lauksaimniecibas universitates Meza un Gdens resursu
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zinatniskaja laboratorija, un ir pamats ST promocijas darba tapSanai. Modela
galvenais papildinajums ir urbanas hidrologiskas atbildes vienibas integracija
aprekina algoritma (Bakute, Grinfelde, & Lagzdins, 2017; I. Grinfelde & Bakute,
2017; Inga Grinfelde & Lauva, 2012).

Petljuma vajadzibam 2012.gada sakuma tika izveidota modeleSanas
platforma METQUL2012(Inga Grinfelde & Lauva, 2012), kas atvieglo
konceptuala hidrologiska modela METQ kalibraciju, validaciju un izmanto$anu
ikdienas caurpliduma aprekiniem noteikta laika vieniba. Model&Sanas
platformas METQUL2012 izveidei par pamatu tika nemta konceptuala
hidrologiska modela versija METQ0203. Papildus tika izveidots autokalibracijas
bloks, kur parametru kalibracijai ir iespgjams izmantot septinus autokalibracijas
algoritmus (Neldera Mida algoritms (Nelder-Mead algoritm NEL); Gengtiskais
algoritms (Genetic algorithm GEN); Levenberga Markuardta algoritms
(Levenberg-Marquardt algorithm LMA); Kvazi-Nutona BFGS algoritms (Quasi-
Newton BFGS apgorithm); Kvazi-Niatona DFP algoritms (Quasi-Newton DFP
apgorithm); FledCera konjuéta gradienta algoritms (Conjugate gradient
(FLETCHER) algorithm); Polaka konjugéta gradienta algoritms (Conjugate
gradient (POLAK) alghorithm)) (Broyden, 1969; W C Davidon, 1959; William
C Davidon, 1991; R. Fletcher, 1970; R. Fletcher & Powell, 1963; Gilbert &
Nocedal, 1992; Goldfarb, 1970; Inga Grinfelde & Lauva, 2012; Levenberg,
1944; Marquardt, 1963; Nelder & Mead, 1965; Nocedal, 1992; Polak & Ribicre,
1969; Polyak, 1969; Powell, 1987; Shanno, 1970).

2.1.1. Konceptua hidrologiska modela METQ uzlabojumi

Konceptuala hidrologiska modela METQ noteces aprékina konceptuala
shéma ir dota 2.2.att., kura uzskatami tiek paraditas galvenas fidens pliismas.
Udens bilances aprékinos apjomigs raditajs ir tidens uzkrajums hidrologiskaja
reakcija, ka pieméram: sniega sega, augsnes aktivaja slani, gruntsiident un ar to
saistitaja kapilaraja pacelSanas slani.

Augsgjam slanim, kas nosaukts par augsnes aktivo slani, $aja modelt nav
precizi definétas apaksgjas robezas, toties ir norade, ka taja izvietojas augu saknu
galvena dala. Vegetacijas perioda §1 slana summaro iztvaiko$anu nosaka
galvenokart augu transpiracija. Savukart, gruntsidens krajumi Saja
hidrologiskaja modeli tiek raksturoti ar brivo poru tilpuma slani starp zemes
virsmu un gruntsidens Iimeni. Katras hidrologiskas atbildes vienibas
(hydrological response unit) noteci raksturo ar $adam komponenttm: Qi —
virszemes notece; Q. — augsnes notece; Qs — dzila pazemes notece no slaniem,
kas drengjas apskatamaja upes baseina. Hidrografiskaja tikla S$is noteces
komponentes apvienojas un transformé&jas izlidzinata upju notece — Q.
Konceptuala hidrologiska modela METQ pliismas diagramma ir dota 2.3.att. S
koncepcija ir izmantojama neizp&titam up&m, kur ir zinams hidrologisko atbildes
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vienibu Tpatsvars un tiek izmantoti noklusétie parametri katrai hidrologiskas
atbildes vienibai. Modelis paredz iespEju izmantot vairaku meteorologisko
staciju datus, kur katrai stacijai iesp&ams defin€t procentualo Tpatsvaru
konkrétas tidensteces sateces baseina. Modelis aprekina algoritmu atkarto katrai
hidrologiskajai atbildes vienibai un meteorologiskajai stacijai, uzkrajot noteces
modula datus nakamajam aprékina posmam. Promocijas darba vajadzibam
modeléSanas platforma METQUL2012 tika ieb@ivéta urbana hodrologiskas
atbildes vieniba, kuras parametru kalibracija tika veikta otraja konceptuala
hidrologiska modela attisttbas posma. Nakamais aprékina posms saistits ar
caurpliiduma aprékinu tidensteces gultnes véruma un plismas sadalifjumu sateces
baseina, ko nosaka geologiskie un geomorfologiskie apstakli. Aprékins tiek
veikts katrai dienai saskana ar vienibas hidrografa koordinatam, kas apraksta
virszemes noteces proporcionalo sadalijumu pa dienam.
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2.2.att. Konceptuala hidrologiska modela METQ hidrologiskas atbildes
vienibas aprekina principiala shema

P— nokrisni, mm dnn; ES — iztvaikoSana no sniega, mm dnn’t; RS — lietu un
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sniega kuSanas iidens, mm dnn*; EA — iztvaikoSana no augsnes aktiva slana,
mm dnn; SMS — iidens saturs augsnes aktivaja slani, mm,; Z — dzilums no
zemes virsas, cm; PZ — dreneta slana biezums, cm; Q1, Qz2, Q3 — noteces
komponentes, mm dnn; RCH — iidens parpliide no augsnes aktiva slana uz
gruntsiidens horizontu, mm dnnt; CAP — kapilara pacelsanas, mm dnnt; SS —
tdens saturs sniega, mm,; GW — brivo grunts poru tilpums, mm; DZ — augséja
slana biezums, cm; ZCAP — kapilards pacelSands augstums, cm; WZ —
gruntsudens dzilums, cm
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2.3.att. Konceptuala hidrologiska modela METQ pluasmas diagramma

Hidrologiskas atbildes vienibas aprékina algoritms sastav no trim aprékinu
blokiem: sniega veidoSanas un kusanas aprékina, aprékina augsnes aktivajam
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slanim un aprékina gruntsiideniem. Katras hidrologiskas atbildes vienibas dati
tiek saglabati, lai talak izmantotu caurpliduma aprékiniem tdensteces gultnes
veruma (skat. 2.4.att.).

Meteorologisko staciju datu baze O

Ir vismaz viena
meteorologiska
stacija?

Inicializé pirmo
meteorologisko datu kopu

Inicializé nakamoo
meteorologisko datu kopu ™

A\ 4
Aprékinu process

sniegam

Aprékinu process
Augsnes aktivajam
slanim

v

Aprékinu process

gruntsiideniem

Ir otra ... nta /
meteorologiska stacija?

Procesa beigas (dati tiek saglabati hidrologiskas /

atbildes vienibas carpliduma aprékiniem) g, mm

2.4 att. Konceptuala modela METQ hidrologiskas atbildes vienibas
aprekina plismas diagramma

Nosledzosaja aprekina posma tiek aprekinats caurplidums katrai
hidrologiskajai atbildes vienibai proporcionali meteorologisko staciju
parklajumam, un veikts caurpliduma korekcijas aprékins, atbilstosi vienibas
hidrografa koordinatém, ja lejtec€ ir ezers vai tdenskratuve, papildus tiek veikts
plismas transformacijas aprékins.

Dalbasiena kop@jo noteci aprékina p&c l.formulas, kur uzlabotaja modela
versija tika pievienota urbana hidrologiska atbildes vieniba:
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_ (QALL*WALL+QAHL*W AHLTQF*WF+Qp*WpB+QL*WL+Qu-Wy) 1
Q= 100 (D)
kur

Q — kopgja baseina notece, mm d?;

Q11 — lidzenu lauksaimniecibas zemju notece, mm d%;

Qupy — lauksaimnieciba izmantojamo paugurainu notece, mm d;

Qr — notece meziem, mm d*;

Qp — notece purviem, mm d-;

Q, — notece ezeriem, mm d*;

Qyu — notece urbanajam teritorijam, mm d;

Wyt » Wagr » W, Wy, W, Wy — minéto elementarbaseinu veidu
Tpatsvars attiecigaja dalbaseina, kuru summa ir 100%.

2.1.2. Pétijuma vajadzibam izveidota modeléSanas platforma
METQUL2012

Konceptuala hidrologiska modela METQ modelésanas platformu
METQUL2012 veido seSas secigas darba virsmas, kas lauj veikt, ikdienas
caurpliduma model&$anu un modela parametru kalibraciju un validaciju. Atverot
model&$anas platformu, darbu uzsak izvélné METEO. Saja izvélng, ka nokluséta
darbiba ir uzstadita, caurpliduma model€Sana konkréta gultnes véruma, tacu
modelésanas platforma METQUL2012 paredz iesp&ju parslégties uz gruntsiidens
[imenu model&$anu. Saja pétijuma tika izmantota caurpliidumu konkréta gultnes
véruma model&sanas izvelne, tade] turpmakais izklasts attieksies uz caurpliiduma
model&sanu.

Izvélng METEO ir iespgja definét caurpliduma model&sanai izmantojamas
meteorologisko datu kopas, modeli ir iebuvéta iesp&ja izmantot vienu vai
vairakas meteostacijas, kuru svaru summai ir jabiit 1,0. Obligati nepiecieSams
definét sateces baseina platibu gultnes aprékina véruma, un tiek piedavata iesp&ja
saglabat sateces baseina parametrus model&Sanas platformas METQUL2012
datu baze. Péc noklusgjuma tiek pienemts, ka sateces baseina lejtecg nav ezers
vai tdenskratuve, tacu ja sateces baseina lejtec€ ir ezers vai tdenskratuve ir
iesp&jams definét ta parametrus un modelis aprékinas plismas transformaciju.
Nosléguma obligati jaaktivizé poga SET METEO, kas modelim liek ielastt datus
atmina, lai turpmak izmantotu model&Sanas procesa.

Konceptuala hidrologiska modela METQ modelésanas platformas
METQUL2012 izvélne CALIBRATION, lietotajam dod iesp€ju automatiski vai
manuali definét hidrologiskas atbildes vienibu ipatsvaru apskatamaja sateces
baseina Subbasin. Automatiski vai manuali definé vienibas hidrografa
koordinates 9 day Q hydro coordinates, ka ari manuali mainit katras
hidrologiskas atbildes vienibas parametru vértibas Calibration, var izmantot
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noklusétas vertibas (Ziverts, 2006). Tapat visas iepriekSminétajas pozicijas
pastav iespgja saglabat definétas vertibas vai izmantot jau ieprieksdefinétas
vertibas. Nosleguma var izveleties modeléto caurplidumu grafisko att€lojumu,
un obligati jaaktiviz€ poga RUN METQ. Modelis veic aprékinu saskana ar
ieprieksgja apaksnodala aprakstito algoritmu un saglaba aprékina rezultatus.

Konceptuala hidrologiska modela METQ modelésanas platformas
METQUL2012 izvélne ADD FILES ir izveidota, lai atvieglotu meteorologisko
datu un noveroto caurplidumu ievadi. Ir nepiecieSams manuali definét
meteorologisko vai caurpliduma datu rindas sakuma datumu un faila
nosaukumu, kas tiks saglabats modeléSanas platformas arhiva. Papildu
nosacfjums ir nepartraukta datu rinda bez iztruksto$am datu rindam, un
meteorologisko datu rindam ir jabut vienada garuma. P&c visu iepriek§minéto
darbibas veikSanas obligati jaaktivizé ADD poga. Konceptuala hidrologiska
modela METQ modelesanas platformas METQUL2012 jaunievedums ir
autokalibracijas izv€lne AUTOCALIBRATION, kas lauj veikt autokalibraciju
izmantojot septinus dazadus autokalibracijas algoritmus, (Neldera Mida
algoritms (Nelder-Mead algoritm NEL); Genétiskais algoritms (Genetic
algorithm GEN); Levenberga Markuardta algoritms (Levenberg-Marquardt
algorithm LMA); Kvazi-Natona BFGS algoritms (Quasi-Newton BFGS
apgorithm); Kvazi-Natona DFP algoritms (Quasi-Newton DFP apgorithm);
FledCera konjuéta gradienta algoritms (Conjugate gradient (FLETCHER)
algorithm); Polaka konjugéta gradienta algoritms (Conjugate gradient (POLAK)
alghorithm)) (Broyden, 1969; W C Davidon, 1959; William C Davidon, 1991;
R. Fletcher, 1970; R. Fletcher & Powell, 1963; Gilbert & Nocedal, 1992;
Goldfarb, 1970; Inga Grinfelde & Lauva, 2012; Levenberg, 1944; Marquardt,
1963; Nelder & Mead, 1965; Nocedal, 1992; Polak & Ribiére, 1969; Polyak,
1969; Powell, 1987; Shanno, 1970). Autokalibraciju var veikt vienam vai
vairakiem konkrétas hidrologiskas atbildes vienibas parametram. Papildu
nosacijums ir meteorologisko datu kopai un noveéroto caurplidumu datu kopai
jabiit vienada garuma.

Konceptudla hidrologiska modela METQ modelésanas platformas
METQUL2012 izvelne DATA EXPORT lauj lietotajam izveleties
nepiecieSsamos datus un tos eksporté excel formata. Lietotajam tiek dota iesp€ja
izveleties eksportet kop&jo caurplidumu un ta komponentes aprékina gultnes
véruma, ka arl pastav iesp€ja eksportét katras hidrologiskas atbildes vienibas
caurpliidumu un ta komponentes aprékina gultnes véruma.

Konceptuala hidrologiska modela METQ modelésanas platformas
METQUL2012 izvélne HYDROGRAPH grafiski attélo modelétos lielumus un
lauj grafiski novertét modelésanas rezultatus.
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Petjjuma izmantotas datu

2.2. Petijjuma izmantie dati un statistikas metodes

merkis ir apkopots 2.1. tabula.

kopas, statistikas metodes un to izmantoSanas

2.1.tabula P&tijjuma izmanto datu un statistikas metoZu kopsavilkums

modelésanai un METQ
modela aprékina algoritms

Publ. Izmantotas datu kopas Izmantotas statistikas IzmantoSanas mérkis
Nr. metodes
Vienziemite  (1993-2015) | METQ modelis Veikts METQ  parametru
klimata dati, Katram | Hidrografa grafiska | jutiguma tests ar mérki izdalit
| parametram modelétas | analyze, R?; NSE; | paramatrus urbanas
’ veértibas PBIAS un RSR, | hidrologiskas atbildes vienibas
Hierarhiska klasteru | kalibracijai.
analize
Amerikas Savienoto Valstu | METQ modelis Veikta METQ  parametru
Geologiskas agenttras | Hidrografa grafiska | kalibracija urbanajai
11. (USGS) 6 urbanie sateces | analize hidrologiskajai atbildes vienibai
baseini ar platibu no 9.76 | R% NSE; PBIAS un
km? Iidz 183.63 km? RSR
i Usmas ezera Udens Iimepa | Homogentitates tests Sagatavoti izejas dati METQ
’ dati no 1927-2014 gadam Aprakstosa statistika modela izmanto$anai
12 klimata scenariji Stendes | METQ modelis Analizétas caurpluduma
IV. | stacijai Divi lineari zemes | Aprakstosa statistika izmainas ménesa griezuma
lietojuma veida scenariji
12 kimata scenariji Stendes | METQ modelis Analizétas izmainas
V. stacijai Divi lineari zemes | Apraksto$a statistika caurpliduma ekstrémajam
lietojuma veida scenariji Regresijas analize vertibam.
12 kimata scenariji Ezera | 3D modelis Analizgtas izmainas
gultnes skan&ana | METQ modelis caurpladuma ekstrémajam
VI. izmantojot ADCP RiverRay | Hidrauliskais modelis vertibam.
Divi lineari zemes lietojuma | Aprakstosa statistika
veida scenariji
N20O mérijumu dati ar CRDS | Lineara regresija Sagatavota un aprobéta
VI iekartu Picarro G2508 metodika datu ievaksanai N,O
: no augsném  modelSanas
vajadzibam
CO;, CHs4, NO un NHj; | Lineara regresija Sagatavota un aprobéta
VI mérjumu  dati ar CRDS metodika datu ievaksSanai CO»,
" | iekartu Picarro G2508 CHa, N2O un NH3 no augsném
modeléSanas vajadzibam
N,O un N;O izotopu | Aprakstosa statistika Sagatavota un aprobéta
mérjumu  dati ar CRDS metodika datu ievakS$anai N,O
IX. iekartu Picarro G2508 un veido$anas posmu (nitrifikacija
iekartu G5131i vai denitrifikacija) model&sanas
no augsném vajadzibam
Literatiras  studijas SEG | METQ modelis Sagatavots risinajums SEG
X emisiju aprékina no augsném emisiju no augsném apréekina

modulu integracijai modeli

METQ
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Izsekojamibas noliikos katrs modela pilnveides posms ieziméts ar atbilstosu
krasu, kas sasaucas ar 1.1. un 2.1. att€los paraditajiem pé&tjjuma veikSanas
posmiem.

3.REZULTATI UN DISKUSIJA

Saja nodala ir apkopoti galvenie promocijas darba pétijuma rezultati, kas
nosacTti iedaliti divas apaksnodalas, kur pirmaja apak$nodala sniegti konceptuala
hidrologiska modela METQ urbanas hidrologiskas atbildes vienibas integracijas
un modela aprobacijas pétijumu rezultati. Otraja apaksnodala 1si aprakstiti SEG
emisiju no augsném model€Sanai nepiecieSamo datu ievakSanas metodika un
SEG emisiju no augsném aprékinu modulu konceptualais risinajums, to
integracijai konceptualaja hidrologiskaja modelt METQ.

3.1. Urbanas hidrologiskas atbildes vienibas integracija un modela
aprobacija

Konceptuala hidrologiska modela METQ pilnveides (I. un II. Publikacija) un
izmanto$ana sarezgitu tidenssaimniecibas jautagjumu risinasana (I11., IV., V., un
VL.publikacija) tika izmantots model€sanas darbu veikSanas ietvars, kas urbanas
hidrologiskas atbildes vienibas integracijas konteksta tika iziets pilna apméra
(skat 3.1. att.).

[ Meérka defingSana
l

[ Novérojumu dati ]—-[ Konceptudlais modelis

Caurpludu

Konceptualais modelis (HBV; METQ u.c.)

{ Modefa izveide )« Pievienota urbana hidrologiskas atbildes vieniba
‘

[ Darb‘bas kritériji

Juﬁguma tests un
kalibracija

] )
J )
([ Mowhimvéle Jo [ Koncepalais hidrologiskais modelis METQ |
J )
J | )

Laika dimensija ir viena diennakts

Parametru jutiguma tests un urbanas hidrologiskas atbildes
vienibas kalibricija

(T - TN

[ Model&sana 1 [ Usmas ezers, Tasu ezers ]

[ Zemes lictojuma veida un klimata kumulativa ictckme ]
I

A Tovergtons Ho dife hidrologiskds atbildes vienibas |

3.1.att. Konceptuala hidrologiska modela METQ urbanas hidrologiskas
atbildes vienibas integracija un izmantoSana saskana ar modelu attistibas
posmiem
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Urbana hidrologiska atbildes vieniba modeli nodro$ina caurpliduma
kvantitativu model&Sanu un Latvijas apstaklos ieteicams ir izmantot konceptualo
hidrologisko modeli METQ.

Lai sagatavotos urbanas hidrologiskas atbildes vienibas kalibracijai, tika
veikts konceptuala hidrologiskda modela METQ parametru jutiguma tests 23
parametriem (I.Publikacija). Konceptuala hidrologiska modela METQ parametra
BETA jutiguma testa grafiskais piemérs ir sniegts 3.2.att. Noteces veidoSanas
parametra BETA vertiba parada augstu jutibu pret parametra vertibas izmainam
pasi pavasara palu perioda. Visas BETA parametra izmainas ir ripigi janoverte
konceptuala hidrologiska modela kalibrésanas procesa.

Rudens pladi (1999.g.)

Pavasara pali (2013.g.)
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3.2.att. Parametra BETA jutiguma testa grafiska analize

Noteces komponensu Q1; Q2; Qs un kopgja noteces Qsum izmainu analize,
mainot BETA parametru amplitiida + 50%, ir paradita 3.3.att. NSE, RSR, R? un
PBIAS analize parada parametru BETA nozimigo ietekmi uz noteces
komponenti Q1.
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3.3.att. Parametra BETA ietekmes uz konceptuala hidrologiska modela
METQ veiktspéju grafiska analize

Parametra KU jutiguma testa rezultatu grafiska analize ir paradita 3.4.att.
Parametrs KU ir viens no aktiva augsnes slana zonas parametriem, un tam ir
izteikta ietekme uz ilgtermina noteci, savukart nenozimiga ietekme uz pavasaru
paliem un vasaras rudens pladiem.

Rudens pladi (1999.g.) Pavasara pali (2013.g.)
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3.4.att. Parametra KU jutiguma testa grafiska analize

Modeléto caurplidumu komponensu Q1; Q2; Qs un kopgjo caurplidumu Qsum
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izmainu analize, mainot parametru KU amplitada + 50%, ir paradita 3.5.att.
Modela veiktsp&jas raditaju NSE, RSR, R? un PBIAS analize parada parametru
KU ietekmi uz noteces komponenti Qs.

—Q  —Q2 Q3 ==QSum — Q] —C2 Q3 =—QSum
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3.5.att. Parametra KU ietekmes uz konceptuala hidrologiska modela
METQ veiktspeju grafiska analize

Konceptuala hidrologiska modela METQ parametri ALFA; CMELT; ROBK,
BETA, DPREC, DZ, KU un ZCAP uzrada paaugstinatu jutibu, salidzinot ar
par§jiem parametriem. Konceptuala hidrologiska modela METQUL2012
kalibréSanas laika ir nepiecieSams analiz€t un izvertét parametru izmainas ne
tikai no jutiguma skatupunkta, bet arT no modela konceptualitates prizmas, lai
parametru izmainas neizjauktu modeli iestradatas hidrologisko procesu
konceptualas algoritmu kopas. NepiecieSams izvertét padzilinati konceptuala
hidrologiskda modela METQ dazadu parametru atSkirigo ietekmi uz dazadu
noteces komponensu model&Sanas rezultatiem. Turpmaka izp&te jakoncentre uz
konceptuala hidrologiska modela parametru jutiguma analizi attieciba uz katru
noteces komponenti (Q1; Q2; Q3).

Konceptuala hidrologiska modela METQ parametru jutiguma testa rezultatu
hierarhiskas klasteru analizes rezultatos iegiito klasteru vidgjas vértibas modela
veiktsp€jas parametriem NSE; RSR, PBIAS. R?ir paraditas 3.1.tabula. Parametru
A2; A3; CFR; KS; PZ; RROB; RROB2; RROB2Z; T1; WHC; WMAX; ALFA,
AMCOR; ROBK; RROBZ; CMELT; DPREC; KL; ZCAP; DZ un T2 vértibas
maina par +50% konceptuala hidrologiskd modela METQ veiktsp&ju ietekm@
ieteiktajas NSE; RSR, PBIAS. R? vértibu robezas. Tomér parametru BETA un
KU izmainas par +50% ievérojami ietekmé& konceptuala hidrologiska modela
METQUL2012 veiktspgjas raditajus NSE; RSR, PBIAS R? (Moriasi et al. 2007).
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3.1.tabula Hierarhiskas klasteru analizes rezultati péc R?; PBIAS; RSR;
NSE véertibam attieciba uz noteces (Qsum) novirzi pie parametru izmainam

par +50%
Klase | Objekti | 1885 | gz | pgjas | RSR | NSE | Parametri
starpiba
A2; A3;
CFR; KS;
PZ;
RROB;
1 11 0.065 0.993 0.014 0.075 0.992 RROB2:
RROB2Z;
T1; WHC;
WMAX
ALFA;
AMCOR;
2 4 0.020 0.966 0.409 0.207 0.957 ROBK:
RROBZ
3 1 0.000 0.630 | -4.440 1.262 -0.591 BETA
4 1 0.000 0.828 1.075 0.431 0.814 CMELT
DPREC;
5 3 0.251 0.997 6.644 0.096 0.990 KL;
ZCAP
6 1 0.000 0.984 | -8.498 0.159 0.975 DZ
7 1 0.000 0.907 | 33.507 0.478 0.771 KU
8 1 0.000 0.901 | -2.972 0.327 0.893 T2

Parametru A2; AMCOR; RROB; RROBZ; T2; A3; CFR; KL; KS; PZ;
RROB2; RROB2Z; T1; WHC un WMAX vértibas maina par -50% konceptuala
hidrologiska modela METQUL2012 veiktsp&ju ietekmé ieteiktajas NSE; RSR,
PBIAS. R? vértibu robezas (sk. 3.2.tabula). Tomér astonu parametru ALFA;
CMELT; ROBK; BETA; DPREC; DZ; KU un ZCAP maina par -50% butiski
ietekm@ konceptuala hidrologiska modela METQ rezultatus un parsniedz NSE;
RSR, PBIAS, R? vértibu robezas (Moriasi et al. 2007). Tresais lidz astotais
klasteris uzrada vienas vai vairaku R2; PBIAS; RSR; NSE vértibu neatbilstibu
noteiktajam robezam, kas liecina par parametru jutigumu un batiski ietekmi uz
modela veiktsp&ju. Savukart otraja un pirmaja klasterT ietilpstoSie parametri p&c
RZ? PBIAS; RSR; NSE vértibam, katrs atseviski neuzrada biitisku ietekmi uz
modela veiktspgju.
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3.2.tabula Hierarhiskas klasteru analizes rezultati peéc R?; PBIAS; RSR;
NSE vértibam rezultati attieciba uz noteces (Qsum) NOVirzi pie parametru
mainas par — 50%

Klase [Objekti| 13585 | r2 |pgjas|RsR|  NSE Parametri
starpiba
A2; AMCOR; RROB;
1 5 0.036 | 0.936 | 0.901 |0.266| 0.928 RROBZ: T2
A3; CFR; KL; KS; PZ;
2 10 0.033 | 0.992 |-0.729 |0.079] 0.991 RROB2; RROB2Z; T1;
WHC; WMAX
3 3 0.099 | 0.802 |-2.443]0.525] 0.717 ALFA; CMELT; ROBK
4 1 0.000 | 0.371 |10.706|2.615] -5.841 BETA
5 1 0.000 | 0.995 |-16.559|0.202|  0.959 DPRKS
6 1 0.000 | 0.536 | 7.992 |1.375] -0.890 DZ
7 1 0.000 | 0.858 |-47.038|0.656]  0.570 KU
8 1 0.000 | 0.989 |-10.105|0.153]  0.977 ZCAP

Urbanas hidrologiskas atbildes vienibas kalibracija un validacija veikta 6
urbaniem sateces baseiniem (II.Publikacija). Kalibracijas un validacijas rezultati
ir apkopoti 3.3.tabula. NSE visiem sateces baseiniem ir pienemams (Moriasi et
al., 2007) un mainas robezas no 0.69 lidz 0.96 kalibrésanas periodam un no 0.67
Iidz 0.91 validacijas periodam. R? ir pienemams visiem sateces baseiniem visos
periodos (Moriasi et al., 2007) un varié no 0.81 lidz 0.98 kalibrésanas periodam
un no 0.95 lidz 0.79 validacijas periodam.

3.3.tabula Urbanas hidrologiskas atbildes vienibas kalibracijas un
validacijas rezultati

Sateces | Kalibracijas periods Validacijas periods

baseins | NSE | R? RSR | PBIAS | NSE | R? RSR | PBIAS
NY_BO | 0.69 |0.81 | 069 |-23.63 |0.67 |0.79 | 0.70 | -24.87
NY VA | 078 | 091 (047 | 1167 |0.79 |0.91 | 0.44 | 10.18
WA _SP | 082 | 093 | 031 | -3.03 0.80 [ 092 | 0.30 |-3.48
WA MI | 0.96 | 0.98 | 0.21 | -1.07 091 | 095 (024 |-2.11
MI_EC | 0.76 | 0.87 | 043 |1486 | 0.73 |0.84 | 049 | 16.36
MI_PA | 0.72 | 084 | 040 |17.01 |0.75 |0.87 | 042 | 15.28

NY_BO uzrada labakus model&sanas rezultatus kalibrésanas perioda. Tomeér
MI_PA ir labaki rezultati validacijas periodam neka kalibracijas periodam.
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caurplidumu mé&rfjumu precizitate un upes gultnes apstakli (Benedetti et al.,
2012; Cuo, Lettenmaier, Alberti, & Richey, 2009; Meng, 2022). Konceptuala
hidrologiska modela METQ parametrus A2; A3; CMELT; DZ; PZ; RROB;
RROBZ; RROB2; RROBZ2; ROBK; DPREC; AMCOR; BETA ieteicams
kalibrét dabiskajos sateces baseinos (A. Ziverts & Jauja, 1999), un pargjie
parametri ir nemainigi. Veicot urbanas hidrologiskas atbildes vienibas parametru
kalibré$anu, tika pienemts I&émums papildus kalibrét parametrus (WMAX;
ALPHA; ZCAP; KU; KL; T1; T2; KS; WHC; CFR; AMCOR). Pilsétas ir liela
virsmas neviendabiba un trauc€ta straumes veidoSanas, ka ari atSkirigs
mikroklimats (Burszta-Adamiak, Biniak-Pierog, Dabek, & Sternik, 2023;
Techapinyawat, Goulden-Brady, Garcia, & Zhang, 2023; Van de Ven, 1990).
Model&to un novéroto caurpliidumu grafiskais salidzinajums ir paradits 3.6.att.
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3.6..att. WA_MI sateces baseina novérotie nokrisni un novérotie un
modelétie caurplidumi

Modelgétais un novérotais caurplidums hidrografa uzrada labu atbilstibu,
tomér ir vérojama maksimalo caurplidumu modeléto rezultatu nesakritiba ar
noverotajiem.

ST nenoteiktiba ir saistita ar mérfjumu precizitati un lietus intensitati un
izplatibu sateces baseina. Parametri WMAX, ALPHA, ZCAP, T1, T2, KS, DZ,
PZ, DPREC, BETA uzrada butiskas atSkiribas — vairak neka 20% starp sateces
baseiniem un dazos gadfjumos vairak neka 40%. ST variacija ir saistita ar zemes
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seguma neviendabigumu, lietus iidens savaksanas sisteému vesturisko attistibu un
urbanizacijas blivumu (Burszta-Adamiak et al., 2023; Techapinyawat et al.,
2023; Van de Ven, 1990). Turpmakos pétijumos nepiecie$ams klasificét pilsetu
sateces baseinus pa segtajam teritorijam un izstradat vismaz tris pilsétas
hidrologiskas atbildes vienibu parametru kopas, ka ari integrét aprékina
algoritmu konceptualaja hidrologiskaja modeli METQUL 2012.

Klimata un zemes lietojuma veida scenariju model&sanas rezultati liecina, ka
arkartigi lieli caurplidumi ir saistiti ar lietus gadTjumiem neka sniega kusanu(II1.
IV. un V. Publikacija). Minimalie noteces periodi klaist garaki un biezaki. 30
gadus ménesa vidgja vertiba 1.kvartile un 3.kvartile no 2070. gada lidz 2100.
gadam klimatiskajiem scenarijiem ar palielinatam meza platibam (pesimistiskais
(PES)) un palielinatam lauksaimniecibas un urbanam teritorijam (optimistiskais
(OPT)) zemes izmantoSanas scenarijiem ir att€lota 3.7.att.

1 2 3 4 5 6 7 8 9 10 11 12
meénesis

s+ PES_15tQ = =PES_3rdQ ===PES_MED - OPT_1stQ — -OPT_3rdQ ===OPT_MED

3.7.att. Zemes lietoSanas veida scenariju un klimata scenarija ietekme uz
ménesa vidéjiem caurplidumiem Usmas ezera sateces baseina

P&tijuma rezultati liecina par biitisku zemes izmantoSanas izmainu ietekmi uz

Usma ezera hidrologisko rezimu visos divpadsmit klimatiskajos scenarijos.
Usmas ezera modeléto aprékina caurplidumu vidgjas aritmétiskas vertibas
lielakaja dala no analiz&tajiem klimatiskajiem scenarijiem ir prognozéetas lielakas
optimistiska zemes lietojuma scenarija gadijuma, t.i., pieaugot lauksaimnieciba
izmantojamo zemju platibam un palielinoties urbanizacijai. Usmas ezera
modelétajiem vid&jiem caurplidumiem 30 gadu laika perioda (2070.-2100.9.)
tendencei pieaugt ir 6 no 12 klimatiskajiem scenarijiem neatkarigi no zemes
lietojuma veida scenarija, tacu 8. klimatiska scenarija gadijuma prognozets
caurpliduma tendences pieaugums, izpildoties optimistiska zemes lietojuma
46



veida scenarijam un tendences samazinajums — izpildoties pesimistiskajam
scenarijam Usmas ezera modeletajiem maksimalajiem caurplidumiem 30 gadu
laika perioda (2070.-2100.g.) tendencei pieaugt ir 7 no 12 klimatiskajiem
scenarijiem neatkarigi no zemes lietojuma veida scenarija, tacu 1. klimatiska
scenarija gadijuma prognozéts caurpliduma tendences picaugums, izpildoties
optimistiska zemes lietojuma veida scenarijam un tendences samazinajums —
izpildoties pesimistiskajam scenarijam.

Usmas ezera modelétajiem minimalajiem caurplidumiem 30 gadu laika
perioda (2070.-2100.g.) tendencei pieaugt ir tikai 2 no 12 klimatiskajiem
scenarijiem neatkarigi no zemes lietojuma veida scenarija, un 2 no 12 klimatisko
scenariju gadijumiem prognozéts caurpliiduma tendences picaugums, izpildoties
optimistiska zemes lietojuma veida scenarijam un tendences samazinajums —
izpildoties pesimistiskajam scenarijam;

Visos klimatiskajos scenarijos gada aukstaja perioda notece ir lielaka
optimistiska zemes izmantoSanas scenarija, kur urbaniz€to platibu patsvars
palielinas, tas izskaidrojams ar tidens necaurlaidigo zonu palielinas$anos un
infiltracijas samazinaSanos. Pesimistiskie zemes izmantoSanas scenariji,
palielinot meza platibu Usma ezera sateces baseina, var butiski ietekmét
hidrologisko rezimu visos divpadsmit klimatiskajos scenarijos, samazinot kop&jo
noteci, kas ir saistita ar evapotranspiraciju meza teritorijas. Pesimistiskais zemes
izmantoSanas scenarijs visiem klimata scenarijiem, samazina noteci, un
turpmakos p&tijumus var verst uzmanibu uz hidrologiska rezima izmainu ietekmi
uz mazo hidroelektrostaciju efektivitati.

Tasu ezera tidens Itmena svarstibas saglaba sezonalu raksturu, kur tidens
Itmena paaugstinaSanas rudens-ziemas perioda, mijas ar #dens Iimena
pazeminajumu vasara (VI. Publikacija). Visos scenarijos caurtekas/regulatora
esoSais pargaznes platums 0.8m nesp&j nodrosinat Gidens limena reZimu, kas
atbilstu Alandes upes, ka valsts nozimes tidensnotekas funkcijam. Analiz&jot
Tasu ezera Gidens limena svarstibas gada griezuma nakotnes klimata scenariju
modelétas vertibas pie pargaznes platuma 0.8m spg nodrosSinat gada tdens
ltmena svarstibu amplittidu no 17.60 Iidz 18.3 m LAS 2000.5, kas nav pietiekosi,
lai nodroginatu valsts nozimes Udensnotekas Alandes upe funkcionalitati.
Analizgjot Tasu ezera fidens Iimena svarstibas gada griezuma nakotnes klimata
scenariju model&tas vertibas pie pargaznes platuma 2.0 m sp&j nodrosinat gada
tdens ltmena svarstibu amplitidu no 17.60 Iidz 18.00 m LAS 2000.5, kas ir
pietiekosi, lai nodroSinatu valsts nozimes Udensnotekas Alandes upe
funkcionalitati.

3.2. SEG emisiju no augsném modeléSanas iespéjas

Kops 2016.gada tiek veikti regularu SEG emisiju mérjjumi no augsném
laboratorijas un lauka apstaklos. Kops 2017. gada dati tiek ievakti péc metodikas
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kas izstradata §1 p&tfjuma ietvaros (VII. un VIII. Publikacija). Kops$ 2018.gada ir
uzsakta sistematiska N2O izotopu mérijjumu datu ievakSana un uzkrasana (IX.
Publikacija)

Konceptuala hidrologiska modela METQ uzbiive un SEG emisiju aprékina
algoritmu integracijas iesp&jas tiek izvert€tas no konceptualitates prizmas un
identific@ti Cetri galvenie posmi, kas nepiecieSami SEG emisiju aprékinu modula
veiksmigai integracijai konceptualaja hidrologiskaja modeli METQ
(X.Publikacija).

Pirmaja posma nepiecieSams izvertet SEG emisiju modeléSanai
nepiecieSsamo datu kopu atlases iespgjas no konceptuala hidrologiska modela
METQ starprezultatiem, ka arT papildus parametru un datu rindu nepiecieSamibu
SEG emisiju modelé$anai. Otraja posma jaizverté konceptuala hidrologiska
modela METQ esosie algoritmi un jaizveido konceptuals risinajums SEG emisiju
modulu integracijai vai papildus algoritmu izveidei. Tresaja posma katrai SEG
gazei tiek izveidots aprékina algoritms kas izmanto konceptuala hidrologiska
modela METQ augsnes aktiva slana aprékinu starprezultatus un papildus
parametrus kas saistiti SEG emisiju aprékinam. Ceturtais solis ir ilgtermina
pasakums, kur gazu mérjjumi lauka apstaklos tiek izmantoti izveidoto SEG
emisiju aprékinu modulu kalibracija. Saja pétijuma tiks aprakstiti pirmie divi soli
un aprakstits modulu integracijas konceptualais risinajums.

SEG aprékina moduli ir jaiedala divas grupas, pirma modulu grupa ir emisijas
no augsnes, kur SEG aprékina modulus ir iespgjams pieslégt konceptuala
hidrologiska modela METQ aprékina algoritmiem. SEG aprékinu moduli javeido
oglskabajai gazei, metanam un dislapekla oksidam atseviski (skat. 3.8.att).

Analizgjot galvenos faktorus, kas veicina CO; emisijas no augsnes ir vairaki.
Augsnes granulometriskajam sastavam ir biitiska ietekme uz CO» emisijam, jo
granulometriskais sastavs tieSi ietekm& augsnes porainibu (Bouma & Bryla,
2000). Nokrisni butiski ietekm& augsnes elpoSanu un kopa ar augsne
granulometrisko sastavu veido augsnes mitruma rezimu, kas tiesi ietekmé
rizosferas aktivitati un nosaka CO; emisiju apmerus (Borken & Matzner, 2009).
Tapat nokri$niem iefiltrgjoties augsné un izspiezot no augsnes poram gaisu tiek
izspiest CO. tadgjadi veidojot CO, emisiju piki. Konceptudla hidrologiska
modela METQ aprékinu algoritmu kopa ir paredzEta aktiva augsnes slana
procesu aprékiniem, kur veiksmigi ir iesp&jams integrét CO» aprékinu moduli.

Metana emisijas ir sarezgitaks process, kur svarigakie faktori ir augsnes
mitruma apstakli un organiskas vielas daudzums un organiskas vielas sadaliSanas
atrums (Changsheng Li, Frolking, & Frolking, 1992). Tacu paraléli metana
producésanai notiek metana paterin$ augsné, kas ir ciesi saistits ar skabekla
pieejamibu augsné (C. Li, 2007). IepriekSmingtie faktori lauj metana aprékina
moduli integrét konceptualas hidrologiska modela METQ augsnes aktiva slana
un gruntsiidens aprekina algoritmos.

Dislapekla oksida emisiju aprékinam no augsnes ir vissarezgitakais aprékina
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algoritms, jo ir cieSi saistits ar nitrifikacijas un denitrifikacijas procesiem, kas
savukart ir atkarigs no tadiem faktoriem ka augsnes temperatiiras, augsnes
mitruma un pH (Blagodatsky & Richter, 1998). konceptuala hidrologiska modela
METQ augsnes aktiva slana aprékina algoritms lauj generét starprezultatus, kas
nepiecieSami nitrifikacijas un denitrifikacijas procesu konceptualiem
aprékiniem.

datu baze

v
[ Ir vismaz viena

[ Meteorologisko staciju ]

meteorologiska stacija?

Ja
Inicializé pirmo
meteorologisko datu kopu
Inicializé nakamo datu
kopu

~
- [ Apréldnu proee Sniegam ‘—‘

\

v

Aprekinu process augsnes
aktivajam slanim

1

v
~
Aprekinu process
gruntstideniem
J/
v
N
— Ir otra ... nta _
meteorologiska stacija? el

Procesa beigas (dati tiek saglabati
hidrologiskas atbildes vienibas caurpliduma

aprekiniem) q, mm

3.8.att. Oglskabas gazes, metana un dislapekla oksida emisiju aprékina
modulu integracijas konceptualaja modeli METQ

Papildus esoSajiem algoritmiem ir nepiecieSams izveidot papildus aprékinu
moduli, kas izmantojot klimata datus, augsnes parametrus, un agrotehniskos
apstaklus farm management practice sp& generét diennakts vidgjo augsnes
mitrumu un augsnes temperatiiru. SEG emisiju aprékina algoritmu veiksmigai
integracijai ir ieteicams izmantot esoSos konceptuala hidrologiska modela
METQ aprékina algoritmus, kas ir detaliz&ti aprakstiti (Krams & Ziverts, 1993).

Savukart otra emisiju aprékinu modulu grupa ir netie$as N,O emisijas un
metana emisijas no Gidensobjektiem, kur SEG aprékina algoritmu ir iesp&jams

49



pieslégt konceptuala hidrologiska modela METQ summaras noteces aprékina
algoritmam (skat.3.9.att.).

Starprezultats, noteces
slanis q, mm

Ir noteces slana dati; q.
mm?

Aprekinu process Meteorologiskas
stacijas proporcionalajam sateces

Apréekinu process plismas transformaciju

atbilstosi sateces baseina devinu dienu _
Ir otra ... nta noteces slana
(g, mm) datu kopa ?
Aprekina process noteces komp 1
(Q1; Q2; Q3) un summarajai notcccl Q)
[

Ir ezers lejtecé ?

Procesa beigas ]-

3.9.att. NetieSo dislapekla oksida emisiju aprékina modulu integracijas
konceptualaja modeli METQ

Aprekina process plismas
transformécijai ezerd

Analizgjot pieejamo statistikas datu bazu un zinatnisko pétijumu rezultatu
informaciju, paslaik iesp&ams izveidot N»O aprékina moduli. Tas izmantojot
esosos lauksaimniecibas note€u monitoringa datus, kas atspogulo agrotehniskos
apstaklus (farm management practice), un konceptuala hidrologiska modela
METQ noteces komponensu aprékina algoritmu aprékina netieSas N.O emisijas.

Konceptuala hidrologiska modela METQ modelésanas platforma layj
izmantot modela aprékinu starprezultatus, tadus ka, gruntstidens limenis dienas
beigas, kapilara pacelSanas, summara iztvaikoSana u.c., kas nepiecieSami SEG
emisiju aprékina algoritmos.

Konceptuala hidrologiska modela METQ algoritmi ir labi dokument&ti un
lauj integrét SEG emisiju aprékina modulus oglskabas gazes, metana un
dislapekla oksida emisiju aprékinam no augsnes. Tacu nepiecieSams izveidot
papildus parametru ievades iespgjas, katram SEG emisiju no augsnes aprékinu
modulim.
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SEG aprékina integracijai konceptualaja hidrologiskaja modeli METQ ir
nepiecieSams esoso modelesanas platformu parprogrammét un izveidot atvertu
platformu jaunu aprékinu modulu pievienosanai. SEG modeléSanai no
lauksaimniecibas augsné€m, kur aprékina pamata ir nitrifikacijas un
denitrifikacijas procesi augsné, ka arT netiesa SEG modelesana no tidenstecem,
kur par pamatu tiek nemtas slapekla nopludes un nitrifikacijas un denitrifikacijas
procesi tident.

3.3. SEG emisiju modulu integracijas konceptualaja hidrologiskaja modelt
METQ turpmakie pétijumu soli

Konceptuala hidrologiska modela METQ uzlabo$anas stratégiskie ieguvumi
saistas ar Latvijas klimatisko un hidrogeologisko apstaklu nemsanu véra dazadu
sarezgitu jautajumu risinasana. SEG emisiju modulu integracijas konceptualaja
hidrologiskaja modeli METQ §1 pétjjuma ietvaros apstajas pie datu
sagatavoSanas un koncepta izstrades. Nakamie pé&tijumu soli ir prezent&ti
3.10.attela.

[ Mérka defingsana } [ N,O, CH, un CO, model@ana no augsném ]
v
[ Noverojumu dati H Konceptudlais modelis J‘— [ Biokimisko procesu modelis augsné ]
[ Modehinzie  J Konceptualais hidrologiskais modelis METQ )
]
W& [ N,O, CH, un CO, ﬂpﬁkjl?‘l modulu konceptuilais
Z risindjums
Darbibas kriteriji Japievieno N,O, CH, un CO, aprékinu moduli un

agrotehniskos pasakumus raksturojosie parametri

]

{ R N,0, CH, un CO, aprekinu modulu no augsném kalibracija

kahbraclﬁi

.

Model&iana

N,O, CH; un CO, model&sana no augsneém

N,0O, CHy un CO, emlsuu no augsném model&to rezultétu

}
o Vallc]acl]a )
[ )
[ )

[ N,O, CH, un CO, aprékinu modulu no augsném validacija

Rezultatu prezeméiana aprobicija un publikdcijis

7 [ N,O, CH, un CO, emisiju no augsném modelSto rezultitu

integrdcija naciondlaja inventarizicijas zinojuma

Nikamie konceptuila hidrologiska modela METQ pilnveides soli

3.10.att. SEG emisiju modulu integracijas konceptuialaja hidrologiskaja
modelil METQ turpmakie pétijumu soli

Pamatojoties, ka promocijas darba veiktajiem pétijumiem ir nepieciesams
attistit modeleSanas platformu, kas ir starpdisciplinars uzdevums. Modelg$anas
platformu ieteicams veidot ta, lai pastav iespgja pieslégt papildus modulus
dazadu ar hidrologisko ciklu saistitu jautajumu model&$anai. Primari
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nepieciesams izstradat atverta tipa algoritmu, kur iespgjams eso$a modeléSanas
algoritma starprezultatus izmantot jaunajos modulos. Veidojot modeleSanas
platformu, japaredz iespgja izmantot jau esoSos algoritmus jaunu starpvertibu
radiSanai ka arT pieslégt papildus izejas datu pliismas.

Konceptuala hidrologiska modela METQ pilnveide ir jafokusé uz diviem
galvenajiem virzieniem. Hidrologisko atbildes vienibu diferenciaciju un iespgju
palielinat hidrologisko atbildes vienibu skaitu urbanajas, lauksaimniecibas un
mezsaimniecibas teritorijas. Otrs virziens ir SEG emisiju modulu izveide un
attistiba, kas sniegtu iesp€jas precizi prognozet SEG emisijas no augsném.

4. SECINAJUMI UN PRIEKSLIKUMI

1. Hidrologisko procesu modelésana aktivi tiek izmantoti vairaki simti
modeli, kas ir iedalami divas galvenajas grupas konceptuali un fizikalie.
Konceptualo modelu izmantoSana dod precizakus rezultatus sateces
baseiniem ar platibu virs 5 km?. SEG emisiju modele$ana tiek izmantoti
jaunizbiivéti modeléSanas 1iki, tau veiksmigi tiek izmantoti
hidrologiskie modeli ar papildus algoritmu, kas lauj modelét gazu
emisijas un izcelas ar lielaku precizitati dislapekla oksida modelésana
meérenaja klimata josla, kur novérojama augsnes sasalSana ziemas
perioda;

2. Konceptuala hidrologiska modela METQ aprékina algoritms lauj
integrét neierobezotu daudzumu hidrologisko atbildes vienibu, kas
paver iesp&jas ne tikai integrét urbano hidrologisko atbildes vienibu, bet
ari nakamajos konceptuala hidrologiska modela METQ attistibas
posmos, izdalit vairakas urbanas hidrologiskas atbildes vienibas, kas
katra kalibréta dazadam udensnecaurlaidigo virsmu ipatsvaram un
urbanas teritorijas hidromorfologiskajam Ipasibam;

3. Konceptuala hidrologiska modela METQ model&Sanas platforma lauj
saglabat un aprékina algoritma izmantot modela aprekinu
starprezultatus, tadus ka, gruntsiidens limenis dienas beigas, kapilara
pacelSanas, summara iztvaikosana u.c., kas nepiecieSami SEG emisiju
aprekina algoritmos;

4. Konceptuala hidrologiska modela METQ modelésana platforma
METQUL2012 ir izveidota un validéta. Optimalakos kalibracijas
rezultatus uzradija Neldera-Mida algoritms, kas saskan ar citu autoru
rezultatiem;

5. Konceptuala hidrologiska modela METQ parametru jutiguma tests
parada, ka modela parametri ALFA; CMELT; ROBK; BETA; DPREC;
DZ; KU un ZCAP ir jakalibré 1paSi rupigi, lai saglabatu aprékina
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algoritma konceptualo jégu un taja pasa laika uzlabotu modela
veiktspgju;

Konceptuala hidrologiska modela METQ urbana hidrologiska atbildes
vieniba ir izveidota un integréta modeli. Urbanas hidrologiskas atbildes
vienibas kalibracijas un validacijas rezultati 6 urbanajiem sateces
baseiniem ir pietiekosi NSE > 0.5; R2>0.75; RSR < 0.70 un PBIAS +/-
25%, lai modela parametrus varétu izmantot neizpétitu urbano sateces
baseinu modelésanai;

SEG aprékina integracijai konceptualaja hidrologiskaja modeli METQ
ir nepiecieSams esoSo modeléSanas platformu parprogrammét un
izveidot atvertu platformu jaunu aprékinu modulu pievienosanai. SEG
modelgSanai no lauksaimniecibas augsném, kur aprékina pamata ir
nitrifikacijas un denitrifikacijas procesi augne, ka arT netiesa SEG
modelésana no tdenstec€m, kur par pamatu tiek nemtas slapekla
nopliides un nitrifikacijas un denitrifikacijas procesi tident;
Konceptualo hidrologisko modeli METQ var izmantot idens kvalitates
petijumos, kas tiek veikti, zinatniekiem sadarbojoties, starpnozaru
Itmeni. Model@Sanas rezultati parada, ka klimata mainibai un zemes
lietojuma veida mainai ir nozimiga summara ietekme uz virszemes
noteci un tas komponentém.
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1L.INTRODUCTION

More than half of the world's population lives in urban areas and U.N.
population migration forecasts show that their share will partake 80% by
2030.(United Nations, 2019) The increase in population and urbanisation is
leading to increasing reflection on sustainable resource management, including
water, and adaptation to climate change(Saedi, Sharifi, Saremi, & Babazadeh,
2022).

Changes in land use patterns, especially urbanisation, have a significant
impact on hydrological processes(Ajjur & Al-Ghamdi, 2022). As well as creating
additional pollution loads and reducing water resources, urban areas also build
water supply and sewerage infrastructure and develop flood protection
systems(Crawford et al., 2022; Hernandez-Hernandez, Olcina, & Morote, 2020).
In the event of heavy rainfall, local flooding is forming in urban areas, which is
becoming increasingly intense and repetitive(Chen, Hill, & Urbano, 2009; Kang,
Park, & Singh, 1998; X. Li et al.,, 2022; Mark, Weesakul, Apirumanekul,
Aroonnet, & Djordjevi¢, 2004; Schmitt, Thomas, & Ettrich, 2004). Residents
from the poorest groups in society are most likely to suffer or lose their lives in
floods, as well as material damage, measured at several billion
dollars(Abdeljaber, Adghim, Abdallah, Ghanima, & ALjassem, 2022; Jonkman
& Vrijling, 2008; Kron, Steuer, Low, & Wirtz, 2012). In the European Union,
flood risk mitigation measures are laid down in flood Directive
2007/60/EC(European Parliament, 2007), which requires Member States to carry
out flood risk assessments and mapping of endangered areas.

Understanding the hydrological regime of urban areas is currently being
developed and improved using monitoring data and modelling capabilities, but
at least twenty years of hydrological regime data is required to use modelling
tools (DeFries & Eshleman, 2004; Delleur, 2003; T. D. Fletcher, Andrieu, &
Hamel, 2013; Praskievicz & Chang, 2009; Zhong et al., 2022). Modelling of
hydrological processes in the urban catchment areas is difficult due to
fragmented environments, specific hydrological regimes and hydrological
processes specific to the urban environment (Meng, 2022; Rodriguez, Andrieu,
& Zech, 2000). The urban environment generates changes in the hydrological
cycle and at the same time responds very sensitively to changes in the
hydrological cycle throughout the catchment area. Bach 2014, the study finds
that it is necessary to classify integrated models of urban catchment areas and
classify them by degree of integration (Bach, Rauch, Mikkelsen, McCarthy, &
Deletic, 2014; Zhou, Luo, Qin, Su, & Ren, 2022) to reduce the uncertainty of
model calculation results due to the heterogeneity of the urban environment.
Discussions are ongoing on the development of a water life cycle universal
concept or methodology at catchment level (Zhou et al., 2022).

The variability of hydrological processes and dependence on climate and
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geomorphological conditions, as well as anthropogenic factors, present-day
hydrologists present a challenge to predict and predict the dynamics of possible
hydrological processes in time and space. High spatial resolution models have
sophisticated calculation algorithms and require relatively large and dense
volumes of observation data that are often unavailable, thus affecting the
uncertainty of model results. It is recommended to select a modelling tool
appropriate to the target and available data to reduce the uncertainty of the model
results. The International Association of hydrological scientists (IAHS) has
raised a total of twenty-three unanswered questions in the field of hydrology that
need to be addressed over the next decade, including issues directly related to the
objective pursued by the research work (Bloschl et al., 2019), namely the use of
hydrological models to predict changes in the hydrological cycle under changing
climate and land use conditions, the impact of urbanisation on changes in the
hydrological cycle, the impact of water management on food chains, including
GHG emissions from anthropogenic ecosystems.

In the territory of Latvia, most water bodies have anthropogenic effects, and
anthropogenic loads tend to increase in the region. Examples include the rapid
development of cities, the intensification of forestry and agriculture.

1.1. Possibilities for modelling of urban hydrological processes and GHG
emissions in Latvia

Since the 19 th century, an important and long-standing database of basic
research has been established in Latvia, allowing the development of modelling
algorithms for hydrological processes. There is a very broad basis for long-term
studies on fluctuations in groundwater levels and the moisture regime in soil. As
a final step in the cycle of these studies, the creation of the conceptual
hydrological model METQ can be mentioned. Based on the groundwater level
prediction tool METUL(Krams & Ziverts, 1993; Ziverts, 1976; A. Ziverts &
Jauja, 1999; Ansis Ziverts, 1997). Calibration and validation of the model has
been completed in natural land uses, typical hydrological response units in
Latvia, but calibration and validation for the urban hydrological response unit
has not been performed.

World experience has shown that most models used in modelling
hydrological processes have been developed in specific scientific groups, the
main task of which is to meet national and local level needs for reliable
hydrological predictions. Modelling hydrological processes is an endless process
where, with increased data availability and software provision, there are
opportunities to incorporate increasingly accurate calculation algorithms.
However, as the data capacity of models and the performance capacity of the
model increases, the accuracy characteristics of each model should be assessed,
as inaccurate output data may lead to unacceptably high result uncertainty.
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Conceptually, hydrological models are very successful in modelling the
hydrological processes of the urban catchment areas, as they provide an
opportunity to predict the flow rate in a given volume of the bed with high
precision. The design of conceptual hydrological models based on the calculation
principles of hydrological response units enables model improvements to be
made and an unlimited number of hydrological response units to be developed
and integrated into the calculation algorithm.

The GHG emission calculation models are very diverse and based on
different principles, each designed with a specific purpose. If the aim is to model
GHG emissions from soil, one of the best approaches is to use hydrological
models based on conceptual modelling principles for hydrological processes.
The main principles for modelling GHG emissions from soils for all gases are
closely linked to the temperature and humidity regime in soil. These parameters
can be modelled using the conceptual hydrological model METQ, which is open
code and allows additional parameters and modules to be developed and
integrated into the modelling of GHG emissions from soils. In order to start
integrating the Urban hydrological response unit and GHG emission modules
into the conceptual hydrological model METQ, it is necessary to describe the
model's key algorithms to understand the model's operating principles. In
parallel, information on basic processes for modelling GHG emissions from soils
should be prepared and available information on the inclusion of additional factor
calculation algorithms in the model algorithms structure compiled.

The conceptual hydrological model METQ has been developed under the
guidance of scientists at the Latvian Latvia University of Agriculture and has
been aprobited for the quantitative evaluation of flows. The METHQ conceptual
model used so far cannot be used for flow modelling in areas with urban areas.
The main reason for this deficiency is that a hydrometric post has not been
established in Latvia so far to monitor the flow rate in the borehole in the
catchment area.

The development and improvement of the METQ conceptual model is not
only necessary for quantitative analysis of the flow rate, but it is also possible to
carry out interdisciplinary research in the ecohydrology subsector, which studies
the interaction between water and ecosystem. In environmental engineering,
which addresses diffuse pollution reduction issues, and the introduction of
technologies to reduce GHG emissions from soils, where water content in soil
and groundwater fluctuations play one of the key roles, such as in the process of
producing dismantle oxide emissions(Bloschl et al., 2019).

1.2. Aim of the sudy

The aim of the study is to improve the conceptual hydrological model METQ
by integrating the urban hydrological response unit and to prepare a database and
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conceptual solution for modelling GHG emissions from soils using the
hydrological calculation included in the conceptual hydrological model METQ
of the active layer of soil, groundwater and the associated capillary take-off layer.

1.3. Study objectives

1. collect past experience in the modelling of hydrological processes and
the use of models in the modelling of urban hydrological processes and GHG
emissions from soils;

2. to evaluate the possibilities for integration of the algorithms in the
conceptual hydrological model METQ;

3. establish a design platform for the conceptual hydrologic model METQ
with an integrated urban hydrological response unit and develop a conceptual
solution for algorithm GHG emissions from soils calculation modules;

4.  assess the sensitivity of the parameters of the conceptual hydrological
model METQ for optimisation of the calibration and validation process of the
urban hydrological response unit;

5. provide insights into the feasibility of using the conceptual hydrological
model METQ for assessing the impact of climate change and land use change on
run-off;

6. develop a scenario for the improvement of the conceptual hydrological
model METQ for the modelling of GHG emissions from soils, which includes
the concept of building a module algorithm for nitrous oxide, methane and
carbon dioxide.

1.4. Thesis statements

1. The conceptual hydrological model METQ is suitable for the
integration of the urban hydrological response unit and for assessing the impact
of climate change and land use change on run-off;

2. The conceptual hydrological model METQ is suitable for modelling the
potential emissions of nitrous oxide, methane and carbon dioxide from soils.

1.5. Scientific novelty

1.  Anoverview of past experience in hydrological process modelling and
the use of models in the modelling of urban hydrological processes and GHG
emissions;

2. evaluation of possibilities for integration of urban hydrological
response units and GHG emission calculation algorithms in the conceptual
hydrological model METQ;
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3. an established, user-friendly, modelling platform of conceptual
hydrological model METQ with an integrated urban hydrological response unit
and an algorithm developed for the conceptual solutions of GHG emission
calculation modules from soil;

4. evaluated the performance of modelling platform of conceptual
hydrological model METQ, evaluated the efficiency of autocalibration
algorithms, performed a sensitivity analysis of the model and calibrated and
validated the urban hydrological response unit;

5. an overview has been provided of the possibilities for the usage of the
conceptual hydrological model METQ in the assessment of the impact of climate
change and change of land use types on run-off, as well as for optimisation of
water reservoir management measures;

6. proposals have been developed for the usage of the conceptual
hydrological model METQ for modelling GHG emissions from soils.

1.6. Structure of study

The study has been developed in several stages in order to achieve the
objective set for the doctoral thesis (see Fig.1.1.).

Preparation of the conceptual hydrologic model METQ for study
(1 Paper)

Integration of the urban hydrological response unit in the
METQ model (11 Paper)

Usage of the conceptual hydrological model METQ (I11, 1V,
V, VI Paper)

Modelling possibilities for GHG emissions from soils and data
collection for calibration purposes (VII, VIII, IX Paper)

The solution of GHG emission modules integration in nodel METQ
(X Paper)

Fig. 1.1 Key steps of the study.

In the first step, the modelling platform METQUL2012 was prepared with
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built-in autocalibration algorithms and a built-in urban hydrological response
unit, as well as made a paremeter sensitivity test. The second step involved
calibration and validation of the urban hydrological response unit. In step three,
the conceptual hydrological model METQ was used to assess the complex effects
of climate variability and land use change on the hydrological regime. The fourth
step identified methods for modelling GHG emissions from soils and prepared a
methodology for measuring gases for model calibration purposes. In step five, a
concept was developed for integrating GHG emission calculation algorithms into
the conceptual hydrological model METQ.

2. MATERIALS AND METHODS

The objective of this study is complex and therefore the study was divided
into a relatively five-step phase. The conceptual diagram of the conduct of the
study is illustrated in Fig. 2.1. In the first phase, a design platform for the
conceptual hydrologic model METQ was developed (Inga Grinfelde & Lauva,
2012). In the second phase, model verification, autocalibration algorithm testing
and performance comparison and parameter sensitivity test (Paper I) were carried
out and in the third phase calibration of the parameters of the urban hydrological
response unit and verification of the urban hydrological response unit module
(Paper I1) were carried out.

The fourth stage consisted of modelling of the run-off of Lake Usma to assess
the cumulative impact of land use patterns and climate variability on run-off
(Paper 111, 1V and V) and modelling of the Lake Tasu complex to provide
recommendations for sustainable lake management (Paper VI). Modelling of
GHG emissions from soils and data collection for calibration purposes (Paper
VII, VIl and 1X). Solution for the integration of GHG emission modules in the
conceptual hydrological model METQ (Paper X).

During the development of the research work, the basic steps of the modelling
process were followed, which allows the model to be tracked and reduces the
risks of errors in the model.

2.1. Preparation of conceptual hydrologic model METQ for study use

The conceptual hydrological model METQ was established in 1996 (A.
Ziverts & Jauja, 1996) as a modification of the model METUL (Krams & Ziverts,
1993), which allows the drainage basin to be divided into sub-basins or
hydrological response units. The calculation algorithm of the METQ96 model
enables the daily flow rate to be calculated using observations of average daily
temperatures, precipitation and air moisture deficiency.

The next enhanced version of the conceptual hydrological model METQ,
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METQO0203, was developed in 2002. It is recommended that the model be used
for the modelling of flow rates for pools with an area up to approximately 2000
km?. For rivers with a larger drainage basin area, it is recommended to divide the
drainage basin into partial drainage basins. However, if there is a large lake or
reservoir in the drainage basin of a smaller river, the modelling should be done
first for the drainge basin of that lake or reservoir, while the part of the drainge
basin downstream of that lake or reservoir should be modelled as a separate
drainge basin.

The modelling

Module of urban
hydrological response unit

platform of

hydrological model

!

—> conceptual «

Module of
autocalibration

The validation of modelling platform of conceptual

| hydrological model METQ
[RE] |
= ! ¥ .
w Parameter sensitivit Compariscniof
> Model performance " Yy autocalibration
test est (Paper 1)
@) algorithms
Pa [ I 5
o
E Model works
. according to algorithm
Data of land use The calibration and validation of
type urban hydrological response unit Meteorological data
(Paper 11)
9 Feasibility of using the modelling platform of the conceptual
IE hydrological model METQ
o { I !
(' Water quality research The cumulative effect of climate change Optimisation of the
o (Bardule etal. 2017) and land use on hydrological regime hydrological regime in
o a (Paper 111, 1V and V) reservoirs (Paper VI)
O Generation of GHG Incorporation of GHG emission Methodology for collecting GHG
— emissions in soils > calculation modules into the conceptual € emissions data from soils
2 (Paper IX) hydrological model METQ (Paper X) (Paper VIl and VIIT)

Fig. 2.1. Flow diagram of development of conceptual hydrological model

METQ
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Further to the development of the conceptual hydrological model METQ, a
new and improved version of the model METQUL2012 was developed within
the framework of this study, which was developed in the LBTU Scientific
Laboratory of Forest and Water Resources and is the basis for the development
of this research work. The main addition to the model is the integration of the
Urban hydrological response unit into the calculation algorithm (Bakute,
Grinfelde, & Lagzdins, 2017; I. Grinfelde & Bakute, 2017; Inga Grinfelde &
Lauva, 2012).

For the purposes of the study, a modelling platform, METQUL2012, was
established in early 2012 (Inga Grinfelde & Lauva, 2012) to facilitate the
calibration, validation and use of the conceptual hydrological model METQ for
daily flow calculations. The design of platform METQUL2012 was based on the
version METQO0203 of conceptual hydrologic model METQ. In addition, a
autocalibration unit was created where seven autocalibration algorithms can be
used to calibrate parameters Nelder-Mead algoritm NEL; Genetic algorithm
GEN; Levenberg-Marquardt algorithm LMA; Quasi-Newton BFGS apgorithm;
Quasi-Newton DFP apgorithm; FLETCHER Conjugate gradient algorithm;
POLAK Conjugate gradient alghorithm (Broyden, 1969; W C Davidon, 1959;
William C Davidon, 1991; R. Fletcher, 1970; R. Fletcher & Powell, 1963; Gilbert
& Nocedal, 1992; Goldfarb, 1970; Inga Grinfelde & Lauva, 2012; Levenberg,
1944; Marquardt, 1963; Nelder & Mead, 1965; Nocedal, 1992; Polak & Ribicre,
1969; Polyak, 1969; Powell, 1987; Shanno, 1970).

2.1.1. Improvements to the conceptual hydrological model METQ

The conceptual diagram if the design of the conceptual hydrological model
METQ is given in Figure 2.2. in which the main flows are demonstrated. In the
calculation of the water balance, a large indicator is the accumulation of water in
the hydrological reaction, for example: snow cover, soil active layer,
groundwater and associated capillary take-off layer.

The upper layer, called the active layer of the soil, does not have a precise
definition of the lower limits in this model, but indicates that the main part of the
roots of the plants is located there. During the growing season, the total
evaporation of this layer is mainly determined by the transpiration of the plants.
On the other hand, groundwater stocks are characterized in this hydrological
model by the free volume layer between the ground surface and the groundwater
level. The drainage of each hydrological response unit shall be characterised by
the following components: Q; — surface run-off; Q. — soil run-off; Qs — deep
underground run-off from layers draining in the river basin under consideration.
In the hydrographic network, these runoff components combine and transform
into a smoothed river run-off - Q. The flow diagram of the conceptual
hydrological model METQ is given in Figure 2.3. this concept is applicable to
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unexplored rivers where the proportion of hydrological response units is known
and default parameters are used for each hydrological response unit. The model
provides for the possibility to use data from several weather stations, where it is
possible for each station to define a percentage in the catchment area of a
particular watercourse. The model shall repeat the calculation algorithm for each
hydrological response unit and meteorological station, accumulating the drainage
module data for the next calculation step. For researh work, the modelling
platform METQUL2012 incorporated a hydrological hodrological response unit,
the parameters of which were calibrated during the second stage of development
of the conceptual hydrological model. The next stage of the calculation is related
to the calculation of the flow rate in the volume of the watercourse bed and the
distribution of the flow in the catchment area determined by geological and
geomorphological conditions. The calculation shall be made on a daily basis in
accordance with the coordinates of the hydrograph of the unit describing the
proportion of surface run-off by day.

Capacity of empty soil pores (GW)

Figure 2.2. Concept of the calculation of the of hydrological response unit
of the conceptual hydrological model METQ

P — precipitation, mm day; ES - evaporation from snow, mm day; RS — rain
and snow melting water, mm day %; EA — evaporation from the active soil
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layer, mm day !; SMS — water content in the active layer of soil, in mm; Z —
depth from the top of the earth, cm; PZ - thickness of drained layer, cm; Q1, Q2,
Qs — drain components, mm day*; RCH - overflow of water from the active
soil layer to the groundwater horizon, mm day; CAP - capillary hoists, mm
day; SS — water content in snow, mm; GW - volume of free soil pores, in mm;
DZ - thickness of the upper layer, cm; ZCAP — Capillary take-off height, cm;
WZ — depth of groundwater, cm

( Database of meteorological stations O

Initializes the first There's at least one NO
meteorological dataset meteorological station’ \

Initializes the next
meteorological dataset

Proportion
E of flat agr.land M
>0?
Calculation process Proportion
.+ ¥| for agricultural land of hilly agr.land M
1 (plains) >0?

Calculation process

N Proportion of
for agricultural land bogs > 07 M
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| .
— Calculation process Proportion of

~ R for bogs forests > 07
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: e for urban areas Lake >02

Hydrological response unit parameter database
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i T
|
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|
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Calculation process for 9-
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Figure 2.3. The calculation flow diagram of conceptual hydrologic model
METQ
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The hydrological response unit calculation algorithm consists of three
calculation blocks: the calculation of snow formation and melting, calculation
for the active layer of soil and calculation for groundwater. Data from each
hydrological response unit is stored to be used further for flow calculations in the
watercourse bed volume Figure 2.4.

Q Database of meteorological stations Q

There is at
least one meteorological
station?

Initializes the first
meteorological dataset

Initializes the next
meteorological dataset ¢ \

\ 4
Calculation process

for snow

Calculation process
for the active layer of
soil

v

Calculation process
for groundwater

here’s the second... nth
weather station?

End of process (data stored for hydrological response ¢ /

unit rin-off calculations) g, mm

Figure 2.4. The flow chart of hydrological response unit calculations of
conceptual hydrological model METQ

At the final calculation stage, the flow rate is calculated for each hydrological
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response unit in proportion to the coverage of the meteorological stations and a
flow correction calculation is performed according to the nine day coordinates of
the hydrograph, if there is a lake or reservoir downstream, an additional flow
transformation calculation shall be performed.

The total run-off of the drainage basin is calculated according to formula 1,
where a urban hydrological response unit was added in the METQ model version;

_ (QALL*WALL*+QAHL*W AHL+QF*WE+QpWp+QL W +Qu-Wy) 1
Q= 100 (@)
where

Q- total drainage of the basin, mmd ;

Q,;.— drainage of flat farmland, mm d ;

Q41— drainage of agricultural mounds, mmd ;

Qp— runoff for forests, mmd %;

Qp— runoff for marshes, mmd %;

Q,— drainage to lakes, mmd *;

Qy— drainage for urban areas, mmd %;

Wy WanL We,Wg the proportion of W, W those types of elementary
basins in the relevant part-basin, the sum of which is 100%.

2.1.2. Modelling platform METQUL2012 developed for the study

The platform METQUL2012 were developed for this research work,
consisting of six consecutive working surfaces that allow for performance, daily
flow modelling and calibration and validation of model parameters. When you
open the modeling platform, you start the job from the METEO menu. In this
menu, as the default action is set, flow modelling at a particular volume of the
bed, but the modelling platform METQUL2012 provides for the possibility to
switch to modelling of groundwater levels. This study used the modelling menu
for flow rates in a particular volume of the bed, so the following presentation will
apply to flow modelling.

The METEO menu allows you to define the meteorological data sets used for
flow modelling, and the model includes one or more meteo stations with a weight
of 1.0. It is imperative to define the catchment area in the scope of the bed
calculation and it is proposed to maintain the catchment parameters in the
modelling platform METQUL2012 database. By default, it is assumed that there
is no lake or reservoir at the bottom of the catchment area, but if there is a lake
at the bottom of the catchment area or a reservoir can define its parameters and
the model will calculate the flow transformation. In conclusion, it is imperative
to activate the SET METEO button, which forces the model to read data into
memory for future use in the modelling process.

The CALIBRATION menu of the METQUL2012 design platform enables
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the user to automatically or manually define the proportion of hydrological
response units in the relevant catchment area Subbasin. You can use default
values (Ziverts, 2006) to automatically or manually define the 9 days Q Hydro
Coordinates, and manually change the Calibration parameter values for each
hydrological response unit. In the same way, you can store defined values or use
predefined values in all of the above positions. The graphic representation of the
simulated flows can be selected at the end and the RUN METQ button must be
activated. The model calculates according to the algorithm described in the
previous subchapter and stores the results of the calculation.

The ADD FILES menu of the modelling platform METQUL2012 is designed
to facilitate input of meteorological data and observed flows. It is necessary to
manually define the start date and file name of the meteorological or flow data
row that will be stored in the modelling platform archive. An additional condition
is a continuous row of data without missing rows of data, and the rows of
meteorological data must be of the same length. After all of the above steps, you
must activate the ADD button. The innovation of the METQUL2012 the
autocalibration menu, which allows autocalibration using seven different
autocalibration algorithms, parameters Nelder-Mead algoritm NEL; Genetic
algorithm GEN; Levenberg-Marquardt algorithm LMA; Quasi-Newton BFGS
apgorithm; Quasi-Newton DFP apgorithm; FLETCHER Conjugate gradient
algorithm; POLAK Conjugate gradient alghorithm (Broyden, 1969; W C
Davidon, 1959; William C Davidon, 1991; R. Fletcher, 1970; R. Fletcher &
Powell, 1963; Gilbert & Nocedal, 1992; Goldfarb, 1970; Inga Grinfelde &
Lauva, 2012; Levenberg, 1944; Marquardt, 1963; Nelder & Mead, 1965;
Nocedal, 1992; Polak & Ribiére, 1969; Polyak, 1969; Powell, 1987; Shanno,
1970). Autocalibration may be performed on one or more parameters of the
specific hydrological response unit. An additional condition is that the
meteorological data set and the observed flow data set should be of the same
length.

The DATA EXPORT menu in the METQUL2012 modelling platform allows
the user to select the data they want and exports it in Excel format. The user is
given the option to choose to export the total flow rate and its components in the
calculation bed volume, as well as the possibility to export the flow rate of each
hydrological response unit and its components in the calculation bed volume.

The HYDROGRAPH menu of the modelling platform METQUL2012
graphically represents the modeled values and allows the modelling results to be
graphically evaluated.

2.2. Data and statistical methods used in the study

The data sets, statistical methods used in the study and their purpose are
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summarised in Table 2.1. For traceability purposes, each stage of model
development shall be marked with an appropriate colour, which shall be
consistent with the stages of the study shown in figures 1.1 and 2.1.

Table 2.1 The study uses a summary of data and statistical methods

model calculation
algorithm

Paper Data sets used Statistical methods Purpose of use
No. used
Monotherapy (1993-2015) | METQ model A sensitivity test of METQ
Climate  data, values | Hydrograph graphic | parameters has been carried out
I modelled for each | Analyze, R % NSE; | to excrete paramatrs for
parameter PBIAS and RSR, | calibration of the urban
hierarchical cluster | hydrological response unit.
analysis
United States Geological | METQ model Calibration of METQ
Agency (USGS) 6 urban | Graphic analysis of | parameters for the urban
11 catchment areas with an | hydrographs hydrological response unit
area between 9.76 km 2and | R 2; NSE; PBIAS and
183.63 km ? RSR
m Lake Usma water level data | Homogeneity test Prepared raw data for use OF
from 1927-2014 Descriptive statistics THE METQ model
12 Climate scenarios for | METQ model Monthly variation in flow rate
v Stendes station two linear | Descriptive statistics analysed
land use scenarios
12 kimata scenarios for | METQ model Changes to the flow-through
\J Stendes station two linear | Descriptive statistics extreme values have been
land use scenarios Regression analysis analysed.
12 kimata scenarios Lake | 3D Model Changes to the flow-through
VI bed sound using ADCP | METQ model extreme values have been
RiverRay two linear Earth | Hydraulic model analysed.
Usage Type scenarios Descriptive statistics
N , O measurement data | Linear regression Prepared and aprobed
VIl with  CRDS  machine methodology for data collection
Picarro G2508 N 2 O from soils for modelling
purposes
CO, CH4 N,Oand NH 3 | Linear regression Prepared and aprobed
Vil measurement data  with methodology for data collection
CRDS machine Picarro CO,, CH4, N;Oand NH 5 from
G2508 soils for modelling purposes
N > O and N , O isotopic | Descriptive statistics Prepared and aprobed
measurement data  with methodology for collecting data
IX CRDS Picarro G2508 and for modelling N , O production
G5131i stages (nitrification or
denitrification) from soils
Literature studios calculate | METQ model Prepared solution for
GHG emissions from soils integration of GHG emissions
X for modelling and METHQ from soils calculation modules

in METQ

67




3. RESULTS AND DISCUSSION

This chapter summarizes the main results of the research work, which are
conditionally divided into two sub-chapters, where the first sub-chapter provides
the results of the urban hydrological response unit integration and model
aprobation studies. The second sub-chapter briefly describes the methodology
for collecting data necessary for the modelling of GHG emissions from soils and
the conceptual solution for calculating GHG emissions from soils in the
conceptual hydrological model METQ.

3.1. Integration of the Urban hydrological response Unit and model
aproption

The development and use of the conceptual hydrological model METQ
(Paper I and I1) in solving complex issues of water management (Paper 11, 1V,
V and VI) was used as a framework for the performance of modelling work,
which was fully implemented in the context of the integration of the Urban
hydrological response unit (see Figure 3.1).

[ Define a goal Quantitative modelling of flow rates
{ Observation data ] '[ Lnnccpmal maodel Conceptual model (HBV: METQ, ctc.)
[ Select Model Conceptual hydrological model METQ

3

)
)
X
. T
)
H

Added urbanhydrological response unit

[ Perfmmancr: criteria
Semumry test and
calibration

)
)
)
)
Time dimension is one day ]
)

cal resy unit (Paper I and IT)
Quantitative modelling of run-off
(Paper 1L, IV, V and VI)

[
(
{
[
(
[ Parameter sensmvny test and calibration of the urban
[
(
[
[

( Modelling ] Lake Usma, Lake Tagu (Paper I11, IV, V and V1) ]
. Cumulative effects of land use type and climate (Paper 11,
Presentation of results IV, V and VI)
{ luation ]7 Differentiated hydrological response units required }

Figure 3.1. Integration and use of the urban hydrological response unit of
the conceptual hydrological model METQ according to the stages of model
development

In the urban hydrological response unit provides quantitative flow modelling
in the model and it is recommended to use the conceptual hydrological model
METQ under Latvian conditions.
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In order to prepare for calibration of the urban hydrological response unit, a
sensitivity test for the parameters of the conceptual hydrological model METQ
was carried out for 23 parameters (Paper I). A graphical example of the parameter
BETA sensitivity test is given in Figure 3.2.
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Figure 3.2. Graphical analysis of the parameter BETA sensitivity test

The parameter BETA value of the leakage demonstrates high sensitivity to
changes in the parameter value, especially during the spring flood period. Any
change in the BETA parameter should be carefully evaluated in the calibration
process of the conceptual hydrological model.
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Figure 3.3. Graphical analysis of the effect of the parameter BETA on the
conceptual hydrological model METQ performance
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Run-off component Q1; Q2; Qs and the overall analysis of the change in the
drainage Qsum by changing the parameter BETA in the range + 50% are presented
in the analysis of NSE, RSR, R? and PBIAS shows the significant effect of the
parameter BETA at Figure 3.3. the drainage component Q.

A graphical analysis of the results of the KU sensitivity test is shown in
Figure 3.4. The parameter KU is one of the parameters of the active soil layer
area and has a pronounced impact on long-term run-off, while a negligible impact
on spring floods and summer autumn floods.
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Figure 3.4. Graphical analysis of the parameter KU sensitivity test

The simulated flow rate component Q1; Q2; Qs and the analysis of the total
flow rate Qsum changes by changing the parameter KU in amplitude + 50%, the
Figure 3.5. ilustrate analysis of the model performance indicators NSE, RSR, R?
and PBIAS shows the influence of the parameter KU on the drain component Qs.

The parameters ALFA; CMELT; ROBK, BETA, DPREC, DZ, KU and
ZCAP show hypersensitivity compared to the other parameters. During
calibration of the conceptual hydrologic model METQ, it is necessary to analyse
and evaluate changes in parameters not only from a sensitivity point of view, but
also from a conceptual prism of the model, so that changes in parameters do not
disrupt the conceptual algorithm sets of hydrological processes embedded in the
model. It is necessary to assess in depth the different parameters of the conceptual
hydrological model METQ on the results of the modelling of the different
components of the run-off. Further research should focus on the sensitivity
analysis of the parameters of the conceptual hydrological model for each run-off
component (Q1; Q2; Q3).
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Figure 3.5. Graphical analysis of the effect of the parameter KU on the
performance of the conceptual hydrological model METQ

For the NSE; RSR, R? and PBIAS performance parameters of the mean
cluster value model obtained from the results of the hierarchical cluster analysis
of the sensitivity test of the parameters of the conceptual hydrological model
METQ is shown in Table 3.1. parameter A2; A3; CFR; KS; PZ; RROB; RROB2;
RROB2Z; T1; WHC; WMAX; ALPHA; AMCOR; ROBK; RROBZ; CMELT;
DPREC; CL; ZCAP. The change in the value of DZ and T2 by +50% of the
model performance affects the recommended NSE; RSR, PBIAS and R? values.
However, the +50% change in the BETA and KU parameters has a significant
impact on the NSE RSR, PBIAS R?performance of the conceptual hydrologic
model METQ; (Moriasi et al. 2007).

Parameter A2; AMCOR; RROB; RROBZ; T2; A3; CFR; CL; KS; Pz;
RROB2; RROB2Z; T1 changing the WHC and WMAX values by -50% affects
the performance of the conceptual hydrologic model METQ in the recommended
NSE; RSR, PBIAS and R? values (see Table 3.2.). However, eight parameters
CMELT; ROBK; BETA; DPREC; DZ; KU and ZCAP by -50% significantly
affects the results of the conceptual hydrologic model METQ and exceeds the
limits of NSE; RSR, PBIAS, R? values (Moriasi et al. 2007).

The third to eighth clusters show one more R? PBIAS; RSR; Non-
compliance of NSE values with established limits, indicating sensitivity of
parameters and significant impact on model performance.
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Table 3.1. The results of cluster analysis of runoff (Q) deviation at
parameter change by + 50%

Within-
Class | Objects class R2 PBIAS | RSR NSE | Parameters
variance
A2; A3;
CFR; KS;
PZ; RROB;
1 11 0.065 0.993 | 0.014 0.075 | 0.992 RROB2;
RROB2Z;
T1; WHC;
WMAX
ALFA,;
AMCOR,;
2 4 0.020 0.966 | 0.409 0.207 | 0.957 ROBK:
RROBZ
3 1 0.000 0.630 | -4.440 | 1.262 | -0.591 BETA
4 1 0.000 0.828 | 1.075 0.431 | 0.814 CMELT
DPREC; KL;
5 3 0.251 0.997 | 6.644 0.096 | 0.990 ZCAP
6 1 0.000 0.984 | -8.498 | 0.159 | 0.975 DZ
7 1 0.000 0.907 | 33.507 | 0.478 | 0.771 KU
8 1 0.000 0.901 | -2.972 | 0.327 | 0.893 T2

By contrast, the parameters in the second and first clusters at R?, PBIAS;
RSR; NSE values, each individually, do not show any significant impact on the
performance of the model.

Table 3.2. The results of cluster analysis of runoff (Q) deviation at parameter
change by - 50% by (R2; PBIAS; RSR; NSE)

Within-
Class |Objects| class R2 |PBIAS|RSR NSE Parameters
variance
A2; AMCOR; RROB;
1 5 0.036 | 0.936 | 0.901 |0.266 0.928 RROBZ: T2
A3; CFR; KL; KS; PZ;
2 10 0.033 | 0.992 |-0.729 |0.079 0.991 RROB2; RROB2Z; T1;
WHC; WMAX
3 3 0.099 | 0.802 |-2.443|0.525 0.717 ALFA; CMELT; ROBK
4 1 0.000 | 0.371 |10.706|2.615] -5.841 BETA
5 1 0.000 | 0.995 |-16.559|0.202 0.959 DPREC
6 1 0.000 | 0.536 | 7.992 |1.375 -0.890 DZ
7 1 0.000 | 0.858 |-47.038|0.656 0.570 KU
8 1 0.000 | 0.989 |-10.105|0.153 0.977 ZCAP
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Calibration and validation of the urban hydrological response unit has been
performed for 6 urban catchments (Paper II). The results of calibration and
validation are summarised in Table 3.3. The NSE for all catchments is acceptable
(Moriasi et al., 2007) and varies from 0.69 to 0.96 for the calibration period and
from 0.67 to 0.91 for the validation period. R? is acceptable for all catchments in
all periods (Moriasi et al., 2007) and varies from 0.81 to 0.98 for the calibration
period and from 0.95 to 0.79 for the validation period.

Table 3.3. Results of calibration and validation of urban hydrological
response unit of model METQ

Catchment | Calibration period Validation period

NSE | R? RSR | PBIAS | NSE | R? RSR | PBIAS
NY_BO 0.69 | 081|069 |-23.63 |0.67 | 0.79 | 0.70 | -24.87
NY_VA 0.78 | 091 | 0.47 | 11.67 0.79 | 091 | 044 | 10.18
WA_SP 0.82 | 093|031 |-3.03 0.80 | 0.92 | 0.30 | -3.48
WA_MI 0.96 | 098 | 0.21 | -1.07 091 [ 095 |024 |-211
MI_EC 0.76 | 0.87 | 0.43 | 14.86 0.73 | 0.84 | 049 | 16.36
MI_PA 0.72 | 084|040 | 17.01 0.75 | 0.87 | 042 | 15.28

NY_BO shows better modeling results during the calibration period.
However, MI_PA has better results for the validation period than for the
calibration period. The accuracy of the model calculation is influenced by several
factors: the accuracy of the precipitation data; the accuracy of the flow
measurement and the conditions of the river bed.(Benedetti et al., 2012; Cuo,
Lettenmaier, Alberti, & Richey, 2009; Meng, 2022) Parameters A2 of the
conceptual hydrological model METQ; A3; CMELT; DZ; PZ; RROB; RROBZ;
RROB2; RROBZ2; ROBK; DPREC; AMCOR; IT is recommended that beta is
calibrated in natural catchments (A. Ziverts & Jauja, 1999) and the other
parameters are constant. The calibration of the parameters of the urban
hydrological response unit led to the decision to further calibrate the parameters
(WMAX; ALPHA; ZCAP; KU; KL; T1; T2; KS; WHC; CFR; AMCOR). Cities
have great surface heterogeneity and disrupted stream formation, as well as
different microclimates (Burszta-Adamiak, Biniak-Pierog, Dabek, & Sternik,
2023; Techapinyawat, Goulden-Brady, Garcia, & Zhang, 2023; Van de Ven,
1990). A graphical comparison of the modelled and observed flows is shown in
Figure 3.6.
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Figure 3.6. The observed precipitation and observed and modelled flows in
the catchment area WA_MI

The modelled and observed flow rates in the hydrograph show good
relevance, however, there is a discrepancy between the modelled results of the
maximum flows and those observed.

This uncertainty is due to the accuracy of the measurements and the intensity
and distribution of rain in the catchment area. The parameters WMAX, ALPHA,
ZCAP, T1, T2, KS, DZ, PZ, DPREC, BETA show significant differences of
more than 20% between catchment areas and in some cases more than 40%. This
variation is due to the heterogeneity of the ground cover, the historical
development of rainwater collection systems and the density of urbanisation
(Burszta-Adamiak et al., 2023; Techapinyawat et al., 2023; VVan de Ven, 1990).
Further studies need to classify urban catchment areas by covered area and
develop parametric sets of at least three urban hydrological response units, as
well as integrate the calculation algorithm into the conceptual hydrological
model METQ.

Modelling results for climate and land use scenarios show that extremely high
flows are associated with rain events than snow melting (Paper 111, IV and V).
Minimum drainage periods become longer and more frequent. for 30 years, the
monthly average for quartile 1 and quartile 3 from 2070 to 2100 for climate
scenarios with increased forest areas (pessimistic (PES)) and increased
agricultural and urban areas (optimistic (OPT)) for land use scenarios is shown
in Figure 3.7.
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Figure 3.7. Impact of land use scenarios and climate scenarios on monthly
average flows in the Lake Usma catchment area

The results of the study indicate the impact of significant land use changes
on the hydrological regime of Lake Usma in all twelve climate scenarios.

The arithmetic mean values of the modelled design flows of Lake Usma are
predicted in most of the climate scenarios analysed for a larger optimistic land
use scenario, i.e. increasing agricultural land areas and increasing urbanisation.
For the simulated average flows of Lake Usma over a period of 30 years (2070-
2100), the tendency to increase is 6 out of 12 climatic scenarios regardless of the
type of land use scenario, but in the 8 th climatic scenario the tendency to increase
the flow rate is predicted by meeting the optimistic type of land use scenario and
the tendency decrease — by fulfilling the pessimistic scenario the simulated
maximum flows of Lake Usma over a period of 30 years (2070-2100) the
tendency to increase is 7 out of 12 climatic scenarios regardless of the type of
land use scenario, however, in climate scenario 1, an increase in the flow rate
tendency is predicted, when the optimistic land use type scenario is fulfilled and
the tendency decrease — when the pessimistic scenario is fulfilled.

For the simulated minimum flows of Lake Usma over a period of 30 years
(2070-2100), the tendency to increase is only 2 out of 12 climatic scenarios
regardless of the type of land use scenario, and 2 out of 12 climatic scenarios
predict an increase in the flow tendency, in accordance with the optimistic type
of land use scenario and a decrease in tendency — in accordance with the
pessimistic scenario;

In all climate scenarios, during the cold period of the year, drainage is higher
in an optimistic land use scenario where the proportion of urbanised areas
increases, due to the increase in watertight areas and the decrease in infiltration.
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Pessimistic land use scenarios, by increasing the forest area in the catchment area
of Lake Usma, can have a significant impact on the hydrological regime in all
twelve climate scenarios, reducing the total runoff associated with
evapotranspiration in forest areas. The pessimistic land-use scenario for all
climate scenarios, reduces runoff, and future studies may draw attention to the
impact of changes in the hydrological regime on the efficiency of small
hydropower plants.

The fluctuations in the water level of Lake Tasi remain seasonal, where the
rise in the water level during the autumn-winter period alternates with the drop
in the water level during the summer (Paper VI). In all scenarios, the current
overflow width of 0.8 m of the channel/regulator is unable to provide a water
level regime that corresponds to the functions of the Alande River as a national
water drain. When analysing the annual fluctuations in the water level of the lake,
the modelled values of future climate scenarios at the width of the overhead at
0.8 m are able to ensure the annual fluctuation range of water level from 17.60
to 18.3 m LAS 2000.5, which is not sufficient to ensure the functionality of the
water drain of national significance, Alande When analysing the annual
fluctuations in the water level of the lake, the modelled values of future climate
scenarios at the slope width of 2.0 m are able to provide the annual fluctuation
range of water level from 17.60 to 18.00 m LAS 2000.5, which is sufficient to
ensure the functionality of the water drain of national significance, Alande River.

3.2. Modelling options for GHG emissions from soils

Regular measurements of GHG emissions from soils under laboratory and
field conditions have been carried out since 2016. Since 2017, data have been
collected on the basis of a methodology developed in the framework of this study
(Paper VII and VIII). Systematic collection and accumulation of N»O isotopic
measurement data has started since 2018 (Paper 1X)

The design of the conceptual hydrological model METQ and the integration
possibilities of the GHG emission calculation algorithms are evaluated from the
conceptual prism and four main steps necessary for the successful integration of
the GHG emission calculation module into the conceptual hydrological model
METQ (Paper X) are identified.

In the first step, it is necessary to assess the selection of data sets for GHG
emission modelling from the intermediate results of the conceptual hydrological
model METQ, as well as the need for additional parameters and data series for
GHG emission modelling. In the second phase, the existing algorithms of the
conceptual hydrologic model METQ are evaluated and a conceptual solution for
the integration of GHG emission modules or the development of additional
algorithms should be established. In the third step, a calculation algorithm is
created for each GHG gas using the intermediate results of calculations of the
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active soil layer of the conceptual hydrological model METQ and additional
parameters related to the calculation of GHG emissions. Step four is a long-term
measure where field gas measurements are used in the calibration of established
GHG emission calculation modules. This study will describe the first two steps
and describe the conceptual solution for module integration.

The GHG calculation modules should be divided into two groups, the first
group of modules being emissions from soil, where the GHG calculation modules
can be connected to the calculation algorithms of the conceptual hydrological
model METQ. The GHG calculation modules shall be designed separately for
carbon dioxide, methane and dirty oxide (see Figure 3.8.).

When analysing the main factors contributing to CO, emissions from soil,
there are several. The soil granular composition has a significant impact on CO;
emissions as the granular composition directly affects soil porosity (Bouma &
Bryla, 2000). Precipitation has a significant impact on soil breathing and,
together with the soil's granular composition, forms a soil moisture regime that
directly affects rhizosphere activity and determines CO; emissions(Borken &
Matzner, 2009). As precipitation infiltrates the soil and extrudes the air from the
soil pores, CO; is extruded, thus creating a CO, emission peak. The set of
calculation algorithms FOR the conceptual hydrologic model METQ is intended
for the calculation of active soil layer processes where the CO, calculation
module can be successfully integrated.

Methane emissions are a more complex process where the most important
factors are soil moisture conditions and the amount of organic matter and the rate
at which the organic matter decomposes (Changsheng Li, Frolking, & Frolking,
1992). But alongside methane production, there is methane consumption in the
soil, which is closely linked to the availability of oxygen in the soil (C. Li, 2007).
The above factors allow the methane calculation module to be integrated into
algorithms for the calculation of the active layer and groundwater of the
conceptual hydrological model METQ.

The calculation of nitrous oxide emissions from soil has the most complex
calculation algorithm because it is closely linked to nitrification and
denitrification processes, which in turn depend on factors such as soil
temperature, soil humidity and pH (Blagodatsky & Richter, 1998). the
calculation algorithm of the active layer of the soil of the conceptual hydrological
model METQ enables the generation of intermediate results necessary for
conceptual calculations of nitrification and denitrification processes.
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Figure 3.8. Design model for integration of modules for the calculation of
carbon dioxide, methane and nitrous oxide emissions in METQ

In addition to existing algorithms, it is necessary to create an additional
calculation module using climate data, soil parameters, and agrotechnical
conditions be able to generate the daily average soil humidity and soil
temperature. For the successful integration of GHG emission calculation
algorithms, it is recommended to use existing calculation algorithms of the
conceptual hydrological model METQ, which are described in detail (Krams &
Ziverts, 1993).

The second group of emission calculation modules, on the other hand, are
indirect N.O emissions and methane emissions from water bodies, where the
GHG calculation algorithm can be connected to the calculation algorithm of the
total drainage of the conceptual hydrological model METQ (see Figure 3.9.).
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An analysis of the available statistical databases and of the results of scientific
research can currently lead to the creation of the N»O calculation module. It uses
existing agricultural drainage monitoring data reflecting agro-technical
conditions and calculates indirect N2O emissions for the design algorithm of the
METHQ drainage components of the conceptual hydrological model.

The design platform of the conceptual hydrologic model METQ allows the
use of intermediate results of model calculations such as end-of-day groundwater
level, capillary take-off, total evaporation, etc. required in GHG emission
calculation algorithms.

The metaq algorithms of the conceptual hydrological model are well
documented and allow the integration of GHG emission calculation modules for
the calculation of carbon dioxide, methane and nitrous oxide emissions from soil.
However, it is necessary to create additional parameter input options for each
GHG emission from soil calculation module.

Integration of the GHG calculation into the conceptual hydrological model
METQ requires the reprogramming of the existing modelling platform and the
creation of an open platform for the addition of new calculation modules. For
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GHG modelling from agricultural soils based on nitrification and denitrification
processes in soil as well as indirect GHG modelling from watercourses based on
nitrogen leakage and nitrification and denitrification processes in water.

3.3. Integration of GHG emission modules In the conceptual hydrological
model METQ and further research steps

The strategic benefits of improvement of the conceptual hydrological model
METQ relate to taking into account the climatic and hydrogeological conditions
of Latvia in solving various complex issues. In the conceptual hydrological
model for the integration of GHG emission modules, METQ, as part of this study,
stops at producing data and developing a concept. The next steps in the studies
are presented in Figure 3.10.

[ Define a goal ] [ N,0, CH, and CO, modelling from soils ]
:
[ Observation data J—'[ Conceptual model ]‘* [ Model of biochemical processes in soil ]
([ scoamodel o Conceptual hydrological model METQ )
1
wk [ Conceptual solution for ]:l:d(])li CH, and CO, calculation ]
‘modules

¥

Performance criteria

_[ Sensitivity test and

The calculation modules for N,O, CH, and CO, and the
agro-technical measures shall be added.

|

Calibration of N,0, CH, and CO, calculation modules

calibration

I

Validation Validation of N;O, CH, and CO, calculation modules

]

J
)
Modelling ]
J

i
o s Approximation of modelled resulis of N,O, CH, and CQ,
Presentation of results . . i i
from soils in scientific events

" ion '— [ Integration of the results modelled for N,O, CH, and CO,

emissions from soils into the national inventory report

( N0, CH, and €O, modelling from soils

Next steps in the develop t of the ual hydrological model METQ

P

Figure 3.10. Integration of GHG emission modules In the conceptual
hydrological model METQ and further research steps

On the basis that research carried out by the research work requires the
development of a modelling platform, which is an interdisciplinary task. It is
recommended that the modelling platform be designed in such a way that it is
possible to connect additional modules for modelling various hydrological cycle
related issues. It is primarily necessary to develop an open-type algorithm where
the intermediate results of an existing modelling algorithm can be used in new
modules. When creating a modelling platform, it should be possible to use
existing algorithms to create new intermediate values and to connect additional
issues.
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The development of the conceptual hydrologic model METQ should focus
on two main directions. Differentiation of hydrological response units and the
possibility to increase the number of hydrological response units in urban,
agricultural and forestry areas. The second direction is the establishment and
development of GHG emission modules, which would allow for precise
predictions of GHG emissions from soils.

4. CONCLUSIONS AND PROPOSALS

1. In hydrological process modelling, several hundred models are actively
used, which are divided into two main groups conceptually and
physically. The use of conceptual models gives more accurate results for
catchment areas with an area above 5 km 2. New-build modelling tools
are used to simulate GHG emissions, but hydrological models are
successfully used with an additional algorithm that allows for the
modelling of gas emissions and stands out with greater accuracy in
modelling of dysmanic oxide in the temperate climate zone where soil
freezing is observed during the winter period;

2. The calculation algorithm of the conceptual hydrological model METQ
allows the integration of an unlimited number of hydrological response
units, which allow not only the integration of the uranium hydrological
response unit, but also in subsequent stages of the development of the
conceptual hydrological model METQ, the separation of several units of
the uranium hydrological response, each calibrated for different
proportions of watertight surfaces and hydromorphological properties of
the urban area;

3. The design platform of THE conceptual hydrologic model METQ enables
intermediate calculations of the model, such as end-of-day groundwater
level, capillary take-off, total evaporation, etc., required in GHG emission
calculation algorithms, to be maintained and used in the calculation
algorithm;

4. The METQUL2012 platform for the conceptual hydrologic model METQ
has been established and validated. The optimum calibration results were
reported by the Nelder-Mead algorithm, which is consistent with the
results of other authors;

5. The sensitivity test of the parameters of the conceptual hydrological
model METQ shows that the parameters of the model ALPHA; CMELT;
ROBK; BETA; DPREC; DZ; KU and ZCAP should be calibrated with
particular care to preserve the conceptual meaning of the calculation
algorithm and at the same time improve the performance of the model;
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The hydrological response unit of THE conceptual hydrologic model
METQ in the urban is established and integrated into the model. The
calibration and validation results of the Urban hydrological response Unit
for 6 urban catchments are sufficient for NSE > 0.5; R 2 > 0.75; RSR <
0.70 and PBIAS +/- 25% to allow model parameters to be used for
modelling unexplored urban catchment areas;

Integration of the GHG calculation into the conceptual hydrological
model METQ requires the reprogramming of the existing modelling
platform and the creation of an open platform for the addition of new
calculation modules. GHG modelling from agricultural soils based on
nitrification and denitrification processes in the soil, as well as indirect
GHG modelling from watercourses based on nitrogen leakage and
nitrification and denitrification processes in water;

The conceptual hydrological model METQ can be used in water quality
studies conducted in collaboration between scientists at an
interdisciplinary level. The results of the modelling show that climate
variability and land use change have a significant aggregate effect on
surface runoff and its components.
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