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ANOTACIJA

Vairak neka puse pasaules iedzivotaju dzivo urbanajas teritorijas. ledzivotaju skaita un
urbanizacijas Iimena palielinaSanas liek arvien vairak domat par ilgtsp€jigu resursu, taja skaita
tdens, apsaimniekoSanu un adaptaciju klimata parmainam. Zemes lietojuma veida maina, Tpasi
urbanizacija, bitiski ietekmé hidrologiskos procesus. Urbanas teritorijas ne tikai rada papildus
piesarnojuma slodzi un samazina tidens resursus, bet ar1 veido Gidensapgades un kanalizacijas
infrastruktiru, ka ari attista pludu aizsardzibas sist€émas. Eiropas Savieniba plidu riska
mazinasanas pasakumus nosaka Pludu Direktiva 2007/60/EC, kas nosaka dalibvalstim veikt
pludu riska noveért€Sanu un apdraud€to teritoriju kart€Sanu. Izpratne par urbano teritoriju
hidrologisko rezimu paslaik tiek veidota un attistita, izmantojot monitoringa datus un
modeléSanas piedavatas iespejas, tacu lai izmantotu model&Sanas rikus, ir nepiecieSami vismaz
divu dekazu hidrologiska rezima ikdienas noveérojumu dati. Urbano sateces baseinu
hidrologisko procesu modelésana ir sarezgita dél sadrumstalotas vides, specifisko hidrologisko
rezimu un lietus reZimu urbanaja vidé. Pasaulé hidrologiskie modeli tiek biezi izmantoti
ekologisko komponensu modelésana. Parizes noliguma un Eiropas Zala kursa konteksta ir
nepieciesams attistit SEG emisiju model&Sanas iesp&jas Latvija.

Promocijas darba ir izvirzita hipotéze, ka konceptualaja hidrologiskaja modelt METQ ir
iesp&jams integrét urbano hidrologisko atbildes vienibu, un konceptualais hidrologiskais
modelis METQ var tik izmantots SEG emisiju model€Sanai no augsném.

Promocijas darba mérkis ir pilnveidot konceptualo hidrologisko modeli METQ,
integréjot urbano hidrologisko atbildes vienibu, un sagatavot datubazi un konceptualo
risinagjumu SEG emisiju no augsném modeléSanai, izmantojot konceptualaja hidrologiskaja
modeli METQ ietverto hidrologisko aprékinu augsnes aktivaja slani, gruntsiideni un ar to
saistitaja kapilaraja pacelSanas slani.

Promocijas darba veiktas teorétiskas iestrades sniedz padzilinatu ieskatu hidrologiska
cikla komponenSu izmainas urbanajas vidés, ka ari sniedz teorétisko pamatu dazadu
modeléSanas algoritmu izstradei urbanajas hidrologiskajas atbildes vienibas. Papildus ir
analizétas SEG model&sanas iespgjas, izmantojot hidrologiskos modelus, kas lauj tuvakaja
nakotng attistit dislapekla oksida, oglskabas gazes un metana model&Sanas rikus, kas laus SEG
emisiju aprékinu metodikai pariet uz Tier3 pieeju (nacionala limeni tiek modelétas SEG
emisijas), kura tieck nemtas véra regionalas, klimatiskas un geomorfologiskas ipatnibas.

Praktisku nozimi hidrologisko procesu modelésana sniedz konceptualaja hidrologiskaja
modelt METQ iebiivéta urbana hidrologiska atbildes vieniba, kas lauj modeli izmantot
sarezgitu Gdenssaimniecibas jautdgjumu risinasana, pieméram, klimata parmainu un zemes
lietojuma veida mainas kumulativo ietekmes kvantifikaciju, tadéjadi sniedzot teorétisku pamatu
hidrotehnisko btivju reglament€joSo normativo regul€jumu atjaunoSanai, kas ieklautu
adaptaciju klimata parmainam. Izstradatie konceptualie risinajumi SEG emisiju modeléSanai
no augsném lauj attistit model&sanas riku, ar kuru biis iesp&jams noveértét SEG emisiju apjomus
no augsném un izveértét dazadu SEG emisiju no augsném samazino$o pasakumu efektivitati, ka
ar veikt kompleksu novertgjumu augsnes SEG emisiju bilancei.

Sis promocijas darbs sastav no desmit tematiski vienotam zinatniskajam publikacijam.



ABSTRACT

More than half of the world's population live in urban areas. Increasing population and
urbanisation levels make it more and more likely to think about the management of sustainable
resources, including water, and adaptation to climate change. Changing the use of land,
particularly urbanisation, has a significant impact on hydrological processes. Urban areas not
only create additional pollution pressures and reduce water resources, but also build water
supply and sewer infrastructure and develop flood protection systems. In the EU, flood risk
mitigation measures are set out in Flood Directive 2007/60/EC, which requires Member States
to carry out flood risk assessments and mapping of endangered areas. Awareness of the
hydrological regime of urban areas is currently being developed and developed using
monitoring data and modelling capabilities, but at least two decades of hydrological daily
observation data is needed to use modelling tools. The modelling of the hydrological processes
of the urban catchment areas is complicated due to the fragmented environment, the specific
hydrological regime and the rain regime in the urban environment. In the world, hydrological
models are often used in the modelling of ecological components. In the context of the Paris
Agreement and the European Green Deal, it is necessary to develop modeling capabilities for
GHG emissions in Latvia.

In the research, it is hypothesised that the urban hydrological response unit can be
integrated into the conceptual hydrological model METQ, and the conceptual hydrological
model METQ can be used to simulate GHG emissions from soils.

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 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.

Theoretical research provide an in-depth insight into the changes in hydrological cycle
components in urban environments, as well as the theoretical basis for the development of
various modeling algorithms in urban hydrological response units. In addition, GHG modelling
capabilities have been analysed using hydrological models enabling the development in the
near future of nitrous oxide, carbon dioxide gas and methane modeling tools that will allow the
methodology for calculating GHG emissions to go to the Tier3 approach (national models on
GHG emissions), which takes into account regional, climatic and geomorphological conditions.

A practical role in the modelling of hydrological processes is provided by the urban
hydrological response unit built into the conceptual hydrological model, which allows the
model to be used to address complex water management issues, such as the cumulative impact
quantification of climate change and land use patterns, thereby providing a theoretical basis for
the renewal of regulatory frameworks regulating hydrotechnical structures, which include:
adaptation to climate change. The developed conceptual solutions to modelling GHG emissions
from soils allow for the development of a modelling tool that will allow the assessment of soil
GHG emissions and the assessment of the effectiveness of various soil-reducing GHG
emissions measures, as well as the carrying out of a complex assessment of the soil GHG
emissions balance.
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PROMOCIJAS DARBA APROBACIJA

Promocijas darba pétijumos ieglito rezultatu aprobacija var izdalit Cetrus bitiskus
posmus, kas atspogulo pétijuma 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 tiesi saistitas ar promocijas
darba pétijumu un ir verstas uz talaku konceptuala hidrologiska modela METQ pilnveidi un
izmantoSanu SEG emisiju modelg$ana no augsném. Zinojumi konferenc@s un diskusijas lava
identificet esosas problémas un veikt precizak mérketus modela uzdevumus. Izglitojosais darbs
lauj modela izmantoSanas iesp&jas paplaSinat un nodot zinasanas toposajiem zinatniekiem un
nozares specialistiem.
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https://doi.org/10.5593/sgem2017/41/S19.058
https://doi.org/10.5593/sgem2019/4.1/S19.136
https://doi.org/10.5593/sgem2019/4.1/S19.109
https://doi.org/10.22616/rrd.25.2019.023
https://doi.org/10.22616/ERDev2017.16.N220
https://doi.org/10.5593/sgem2021/4.1/s17.21
https://doi.org/10.22616/rrd.24.2018.029
https://doi.org/10.5593/sgem2021/3.1/s13.70
https://doi.org/10.5593/sgem2017/41/S19.066

53.

54.

55.

56.

S7.

Valujeva, K., Pilecka, J., Grinberga, L., Grinfelde, I., & Burlakovs, J. (2019).
Environmental Management of Remediative and Revitalization Initiatives in Baltic Sea
Region. In International Multidisciplinary Scientific GeoConference Surveying Geology
and Mining Ecology Management, SGEM (Vol. 19, pp. 253-259).
https://doi.org/10.5593/sgem2019/5.1/S20.032

Valujeva, K., Pilecka, J., Grinfelde, 1., & Nipers, A. (2020). Optimisation of Land Use for
Improved Soil Based Ecosystem Services: An example from Latvia. In International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM (Vol. 2020-Augus, pp. 479-485).
https://doi.org/10.5593/sgem2020/3.1/513.062

Vebere, L. L., Eihe, P., Pilecka, J., Grinfelde, 1., & Purmalis, O. (2020). The Water Quality
in River and Role of Incoming Flows: Case Study of Svete River. In International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM (Vol. 2020-Augus, pp. 347-354).
https://doi.org/10.5593/sgem2020/3.1/s12.045

Vincevica-Gaile, Z., Grinfelde, I., Stankevica, K., Berzins, E., & Klavins, M. (2018).
Characterisation of Wood Combustion Fly Ash in a Context of Applicability in Agriculture.
In International Multidisciplinary Scientific GeoConference Surveying Geology and
Mining Ecology Management, SGEM (Vol. 18, pp. 187-194).
https://doi.org/10.5593/sgem2018/4.1/S17.025

Zalite, A. A., Pilecka-Ulcugaceva, J., Valujeva, K., Grinfelde, 1., Liepa, S., Burlakovs, J.,
& Vincevica-Gaile, Z. (2021). The Impact of Crop in GHG Emissions from Clay Soils:
Case Study of Latvia. In Research for Rural Development (Vol. 36, pp. 295-302).
https://doi.org/10.22616/rrd.27.2021.042

Zinojumi konferences

Promocijas darba izstrades laika ir sniegti 177 zinojumi starptautiskas zinatniskas

konferences, no kuriem 65, kas noraditi saraksta zemak, ir tieSi sasititi ar promocijas darba
pétijuma temu.

1.

Effect of soil physical properties on N2O 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.

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.

Effect of soil physical properties on N2O 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.

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.

Composition of the isotopes of nitrous oxide in the clay soil at different moisture
conditions. S. Liepa, D. Butenaite, A. Bakute, I. Grinfelde, J. Pilecka-Ulcugaceva, 21st
International multidisciplinary scientific GeoConference SGEM 2021, Albena, Bulgaria,
7-10 December, 2021.
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https://doi.org/10.5593/sgem2019/5.1/S20.032
https://doi.org/10.5593/sgem2020/3.1/s13.062
https://doi.org/10.5593/sgem2020/3.1/s12.045
https://doi.org/10.5593/sgem2018/4.1/S17.025
https://doi.org/10.22616/rrd.27.2021.042

10.

11.

12.

13.

14.

15.

16.

17.

18.

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 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 VVebere,
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.

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.

15



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Urbano udenstilpnu tidens kvalitati ietekméjosie faktori. Liga Lauma Plavniece, Inga
Grinfelde, Geografija. Geologija. Vides zinatne: referatu tézes, 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, 1. 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 izvertgjums 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 akadémija.
Jelgava, 2018.

Moisture effect on CO2, CHs4, NH3z 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 Ulcugacevs, Konference "Kudra un sapropelis —
razo$anas, 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
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 NHz emissions from nitrogen fertilizers application
in laboratory conditions. Olga Frolova, Karina Zaharane, Inga Grinfelde, Kristine
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Valujeva, Laima Berzina, 17th International multidisciplinary scientific GeoConference
SGEM 2017, conference proceedings, Albena, Bulgaria, 29 June-5 July 2017.
Measurement time estimation of CO2, CHs, N2O and NHz 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 "Kiidra un
sapropelis — razoSanas, zinatnes un vides sinergija resursu efektivas izmantoSanas
konteksta", Riga, Latvija, 31. Janvaris, 2017.

Spektrofotometra Picarro G2508 izmantoSanas iesp&jas siltumnicefekta gazu emisiju
noteikSanai dazadas augsnés. Kristine Valujeva, Inga Grinfelde, Olga Frolova, Jovita
Pilecka, Laima Bérzina, Konference "Kiidra un sapropelis — razosanas, zinatnes un vides
sinergija resursu efektivas izmantoSanas 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 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.

Frézkudras ieguves ietekme uz augsta purva hidrologisko reZimu. Inga Grinfelde, Jovita
Pilecka, Olga Frolova, Kristine Valujeva, Konference "Kiidra un sapropelis — razoSanas,
zinatnes un vides sinergija resursu efektivas izmantoSanas 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
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44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

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 Vecdzirnavu HES darbibas ietekme uz Usmas ezera tidens [imenu 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, 1. Grinfelde, Nordic
Water 2016, XXI1X 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. I. Grinfelde, K.
Valujeva, O. Purmalis, 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.

Pamatmeslojuma ietekme uz augsnes tidens 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.
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55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

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 atjaunos$anas. Inga
Grinfelde, Kristine Valujeva, Oskars Purmalis, Latvijas Universitates 73. zinatniska
konference, Geografija. Geologija. Vides zinatne, referatu tézes, 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 science",
(undergraduate, graduate, post-graduate students), April 25, 2014.

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.

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.

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.

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.

Akademiskais darbs

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 prezentéti 1.3. un 2.1. att€los.
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1.1.tabula Promocija darba iestradnu integracija izglitojosa darba

N.p.k.

Aktivitate

Konceptuala hidrologiska modela METQ

izmantoSana

1. Studiju kurss Inzenierhidrologija 3 KP Izpratnes  veicinaSana par  hidrologiskajiem

procesiem, 1pasi pavasara paliem

2. Studiju kurss Hidrologiska modelésana 3 KP | Iepazistas ar modela struktdru un galvenajiem

darbibas principiem.

3. Studiju kurss Upju baseinu apsaimniekoSana | Iepazistas ar modela struktiiru un galvenajiem
12 KPunll 2 KP darbibas principiem.

4. Studiju  kurss  Hidrologisko  procesu | Iepazistas ar modela struktiru un galvenajiem
modelésana 4 KP darbibas principiem. Apgiist parametru kalibraciju.

5. Studiju kurss Zinatniska darba pamati I1 2 KP | Modelis tiek izmantots dazados petijumos.

6. Doktora darbs Arta Bardule “Mikro- un | Konceptualais hidrologiskais modelis METQ tika
makroelementu plasmas Tscirtmeta apsSu | izmantots, lai model€tu augu baribas vielu noteces
hibridu (Populus tremuloides Michx. X | apjomu no kokaugu stadfjumiem (Bardule,
Populus tremula L.) kokaugu stadijuma | Grinfelde, Lazdina, Bardulis, & Sarkanabols, 2018)
lauksaimniecibas zeme”.

7. Magistra darbs Kristine Steinberga “Usmas | Konceptualais hidrologiskais modelis METQ tika
ezera hidrologiska reZima ilgtermina | izmantots, lai modelétu Usmas ezera Gidens limena
izmainas”. izmainas

8. Magistra darbs Anna Kuduma ”Mazo HES | Konceptualais hidrologiskais modelis METQ tika
hidroekonomiska modela adaptacija Latvija”. | izmantots, lai modeletu Usmas ezera

9. Magistra darbs Sabine Oficiere “Sateces | Konceptualais hidrologiskais modelis METQ tika
baseina apsaimniekoSanas ietekme uz ezeru | izmantots, lai modelétu Usmas ezera tidens limena
hidrologisko rezimu”. izmainas

10. Magistra darbs Dace Butenaite “N2O izotopu | Izstradata metodika N,O izotopu meérijjumiem no
mérfjumu  veikSana augsnes paraugiem | augsném
laboratorijas apstaklos”.

11. Magistra darbs Anete Anna Zalite “Augsnes | Sagatavota SEG emisiju datu baze METQ modela
apstrades un audzetas kultoras ietekme uz | pilnveidei.

SEG emisijam mala augsnés”.

12. Magistra darbs Luize Lepiksone N,O | P&tita N2O izotopu izcelsme organiskajas augsné
veidoS$anas procesa izpéte augsnés ar dazadu
organiskas vielas saturu

13. Magistra darbs Sindija Liepa Izotopu | Izstradata  metodika N2O  izotopu avotu
izmanto$anas iespgjas N0 avotu | identifikacijai no augsném

identifikacijai no augsném

20



1.IEVADS

Vairak neka puse pasaules iedzivotaju dzivo urbanajas teritorijas un ANO iedzivotaju
migracijas prognozes rada, ka 2030. gada to ipatsvars parsniegs 80% (United Nations, 2019).
ledzivotaju skaita un urbanizacijas limena palielinaSanas liek arvien vairak domat par
ilgtsp&jigu resursu, taja skaita @idens, apsaimniekoSanu 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 arT tajas veido tidensapgades un kanalizacijas infrastruktiiru, ka
arT attista plidu aizsardzibas sist€émas (Crawford et al., 2022; Hernandez-Hernandez, Olcina, &
Morote, 2020). Spécigu lietusgazu gadijuma urbanas teritorijas veidojas lokali pladi, kas kst
arvien intensivaki un atkartojas arvien biezak (J. Chen, Hill, & Urbano, 2009; Kang, Park, &
Singh, 1998; X. Lietal., 2022; Mark, Weesakul, Apirumanekul, Aroonnet, & Djordjevi¢, 2004;
Schmitt, Thomas, & Ettrich, 2004). Pludos visbiezak cie§ vai zaudé dzivibu iedzivotaji no
sabiedribas nabadzigakajam grupam, ka arT tiek nodariti materialie zaud€jumi, kas m&rami
vairakos miljardos dolaru (Abdeljaber, Adghim, Abdallah, Ghanima, & ALjassem, 2022;
Jonkman & Vrijling, 2008; Kron, Steuer, Low, & Wirtz, 2012). Eiropas Savieniba pliidu riska
mazinasanas pasakumus nosaka Pliidu Direktiva 2007/60/EC (European Parliament, 2007), kas
nosaka dalibvalstim veikt pliidu riska noveértéSanu un apdraudéto teritoriju karteSanu.

Izpratne par urbano teritoriju hidrologisko rezimu paslaik tiek veidota un attistita,
izmantojot monitoringa datus un modeleéSanas piedavatas iesp&jas, tacu lai izmantotu
model&sanas 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 videé raksturigu
hidrologisko procesu dél (Meng, 2022; F 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 klasificét urbano
sateces baseinu integrétos modelus un tos klasificét péc integracijas pakapes (Bach, Rauch,
Mikkelsen, McCarthy, & Deletic, 2014; Q. Zhou, Luo, Qin, Su, & Ren, 2022), lai reducétu
modela aprékina rezultatu nenoteiktibu, ko rada urbanas vides heterogenitate. Paslaik notiek
diskusijas par Gdens aprites cikla universalas koncepcijas vai metodologijas izstradi sateces
baseina limeni (Q. Zhou et al., 2022).

Hidrologisko procesu mainiba un atkariba no klimata un geomorfologiskajiem
apstakliem, ka arT antropogenajiem faktoriem, misdienu hidrologiem sniedz izaicinajumu
prognozét un paredzet iesp&jamo hidrologisko procesu dinamiku laika un telpa. Modeli ar
augstu telpisko izskirtsp&ju ir ar sarezgitiem aprékinu algoritmiem un nepiecieSams salidzinosi
liels un blivs novérojumu datu apjoms, kas biezi vien nav pieejams, tad€jadi ietekmé&jot modela
rezultatu nenoteiktibu. Modela rezultatu nenoteiktibu samazinasanai ieteicams izvel&ties
mérkim un pieejamiem datiem atbilstoSu modeléSanas riku. Starptautiska hidrologijas
zinatnieku asociacija (IAHS) ir izvirzijusi kopuma divdesmit tris neatbildétus jautajumus
hidrologijas joma, kas jamégina risinat nakamaja desmitgad¢, taja skaita jautajumi, kas tieSi
saistiti ar promocijas darba izvirzito merki (Bloschl et al., 2019), respektivi, hidrologisko
modelu izmanto$ana hidrologiska cikla izmainu prognozéSana mainiga klimata un zemes
lietosana veida apstaklos, urbanizacijas ietekme uz hidrologiska cikla izmainam, tdens
parvaldibas ietekme partikas keédém taja skaita SEG emisijam no antropogénam ekosistemam.

Latvijas teritorija lielaka dala tdens objektu ir ar antropogéno ietekmi, un
antropogénajam slodz&€m regiona ir tendence palielinaties. Ka pieméru var minét straujo pilsétu
attistibu, mezsaimniecibas un lauksaimniecibas intensifikaciju.
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1.1. Hidrologisko procesu modelésanas pamatprincipi

Model&sanas process sakas ar skaidri definétu modela izveides mérki (skat.1.1att). Sis
solis dod izpratni par to, kura tipa modeleSanas sistéma palidz€s atrisinat vai vismaz giit
padzilinatu izpratni par problému. Nakamais solis ir, pamatojoties uz izvirzito mérki, izveidot
sistémas konceptualo modeli. ST procediira biezi vien aiznem vairak laika un resursu, jo
janosaka modelétas sist€émas robezas, jaapkopo pieejamie dati, stud€jot literattiru, jaiepazistas
ar [1dzSin€jo pieredzi $adu vai lidzigu problému risinasana, ka arT jaapseko sateces baseins, lai
giitu pilnigu priekSstatu par objektu un risinamo problému. Papildus definétajam mérkim,
pieejamie dati ir noteicosais faktors modela sarezgitibas pakapes izvéle. Modela izvéle ir
stadija, kura tiek izv€l€ts jau esoss modelis, modific€ts vai papildinats jau esoss modelis, vai
ar izveidots pilnigi jauns modelis.
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[ Novérojumu dati ]—'[ Konceptualals modelis [+

v

[ Modela izvéle

<

A 4

'[ Modela izveide

<
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)
)
)
)
)
e
)
)
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4’[ Validacija
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Model&sana

{ Rezultatu prezente§ana

v
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1.1.att. Hidrologisko procesu modeléSanas pamatprincipi

Hidrologijas aprékinu veik$ana un hidrologisko procesu modelésana ir nepiecieSams
atrast lidzsvaru starp apjomigu (masivu) datu ietilpigu modelu rezultatu un vienkarSotu modelu
ticamibu, ka ar1, izmantojot neatkarigas metodes (savas metodes), jo vienmer ir nepiecieSams
parliecinaties, ka modelétie lielumi ir korekti un atbilst realajai situacijai. Nemot veéra, to, ka
hidrologisko modelu klasts ir loti plass visbiezak tiek nemts un pielagots jau eso$s modelis.
Galvenie noteicosie faktori ir izmaksas un modela lietoSanas vienkarSiba. Modela izveide ir ta
stadija, kad modelesanas platforma tiek ievaditi dati un uzstaditi modeléSanas platformas
parametri. Darbibas kriteriju uzstadiSana notiek ar mérki novértét modeléto un novéroto
rezultatu sakritibu. Jutiguma analize ir process, kura laika tiek izverteéta modela nenoteiktiba
(identificétas nenoteiktibas), kas saistitas ar model€Sanas procesu, gan saistiba ar modela
struktiru, gan uzstadito parametru vértibam. Sis solis palidz ranzét parametrus, kuri tiek
kalibréti, 1paSi tas attiecas uz modeliem ar lielu kalibréjamo parametru skaitu. Modela
kalibracija ir process, kura laika tiek atrasti optimalie parametru lielumi, kas lauj modelim
aprekinat lielumus péc iesp&jas tuvak noveérotajiem datiem.

Modela validacija ir process, kura tiek parbaudits vai citam periodam modelis spgj
aprékinat ar tadu pasu precizitati, ka kalibracijas periodam. Paredz&Sana, pielietojot kalibréto
modeli, ir process, kura aprékinata paredzama nakotnes klimata scenariju ietekme uz sateces
baseina hidrologisko rezimu. Pie nemainigiem sateces baseina apstakliem un parametriem tiek
parbauditi dazadi scenariji. legiito rezultatu prezentacija ir viens no svarigakajiem posmiem, un
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to var darit dazados veidos, ka zinojumu, prezentaciju vai pat animaciju. legiito rezultatu
saprotama prezentacija ir viens no galvenajiem stiirakmeniem, lai panaktu vienoSanos
IpaSnieku starpa, ka ar1 palidz€tu politikas veidotajiem, dazados Iimenos. Savukart izvertéSana
(postaudit) ir vél viens veids, ka veikt modela validaciju konkrétam sateces baseinam. So soli
parasti veic vairakus gadus péc modelésanas. Validésana izpauzas tada veida, ka tiek salidzinati
model&tie dati ar noverotajiem datiem, tad€jadi parbaudot modela precizitati. Ja rezultati nav
pietiekami, tiek parskatits konceptualais modelis un veikta modela uzlabosana. Modela izveides
pamatprincipi tika izmantoti gan urbanas hidrologiskas atbildes vienibas integracijai
konceptualaja hidrologiskaja modeli METQ, gan SEG emisiju no augsném aprékina
konceptualo risinajumu izstrade.

1.2. Urbano hidrologisko procesu modelésana

Urbanie hidrologiskie modeli galvenokart ir izveidoti tris galveno mérku sasniegSanai:
1)  urbanizacijas ietekmes izvértéSana uz dabisko Gidens aprites ciklu un papildus zinasanu

uzkrasana par komplekso sisteému;

2) mérfjumu datu iztrlkuma nov€rSana un izaicinajumu parvaréSana, kas saistita ar
heterogéno un sarezgito tidens aprites sistému;

3) urbano teritoriju nakotnes scenariju izvértéSana risku identificéSanai, kas saistiti ar
klimata parmainam un urbanizacijas straujo pieauguma tempu, ka vienu no galvenajiem
var minét pladu risku.

Urbano teritoriju iedzivotajiem viena no galvenajam pamatvajadzibam ir tira un droSa
dzerama tudens apgade un notekiidenu novadiSana, tapec tika attistiti modeli, kas lauj modelet
tidensapgades un kanalizacijas tiklu. Nakamais urbano hidrologisko modelu attistibas posms ir
saistits ar dro$ibu, pieméram, plidu un piesarnojuma risku izvértéSanu (Price, 2011).
Hidrauliskie modeli spgj kalkulét De Saint Venant pliismas vienadojumus pie loti augstas
1z8kirtsp€jas, tomer telpiska dimensija Siem modeliem paliek maksligi raditaja videé un nespgj
izvertet hidrologiskos apstaklus urbanajos sateces baseinos. Sie modeli fokusgjas uz noteiktu
hidrologisku un hidrokimisku fenomenu un tapéc nespgj izvertét urbano tidens aprites ciklu
kopuma. Papildus Siem modeliem ir nepiecieSamas vairakas robezvertibas, pieméram,
ienakosas virszemes plismas, jo pilns hidrologiskais cikls $§ajos modelos netiek simuléts. (V G
Mitchell & Diaper, 2005; O’Loughlin, Huber, & Chocat, 1996) pétijumos norada, ka miisdienas
biitu nepiecieSams integrét modelus ar dazadam laika un telpas skalam, lai varétu atbilstosa
[Tmeni modelét pilnu fidens aprites ciklu sateces baseina. Saja nodala ir sniegts ieskats lidzsingja
pieredz€ urbano hidrologisko procesu modelésana. Tikai dala no analiz€tajiem modeléSanas
rikiem ir sakotngji paredzeti urbanajiem sateces baseiniem, lielaka dala ir sakotngji veidoti
dabiskajiem sateces baseiniem un vélak pielagoti urbanajiem sateces baseiniem.

Hidrologiskie modeli galvenokart tiek klasificéti péc laika un telpas skalas. Ir divas
atSkirigas pieejas urbano hidrologisko procesu modeléSana: pirma ir urbanizacijas pétiSana
sateces baseina robezas, savukart otra pieeja ir hidrologiska modela izveide pilsétas robezas.
Modeli, kas aptver lielaku teritoriju par 10 km?, tiek definéti, ka sateces baseina modeli, un
modeli, kuros izmantota teritorija ir mazaka par 10 km?, tiek definéti ka pilsétas modeli. Lai
sniegtu lielaku izpratni par urbano hidrologisko modelu pielietosanu, urbanas hidrologijas
pétijumi, kuros tika pielietoti modeli, var tikt sagrup@ti pec laika dimensijas, telpas dimensijas
un modela tipa.

Modelu pielietojums var tikt iedalits 5 nosacitas grupas:

1)  robustie modeli — §T pieeja ir vienkarSota un ir izmantojama ar loti ierobezotu ienako$o
datu apjomu, dod priekSstatu par caurpliduma izmainam laika, tacu $aja pieeja netiek
sniegta telpiska informacija;

2) fizikalie modeli ar apaksbaseiniem — Sajos modelos, balstoties uz topografisko
informaciju, tiek izdaliti apakSbaseini ar lidzigu zemes virsmas segumu, pieméram, mezi,
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lauksaimniecibas zeme, urbanas teritorijas utt. Izmantojot So pieeju, tiek sniegta

pamatinformacija par katru apaksbaseinu, tacu trukst detalizéta telpiska informacija, jo

telpiskais sadalijums ir kvantitativs, bez telpiskas dimensijas (Bergstrom, 1992; Krams &

Ziverts, 1993);

3)  hidrologiskas atbildes vienibas modeli — tipisks piemérs ir SWAT modelis, kur aprékini
tiek balstiti uz geomorfologiskajiem datiem, kas kombingti ar virsmas augstuma atzimém
(Arnold & Fohrer, 2005; Arnold, Srinivasan, Muttiah, & Williams, 1998). Saja piecja
hidrologiskas atbildes vienibas tiek grupétas péc lidzigam geomorfologiskajam un zemes
parklajuma pazimém, tadgjadi veicot precizakus aprékinus, tacu, tiklidz ir izveidotas,
aprékinu grupas ar kop&jam pazimém, telpiska dimensija zid un izejas informacija
attiecas uz visu hidrologisko atbildes vienibu;

4)  fizikali telpiskie modeli — $aja pieeja tiek izmantotas GIS kartes un attalinatas izpétes
tehnologijas, hidrologiskie raksturlielumi tiek modeléti aprékina rezgi. Sadu modelu
detalizacija ir tieSi atkariga no aprékina rezga izméra, ka ari katrai $iinai nepiecieSama
datu apjoma un detalizacijas pakapes;

5)  urbano hidrologisko elementu modeli — Sie modeli ir bavéti, lai analizétu urbana
caurpliduma izmainas laika un telpa. Katra modela pieeja ir atSkiriga, tacu kop&ja iezime
ir izvéleta urbana sateces baseina elementu kopa, kas pietiekosi precizi apraksta urbana
sateces baseina heterogenitati, bet taja pasa laika ir homog€na attieciba pret
hidrologiskajiem procesiem viena elementa ietvaros (Grimmond & Oke, 1991; Mackay
& Last, 2010; V Grace Mitchell, McMahon, & Mein, 2003; Morris, Rueedi, Cronin,
Diaper, & DeSilva, 2007; Fabrice Rodriguez, Andrieu, & Morena, 2008; Y. Zhou, Wang,
Gold, & August, 2010).

Modeli var tikt sagrupéti péc izmantota laika sola garuma. Laika dimensija vari€ no 30
sekundém l1dz vienam gadam, tacu 90% no visiem gadijumiem laika dimensija ir viena diena
val mazaks laika periods. Papildus izmantotas metodes var tikt sadalitas divas grupas péc
telpiskas izplatibas: aprékina rezga pieeja un pargjie, kas tika izmantoti vairak neka 60%
gadijumu. Tik plasai So modelu daudzveidibai ir vairaki iemesli: pirmkart, ir vienkarSak
palielinat apaksbaseinu skaitu ar vienadam 1pasibam, otrkart, robustie modeli lauj vienu sateces
baseinu uztvert, ka vienu vienibu ar lidzigam pazimém, treskart, urbano hidrologisko elementu
pieeja lauj ieklaut loti detalizétu telpisko informaciju. Ir divas izteikti atSkirigas pieejas urbano
hidrologisko procesu modelésana.

Modelu pielietosana sateces baseina liment aptver visu laika un telpas skalas diapazonu,
ka arT aprékina rezga modelus un pargjos modelus. Galvena tendence ir laika un telpas
dimensijas nosacitas proporcionalitates saglabasana, proti, pie lielakas laika skalas ir lielaka
telpiska skala, savukart robustajos modelos galvenokart dominé laika skala vienas dienas
diapazona;

Urbano teritoriju modeliem ir tendence grupéties aprékina rezga grupa ar augstu telpisko
1z8kirtsp&ju un dazadam laika dimensijam, ka ar1 dazado model€Sanas pieeju zona ar dazadam
laika skalam. So fenomenu var izskaidrot ar relativi mazo p&tamo teritoriju izméru, kas
nepielauj lielu variaciju iesp€ju telpiskaja dimensija, bet lauj variét ar laika dimensijas skalu.
Pilsétas Iimena modeliem ir relativi smalkaka laika un telpas skala, salidzinot ar urbano sateces
baseinu modeliem. Vairak neka 50% no modeliem, kuros p&tama teritorija bija mazaka par 10
km?, laika dimensijas skala ir 6 miniites vai mazaka, savukart telpas dimensija ir 5 m vai
mazaka. Izpétes teritorijam, kas ir lielakas par 10 km?, ka laika dimensijas skala doming 1
stunda un telpiskas dimensijas skala domin€ 30 m. Salidzinot ar tradicionalajiem noteces
modeliem, §1s modelu grupas izskirtsp€ja abas dimensijas ir augstaka.

P&dgjo desmitgazu laika ir strauji attistijusas attalinatas izp&tes un GIS tehnologijas, kas
ir integrétas daudzos miisdienu hidrologiskajos modelos. Liclakaja dala urbanas hidrologijas
modeléSanas gadijjumu ir integréta vai izmantota GIS tehnologija. GIS tehnologijas tiek
izmantotas $adiem meérkiem:

1)  modelu parametru un ievades datu pirmsapstrade un p&capstrade;
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2) telpisko datu apstrade un vizualizacija;

3) sateces baseina identifikacija, nemot véra zemes virsmas augstumu topografiju
sadaltjumu apaksbaseinos;

4)  attalinatas izp&tes datu integracija modeli;

5)  hidrologisko atbildes vienibu un hidrologisko elementu identifikacija;

6) modelu savieto$anai platforma.

Vairak neka 80% gadijumu tiek izmantotas ArcView, ArcGIS, ArcInfo, ArcGIS-Python
un GRASS programmu pakesu piedavatas GIS iesp&jas. Visbiezak GIS piedavatas iespéjas tiek
izmantotas datu apstradei un modelu parametru noteikSanai. Digitalie virsmas modeli un
digitalie reljefa modeli tiek izmantoti sateces baseina robezu noteikSanai (Gironas, Niemann,
Roesner, Fabrice, & Hervé, 2010).

GIS tehnologiju attistiba veicina arf attalinatas izpétes datu izmantoSanu hidrologiskajos
modelos. Visbiezak tiek izmantoti LIDAR dati, lai identific€tu zemes lietojuma veidu, tidens
necaurlaidigas virsmas un vegetacijas raksturu (Easton, Gérard-Marchant, Walter, Petrovic, &
Steenhuis, 2007; Lee & Heaney, 2003; Y. Zhou et al., 2010). Tadiem pasiem noliikiem tiek
izmantoti satelttuznémumu dati (Berezowski, Chormanski, Batelaan, Canters, & Van de
Voorde, 2012; Dotto et al., 2011). Pamazam urbanajos hidrologiskajos modelos tiek integréti
nokris$nu radara dati (McColl & Aggett, 2007; Mejia & Moglen, 2010; Pan, Hou, Tian, Ni, &
Hu, 2012; Thielen & Creutin, 1997; Vieux & Bedient, 2004). Lielakaja vairuma gadijumu tiek
izmantoti satelituznémumi, lai noteiktu vid&jo sateces baseina sadalfjumu hidrologiskajas
atbildes vienibas. Pamazam urbanajos hidrologiskajos modelos tiek izmantotas iesp&jas ko
piedava zemes lietojuma veida, laika un telpas dimensijas (Im, Kim, Kim, & Jang, 2009;
Verbeiren et al., 2013). Attalinatas izpé&tes tehnologijas tiek izmantotas digitalo virsmas modelu
izveidei (J. Chen et al., 2009; Fewtrell, Neal, Bates, & Harrison, 2011), netieSas summaras
iztvaiko$anas parametru noteikSanai izmantojot Lapu virsmas indeksu (Leaf Area Index) (Y.
Zhou et al., 2010).

Urbanas hidrologijas viens no stirakmeniem ir kolektoru, upju gultnu un rezervuaru
hidrauliska modelesana. Var izdalit Cetras galvenas aprékinu metodikas virszemes noteces,
lietus kanalizacijas, upju un notekiidenu pliismas dazados hidrotehnisko biivju elementos:

1)  linearie un nelinearie, ka ar7 konceptualie vienadojumi;

2)  kinematiskie, diftizie vai dinamiskie vilpu tuvingjumi, seklo tGdenu vienadojumi,
viendimensiju un divdimensiju De Saint Venant vienadojumi, turpmak saukti
hidrodinamiska marSrutéSana;

3)  vienibas hidrografs un geomorfologiskais vienibas hidrografs;

4)  nezinamas metodes.

Lielakaja dala gadijumu tiek modeléta upju gultnu hidraulika un dazos gadijumos ari
lietustidens un notekidenu kolektoru hidraulika. Urbanaja hidrologija liela nozime ir virszemes
noteces modeléSanai, tacu lielakaja dala gadifjumu tiek izmantoti lineari vienadojumi vai
empiriskas formulas, un tikai neliela dala modelu tiek izmantota hidrodinamiska pieeja, ka ar1
tiek izmantota vienibas hidrografa pieeja vai, daZos gadijumos, virszemes noteces komponente
netiek modeléta. Loti detalizetos fizikalajos modelos ne vienmeér tiek nemtas vera lietus tidens
un notekiidenu pliismas.

Urbano sateces baseinu hidrologija atskiras no klasiskas pilsétu hidraulikas galvenokart
ar mérogu. Detaliz€tu lietus Gdenu un notekiidenu plismu analizi nav iesp&ams veikt
hidrologiskajos modelos ar licliem sateces baseiniem, tadél urbanajiem hidrologiskajiem
modeliem ir nepiecieSams izvél&ties integrétu aprékina metodiku, kur ir diferencéts sarezgitibas
limenis katrai plismas komponentei, pieméram, virszemes noteci var modelét, izmantojot
konceptualo metodi, savukart lietus un sadzives kanalizacijai — hidrodinamisko metodi. Upes
noteci, lietus Gidens savakSanas sisttmas un sadzives kanalizacijas sist€mas nepiecieSams
model@t, izmatojot plismas hidraulikas aprékinus, tau biezi vien tiek izmantota vienkarSota
gultnu forma (trapece utt.).
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Procesu modeli galvenokart tiek veidoti, lai rastu atbildi uz kadu specifisku zinatniska vai
praktiska rakstura jautajumu. Modeli fizikalo procesu simuléSana japakarto mérkim, tadél
modela attistitajiem jaizvélas kurus hidrologiskos procesus modelét un modela detalizacijas
limenis saskana ar izvirzito uzdevumu.

Visbiezak tiek izmantota urbanizacijas ietekme uz infiltraciju un noteces veidoSanos,
veidojot urbano hidrologisko atbildes vienibu ar zemu infiltraciju (Dixon & Earls, 2012; Valeo
& Moin, 2000) vai izmantojot telpisko dimensiju, kur katram elementam ir atskiriga infiltracijas
speja (Verbeiren et al., 2013; Y. Zhou et al., 2010). Sadi modeli palidz izprast zemes lietojuma
veida mainas un necaurlaidigo virsmu Tpatsvara ietekmi uz hidrologisko rezimu, un ir lielisks
atbalsta instruments pilsétu attistibas stratégiju izstrade. Sada tipa modeli galvenokart fokusgjas
uz virszemes noteces transformacijam, bet ne vienmér izveérté gruntsiidens limena izmainas.

Sa tipa modelu mérkis ir idens bilances invertéjums urbanajas teritorijas. Parsvara tie ir
mazi vai vidgji sateces baseini, un aprékiniem tiek izmantoti urbanas hidrologijas elementi.
Sada tipa modeliem ir nepiecie$ama detalizéta informacija par sadzives un industrialo idens
patérinu. Visbiezak tiek simulétas lietus kanalizacijas pliismas, notekiidenu savakSanas un
attiriSanas sist€mas, infiltracija sadzives un lietus kanalizacijas tiklos, notekiidenu attiriSanas
ietaises, siiknu stacijas, gruntsiidens ieguves vietas, sadzives un industriala tidens patgrins,
krajrezervuaru tilpums. Ka piemé&rus var minét: Peri-Urban SYMHYD (Singh, Maheshwari, &
Malano, 2009), CWB (City Water Balance) (Mackay & Last, 2010) un to prieksteci Aquacycle
(V Grace Mitchell et al., 2003), un UVQ (Urban Volume Quantity) (Morris et al., 2007).
Konceptualie modeli var tikt izmantoti, lai salidzinatu dazadus tdens resursu parvaldibas
scenarijus (T. D. Fletcher et al., 2013). Visi ieprickSminé&tie modeli sniedz lielisku atbalstu
tidens resursu parvaldibas politikas instrumentu izstrade. Fiskalie procesi ir vienkarsoti, bet tie
sniedz galveno informaciju par tidens bilanci urbanajas teritorijas, tomer tie nevar tikt izmantoti
pludu riska zonu vai gruntstidens karsu izveidg.

Loti liels skaits komercialo un brivpieejas programmatiiras ir pieejamas applistoSo
teritoriju, pretplidu aizsardzibas sisttemu un lietus Gidens savakSanas sisttmu model&Sanai.
Pludu atkartoSanas biezZumam un intensitatei ir pozitiva korelacija ar urbanizacijas limeni.
Appliistosas teritorijas ir ar lokalu raksturu un parasti tiek model€tas ar telpisko skalu no hektara
lidz 2 km?. Galvenie fizikalie procesi ir virszemes notece, infiltracija, tidens pliisma lietus tidens
novadiSanas sistémas un krajrezervuaros. Visbiezak tie ir divdimensionali un dazadi modificeti
De Saint Venant vienadojumi (G. T. Aronica & Lanza, 2005; Fewtrell et al., 2011; Ogden, Raj
Pradhan, Downer, & Zahner, 2011). Ir izmantots digitalais virsmas modelis ar augstu telpisko
iz8kirtsp&ju — Semi-Urbanized Runoff Model (SURF) modelis (Bellal, Sillen, & Zech, 1996; F
Rodriguez et al., 2000). Gadijumos, kad nav pieejami topografiskie dati, teritorija tick pienemta
ka lidzena (J. Chen et al., 2009). IeprickSmin&tajos piem&ros tiek nemta véra lietus Gdens
novadiSanas sisteéma. Lietus tidens savakSanas sist€ma var tikt simuléta ka virtualo hidraulisko
elementu kopa, kur, katra lietustidens uztverSanas aka uztver noteiktu daudzumu tdens (G.
Aronica & Cannarozzo, 2000). Dazos gadijumos tdens plasmu lietus tGdens savakSanas
sisteémas var aprékinat, izmantojot hidrauliskos aprékinus un caurulu caurvades spg&jas aprékina
liknes, ka pieméru var minét SURF modeli (Bellal et al., 1996). Detalizétakai lictus Gdens
savaks$anas sist€ému matematiskajai interpretacijai tiek izmantoti hidraulikas pamatprincipi un
plismas transformacijas liknes, pieméram, modelt SURF (Bellal et al., 1996). Dzilakai lietus
kombing ar pliidu modeliem, kuros iebtivéts lietus tidens aprékina algoritms, ka pieméram (Hsu,
Chen, & Chang, 2000) izstradatais modelis, kur SWMM (Huber, Dickinson, Barnwell Jr, &
Branch, 1988) tika apvienots ar plidu modeli. Neskaitot SWMM, vél ir loti daudz dazadi lietus
tdens un kanalizacijas sisttmu modeli, kurus iesp&jams izmantot urbanajas teritorijas,
pieméram MUSIC (Dotto et al., 2011), InfoWORKS CS (Hurford, Maksimovi¢, & Leitdo,
2010), MOUSE (Thorndahl & Willems, 2008), un CANOE (Lhomme, Bouvier, & Perrin,
2004). Sie modeli lauj veiksmigi model&t pliismas urbanajas sistémas, ka arf ir &rti lietojami un
pielagojami konkrétam modeléSanas merkim. Tajos ir integréti moduli, kas lauj papildus
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model&t piesarnojumu. Kopuma $ie modeli tiek pozicionéti ka urbanie hidrologiskie modeli,
taCu jamin dazi trikumi: nav iesp&jams modelét hidrologiju sateces baseina limeni; dabiskie
hidrologiskie procesi ir vienkarsoti, un parasti tick izmantoti ka ievades dati lietus kanalizacijas
sisttmu modelesana; reti tiek nemta vera infiltracija un gruntsiidenu notece.

Udens bilance urbanajas augsnés biitiski ietekmé pazemes un virszemes pliismas sateces
baseina. Urbanaja vid€ augsne ir biitiski izmainita, kur pamatu konstrukcijas mijas ar pazemes
infrastruktiiras objektiem. Augsnes heterogénais raksturs bitiski sarezgl modeléSanu un biezi
vien pazemes plismu I€nais raksturs tiek pretstatits plidiem un tadéjadi pazemes plismu
kalkulacijas tiek vienkarSotas; tiek izmantoti vienkarSoti linearas regresijas vienadojumi
(Easton et al., 2007; Faulkner & Barber, 2009),fizikala divdimensiju vai trisdimensiju piecja
(Gobel et al., 2004; Jia, Ni, Kawahara, & Suetsugi, 2001). Urbano augsnu filtracija ir ieklauta
(G. T. Aronica & Lanza, 2005) pé&tijuma, tau netiek risinata modeli, turpretim (Berthier,
Andrieu, & Creutin, 2004) modelé urbano augsnu ietekmi uz noteces veidosanos. Saja pétijuma
tiek nemti véra galvenie augsnes ietekmes veidi: kanalizacijas sistémas dreng augsni, ja tikli
nav izbiiveti pietiekosi hermétiski; augsne zem ielam ir sabliveta, kas izmaina pazemes tidens
plismas; €ku pamati parasti ir Udensnecaurlaidigi, kas butiski maina pazemes tidens plismu.
Pazemes Gidens pliismas tiek kalkul&tas izmantojot Richards vienadojumus (Richards, 1931) ar
noslégtu elementu pieeju, savukart kanalizacijas sist€émas tiek model&tas, izmantojot drenazas
aprékinus. ST modeléanas pieeja ir izmantota loti mazam sateces baseinam — 0.05
kvadratkilometriem. NEIMO modeli (Morris et al., 2007) tiek izmantots Darsi likums, lai
aprekinatu lietus un sadzives kanalizacijas infiltracijas un zudumus.

Urbanajos hidrologiskajos modelos, ieklaujot klimata parametrus, ir iesp&jams nemt véra
urbana mikroklimata ietekmi uz Gidens bilanci un urbanizacijas ietekmi uz hidroklimatologiju.
Gandriz visos modelos tiek izmantoti nokriSni, un liela dala modelu ir ieklauta arT summara
iztvaiko$ana, temperatiira un sniega segas veidoSanas un kusana (Lan Cuo, Lettenmaier,
Mattheussen, Storck, & Wiley, 2008), dazos modelos tick nemta véra saules radiacija un
siltuma plusmas urbanaja vidé (Jia et al., 2001). Paslaik modelos netiek izmantota urbanizacijas
ietekme uz nokri$niem, kas ir plass lauks petijumiem. Summara iztvaikoSana modelos tiek
izmantota ar dazadu detalizacijas pakapi, sakot ar summaras iztvaikoSanas nenemsanu véra
dazadas intensitates lietus gazu simulacijas (J. Chen et al., 2009) vai, izmantojot empiriskas
formulas (Chormanski, Van de Voorde, De Roeck, Batelaan, & Canters, 2008; V Grace
Mitchell et al., 2003), lidz pat fizikalajam aprékinu formulam ka Penman—Monteith
vienadojumiem (Franczyk & Chang, 2009; Y. Zhou et al., 2010). SUES modeli (Grimmond &
Oke, 1991; V G Mitchell, Cleugh, Grimmond, & Xu, 2008) tick izmantota sarezgitaka pieeja,
lai simul€tu energijas bilanci urbanaja vidé, nemot veéra antropogénas siltuma pliismas un
siltuma akumulaciju urbanajos elementos, ka ar1 aerodinamiku un virsmu ietekmi. SUES
modela trikumi ir apjomiga izejas datu kopa, no kuriem lielu dalu parametru ir griti vai
neiesp&jami nomerit, ka ar1 tas nenem vera augsnes mitruma un virszemes tidenu ietekmi uz
summaro iztvaikoSanu. Modelis ir ar loti augstu izSkirtsp&u un var tikt izmantots no 0.2 Iidz
30 km? lielas teritorijas.

Integretie fizikalie modeli lauj modelet urbana sateces baseina noteci, balstoties uz
hidrologijas pamatprincipiem, nemot véra gan tidens, gan energijas bilanci konkrétaja sateces
baseina, tomér vélme péc iesp&jas detalizétak aprakstit hidrologiskos procesus noved pie
sarezgita algoritma, kam ir nepiecieSami lieli tehnologiskie resursi, palielinats izejas datu
apjoms un rezult€jas ar palielinatu nenoteiktibu. Ka vienu no spilgtakajiem piemériem var
minét URBS-MO (Fabrice Rodriguez et al., 2008). Izmantojot So inovativo pieeju,
hidrologiskie procesi tick modeléti UHE méroga, kur:

1)  Penman-Monteith vienadojumi tiek izmantoti summaras iztvaikoSanas un lietus aiztures
aprékiniem;

2)  trisdimensiju vienadojumi kombinacija ar vienkarSotiem vienadojumiem tiek izmantoti,
modelgjot piesatinatas grunts procesus;
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3)  infiltraciju aprekina lietus Gidens un sadzives kanalizacijas sist€émas, izmantojot drenazas

aprekinus;

4)  virszemes plismu aprékina, izmantojot urbano GIUH, kas balstita uz urbanajam GIS
datubazém;

5) lietus tdens kanalizacijas plusmas tiek aprékinatas, izmantojot Muskingum—Cunge
algoritmu.

Ka trikumu $adai pieejai var minét, ka netiek nemti vera lietus un sadzives notekiidenu
zudumi sist€ma, ka ar tiek izmantota Urbana GIUH metode, kas kalkul€ linearu hidrologiju
visam sateces baseinam, kas var nebiit patiesa pliidu laika. Modelis nelauj telpiski sadalit idens
pliismas, tapéc nav izmantojams pliidu zonu modeléSana. Ka vienu no veiksmigiem $1s modelu
grupas piemeriem var minét (Gobel et al., 2004) izstradato modeli, kur tieck kombing&ti trTs
modeli, kam katram ir specifisks mérkis:

1) ddens bilances modelis GWNEU, lai aprékinatu dabigo aug$nu gruntsiidenu
papildinasanos;

2) divdimensiju vertikalo plismu modeli HYDRUS 2D, lai modelétu infiltraciju no
urbanajam struktiram;

3)  un gruntsiidens plismu modeli SPRING.

IepriekSminé&tajai modeléSanas pieejai, ka galveno priekSrocibu, var minét mérktiecigu
specifisku fizikalo procesu modelésanas iesp&ju, kas lauj katram konkr&tajam modeleSanas
mérkim izvéleties vispiemé&rotako algoritmu, ka ari mainit laika un telpas dimensiju
iz8kirtsp&ju. (Pan et al., 2012) izmanto slanus un kombing viendimensiju Richards vienadojumu
vertikalajam gruntsiidens plismam; divdimensiju De Saint Venant vienadojuma diftizo formu
virszemes plasmai un viendimensiju dinamisko De Saint Venant vienadojumu ielam,
kanalizacijas sisttmam un gravju tiklam. Savukart (Xiao, McPherson, Simpson, & Ustin, 2007)
néma vera augsnes un zemes virsmas savstarpgjo mijiedarbibu noteces veidosanas procesa, ka
arT kalkulgja laistiSanas nepiecieSamibu, tadejadi bitiski uzlabojot urbano teritoriju
apsaimniekoSanas efektivitati.

Urbano sateces baseinu hidrologiskie modeli ir daudz sarezgitaki par dabisko sateces
baseinu hidrologiskajiem modeliem, jo simul€ vairak procesu nosaciti mazaka telpiskas
dimensijas vieniba, tap&c butiski pieaug parametru un ievades datu apjoms (Chormanski et al.,
2008; T. D. Fletcher et al., 2013; Gironas, Niemann, Roesner, Rodriguez, & Andrieu, 2009;
Gironas et al., 2010; Grimmond & Oke, 1991; Hamdi, Termonia, & Baguis, 2011; Im et al.,
2009; Mackay & Last, 2010; Morris et al., 2007; F Rodriguez et al., 2000; Singh et al., 2009;
Xiao et al., 2007), kas savukart aktualizé modelu precizitati un ticamibu (Petrucci &
Bonhomme, 2014; Vrebos, Vansteenkiste, Staes, Willems, & Meire, 2014). Konceptualie
modeli nedod detalizétu telpas dimensiju, tacu gadijjuma, ja nepiecieSams caurplidums
konkréeta vieta, Sie modeli ir precizaki un palidz izvairities no parlieku liela parametru apjoma
(Vrebos et al., 2014). Daudzos gadijumos nav iesp&jams nodroSinat nepiecieSsamos ievades
datus, un atbilstosa kalibracija un validacija nav iesp&jama (G. T. Aronica & Lanza, 2005;
Chormanski et al., 2008). Ir pieradits, ka precizi dati ar augstu laika un telpas izskirtsp&ju uzlabo
modelu veiktsp&ju (Dotto et al., 2011; Hurford et al., 2010; Morris et al., 2007). Viena no
iesp&jam uzlabot modela veiktsp&ju ir veikt kalibraciju manuali (G. Aronica & Cannarozzo,
2000; Hamel & Fletcher, 2014; Morris et al., 2007; Ogden et al., 2011; Pan et al., 2012; VVrebos
et al., 2014) Dazos gadijumos tiek paraléli izmantotas manuala un automatiska kalibracija
(Berezowski et al., 2012; Franczyk & Chang, 2009), vai izmantotas vairakas automatiskas
kalibracijas metodes (Berthier et al., 2004; Dotto et al., 2011; Kleidorfer, Deletic, Fletcher, &
Rauch, 2009; Mejia & Moglen, 2010; Petrucci & Bonhomme, 2014; F Rodriguez et al., 2000).

Urbanie integrétie modeli ir sarezgiti un ietver loti daudz parametru. Pastav vairakas
pieejas §is problémas risinasanai.

Parametru skaita samazinasana: jitiguma tests lauj samazinat kalibréjamo parametru
skaitu un identificét tos parametrus, kas batiski ietekmé modelésanas rezultatus (Dotto et al.,
2011; Kleidorfer et al., 2009; Krebs, Kokkonen, Valtanen, Setild, & Koivusalo, 2014; Mejia &
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Moglen, 2010; F Rodriguez et al., 2000; Fabrice Rodriguez, Andrieu, & Creutin, 2003; Vrebos
et al., 2014). Daudzos gadijumos virsmas raupjuma koeficients un virsmas tidens caurlaidiba ir
ar augstu jiitigumu (Lan Cuo et al., 2008; Gironas et al., 2010; Lee & Heaney, 2003; Ogden et
al., 2011; Fabrice Rodriguez et al., 2003). Telpiska izskirtspgja tieck minéta ka viens no
galvenajiem nenoteiktibu ietekm&joSiem faktoriem (Fewtrell et al., 2011; Pan et al., 2012;
Valeo & Moin, 2000). Saskana ar (Petrucci & Bonhomme, 2014) parak augsta telpiska
iz8kirtsp&ja veicina parametru skaita palielinajumu. Citi autori savukart uzskata, ka telpiskie
dati ar augstu izSkirtsp&ju biitiski uzlabo modela veiktsp&ju un dalu no parametriem var definét
ka konstantes (Bellal et al., 1996; Gironas et al., 2010; Krebs et al., 2014; Lee & Heaney, 2003;
Verbeiren et al., 2013; Y. Zhou et al., 2010).

Izmeérami un fizikali pamatojami parametri: liels skaits modelu izmanto fizikalu pieeju.
Saskana ar publicetajiem zinatniskajiem rakstiem $adiem modeliem biitu jadod precizaks
rezultats (Te Linde, Aerts, & Kwadijk, 2010), tie ir robusti (Fewtrell et al., 2011), ietver
identificEjamus parametrus ar optimalajam vértibam (Vieux & Bedient, 2004), un to parametri
sp&j nodrosinat detaliz&€tu un potenciali precizaku hidrologisko procesu aprakstu (Jia et al.,
2001). Fiziski izmérami parametri: (I) var palielinat izpratni par tipiskiem procesiem urbanaja
vidg, tadiem ka BMPs (Xiao et al., 2007); (II) ta ka katrs modela parametrs ir attiecinams uz
konkr&tu procesu urbanaja vidg, Sie parametri uzlabo manualas kalibracijas rezultatus (Morris
et al., 2007); (IIT) galvena prieksrociba ir parametra veértibu fizikalas robezas (Ogden et al.,
2011). Papildus iepriekSminétajam, daudzu fizikalo parametru robezvértibas var pienemt,
izmantojot fundamentalo p&tijumu rezultatus (Fabrice Rodriguez et al., 2008), savukart virsmas
raupjumu un citus parametrus ir iesp&jams viegli noteikt, apsekojot teritoriju (Lee & Heaney,
2003), tadgjadi dalu parametru var klasificét ka modela ieejas datus.

Kalibracija un validdcija: standarta metodes integréto un telpisko urbano modelu
kalibrésanai un validacijai ir vienas mérka funkcijas minimizé$ana vai maksimiz€sana, kas ir
vienkarsa, vai sarezgita atlikumu forma starp novéroto un izmérito upes caurplidumu parékina
punkta (Berezowski et al., 2012; Lan Cuo et al., 2008; Franczyk & Chang, 2009; Hamdi et al.,
2011; Im et al., 2009; Lhomme et al., 2004; Mejia & Moglen, 2010; V Grace Mitchell et al.,
2003; Valeo & Moin, 2000; Verbeiren et al., 2013; Y. Zhou et al., 2010). Tiek izmantotas
dazadas alternativas metodes modelu kalibracijai: (I) dazadu kalibracijas algoritmu
izmantoSana viena modela kalibracijai (F Rodriguez et al., 2000); (II) neatkarigas kvantitativas
un kvalitativas kalibracijas metodes, (Kleidorfer et al., 2009; Petrucci & Bonhomme, 2014)
ietverot virszemes noteces un notekidenu plismu validaciju (Singh et al., 2009); (IIT) pakartota
kalibracija, pieméram, Gdensapgade, lietustideni un tad notekuideni (Mackay & Last, 2010);
(IV) kalibracija un validacija dazadam modela starpvertibam, vai dazadu statistikas metozu
izmantoSana kalibracijas rezultatu noveértéSanai, pieméram, dazadas statistikas metodes
virszemes noteces kalibracijas rezultatiem (Hamel & Fletcher, 2014); augsnes mitrums (Ogden
et al., 2011; Xiao et al., 2007), augsnes mitrums un virszemes notece (Easton et al., 2007),
virszemes notece un gruntsiidens [tmeni (Gobel et al., 2004; Fabrice Rodriguez et al., 2008),
virszemes notece, gruntstidens Iimeni, saules radiacija un augsnes temperatira (Jia et al., 2001);
gruntsiidens noteces gradients, kop&ja gruntstiidens notece un apjoms (Berthier et al., 2004);
virszemes tidens dzilums pliidu modeliem (J. Chen et al., 2009); telpiska dimensija tdens
limeniem un virszemes notecei (Fewtrell et al., 2011); noteces mérijumi zalajas urbanajas
strukttiras (Morris et al., 2007).

1.3. SEG emisiju modeléSana no augsném

Klimata parmainu mazinasana un oglekla mazietilpigas ekonomikas izveide ir viena no
seSam parmainam, kas jarealizé Eiropas Savieniba, lai sasniegtu ANO ilgtsp&jigas attistibas
mérkus (IAM). Paralgli IPCC izstradatajam vadlinijam SEG emisiju aprékinu metodologijai ir
izstradati daudzi SEG apréekina riki, lai novertétu lauksaimniecibas un mezsaimniecibas praksi.
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(Vincent Colomb et al., 2012) klasificé Sos rikus ka: kalkulatorus, protokolus, vadlinijas un
modelus. Saja apak$nodala galvena uzmaniba ir pievérsta modeliem, kas izstradati SEG emisiju
apjoma noteiksanai vai lauksaimniecibas un mezsaimniecibas emisiju samazino$o pasakumu
izvertesanai.

SEG emisiju aprékina instrumenti ir izstradati dazadiem meérkiem. Colomb kopa ar
pétnieku grupu 2012. gada izveidoja vienu no pirmajam SEG kalkulatoru klasifikacijam, kuras
pamata ir modela izmanto$anas pieeja (V. Colomb et al., 2013; Vincent Colomb et al., 2012)
(skat.1.2.att.)

SEG
model&Sanas
riki
ey N ) Tirgus un
InforméjoSie Inventarizacijas Projektu
e e L produktu
un izglitojosie Zimojumi 1zverteSana N
orientetie
Vides .. .
_ Saimniecibas Oglekla Vides
komponent&s ~ _ . .. ..
iy liment balstiti orientéti orientéti
balstiti

1.2.att. SEG emisiju modeléSanas riku klasifikacija

Modelis DairyWise ir empirisks simulacijas modelis, kas integré visas piena lopkopibas
saimniecibas galvenas apakssist€mas viena kop€jas saimniecibas Iimena modeli. Tas modelé
CHa, N2O un CO> emisijas SEG emisiju apaks-modeli. DairyWise modelis tika izstradats, lai
integrétu lauksaimniecibas dzivnieku apsaimniekoSanu, vides un finanSu aspektus piena
produktu razoanai Niderlandg, apvienojot eso$os apakimodelus (Schils et al., 2007). Sis
modelis ir vienas grupas izstradato eso$o modelu apkopojums. Sajos modelos ietilpst
FeedSupply un GrassGrowth modeli. SEG emisijas aprékina, izmantojot noklus€juma emisijas
koeficientus. Modelis tiek izmantots kompleksiem pétijumiem SEG emisiju joma un izmantots
ka lemumu pienemsanas riks (Hack-ten Broeke et al., 2019; Hutchings, Ozkan Gulzari, De
Haan, & Sandars, 2018; Kolasa-Wigcek, 2015).

Modelis DAYCENT ir biokimijas modela CENTURY ikdienas laika dimensijas versija.
DAYCENT simulé C, N, P un S un SEG gazu apmainu starp atmosféru, augsni un augiem, kas
rodas augu augSanas rezultata, un tadam aktivitatém ka dedzinasana, ganiSana, audz€Sana, razas
novaks$ana un organiska mineralméslojuma izmantosana. DAYCENT pamata ir process, nemot
vera, ka apsaimniekoSanas scenariji ietekmé augsnes mitruma saturu, pH, nitratu un amonija
koncentraciju un citas biokimiskas komponentes (Del Grosso et al., 2002; Parton, Hartman,
Ojima, & Schimel, 1998; Parton et al., 2001). Modelis DAYCENT tiek plasi izmantots slapekla
aprites cikla aprékinos, 1pasi reaktiva slapekla nopliiZzu gruntstidenos un virszemes tidenos, un
reaktiva slapekla emisiju atmosféra modelésanai (Adler et al., 2018; M. Chen et al., 2019; Gao
et al., 2018; Pepper, Del Grosso, McMurtrie, & Parton, 2005; Shang et al., 2019)

Modelis DNDC ir konceptuals modelis oglekla un slapekla biogeokimisko procesu
model&Sanai lauksaimniecibas ekosist€émas, lai noteiktu oglekla piesaisti, SEG gazu emisijas,
kultGraugu razu un slapekla izskaloSanos. Modelt DNCD ir integréti Nernst (Butler, 1924) un
Michaelis—Menten (Atkins & Nimmo, 1975; Chou, 1976; Sakoda & Hiromi, 1976)
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vienadojumi, lai simul&tu procesus, ko nosaka mikroorganismu metsbolismu (Changsheng Li,
Frolking, & Frolking, 1992a; Deng et al., 2011; Giltrap, Li, & Saggar, 2010; C. Li, Frolking,
Harriss, & Terry, 1994; C. Li, Narayanan, & Harriss, 1996). Notick intensivs darbs pie modela
pilnveidosanas un papildu modulu integrésanas esos$aja modeli (Abdalla, Song, Ju, Topp, &
Smith, 2020; Budiman, Steiner, Topp, & Buerkert, 2020; Khalil, Fornara, & Osborne, 2020;
Lai, Liu, Zhou, Zhu, & Liao, 2020; Shah, Li, Wang, & Collins, 2020; Smith et al., 2020; Zhao,
Cao, Deng, et al., 2020; Zhao, Cao, Sha, et al., 2020; L. Zhou, Zhao, He, Flerchinger, & Feng,
2020).

Modelis FarmGHG ir izveidots ar mérki aprékinat SEG emisijas saimniecibas ITment,
ieskaitot emisijas no iepirktajam precém un materialiem. Modelis FarmGHG ir veidots
pamatojoties uz piena lopkopibas paraugsaimniecibu datiem. Modelt ir ietvers gan slapekla gan
oglekla cikls, kas lauj aprékinat bilances saimniecibas limeni, ka ar1 SEG emisijas CO2 CH4 un
N20 ka arT nopliides NO3z™ un NH3 veida (Olesen, Rubak, Heidmann, Hansen, & Bergensen,
2004; Schils et al., 2007).

Modelis IFSM ir veidots augkopibas, piena lopkopibas vai galas lopkopibas saimniecibas
simulacijai. Saimniecibas darbiba tieck modeléta nakotnes perspektiva, lai identificétu
saimniecibas darbibas raditaju ilgtermina ietekmi uz ekonomisko stabilitati un vides kvalitati.
Modelis IFSM ir sarezgitaks neka DairyWise, jo papildus SEG emisijam un CO; bilancei tas
lauj modelét slapekla un fosfora zudumus un saimniecibas ekonomiskos raditajus. (Rotz, C
Alan, Coiner, 2004; Rotz, 2018)

1.4. 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 modelésanas algoritmus. Ir loti plasa ilglaicigo
pétijumu baze par gruntsiidens Iimenu svarstibam un mitruma reZimu augsné. Ka noslédzoso
posmu $o pétijumu cikla var minét konceptuala hidrologiska modela METQ izveidi. Kam par
pamatu nemts gruntsidenu limena prognozésanas 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 nodroSinat
nacionala un lokala limena vajadzibas p&c ticamam hidrologiskajam prognozém. Hidrologisko
procesu modeléSana ir nebeidzams process, kur, palielinoties datu pieejamibai un programmu
nodroS§inajumam, ir iesp&jas ieklaut arvien precizakus aprékina algoritmus. Tomeér, palielinoties
modelu datu ietilpibai un modela veiktsp€jas jaudai, ir jaizverteé katra modela precizitates
raditaji, jo neprecizi izejas dati var novest pie nepienemami augstas rezultatu nenoteiktibas.
Konceptuali hidrologiskie modeli ir loti veiksmigi pielictojami urbano sateces baseinu
hidrologisko procesu modelésana, jo sniedz iesp&ju prognozet caurplidumu konkréta gultnes
véruma ar augstu precizitati. 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 modeleét SEG emisijas no augsnes, tad viena
no labakajam pieejam ir izmantot hidrologiskos modelus, kas balstiti uz konceptualajiem
hidrologisko procesu modelésanas principiem. SEG emisiju no augsném modelé$anas galvenie
principi visam gazém ir ciesi saistiti ar temperatiiras un mitruma rezimu augsné. Sos parametrus
ir iespéjams model&t, izmantojot konceptualo hidrologisko modeli METQ, kas ir ar atvértu
kodu un lauj izstradat un integrét papildu parametrus un modulus SEG emisiju no augsném
modeléSana. Lai uzsaktu urbanas hidrologiskas atbildes vienibas un SEG emisiju modulu
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integraciju konceptualaja hidrologiskaja modeli METQ, ir nepiecieSams aprakstit modela
galvenos algoritmus izprast modela darbibas principus. Paral€li jasagatavo informacija par SEG
emisiju no augsném model€Sanas pamatprocesiem un apkopot pieejamo informaciju par
papildus faktoru aprékina algoritmu ieklausanu modela algoritmu struktira.

Konceptualais hidrologiskais modelis METQ ir izveidots Latvijas Biozinatnu un
Tehnologiju universitates zinatnieku vadiba un aprobéts caurplidumu kvantitativai
novértéSanai. Lidz S§im izmantoto METQ konceptualo modeli nav iesp&jams pielietot
caurpliduma model&Sanai platibas ar urbanam teritorijam. Galvenais iemesls Sim trukumam ir
tas, ka Latvija 1idz $im nav izveidots hidrometriskais postenis, kas monitorétu caurplidumu
urbana sateces baseina.

Konceptuala modela METQ attisttba un pilnveidoSana ir nepiecieSama ne tikai
caurpliduma kvantitativai analizei, bet, papildus to pilnveidojot, ir iesp&jams veikt
starpdisciplinarus pétjjumus ekohidrologijas apaks$nozaré, kas péta Gdens un ekosisteémas
mijiedarbibu. Vides inZenierija, kas risina difiza piesarnojuma samazinaSanas jautajumus, un
SEG emisiju no augsném samazino$o tehnologiju ievieSanas jautajumus, kur Gidens saturam
augsné un gruntsiidens svarstibam ir viena no galvenajam lomam, pieméram, dislapekla oksida
emisiju rasanas procesos (Bloschl et al., 2019).

1.5. Promocijas darba meérkis

Promocijas darba mérkis ir pilnveidot konceptualo hidrologisko modeli METQ,
integréjot urbano hidrologisko atbildes vienibu, un sagatavot datubazi un konceptualo
risinajumu SEG emisiju no augsném modeléSanai, izmantojot konceptualaja hidrologiskaja
modelt METQ ietverto hidrologisko aprékinu augsnes aktivaja slani, gruntsiideni un ar to
saistitaja kapilaraja pacel$anas slant.

1.6. Promocijas darba pétnieciskie uzdevumi

1. apkopot lidzsingjo pieredzi hidrologisko procesu modelésana un modelu izmantoSanas
iesp&jas urbano hidrologisko procesu un SEG emisiju no augsném modelésana;

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

3. izveidot konceptuala hidrologiska modela METQ modeléSanas platformu ar integrétu

urbanas hidrologiskas atbildes vienibu un tai izstradat algoritmu SEG emisiju no
augsném apréekina modulu konceptualo risinajumu;

4. izvertet konceptuala hidrologiska modela METQ parametru jutigumu urbanas
hidrologiskas atbildes vienibas kalibracijas un validacijas procesa optimizacijai;
5. sniegt ieskatu konceptuala hidrologiska modela METQ izmanto$anas iesp&jam

klimata parmainu un zemes lietoSanas veidu mainas ietekmes izverteéSana un
caurplidumu prognozeSana;

6. izstradat konceptuala hidrologiska modela METQ pilnveides scenariju SEG emisiju
no augsném model&Sanai, kas ietver modula algoritma izbtives koncepciju dislapekla
oksidam, metanam un oglskabajai gazei.

1.7. Promocijas darba aizstavamas tezes

1. Konceptualais hidrologiskais modelis METQ ir piemérots urbanas hidrologiskas
atbildes vienibas integracijai un klimata parmainu un zemes lietoSanas veidu mainas
ietekmes 1zvert€Sana un caurplidumu prognozeésana;
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2. Konceptualais hidrologiskais modelis METQ ir piemérots dislapekla oksida, metana
un oglskabas gazes potencialo emisiju modeléSanai no augsném.

1.8. Promocijas darba novitate

1.  Apkopota lidz§ingja pieredzi hidrologisko procesu modelésana un modelu izmantos$anas
iesp€jas urbano hidrologisko procesu un SEG emisiju modelésana;

2. izvertétas urbanas hidrologiskas atbildes vienibas un SEG emisiju aprékina algoritmu
integracijas iesp&jas konceptualaja hidrologiskaja modelt METQ);

3. izveidota, lietotajam &rta, konceptuala hidrologiska modela METQ modelésanas
platforma ar integrétu urbanas hidrologiskas atbildes vienibu un tai izstradats algoritms
SEG emisiju aprékina modulu konceptualajiem risindjumiem;

4. novértéta konceptuala hidrologiska modela METQ modeléSanas platformas veiktspgja,
izverteéta autokalibracijas algoritmu efektivitate, veikta modela jutiguma analize un
urbanas hidrologiskas atbildes vienibas kalibracija un validacija;

5.  sniegts ieskats konceptuala hidrologiska modela METQ izmanto$anas iesp&jam klimata
parmainu un zemes lietoSanas veidu mainas ietekmes izverté€Sana un caurplidumu
prognozesana, ka ari tidenskratuvju apsaimniekoSanas pasakumu optimizacijai;

6. izstradati priekslikumi konceptuala hidrologiska modela METQ izmantoSanai SEG
emisiju no augsném model&Sanai.

1.9. Promocijas darba pétijuma uzbiive

Promocijas darba pétijums veidots vairakas pakapes, lai saniegtu promocijas darbam
izvirZito mérki (skat.1.3.att.). Pirmaja soli tika sagatavota modeléSanas platforma
METQUL2012 ar iebuvétiem autokalibracijas algoritmiem un iebtGvétu urbano hidrologiskas
atbildes vienibu, ka ari veikts paremetru jutiguma tests. Otraja soli 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 izvértésana uz hidrologisko rezimu. Ceturtaja soli tika apzinatas
metodes SEG emisiju modeléSanai N0 augsném un sagatavota metodika gazu mérijumu
veiksanai modela kalibracijas vajadzibam. Piektaja soli tika izstradata koncepcija SEG emisiju
aprekinu algoritmu integracijai konceptualaja hidrologiskaja modeli METQ.

Konceptuala hidrologiska modela METQ sagatavoSana izmantoSanai
pétijuma (l.Publikacija)

Urbanas hidrologiskas atbildes vienibas integracija modeli METQ
(N.Publikacija)

Konceptuala hidrologiska modela METQ izmantoS$ana (I1L.,IV.,V., VL.
Publikacija)

SEG emisiju no augsnem modeléSanas iespéjas un datu ievakSana
kalibracijas vajadzibam (VIL.,VIIL.,IX.Publikacija)

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

1.3.att. Promocijas darba pétijuma galvenie soli.

33



2.MATERIALI UN METODES

Promocijas darba izvirzitais mérkis ir sarezgits, tadél pétijums tika sadalits nosaciti piecos
posmos. Pétijuma veikSanas konceptuala shéma ir attelota 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).

!

Urbanas hidrologiskas
atbildes vienibas modulis

Konceptuala
hidrologiska modela
METQ modelésanas

platforma

A 4

Autokalibracijas
modulis

\ 4

Konceptuala hidrologiska modela METQ modeléSanas

platformas validacija

L
a { v v
L Modela veiktspejas Parametru jutiguma Autokalibracijas
; tests tests (I.Publikacija) algoritmu salidzinajums
A | I ]
a
Modelis darbojas 4 _
- . » Ne
atbilstoSi algoritmam
e T Urbanas hidrologiskas atbildes
: - vienibas parametru kalibracija un ane1a q
veida dati validacija Meteorologiskie dati
(IN.Publikacija)
< A 4
| Konceptuala hidrologiska modela METQ modeleSanas platformas
(@) izmantoSanas iesp€jas
1<
o) y
o Udens kvalitates patiiumi Klimata un zemes lietojuma kumulativa Hidrologiska reZzima
pety ietekme uz hidrologisko reZimu optimizésana tidenskratuves
(a8 (Bardule et.al. 2017)
< (1. IV. un V.Publikacija) (VI.Publikacija)
\ 4
— SEG emisiju veidoSanas SEG emisiju aprékina modulu iestrade SEG emisiju no augsném datu
ﬁ augsnés —» konceptualaja hidrologiskaja modeli € ievaksanas metodika
|S (IX. Publikacija) METQ (X. Publikacija) (VIL. un VIII.Publikacija)

2.1.att. Konceptuala hidrologiska modela METQ pilnveides plismas diagramma
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Ceturtaja posma tika veikta Usmas ezera noteces model€Sana, lai izvert€tu zemes
lietojuma veida un klimata mainibas kumulativo ietekmi uz noteci (III.; IV. un V. Publikacija)
un Tasu ezera kompleksa modeléSana ar mérki sniegt rekomendacijas ilgtsp&jigai ezera
apsaimniekoSanai (VI.publikacija). SEG emisiju no augsném modeléSanas iesp&jas un datu
ievaksana Kkalibracijas vajadzibam (VII.; VIII. un IX.publikacija). SEG emisiju modulu
integracijas konceptualaja hidrologiskaja modeli METQ risinajums (X.publikacija)

Promocijas darba izstrades laika tika ieveroti modeléSanas procesa pamatposmi, kas lauj
izsekot modela attistibai un mazina kliidu riskus modelt (skat. 1.1.att.).

2.1. Konceptuala hidrologiska modela METQ sagatavoSana izmantoSanai pétijuma

Konceptualais hidrologiskais modelis METQ ir izveidots 1996. gada (A. Ziverts & Jauja,
1996), ka modela METUL (Krams & Ziverts, 1993) modifikacija, kas lauj tidensteces baseinu
sadalit apaksbaseinos jeb hidrologiskajas atbildes vienibas. Modela METQ96 aprékina
algoritms dod iesp&ju aprékinat ikdienas caurplidumu, izmantojot diennakts vid&jas
temperatiras, nokriSnu un mitruma deficita noveérojumus.

Konceptuala hidrologiska modela METQ nakama uzlabota versija METQ0203 tika
izstradata 2002. gada. Modeli ieteicams lietot caurplidumu model&Sanai baseiniem ar laukumu
lidz apméram 2000 km?. Udensnotekam ar lielaku baseina laukumu ieteicams baseinu iedalit
dalbaseinos. Toméer, ja mazakas upes baseina ir liels ezers vai idenskratuve, tad modeléSana
vispirms veicama §1 ezera vai fidenskratuves baseinam, bet baseina dala lejpus S$T ezera vai
tdenskratuves ir model&jama ka atsevisks dalbaseins.

Turpinot konceptuala hidrologiska modela METQ pilnveidoSanu, §1 pétijuma ietvaros
tika izveidota jauna un uzlabota modela versija METQUL2012, kas tika izstradata Latvijas
Biozinatnu un tehnologiju universitates Meza un tidens resursu zinatniskaja laboratorija, un ir
pamats §T promocijas darba tapsanai. Modela galvenais papildinajums ir urbanas hidrologiskas
atbildes vienibas integracija aprékina algoritma (Bakute, Grinfelde, & Lagzdins, 2017; 1.
Grinfelde & Bakute, 2017; Inga Grinfelde & Lauva, 2012).

Petijuma vajadzibam 2012.gada sakuma tika izveidota modeléSanas platforma
METQUL2012(Inga Grinfelde & Lauva, 2012), kas atvieglo konceptuala hidrologiska modela
METQ kalibraciju, validaciju un izmantoSanu ikdienas caurpliduma aprékiniem noteikta laika
vieniba. ModeléSanas platformas METQUL2012 izveidei par pamatu tika nemta konceptuala
hidrologiska modela versija METQ0203. Papildus tika izveidots autokalibracijas bloks, kur
parametru kalibracijai ir iesp&jams izmantot septinus autokalibracijas algoritmus (Neldera
Mida algoritms (Nelder-Mead algoritm NEL); Genétiskais algoritms (Genetic algorithm GEN);
Levenberga Markuardta algoritms (Levenberg-Marquardt algorithm LMA); Kvazi-Nitona
BFGS algoritms (Quasi-Newton BFGS apgorithm); Kvazi-Nutona 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
& Ribiere, 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 tidens plismas. Udens bilances aprékinos
apjomigs raditajs ir tidens uzkrajums hidrologiskaja reakcija, ka piem&ram: sniega sega,
augsnes aktivaja slani, gruntsiident un ar to saistitaja kapilaraja pacelSanas slani.
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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’*; RS — lietu un 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 — drenéta slana biezums, cm; Q1, Qz2, Qs — noteces komponentes, mm dnn:;
RCH — didens parpliide no augsnes aktiva slana uz gruntsiidens horizontu, mm dnn*; CAP — kapilara
pacelsanas, mm dnn’*; SS — iidens saturs sniega, mm; GW — brivo grunts poru tilpums, mm; DZ — augséja slana
biezums, cm; ZCAP — kapilaras pacelSanas augstums, cm; WZ — gruntsiidens dzilums, cm

Augsejam slanim, kas nosaukts par augsnes aktivo slani, $aja modeli nav precizi definétas
apaks$gjas robezas, toties ir norade, ka taja izvietojas augu saknu galvena dala. Vegetacijas
perioda 31 slana summaro iztvaikoSanu nosaka galvenokart augu transpiracija. Savukart,
gruntstidens krajumi $aja hidrologiskaja modeli tiek raksturoti ar brivo poru tilpuma slani starp
zemes virsmu un gruntsiidens limeni. Katras hidrologiskas atbildes vienibas (hydrological
response unit) noteci raksturo ar $adam komponentém: Q1 — virszemes notece; Q2 — augsnes
notece; Qs — dzila pazemes notece no slaniem, kas dren€jas apskatamaja upes baseina.
Hidrografiskaja tikla §is noteces komponentes apvienojas un transformé&jas izlidzinata upju
notecé — Q. Konceptuala hidrologiska modela METQ pliismas diagramma ir dota 2.3.att. St
koncepcija ir izmantojama neizpétitam upém, kur ir zinams hidrologisko atbildes vienibu
ipatsvars un tiek izmantoti noklus&tie parametri katrai hidrologiskas atbildes vienibai. Modelis
paredz iesp&ju izmantot vairaku meteorologisko staciju datus, kur katrai stacijai iesp&jams
defin&t procentualo Tpatsvaru konkrétas tidensteces sateces baseina. Modelis aprékina algoritmu
atkarto katrai hidrologiskajai atbildes vienibai un meteorologiskajai stacijai, uzkrajot noteces
modula datus nakamajam aprékina posmam. Promocijas darba vajadzibam modeléSanas
platforma METQUL2012 tika iebtivéta urbana hodrologiskas atbildes vieniba, kuras parametru
kalibracija tika veikta otraja konceptuala hidrologiska modela attistibas posma. Nakamais
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aprékina posms saistits ar caurpliduma aprékinu tdensteces gultnes v€ruma un pliismas
sadalTjumu sateces baseina, ko nosaka geologiskie un geomorfologiskie apstakli. Aprekins tiek
veikts katrai dienai saskana ar vienibas hidrografa koordinatam, kas apraksta virszemes noteces

proporcionalo sadalijumu pa dienam.
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2.3.att. Konceptuala hidrologiska modela METQ plismas diagramma

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

37



( Meteorologisko staciju datu bize

-

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 otrd ... nta
meteorologiska stacija?

Procesa beigas (dati tiek saglabati hidrologiskas ¢ 4
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2.4.att. Konceptuala modela METQ hidrologiskas atbildes vienibas aprékina pliismas
diagramma

Noslédzosaja aprékina posma tiek aprékinats caurpliidums katrai hidrologiskajai atbildes
vienibai proporcionali meteorologisko staciju parklajumam, un veikts caurpliiduma korekcijas
aprekins, atbilstosi vienibas hidrografa koordinatém, ja lejtecé ir ezers vai tidenskratuve,
papildus tiek veikts pliismas transformacijas aprekins.

Dalbasiena kopgjo noteci aprékina péc 1.formulas, kur uzlabotaja modela versija tika
pievienota urbana hidrologiska atbildes vieniba:

0= (QALL*WALL+QAHL*W AHL+QF*WF+Qp*WB+Q W +QyWy)

100 ' 1)
kur
Q — kopgja baseina notece, mm d*;
Q4.1 — lidzenu lauksaimniecibas zemju notece, mm d;
Qp1 — lauksaimnieciba izmantojamo paugurainu notece, mm d;
Qr — notece meziem, mm d1;
Qp — notece purviem, mm d;
Q, — notece ezeriem, mm d*;
Qu — notece urbanajam teritorijam, mm d-;
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Warr s Wagr , We, Wy, W, Wy — minéto elementarbaseinu veidu patsvars attiecigaja
dalbaseina, kuru summa ir 100%.

2.1.2. Petijjuma vajadzibam izveidota modelésanas platforma METQUL?2012

Konceptuala hidrologiska modela METQ model&$anas platformu METQUL2012 veido
seSas secigas darba virsmas, kas lauj veikt, ikdienas caurpliduma modeléSanu un modela
parametru kalibraciju un validaciju. Atverot modeleSanas platformu, darbu uzsak izvelné
METEOQO. Sajé izv€Ing, ka nokluséta darbiba ir uzstadita, caurpliduma modeléSana konkréta
gultnes véruma, tatu modeléSanas platforma METQUL2012 paredz iesp&ju parslégties uz
gruntsiidens Iimenu model&sanu. Saja pétijuma tika izmantota caurpladumu konkréta gultnes
veruma model&Sanas izvelne, tade] turpmakais izklasts attieksies uz caurpliduma modelé&sanu.

Izvelne METEO ir iesp§a defin€t caurpliduma modeléSanai izmantojamas
meteorologisko datu kopas, modeli ir ieblivéta iesp&ja izmantot vienu vai vairakas
meteostacijas, kuru svaru summai ir jabit 1,0. Obligati nepiecieSams definét sateces baseina
platibu gultnes aprékina véruma, un tiek piedavata iesp&ja saglabat sateces baseina parametrus
modeléSanas platformas METQUL2012 datu bazeé. Péc nokluséjuma tiek pienemts, ka sateces
baseina lejtec€ nav ezers vai Gidenskratuve, tacu ja sateces baseina lejtec€ ir ezers vai
tdenskratuve ir iesp&jams definét ta parametrus un modelis aprékinas pliismas transformaciju.
Nosleguma obligati jaaktiviz€ poga SET METEOQO, 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
definét vienibas hidrografa koordinates 9 day Q hydro coordinates, ka ari manuali mainit katras
hidrologiskas atbildes vienibas parametru vértibas Calibration, var izmantot noklusétas
vertibas (Ziverts, 2006). Tapat visas iepriekSminétajas pozicijas pastav iespg&ja saglabat
definétas veértibas vai izmantot jau iepriekSdefin€tas vertibas. Nosléguma var izveleties
modeléto caurplidumu grafisko attélojumu, un obligati jaaktivizé poga RUN METQ. Modelis
veic aprékinu saskana ar iepriekS€ja apakSnodala aprakstito algoritmu un saglaba aprékina
rezultatus.

Konceptuala hidrologiska modela METQ modeléSanas platformas METQUL2012
izvélne ADD FILES ir izveidota, lai atvieglotu meteorologisko datu un novéroto caurplidumu
ievadi. Ir nepiecieSams manuali definét meteorologisko vai caurpliduma datu rindas sakuma
datumu un faila nosaukumu, kas tiks saglabats modeléSanas platformas arhiva. Papildu
nosacijums ir nepartraukta datu rinda bez iztrikstosam datu rindam, un meteorologisko datu
rindam ir jabut vienada garuma. P&c visu iepriekSminéto darbibas veikSanas obligati jaaktivize
ADD poga. Konceptuala hidrologiska modela METQ model&$anas platformas METQUL2012
jaunievedums ir autokalibracijas izvélne 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-Nutona BFGS algoritms (Quasi-
Newton BFGS apgorithm); Kvazi-Niitona DFP algoritms (Quasi-Newton DFP apgorithm);
Fled¢era 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 novéroto caurpliidumu datu kopai jabiit vienada garuma.
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Konceptuala hidrologiska modela METQ modelésanas platformas METQUL2012
izvélne DATA EXPORT lau;j lietotajam izvéléties nepiecieSsamos datus un tos eksporté excel
formata. Lietotajam tiek dota iesp&ja izvéleties eksportet kopgjo caurplidumu un ta
komponentes aprékina gultnes véruma, ka ari pastav iesp&ja eksportét katras hidrologiskas
atbildes vienibas caurplidumu un ta komponentes aprékina gultnes véruma.

Konceptuala hidrologiska modela METQ modeléSanas platformas METQUL2012

izvelne HYDROGRAPH grafiski attelo modeletos lielumus un lauj grafiski noveértet
model&Sanas rezultatus.

2.2. Petijuma izmantie dati un statistikas metodes

Petijuma izmantotas datu kopas, statistikas metodes un to izmantoSanas meérkis ir

apkopots 2.1. tabula, kur izsekojamibas noliikos katrs modela pilnveides posms ieziméts ar
atbilstosu krasu, kas sasaucas ar 1.3. un 2.1. att€los paraditajiem p&tijuma veikSanas posmiem.

2.1.tabula Pétijuma izmanto datu un statistikas metoZu kopsavilkums

Publ. Izmantotas datu kopas Izmantotas statistikas IzmantoSanas mérkis
Nr. metodes
Vienziemite (1993-2015) klimata | METQ modelis Veikts METQ parametru jutiguma
| dati Hidrografa grafiska analize tests ar merki izdalit paramatrus
’ Katram parametram modelétas | R? NSE; PBIAS un RSR urbanas  hidrologiskas  atbildes
vertibas Hierarhiska klasteru analize vienibas kalibracijai.
Amerikas Savienoto Valstu | METQ modelis Veikta METQ parametru kalibracija
T Geologiskas agentiiras (USGS) 6 | Hidrografa grafiska analize urbanajai hidrologiskajai atbildes
' urbanie sateces baseini ar platibu no | R% NSE; PBIAS un RSR vienibai
9.76 km? lidz 183.63 km?
" Usmas ezera udens limena dati no | Homogentitates tests Sagatavoti izejas dati METQ modela
' 1927-2014 Aprakstosa statistika izmantoSanai
12 klimata scenariji Stendes stacijai | METQ modelis Analizétas caurpliduma izmainas
V. Divi lineari zemes lietojuma veida | Aprakstosa statistika ménesa griezuma
scenariji
12 kimata scenariji Stendes stacijai | METQ modelis Analizétas izmainas caurpliduma
V. Divi lineari zemes lietojuma veida | Apraksto$a statistika ekstrémajam vertibam.
scenariji Regresijas analize
12 kimata scenariji 3D modelis Analizétas izmainas caurpliduma
Ezera gultnes skanéSana izmantojot | METQ modelis ekstrémajam vertibam.
VI. ADCP RiverRay Hidrauliskais modelis
Divi lineari zemes lietojuma veida | Aprakstosa statistika
scenariji
N20 mérijumu dati ar CRDS iekartu | Lineara regresija Sagatavota un aprobéta metodika
VII. | Picarro G2508 datu ievakSanai N20 no augsném
model&Sanas vajadzibam
CO2, CHs, N2O un NHs mérjjumu | Lineara regresija Sagatavota un aprobéta metodika
VIII dati ar CRDS iekartu Picarro G2508 datu ievaksSanai CO2, CH4, N2O un
: NHs no augsném modelésanas
vajadzibam
N20 un N20 izotopu mérijjumu dati | Aprakstosa statistika Sagatavota un aprobéta metodika
ar CRDS iekartu Picarro G2508 un datu ievakSanai N20 veidoSanas
IX. iekartu G5131i posmu (nitrifikacija vai
denitrifikacija) modeléSanas no
augsném vajadzibam
Literaturas studijas SEG emisiju | METQ modelis Sagatavots risingjums SEG emisiju
X aprékina no augsném model€sanai no augsném aprékina modulu
’ un  METQ modela aprekina integracijai modelt METQ
algoritms
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3.REZULTATI UN DISKUSIJA

Saja nodala ir apkopoti galvenie promocijas darba pétijuma rezultati, kas nosaciti iedaliti
divas apaksnodalas, kur pirmaja apaks$nodala sniegti konceptuala hidrologiska modela METQ
urbanas hidrologiskas atbildes vienibas integracijas un modela aprobacijas pétijumu rezultati.
Otraja apaksnodala 1si aprakstiti SEG emisiju no augsném modeléSanai 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 Il. Publikacija) un
izmanto$ana sarezgitu idenssaimniecibas jautajumu risinasana (II1., IV., V., un VI.publikacija)
tika izmantots modelésanas darbu veikSanas ietvars, kas urbanas hidrologiskas atbildes vienibas
integracijas konteksta tika iziets pilna apméra (skat 3.1. att.). Ubana hidrologiska atbildes
vieniba modelt nodroSina caurpliduma kvantitativu modeléSanu un Latvijas apstaklos
ieteicams ir izmantot konceptualo hidrologisko modeli METQ.

[ Mérka defingsana Caurpluduma kvantitativa model&sana

!
[ Noverojumu dati ]—’[ Konceptualais modelis [+ Konceptualais modelis (HBV; METQ u.c.)
}
[ Modela izvéle Al Konceptualais hidrologiskais modelis METQ

}
4{ Modela izveide
!

]
]
]
]
[ Darbibas krieriji |
v
]
]
]

< Pievienota urbana hidrologiskas atbildes vieniba

Laika dimensija ir viena diennakts

Jutiguma tests un

[ )
[ J
[ ]
[ )
[ J
n [ Parametru jutiguma tests un urbanas hidrologiskas atbildes }
( )
[ ]
[ ]
(| Nepicciesamas diferencétas hidrologiskas atbildes vientbas |

kalibracija vienibas kalibracija
4-[ Validacija Caurpliiduma kvantitativa modeléSana
}
[ Modelésana Usmas ezers, Tasu ezers
I
[ Rezultatu prezentéSana ] Zemes lietojuma veida un klimata kumulativa ietekme
'
o

Izvertesana ]7

3.1.att. Konceptuala hidrologiska modela METQ urbanas hidrologiskas atbildes vienibas
integracija un izmantoSana saskana ar modelu attistibas posmiem

Lai sagatavotos urbanas hidrologiskas atbildes vienibas kalibracijai, tika veikts
konceptuala hidrologiska 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 vértiba parada augstu
jutibu pret parametra vertibas izmainam 1pasi pavasara palu perioda. Visas BETA parametra
izmainas ir ripigi janoveérte konceptuala hidrologiska modela kalibré$anas procesa.
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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; Q3 un kopgja noteces Qsum izmainu analize, mainot BETA
parametru amplitida + 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 pliidiem.
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Rudens pladi (1999.g.) Pavasara pali (2013.g.)
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3.4.att. Parametra KU jutiguma testa grafiska analize

Modeléto caurplidumu komponensu Qi; Q2; Q3 un kopgjo caurplidumu Qsym izmainu
analize, mainot parametru KU amplitiida + 50%, ir paradita 3.5.att. Modela veiktsp€jas raditaju
NSE, RSR, R? un PBIAS analize parada parametru KU ietekmi uz noteces komponenti Qs.
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3.5.att. Parametra KU ietekmes uz konceptuala hidrologiska modela METQ veiktspéju
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 nepiecie$ams analizgt
un izvertét parametru izmainas ne tikai no jutiguma skatupunkta, bet ar1 no modela
konceptualitates prizmas, lai parametru izmainas neizjauktu modeli iestradatas hidrologisko
procesu konceptualas algoritmu kopas. NepiecieSams izvertét padzilinati konceptuala
hidrologiska modela METQ dazadu parametru atskirigo ietekmi uz dazadu noteces
komponensu modeléSanas rezultatiem. Turpmaka izpete jakoncentré uz konceptuala
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hidrologiska modela parametru jutiguma analizi attieciba uz katru noteces komponenti (Q1; Q2;
Qa).

Konceptuala hidrologiska modela METQ parametru jutiguma testa rezultatu hierarhiskas
klasteru analizes rezultatos iegiito klasteru vid&jas 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 hidrologiska modela METQ
veiktsp&ju ietekm@ ieteiktajas NSE; RSR, PBIAS. R? vértibu robezas. Tomér parametru BETA
un KU izmainas par +50% ievérojami ietekm& konceptuala hidrologiska modela
METQUL2012 veiktspgjas raditajus NSE; RSR, PBIAS R? (Moriasi et al. 2007).

3.1.tabula Hierarhiskas klasteru analizes rezultati pec R?; PBIAS; RSR; NSE vértibam
attiectba uz noteces (Qsum) novirzi pie parametru izmainam par + 50%

Klases

Klase | Objekti - R? | PBIAS | 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; ROBK;

2 4 0.020 | 0.966 | 0.409 | 0.207 | 0.957 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

5 3 0.251 | 0.997 | 6.644 | 0.096 | 0.990 DPREC; 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; RROBZ2;
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). Tomer astonu parametru ALFA; CMELT; ROBK; BETA; DPREC; DZ; KU un
ZCAP maina par -50% bitiski ietekmé konceptuala hidrologiska modela METQ rezultatus un
parsniedz NSE; RSR, PBIAS, R? vértibu robezas (Moriasi et al. 2007).

3.2.tabula Hierarhiskas klasteru analizes rezultati péc R?; PBIAS; RSR; NSE vértibam
rezultati attieciba uz noteces (Qsum) novirzi pie parametru mainas par — 50%

Klase Objekti| <1358 R] PBIAS RSR  NSE Parametri
starpiba

1 5 0036 00936 0901 0266 0928 A2, AMCOR; RROB; RROBZ; T2
A3; CFR; KL; KS; PZ; RROB2;

2 100 0033 0992 -0.729 0079  0.991 RROB2Z: T1: WHC: WMAX
3 3 0099 0802 -2.443 0525 0.717 ALFA; CMELT; ROBK
4 1 0000 0371 10.706 2.615 -5.841 BETA
5 1 0000 00995 -16.559 0.202  0.959 DPRKS
6 1 0000 0536 7.992 1.375 -0.890 DZ
7 1 0000 0.858 -47.038 0.656  0.570 KU
8 1 0000 00989 -10.105 0.153  0.977 ZCAP

Tresais lidz astotais klasteris uzrada vienas vai vairaku R? PBIAS; RSR; NSE vértibu
neatbilstibu noteiktajam robezam, kas liecina par parametru jutigumu un biitiski ietekmi uz
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modela veiktsp&ju. Savukart otraja un pirmaja klasterT ietilpstoSie parametri péc R?; PBIAS;
RSR; NSE vertibam, katrs atseviski neuzrada butisku ietekmi uz modela veiktspgju.

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 lidz 0.91 validacijas periodam. R? ir pienemams
visiem sateces baseiniem visos periodos (Moriasi et al., 2007) un varié¢ no 0.81 Iidz 0.98
kalibréSanas periodam un no 0.95 Iidz 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 0.79 070 | -24.87
NY_VA 0.78 0.1 047 | 11.67 0.79 0.91 044 | 1018
WA_SP 0.82 0.93 031 -3.03 0.80 0.92 030 | -3.48
WA_MI 0.96 0.98 021 -107 0.91 0.95 024 211
MI_EC 0.76 0.87 043 | 14.86 0.73 0.84 049 | 16.36
MI_PA 0.72 0.84 040 | 17.01 0.75 0.87 042 | 1528

NY_BO uzrada labakus modeléSanas rezultatus kalibréSanas perioda. Tomér MI_PA ir
labaki rezultati validacijas periodam neka kalibracijas periodam. Modela kalkulacijas
un upes gultnes apstakli (Benedetti et al., 2012; L. 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 kalibrésanu, tika pienemts 1émums
papildus kalibrét parametrus (WMAX; ALPHA; ZCAP; KU; KL; T1; T2; KS; WHC; CFR;
AMCOR). Pilsetas ir liela virsmas neviendabiba un traucéta straumes veidoSanas, ka ari
atSkirigs mikroklimats (Burszta-Adamiak, Biniak-Pierog, Dgbek, & Sternik, 2023;
Techapinyawat, Goulden-Brady, Garcia, & Zhang, 2023; Van de Ven, 1990). Modeléto un
novéroto caurplidumu grafiskais salidzinajums ir paradits 3.6.att. Model&tais un noverotais
caurplidums hidrografa uzrada labu atbilstibu, tomér ir vérojama maksimalo caurpladumu
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 gadijumos vairak neka
40%. ST variacija ir saistita ar zemes seguma neviendabigumu, lietus ddens savaksanas sistemu
vesturisko attistibu un urbanizacijas blivumu (Burszta-Adamiak et al., 2023; Techapinyawat et
al., 2023; Van de Ven, 1990). Turpmakos p&tijumos nepieciesams klasificét pilsétu sateces
baseinus pa segtajam teritorijam un izstradat vismaz tris pilsétas hidrologiskas atbildes vienibu
parametru kopas, ka ari integrét aprékina algoritmu konceptualaja hidrologiskaja model
METQUL 2012.

45



P

8 0
20
7
40
6
60
5
T g
g4 100 5
& z
z 3
120
3
140
2
160
1
180
0 200

01/01/2008  01/01/2009  01/01/2010 01/01/2011 01/01/2012 01/01/2013  01/01/2014  01/01/2015

Laiks, diena

3.6.att. WA_MI sateces baseina novérotie nokriSni un novérotie un modelétie
caurpladumi

Klimata un zemes lietojuma veida scenariju modeléSanas rezultati liecina, ka arkartigi
lieli caurpliidumi ir saistiti ar lietus gadjjumiem neka sniega kusanu(IIl. IV. un V. Publikacija).
Minimalie noteces periodi klust garaki un biezaki. 30 gadus ménesa vidgja vertiba 1.kvartile un
3.kvartile no 2070. gada Iidz 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.

— e e e e e o

..............
.....

1 2 3 4 5 6 7 8 9 10 11 12
meénesis

----- PES_1stQ — -PES_3rdQ ===PES_MED ----- OPT_1stQ — -OPT_3rdQ ===OPT_MED

3.7.att. Zemes lietoSanas veida scenariju un klimata scenarija ietekme uz menesa
vidéjiem caurplidumiem Usmas ezera sateces baseina
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P&tijuma rezultati liecina par bitisku zemes izmantoSanas izmainu ietekmi uz Usma ezera
hidrologisko rezimu visos divpadsmit klimatiskajos scenarijos.

Usmas ezera model&to aprékina caurpliidumu vidgjas aritmétiskas vertibas lielakaja dala
no analiz€tajiem klimatiskajiem scenarijiem ir prognozé€tas lielakas optimistiska zemes
lietojuma scenarija gadijuma, t.i., pieaugot lauksaimnieciba izmantojamo zemju platibam un
palielinoties urbanizacijai. Usmas ezera model€tajiem vid€jiem caurplidumiem 30 gadu laika
perioda (2070.-2100.g.) tendencei pieaugt ir 6 no 12 klimatiskajiem scenarijiem neatkarigi no
zemes lietojuma veida scenarija, tacu 8. klimatiska scenarija gadijuma prognozéts caurpliduma
tendences pieaugums, izpildoties optimistiska zemes lietojuma veida scenarijam un tendences
samazinajums — izpildoties pesimistiskajam scenarijam Usmas ezera modelétajiem
maksimalajiem caurpliidumiem 30 gadu laika perioda (2070.-2100.9.) tendencei pieaugt ir 7 no
12 klimatiskajiem scenarijiem neatkarigi no zemes lietojuma veida scenarija, tacu 1. klimatiska
scenarija gadijuma prognoz&ts caurpliduma tendences piecaugums, 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 prognozets caurpliiduma
tendences pieaugums, izpildoties optimistiska zemes lietojuma veida scenarijam un tendences
samazinajums — izpildoties pesimistiskajam scenarijam;

Visos klimatiskajos scenarijos gada aukstaja perioda notece ir liclaka optimistiska zemes
izmantoSanas scenarija, kur urbanizéto platibu ipatsvars palielinas, tas izskaidrojams ar fidens
necaurlaidigo zonu palielinaSanos un infiltracijas samazinasanos. Pesimistiskie zemes
izmantoSanas scenariji, palielinot meza platibu Usma ezera sateces baseina, var biitiski ietekmét
hidrologisko rezimu visos divpadsmit klimatiskajos scenarijos, samazinot kop&jo noteci, kas ir
saistita ar evapotranspiraciju meZza teritorijas. Pesimistiskais zemes izmantoSanas scenarijs
visiem klimata scenarijiem, samazina noteci, un turpmakos petijumus var verst uzmanibu uz
hidrologiska rezima izmainu ietekmi uz mazo hidroelektrostaciju efektivitati.

TaSu ezera udens limena svarstibas saglaba sezonalu raksturu, kur @idens limena
paaugstinaSanas rudens-ziemas perioda, mijas ar Gdens limena pazeminajumu vasara (VL
Publikacija). Visos scenarijos caurtekas/regulatora esoSais pargaznes platums 0.8m nespgj
nodro$inat idens Iimena reZimu, kas atbilstu Alandes upes, ka valsts nozimes tidensnotekas
funkcijam. Analiz&jot TaSu ezera Uidens Iimena svarstibas gada griezuma nakotnes klimata
scenariju modelétas vertibas pie pargaznes platuma 0.8m sp€j nodroSinat gada tidens limena
svarstibu amplitidu no 17.60 Iidz 18.3 m LAS 2000.5, kas nav pietiekosi, lai nodroSinatu valsts
nozimes tdensnotekas Alandes upe funkcionalitati. Analiz&jot TaSu ezera udens ITmena
svarstibas gada griezuma nakotnes klimata scenariju modelétas vertibas pie pargaznes platuma
2.0 m sp&j nodrosinat gada tidens ltmena svarstibu amplitidu no 17.60 lidz 18.00 m LAS
2000.5, kas ir pietickosi, lai nodroSinatu valsts nozimes fidensnotekas Alandes upe
funkcionalitati.

3.2. SEG emisiju no augsném modelésanas iespéjas

Kops 2016.gada tiek veikti regularu SEG emisiju mérijumi no augsném laboratorijas un
lauka apstaklos. Kop§ 2017. gada dati tiek ievakti peéc metodikas kas izstradata §1 pétijjuma
ietvaros (VIL. un VIII. Publikacija). Kop§ 2018.gada ir uzsakta sistematiska N2O izotopu
meérfjumu datu ievakSana un uzkrasana (IX. Publikacija)

Konceptuala hidrologiska modela METQ uzbiive un SEG emisiju aprékina algoritmu
integracijas iespejas tiek izvertétas no konceptualitates prizmas un identificéti Cetri galvenie
posmi, kas nepiecieSsami SEG emisiju aprékinu modula veiksmigai integracijai konceptualaja
hidrologiskaja modeli METQ (X.Publikacija).
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Pirmaja posma nepiecieSams izveértét SEG emisiju modelé$anai nepiecieSamo datu kopu
atlases iesp&jas no konceptuala hidrologiska modela METQ starprezultatiem, ka ar papildus
parametru un datu rindu nepiecieSamibu SEG emisiju model€Sanai. Otraja posma jaizverte
konceptuala hidrologiska modela METQ esosie algoritmi un jaizveido konceptuals risinajums
SEG emisiju modulu integracijai vai papildus algoritmu izveidei. Tre$aja 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 mérijjumi 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 iesp&jams pieslégt konceptuala hidrologiska modela METQ
aprekina algoritmiem. SEG aprékinu moduli javeido oglskabajai gazei, metanam un dislapekla
oksidam atseviski (skat.3.8.att.).
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3.8.att. Oglskabas gazes, metana un dislapekla oksida emisiju aprékina modulu
integracijas konceptualaja modeli METQ

Analizgjot galvenos faktorus, kas veicina CO emisijas no augsnes ir vairaki. Augsnes
granulometriskajam sastavam ir biitiska ietekme uz COz 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 CO2 emisiju apmé&rus (Borken & Matzner, 2009). Tapat
nokriS$niem iefiltrjoties augsné un izspieZot no augsnes poram gaisu tiek izspiest CO> tadgjadi
veidojot CO> emisiju piki. Konceptuala hidrologiska modela METQ aprékinu algoritmu kopa
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ir paredz€ta aktiva augsnes slana procesu aprékiniem, kur veiksmigi ir iesp&jams integrét CO2
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, 1992b). Tacu paraléli metana produc€sanai notick metana paterins
augsng, kas ir cieSi saistits ar skabekla pieejamibu augsné (Changsheng Li, 2007).
IepriekSmingtie faktori lauj metana aprékina moduli integrét konceptualas hidrologiska modela
METQ augsnes aktiva slana un gruntsiidens aprékina algoritmos.

Dislapekla oksida emisiju aprékinam no augsnes ir vissarezgitakais aprékina algoritms,
jo ir cie$i 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 lau;
generét starprezultatus, kas nepiecieSami nitrifikacijas un denitrifikacijas procesu
konceptualiem aprékiniem.

Papildus esosajiem algoritmiem ir nepiecieSams izveidot papildus aprékinu moduli, kas
izmantojot klimata datus, augsnes parametrus, un agrotehniskos apstaklus farm management
practice sp&j generét diennakts vidéjo 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 netiesas N>O emisijas un metana emisijas
no Gdensobjektiem, kur SEG aprékina algoritmu ir iesp&jams pieslégt konceptuala hidrologiska
modela METQ summaras noteces aprékina algoritmam (skat.3.9.att.).
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3.9.att. NetieSo dislapekla oksida emisiju aprékina modulu integracijas konceptualaja
modeli METQ
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Analizgjot pieejamo statistikas datu bazu un zinatnisko petijumu rezultatu informaciju,
paslaik iesp&jams izveidot N2O aprékina moduli. Tas izmantojot esoSos lauksaimniecibas
notecu monitoringa datus, kas atspogulo agrotehniskos apstaklus (farm management practice),
un konceptuala hidrologiska modela METQ noteces komponensu aprékina algoritmu aprékina
netiesas N2O emisijas.

Konceptuala hidrologiska modela METQ modelésanas platforma lauj izmantot modela
aprékinu starprezultatus, tadus ka, gruntsiidens Itmenis dienas beigas, kapilara pacelSanas,
summara iztvaiko$ana u.c., kas nepiecieSami SEG emisiju aprékina algoritmos.

Konceptuala hidrologiska modela METQ algoritmi ir labi dokumentgti un lauj integrét
SEG emisiju aprékina modulus oglskabas gazes, metana un dislapekla oksida emisiju
aprékinam no augsnes. Tacu nepiecieSams izveidot papildus parametru ievades iespg&jas, katram
SEG emisiju no augsnes aprékinu modulim.

SEG aprékina integracijai konceptualaja hidrologiskaja modeli METQ ir nepiecieSsams
esoSo modeléSanas platformu parprogrammeét un izveidot atvértu platformu jaunu aprékinu
modulu pievienoSanai. SEG model&Sanai no lauksaimniecibas augsném, kur aprékina pamata
ir nitrifikacijas un denitrifikacijas procesi augsné, ka ar1 netieSda SEG modeléSana no
tdenstecém, kur par pamatu tiek nemtas slapekla nopludes un nitrifikacijas un denitrifikacijas
procesi iident.

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

Konceptuala hidrologiska modela METQ uzlaboSanas stratégiskie ieguvumi saistas ar
Latvijas klimatisko un hidrogeologisko apstaklu nemsanu véra dazadu sarezgitu jautajumu
risinasana. SEG emisiju modulu integracijas konceptualaja hidrologiskaja modeli METQ $1
pétljuma ietvaros apstajas pie datu sagatavoSanas un koncepta izstrades. Nakamie pétijumu soli
ir prezentéti 3.10.attela.
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3.10.att. SEG emisiju modulu integracijas konceptualaja hidrologiskaja modeli METQ
turpmakie pétijumu soli
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Pamatojoties, ka promocijas darba veiktajiem pétjjumiem ir nepiecieSams attistit
modeléSanas platformu, kas ir starpdisciplinars uzdevums. Model&Sanas platformu ieteicams
veidot ta, lai pastav iesp&ja pieslégt papildus modulus dazadu ar hidrologisko ciklu saistitu
jautajumu modeléSanai. Primari nepiecieSams izstradat atverta tipa algoritmu, kur iesp&jams
esos$a model&Sanas algoritma starprezultatus izmantot jaunajos modulos. Veidojot model&sanas
platformu, japaredz iesp€ja izmantot jau esoSos algoritmus jaunu starpvertibu radiSanai ka ari
pieslégt papildus izejas datu plusmas.

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

4. SECINAJUMI UN PRIEKSLIKUMI

1. Hidrologisko procesu modelé$ana aktivi tiek izmantoti vairaki simti modeli, kas ir
iedalami divas galvenajas grupas konceptuali un fizikalie. Konceptualo modelu
izmantosana dod precizakus rezultatus sateces baseiniem ar platibu virs 5 km? SEG
emisiju modelésana tiek izmantoti jaunizbtivéti modelésanas riki, taCu veiksmigi tiek
izmantoti hidrologiskie modeli ar papildus algoritmu, kas lauj modelét gazu emisijas un
izcelas ar lielaku precizitati dislapekla oksida modeleéSana merenaja klimata josla, kur
noverojama augsnes sasal$ana 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
METAQ attistibas posmos, izdalit vairakas urbanas hidrologiskas atbildes vienibas, kas
katra kalibréta dazadam tidensnecaurlaidigo virsmu Ipatsvaram un urbanas teritorijas
hidromorfologiskajam Tpasibam;

3. Konceptuala hidrologiska modela METQ modelésanas platforma lauj saglabat un
aprékina algoritma izmantot modela aprékinu starprezultatus, tadus ka, gruntsiidens
limenis dienas beigas, kapilara pacelSanas, summara iztvaikoSana u.c., kas nepiecieSami
SEG emisiju aprékina 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
ripigi, lai saglabatu aprékina algoritma konceptualo jégu un taja pasa laika uzlabotu
modela veiktsp&ju;

6. 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; R? > 0.75;
RSR < 0.70 un PBIAS +/- 25%, lai modela parametrus varétu izmantot neizpétitu
urbano sateces baseinu modeléSanai;

7. SEG aprékina integracijai konceptualaja hidrologiskaja modeli METQ ir nepiecieSams
esoSo model&Sanas platformu parprogrammét un izveidot atvértu platformu jaunu
aprékinu modulu pievienoSanai. SEG modeléSanai no lauksaimniecibas augsném, kur
aprékina pamata ir nitrifikacijas un denitrifikacijas procesi augné, ka ar1 netiesa SEG
modeléSana no udenstecém, kur par pamatu tiek nemtas slapekla noplides un
nitrifikacijas un denitrifikacijas procesi tdent,
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8. Konceptualo hidrologisko modeli METQ var izmantot tidens kvalitates p&tijumos, kas
tieck veikti, zinatniekiem sadarbojoties, starpnozaru Iimeni. 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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The urbanised areas have a significant impact on hydrological processes of the catchment. The average annual urbanisation temp in
EU is 0.6%. The existing version of conceptual hydrological model METQ is developed for natural hydrological response units such
as forests, swamps and agricultural land. The growing urbanisation level force to add to the model urban hydrological response unit.
This study aims to analyse local parameter sensitivity of urban hydrological response unit of conceptual hydrological model METQ.
The local sensitivity was made using Monte-Carlo simulations. To evaluate local sensitivity Nash—Sutcliffe efficiency index (NSE),
determination coefficient R2, percent bias (PBIAS), ratios the root mean square error to the standard deviation of measured data (RSR)
in addition to the graphical method were used.

The results show seven parameters to be calibrated the other 16 parameters have to stay as constant values for urban hydrological
response unit.

Keywords: conceptual hydrological model METQ, parameter sensitivity; run-off component.
INTRODUCTION

The conceptual hydrological model METQ is developed to the model discharge of modelled catchment area
according to climate data such as temperature, precipitation and humidity (Krams and Ziverts, 1993; Ziverts and Jauja,
1999) The additional hydrological response unit describing urban areas were integrated into the model (Grinfelde and
Bakute 2017). The adaption of new hydrological response unit requires sensitivity analysis of all parameters to identify
each parameter sensitivity and response to the model performance. There are developed several methods to evaluate
model performance (Donigian et al., 1983; Gupta et al., 1999; Saleh et al., 2000; Santhi et al., 2001; Van Liew et al.,
2007) however they are very specific and developed for particular project or specific.

In the previous studies of METQ, there was Nash-Sutcliffe efficiency (NSE) (Nash and Sutcliffe, 1970) and
coefficient of determination (R?) used. The NSE is commonly used end (Sevat and Dezetter 1991) recognise NSE as the
best objective function for reflecting the overall fit of modelled and measured hydrograph. However, Legates and
McCabe, 1999 identify oversensitivity of extreme values because of squared differences. The R? is commonly used to
evaluate model performance. However, risks are overestimating extreme values such as spring floods and underestimate
proportional differences between measured and modelled data (Legates and McCabe, 1999).

To provide accuracy in hydrological modelling Moriasi et al. 2007 proposes to use several model performance
evaluation approaches. For runoff, there are recommended acceptable NSE is more significant than 0.75, PBIAS is +
10%, and the ratio of the root mean square error to the standard deviation of measured data (RSR) is smaller than 0.50,
and they recommend in addition to using the graphical techniques (Moriasi et al. 2007). R? typically with values greater
than 0.75 are considered acceptable (Santhi et al., 2001, Van Liew et al., 2003).

This study aims to evaluate the sensitivity of parameters of conceptual hydrological model METQ.

MATERIALS AND METHODS

The Vienziemite catchment with 5.92 km? of total area and climate data from 1% of January 1993 until 31% of
December 2015 were used to make sensitivity analysis of model METQ parameters. Totally 23 parameters were tested
during the study. The sensitivity analysis can be divided into three steps (see Figure 1). The first step of analysis was the
generation of reference hydrograph with default parameter values defined by Ziverts and Jauja 1999. Monte Carlo
simulations of the parameter in amplitude + 50% of its value by keeping other parameters fixed.

Copyright © 2017 The Authors. Published by Aleksandras Stulginskis University. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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* Reference hydrograph of Vienziemite for period (1993 - 2015).
1 * Mote Carlo simulations of METQ paremeters in amplitude + 50% of parameter value.

+ Calculations of R?; NSE; PBIAS and RSR for each paremeter (Qsum Q1; Q2; Q3).
* Graphical evaluation of hydrographs and R*; NSE; PBIAS and RSR values.

S

» Cluster analysis of R% NSE; PBIAS and RSR for all parameters (Qsum Q1; Q2; Q3).
* The grouping of parameters by sensitivity and identification of sensitive parameters

el N )

Figure 1. The steps of sensitivity analysis

The second step is to calculate model performance characteristic values of total run off (Qsum) and separately run-
off components: surface run-off (Q1); upper layer subsurface run-off (Q2) and base layer run-off (Q3).
The NSE were calculated using following formula:

n(fts — gsim)? ]

1. (07 — Qean)2

NSE=1—[

where Qobs — measured runoff; Qsim — simulated runoff; Qmean — average measured runoff (Nash and Sutcliffe, 1970).
The RSR were calculated using following formula:

RMSE [\/Z?:l(Q,PbS - isim)ZJ
RSR = Q
[\]2?=1(Ql?bs Qmean)z]

where Qobs — measured runoff; Qsim — simulated runoff; Qmean — average measured runoff,
The PBIAS were calculated using formula:
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where Qobs — measured runoff; Qsim — simulated runoff (Gupta et al., 1999);
The R? were calculated using formula:
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where Qobs — measured runoff; Qsim — simulated runoff (Anderson-Sprecher, 1994).

The graphical analysis of hydrograph was made using hydrograph of spring floods in 2013 and hydrograph of
summer floods after long period of droughts in 1999. The third step is to use hierarchical agglomerate cluster analysis to
classify parameters in groups by their similarities (Al-Odaini et al. 2012; Farmaki et al. 2012; Zhang et al. 2013). The
classification of conceptual hydrological model METQ parameters can be illustrated using a dendrogram measuring the
degree of homogeneity using the Ward method and Euclidean distance calculation (Lau et al 2009).

RESULTS

The Monte Carlo simulations were made for all 23 parameters (A2; A3; CFR; KS; PZ; RROB; RROB2;
RROB2Z; T1; WHC; WMAX; ALFA; AMCOR; ROBK; RROBZ; BETA; CMELT; DPREC; KL; ZCAP; DZ; KU;
T2) of conceptual hydrological model METQ. The example of Monte Carlo simulation of parameter BETA is
presented in figure 2. The parameter BETA show high sensitivity to parameter value change. Any change of
parameter BETA has to be carefully evaluated during conceptual hydrological model calibration process.

600



Proceedings of the 8" International Scientific Conference Rural Development 2017

Summer flood (1999) Spring flood (2013)

3 I"""I" IIII ] lllll"' I Ill l|| |"|| N | |'| 1 I II I I 0

25 10
2 Y .
- 1.5 E
o )
) e
: o
0.5 5

0

= mm/day o= 50% e+ 40%

e (% e - | ()% A === - 30% -40% -50%

Figure 2 The graphical analysis of parameter BETA sensitivity

The graphical analysis of parameter KU sensitivity is presented in figure 3. The parameter KU is one of root zone
parameters and show high impact on long term run-off.
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Figure 3 The graphical analysis of parameter KU sensitivity

The clusters of sensitivity analysis results of 23 parameters are presented in table 1. The change of parameters A2;
A3; CFR; KS; PZ; RROB; RROB2; RROB2Z; T1; WHC; WMAX; ALFA; AMCOR; ROBK; RROBZ; CMELT;
DPREC; KL; ZCAP; DZ and T2 value by +50% the conceptual hydrological model METQ performance is very good.
However, the change of parameters BETA and KU by +50% impact the performance of the conceptual hydrological
model METQ (Moriasi et al. 2007).

The change of parameters A2; AMCOR; RROB; RROBZ; T2; A3; CFR; KL; KS; PZ; RROB2; RROB2Z; T1;
WHC and WMAX value by -50% the conceptual hydrological model METQ performance is very good (see Table 2).
However, the change of parameters ALFA; CMELT; ROBK; BETA; DPREC; DZ; KU and ZCAP by -50% impact the
performance of the conceptual hydrological model METQ (Moriasi et al. 2007).
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Table 1 The results of cluster analysis of runoff (Qsum) deviation at parameter change by + 50%

Within-
Class | Objects class R2 PBIAS | RSR NSE Parameters
variance
A2; A3; CFR; KS; PZ; RROB; RROB2;

1 11 0.065 0.993 0.014 | 0.075 0.992 RROB2Z; T1; WHC; WMAX
2 4 0.020 0.966 0.409 | 0.207 0.957 ALFA; AMCOR; ROBK; RROBZ
3 1 0.000 0.630 | -4.440 | 1.262 -0.591 BETA
4 1 0.000 0.828 1.075 | 0431 0.814 CMELT
5 3 0.251 0.997 6.644 | 0.096 0.990 DPREC; KL; ZCAP
6 1 0.000 0.984 | -8.498 | 0.159 0.975 Dz
7 1 0.000 0.907 | 33.507 | 0478 0.771 KU
8 1 0.000 0901 | -2.972 | 0.327 0.893 T2

Table 2 The results of cluster analysis of runoff (Qsum) deviation at parameter change by - 50% by (R2; PBIAS; RSR; NSE)

Class | Objects Within-class) 5, PBIAS | RSR NSE Parameters
variance
1 5 0.036 0.936 0.901 0.266 0.928 A2; AMCOR; RROB; RROBZ; T2
A3; CFR; KL; KS; PZ; RROB2; RROB2Z:
2 10 0.033 0.992 -0.729 | 0.079 0.991 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

The radar diagram of standardised cluster centroids of model performance indicators at parameter change by + 50%
is presented in figure 4. The cluster 3 represented by BETA and cluster 7 represented by KU strongly differ from others.
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Figure 4. The radar diagram of standardised cluster centroids of model performance indicators at parametérﬂtv:vhange by + 50%

The radar diagram of standardised cluster centroids of model performance indicators at parameter change by -
50% is presented in figure 5. The cluster 3 represented by ALFA; CMELT; ROBK, the cluster 4 represented by BETA;
the cluster 5 represented by DPREC, the cluster 6 represented by DZ, the cluster 7 represented by KU and the cluster 8
represented by ZCAP strongly differ from others.

602



Proceedings of the 8" International Scientific Conference Rural Development 2017

e R 7 PBIAS em===RSR e NSE

[#%]

5
Figure 5. The radar diagram of standardised cluster centroids of model performance indicators at parameter change by - 50%

The analysis of run-off components Q1; Q2; Q3 and total run-off Qsum changes by changing parameter BETA in
amplitude £50 % is presented in figure 6. The analysis of NSE; RSR; R2 and PBIAS show parameter BETA impact on
run off component Q1.
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Figure 6. The graphical analysis of parameter BETA impact on conceptual hydrological model METQ performance

The analysis of run-off components Q1; Q2; Q3 and total run-off Qsum changes by changing parameter KU in
amplitude +50 % is presented in figure 7. The analysis of NSE; RSR; R2 and PBIAS show parameter KU impact on run
off component Q3.

CONCLUSION

The conceptual hydrological model parameters ALFA; CMELT; ROBK, BETA, DPREC, DZ, KU and ZCAP are
very sensitive. During calibration of conceptual hydrological model METQ there is need for evaluation of parameter
changes.

The analysis shoved different impact of parameters on modelling results of different run-off components.

The future research has to be focused on sensitivity analysis of conceptual hydrological model parameters
sensitivity for each run-off component.
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Figure 7. The graphical analysis of parameter KU impact on conceptual hydrological model METQ performance
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Abstract. The growing urbanization level significantly impacts the hydrological regime of streams and rivers.
Land use is changed and natural areas are transformed to living areas or industrial parks. The conceptual
hydrological model METQ is developed by the Latvia University of Agriculture to calculate total run-off for
different purposes. However, it was developed for rural areas and is missing the urban hydrological response
unit. The aim of this research is to calibrate and verify the urban hydrological response unit parameters of the
conceptual hydrological model METQ. In Latvia, there is no hydrometric station with urban catchment area and
in Europe there was not possibility to get enough long run-off and meteorological data set. Free access run-off
and meteorological data from the United States Geological Surveywere used in this research. The calibration was
made using MonteCarlo s1mu1at10ns To evaluate the calibration results Nash—Sutcliffe efficiency index (NSE),
determination coefficient R> , percent bias (PBIAS), ratios the root mean square error to the standard deviation of
measured data (RSR) in add1t10n to the graphical method were used. The calibration and validation results of the
urban hydrological response unit parameters were satisfactory and achieved the recommended limits NSE > 0.5;
R2 > 0.75; RSR < 0.70 and PBIAS +/- 25 % for all six catchments. There is variation of the parameter values
between catchments, which is related with the urbanization level and hydrogeological conditions of the
catchment. This paper gives recommendations for hydrological response unit parameter application for the
conceptual hydrological model METQUL2012.

Keywords: urbanization, discharge, METQUL2012.

Introduction

More than half of the world population live on urban areas and according to the United Nations
migration projections in 2030 more than 80 % of the population will live in urban areas [1]. Growing
population and increasing urbanization rate force more and more to think about sustainable resource
management, including water management [2; 3]. The change of land use and especially urbanization
have significant impact on hydrological processes [4]. Urban areas, on the one hand, increase pollution
pressure and deplete water resources, on the other hand, increase the amount and quality of water
supply and sewerage infrastructure, as well as develop a flood protection system [5; 6]. Heavy rainfall
in urban areas causes local flooding, which is becoming more and more intensive and repeats more
and more often [7-10]. In flood events the most vulnerable social groups of societies suffer, as well as
material losses during the flood events each year are several billions [11; 12]. The European Union
flood risk mitigation measures are regulated by the Flood Directive (2007/60/EC), which entails an
obligation to the Member States to organize a flood risk assessment and risk areas mapping [13]. At
the scientific level, the understanding of the urban area hydrological regime is currently being
designed and developed using monitoring data and modeling of the opportunities offered, but there is a
need for a longer monitoring period at least two decades, during which to accumulate data of
hydrological regimes in urban areas [14-17]. Modelling of urban catchment hydrological regime is
difficult because of the fragmented environment with specific hydrological response, and so far, there
is no clear understanding of the rain circulation cycles of the urban environment [18]. Bach et al.[19]
highlighted the need to classify urban watershed integrated models and recommended to develop the
model classification according to the degree of integration. However, there are ongoing discussions
about the universal concept of the water cycle at watershed level and development of common
methodology.

In Latvia, there was developed a conceptual hydrological model METQ [21; 22] with very good
precision. Previous versions of models were developed for natural areas[22]. However, by growing
urbanization of natural areas there is a need to integrate this hydrological response unit in hydrological
models. The previous experience of integration of the hydrological response unit in the existing
conceptual hydrological models shows good results [22-24]. Many researchers prefer manual
calibration to increase the model performance [25-29]. The newest version of the METQ model is
METQUL2012 where friendly interface and separated hydrological response units calculation
modules are used [30].The aim of this research is to calibrate and validate the urban hydrological
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response unit parameters of the conceptual hydrological model METQUL2012 and to give
recommendations of the parameter integration in the model.

Materials and Methods

In Latvia, there are no data of discharge from the urban catchment areas. In the Northern part of
Europe there was not a possibility to get enough long run-off and meteorological data set. In this
research free access run-off and meteorological data from the United States Geological Survey
(USGS) were used. Catchments with area from 9.76 till 183.63 km?” from the cold climate zone where
chosen. The location of the urban catchments is presented in Table 1. The smallest catchment is Valley
Stream in New York City 9.76 km® and the largest catchment is Paint Creek in Detroit 183.63 km’.
The highest density of waterproof areas is in Valley Stream 95 % and Ecorse River 92 %.

Table 1
Characteristics of urban catchments
Density of .
USGS US . . Drainage .
Number |State Name Latitude |Longitude| waterproof area, km’ Shortening
areas, %
01302020 | NY | BRONX RIVER | 40°51°44” |73°52°27” | 74 % 99.45 NY_BO
VALLEY 020°40” | 72047716
01311500 | NY STREAM 40°39°49” | 73°42°16 95 % 9.76 NY_VA
04168580 | MI | ECORSE RIVER | 42°16°10” | 83°17°23"| 92 % 25.90 MI_EC
04161540 | MI | PAINT CREEK | 42°41°18” |83°08'35”| 56 % 183.63 MI_PA
SPRINGBROOK | 0o, 0120389
12113346 | WA CREEK 47°25°53” |122°13°35 71 % 21.86 WA_SP
12113349 | WA | MILL CREEK | 47°25'49” [122°14°31”| 86 % 14.58 WA_MI
Table 2
Climate of calibration and validation period of urban catchments
. Calibration period Validation period

Station Parameters

2008 | 2009 | 2010 | 2011 | 2012 2013 | 2014 | 2015
NY_BO 1.1 | 107 | 119 | 119 | 127 114 | 107 | 114
NY.VA | 11.1 | 107 | 119 | 112 | 126 11.3 107 | 114
WA_SP t‘;‘;‘aerl‘;fl‘;‘zge 92 | 98 | 104 | 93 | 100 101 | 109 | 115
WA_MI poc 1. 92 | 98 | 104 | 93 10.0 10.1 109 | 115
MI_EC 8.3 8.1 9.5 9.0 10.5 8.2 6.9 9.0
MI_PA 8.3 8.1 9.5 9.0 10.5 8.2 69 | 9.0
NY_BO 1382.2]1402.0 | 1068.3 | 1143.9 | 1104.3 | 1044.2 |1224.7] 899.3
NY.VA | ¢ [13822]1402.0 10683 | 1143.9| 11043 | 1044.2 [1224.7] 899.3
WA_SP ‘lf:;al;‘ﬂ‘;lf 653.4 [1228.61800.6 | 1327.1| 1785.8 | 704.8 |14355|1230.0
wA M1 | P l‘:m > | 6534 |1228.6]1800,6 | 1327.1| 1785.8 | 704.8 |1435.5]1230.0
MI_EC 720.0 | 714.9 | 635.4 [ 1085.0| 527.3 | 1318.8 | 712.4 | 569.1
MI_PA 720.0 | 714.9 | 6354 |1085.0| 527.3 | 1318.8 | 712.4 | 569.1
NY_BO 0.566 | 0.510 | 0.340 | 0.481 | 0340 | 0280 [ 0.397 | 0.340
NY_VA Annual 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.002 | 0.003 | 0.000
WA SP | e . |0:034 [ 0054 [ 0.082 [ 0.099 | 0.127 | 0.108 | 0.110 | 0.014
WA_MI off, m*s™ 0.006 | 0.016 | 0.024 | 0.040 | 0.025 0.037 | 0.028 | 0.000
MI_EC ’ 0.005 | 0.011 | 0.018 | 0.014 | 0.007 | 0.014 | 0.010 | 0.012
MI_PA 0.425 | 0.538 | 0.283 | 0.397 | 0.249 | 0397 | 0.623 | 0.368
NY_BO 21.637]23.562 | 31.718 | 62.587 | 13.650 | 26.054 |30.30218.068
NY_VA Annual 1.529 | 1.218 | 2.322 | 3.257 | 0595 | 1.359 | 2.322 | 0.736
WA SP | o run. | 3030 | 3285 [ 4191 [ 2.605 | 2.200 | 3993 | 1926 | 3.257
WA_MI off. s 3.767 | 4475 | 4.843 | 3.512 | 3.144 | 4.050 | 3.597 | 4.729
MI_EC ’ 5.296 | 4.588 | 7.335 | 6.542 | 3.342 | 3.852 | 7.477 | 3.653
MI_PA 16.709{12.433 | 7.307 | 11.328 | 7.392 | 15.859 [10.563| 7.816
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The air temperature, precipitation and humidity data were used from the closest meteorological
station in USGS data base.The air temperature, precipitation and humidity of calibration and
validation periods are presented in Table 2. All six catchments represent cold climate with different
continentality. The annual average air temperature is higher in New York City (NY_BO and NY_VA)
and lower in Detroit (MI_EC and MI_PA). The annual precipitation varies from 527.3 in Detroit to
1785.8 (MI_EC and MI_PA) mm in Seattle (WA_SP and WA_MI).The calibration of the parameters
of the urban hydrological response unit was made according to the flowchart presented in Figure 1.

Metheorological data

v v 4
Air temperature, oc Humidity, mm Precipitation, mm
Daily average Daily average Daily summ

i Is missing data? _—

Chose another meteo station

Chose hydrological response unit «
Prepare data for METQ Chose cathement area parameter set g

v
Run METQ 2

T - ]

v v v

Runoff from the upper Runoff from the lower
Surface runoff, mm groundwater zone, mm groundwater zone, mm

v

F 3

Chose hydrological coordinate

¥

Discharge m’s! 2

: IsNSE > 0.5; S .
R2>0.75; RSR < 0.70 and - 7 No
PBIAS +/-25%? o

.,/ Calibration
"\ complete

Fig. 1. Flowchart of urban hydrological response unit calibration steps

The conceptual hydrological model METQUL2012 calculates discharge of each hydrological
response unit using the daily temperature, precipitation and humidity data. The calculation algorithm
consists of 23parameters: WMAX; ALPHA; ZCAP; A2; A3; KU; KL; CMELT; T1; T2; KS; DZ; PZ;
RROB; RROBZ; RROB2; RROBZ2; ROBK; WHC; CFR; DPREC; AMCOR; BETA[20;21].The
model METQUL2012 does not accept missing data, the meteorological data from the United States
Geological Survey (USGS) were tested for the missing values. The Meteorological data set was
uploaded in the model. All catchments are in urban areas, this means the catchment area is the urban
hydrological response unit area. The hydrological response unit parameters were calibrated using
MonteCarlo simulations and manual calibration of the parameters. To evaluate the calibration results
the Nash—Sutcliffe efficiency index (NSE) [31], which is commonly used in hydrology, determination
coefficient R*[32], percent bias (PBIAS) [33], ratios the root mean square error to the standard
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deviation of the measured data (RSR) [34] in addition to the graphical method were used. The
recommended limits by Moriasi [35] is NSE > 0.5; R2 > 0.75; RSR < 0.70 and PBIAS +/- 25 %.

Results and Discussion
For all catchments, totally 30240 simulations of discharge were done. The best calibration results
and verification results are presented in Table 3. The Nash—Sutcliffe efficiency index (NSE) is
acceptable [35]and varies from 0.69 to 0.96 for the calibration period and from 0.67 to 0.91 for the
validation period. The R* is acceptable for all catchments for all periods [35]and varies from 0.81 to
0.98 for the calibration period and from 0.79 to 0.95 for the validation period.
Table 3

Results of calibration of model METQUL2012

Calibration period Validation period
NSE R2 RSR | PBIAS | NSE R2 RSR | PBIAS
NY_BO 0.69 0.81 0.69 -23.63 0.67 0.79 0.70 -24.87
NY_VA 0.78 0.91 0.47 11.67 0.79 0.91 0.44 10.18
WA_SP 0.82 0.93 0.31 -3.03 0.80 0.92 0.30 -3.48
WA_MI 0.96 0.98 0.21 -1.07 0.91 0.95 0.24 -2.11
MI_EC 0.76 0.87 0.43 14.86 0.73 0.84 0.49 16.36
MI_PA 0.72 0.84 0.40 17.01 0.75 0.87 0.42 15.28

Catchment

The NY_BO shows better modelling results at the calibration period, however, MI_PA shows to
be better fit for the validation period than for the calibration period. Several factors influence the
model fit: the precision of the precipitation data; the discharge measurement precision and the
conditions of the riverbed.

—_—Q obs Jmod ——p
10 9 9 wd A 0

9 ‘ 2
8 40
7 60

6 80

Discharge, m?® 5!
Percipitation, mm

Time, day

Fig. 2. Modelled and observed discharge and percipitation of WA_MI cathement

The conceptual hydrological model METQ parameters (A2; A3; CMELT; DZ; PZ; RROB;
RROBZ; RROB2; RROBZ2; ROBK; DPREC; AMCOR; BETA) can be calibrated for rural
catchments [21] and other parameters are constant. During calibration of the urban hydrological
response unit parameters there was made a decision to calibrate additional parameters (WMAX:
ALPHA; ZCAP; KU; KL; T1; T2; KS; WHC; CFR; AMCOR). In urban areas, there is high
heterogeneity of the surface and disturbed stream formation as well as different microclimate [36].
The best fit of the modelled and observed discharge is presented in Figure 2. The modelled and
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observed discharges show good fit, however there are underestimation or overestimation of discharge.
This uncertainty is related with measurement precision and rain event distribution in the catchment
area.The parameters WMAX, ALPHA, ZCAP, T1, T2, KS, DZ, PZ, DPREC, BETA show significant
variance - larger than 20 % between the catchments and in some cases more than 40 %. The variation
is related with heterogeneity of the land cover, historical development of the storm water collection
system and urbanization density [36]. There is a need to classify urban catchments by covered areas
and develop at least three urban hydrological response unit parameter sets and integrate the calculation
algorithm in the conceptual hydrological model METQUL 2012.

Conclusions

1. The calibration and validation results of the urban hydrological response unit parameters
weresatisfactory and achieved the recommended limits NSE > 0.5; R2 > 0.75; RSR < 0.70 and
PBIAS +/- 25 % for all six catchments.

2. There is variation of the parameter values between the catchments, which is related to the
urbanization level and hydrogeological conditions of the catchment.

3. It is recommended to classify urban catchments by covered areas and develop at least three urban
hydrological response unit parameter sets and integrate additional calculation algorithms in the
conceptual hydrological model METQUL 2012.
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ABSTRACT

Lake Usma is unique with hundred years' old nature reserve and Natura 2000 territories
in one part of the lake and developing the tourism industry in other part of the lake. During
last ninety years, the water level of Lake Usma increased for approximately one meter,
which caused coast erosion, changed soil ground water level in large territories around it
and it is regarded to be a major factor for lake ecosystem functioning. To find sustainable
management solution of Lake Usma, there is a necessity to understand causes of
hydrological cycle changes. The aim of this study is to evaluate an anthropogenic impact
of Lake Usma hydrological regime.

In this research work to test the impact of anthropogenic factors, the lake water level data
are divided into three separated periods: the first time period (1927 — 1960) before a
significant anthropogenic impact, the second period (1961 — 1990) after amelioration and
while constructed eel weir (1966) and the third period (2002 — 2003, 2011 — 2014) after
hydroelectric station started its work. The first-period of monthly lake level data shows
typical North Europe lake hydrological cycle, with the highest level at the end of April or
at the beginning of May. Mean water level reaches about 20.70 m B.S. and minimum
monthly water level — 20.20 m B.S. The second period shows the rise of water level. The
highest water level observed at the beginning and the end of the year, because of high
precipitation in this time. Mean monthly water level reaches about 21.10 m B.S. and
minimum water level about 20.60 m B.S. In the third period there is observed the highest
water level on March and in the summer the gap between maximum, mean, minimum and
quartiles is limited, which shows very slight level amplitude. It indicates that hydrological
cyele is changed. Mean water level is still about 21.10 m B.S., but minimum monthly
water level reaches 20.80 m B.S. The result shows a significant impact of anthropogenic
and natural factors.

Keywords: water level; hydrological cycle; anthropogenic impact
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INTRODUCTION

The Lake Usma is the fourth largest lake in Latvia and locates in West part of Latvia 20.6
m above the sea level (Figure 1). The surface area of lake is 37.2 km? (with seven islands
41.4 km?).
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Figure 1. Location of the study area

There are ten inflowing rivers of Lake Usma and the the only outflow is the River Engure
which flows into the Lake Puze. The total drainage area of the study site is 425 km?. The
climate is temperate, cool and humid. The mean temperature is -3.5 °C in January and
+16.5 °C m July. The average amount of precipitation is 750 mm per year.

The drainage basin of Lake Usma is characterised by high percentage of forests - 50%
cover of the entire basin.

Lake Usma is unique with hundred years' old nature reserve and Natura 2000 territories.
The second oldest nature reserve in Europa and oldest in Latvia is located on Moricisland
and Lielalksnites island of Lake Usma. Moricsala nature reserve is founded in 1912.
Viskazu island is the largets island of the Lake Usma and laso in Latvia and its territory
1s under Nature 2000 [4].

The present situation of Lake Usma mainly is connected with water level rise during last
forty years. First significant changes of water level of Lake Usma were observed in 1966
[5]. During this period eel migration net were build on the River Engure (Figure 2).
Another cause of lake water level rise could be small hydropower stations which are build
also on the River Engure in 2001 (Figure 2).

The aim of this study is to determine an anthropogenic impact of Lake Usma water level
fluctuactions.
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Figure 2. The drainage basin of the Lake Usma and location of small hydropower
stations (2) and eel migration net (1) on the River Engure

Also the fluctuations of lake water level are affected by long — term changes of
hydrological regime of lake [7], [10].

Over the past few years there are done several researches of anthropogenic impact on the
lake water level [2], [3], [6], [9] and [11].

MATERIALS AND METHODS

In this study lake water level and precipitation data were analysed for period 1927 —2014.
Data were obtained from the Latvian Environment, Geology and Meteorology Centre.

Three periods were selected for the data series analysis: 1927 — 1960, 1961 — 1990, and
1991 - 2014. The Standard Normal homogenity test was used for homogeneous monthly
data series of precipitation and lake water level [1].

For the trend analysis monthly mean, maximum and minimum time series were used.
Trends in the time series of water level at Lake Usma hydrological station are analysed
using Descriptive statistics [8].

RESULTS AND DISCUSSIONS

The daily data of Lake Usma water levels were analysed using simple statistics to identify
water level fluctuation during year. The mean, minimal, maximal, 1* quartile and 3%
quartile of yearly water level fluctuations are presented in figure 3. The yearly mean of
water level fluctuations is with positive trend. There are four maximums of water levels
in Lake Usma. The first period is at the beginning of monitoring period from year 1926
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till 1930. The second maximum is at year 1952 and it van be explained with beginning of
land reclamation and installations of drainage systems in agricultural fields. The third
extreme yearly maximums of water level are at 1980. It can be explained with very wet
and cold climate conditions. The second extreme maximum of yearly water level is at
2002. It is none year after installation of hydropower station on Engure river. The yearly
minimum of water level is over 20.60 m since year 1960.
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Figure 3. The yearly water level daily data analysis of Lake Usma yearly water level
fluctuations

Abs. atz.

Figure 4. The heterogeneity test of daily water level fluctuation of Lake Usma
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The water level fluctuations were analysed using homogeneity test. The results of
homogeneity test show two periods and the change of periods are related with time when
eel migration net was installed. The homogeneity test results show that eel migration net
mstallation increased average water level by 50 cm (see Figure 4).

The daily water level data were spited in three periods to identify possible anthropogenic
impact on Lake Usma water level fluctuations. The first period is from beginning of Lake
Usma water level monitoring at 1927 till beginning of climate reference period at 1960.
The second period is classical climate reference period from 1961 till 1990. The third
period is since 1991 till 2014. Before reference period 1927 — 1960, reference period 1961
— 1990, climate change period 1991 — 2014 (see figure 5).
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Figure 5. The monthly water level fluctuation of Lake Usma for three periods, before
climate reference period 1927 — 1960, climate reference period 1961 — 1990, climate
change period 1991 - 2014.

The first period from beginning of monitoring at 1927 till 1960 show spring and autumn
maximums and summer and winter minimums. The highest water level of this period is
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m spring at April and May and autumn at December and January. The minimal lake water
levels fluctuate between 20.06 m in November and 20.28 m in May. The maximal lake
water levels of first period is in May 21.68 m and in December 21.52. The amplitude of
water level distribution is stable during all year approximately 0.5 m. The water level of
Lake Usma 1s fluctuating according to climate conditions.

The analysis of water level of second period show significant changes. The minimal water
level of second period fluctuate between 20.84 at May and 20.66 at October and
November. The maximal water level of second period shifted from spring to winter
November (22.14 m) December (22.11 m) and January (22.11 m). It can be related with
mmpact of Baltic see and Climate changes when during wintertime is snow melt and there
1s very low evapotranspiration. The amplitude of water level distribution is not stable
during the year. There is wide amplitude 0.6 m during November and December and
during summer from May till August it is 0.3 m.

The analysis of water level of third period show more significant anthropogenic impact.
The minimal water level of third period fluctuate between 20.93 at May and 20.65 at
March. The maximal water level of third period is at March (22.16). The amplitude of
water level distribution is in small amplitude from 0.11 m in September till 0.5m in
January. During this period the anthropogenic impact is related with hydropower station
mstallation. Where Lake Usma work as reservoir.

CONCLUSION

The analysis of water level of Lake Usma show significant changes since beginning of
monitoring period. There is positive trend of minimal, maximal and average water levels.
The water level of Lake Usma increased by 0.8 m during monitoring period.

The homogeneity test show two periods. The change of water level of Lake Usma is
related with time when eel weir was installed. The homogeneity test results show that eel
weir installation increased average water level by 0.5 m.

The analysis of three climatic periods show increase of anthropogenic impact on Lake
Usma. The monthly minimal lake water levels fluctuate between 20.06 m in November
and 20.28 m in May during first period. The minimal water level of second period
fluctuate between 20.84 at May and 20.66 at October and November. The minimal water
level of third period fluctuate between 20.93 at May and 20.65 at March. The significant
rise of minimal water levels of Lake Usma is related with outgoing flow disturbance by
eel weir and hydropower station.

The analysis of 1 quartile and 3™ quartile distance show increase of anthropogenic
impact on Lake Usma. The amplitude of water level distribution of first period is stable
during all year approximately 0.5 m. The water level of Lake Usma is fluctuating
according to climate conditions. During second period there is wide amplitude 0.6 m
during November and December and smaller during summer from May till August it is
0.3 m. This is evidence of eel weir impact on Lake Usma water level. The amplitude of
water level distribution is in small amplitude from 0.11 m in September till 0.5m in
January. During this period the anthropogenic impact is related with hydropower station
mstallation. Where Lake Usma work as reservoir.
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ABSTRACT

One of the most investigated topics in hydrology, during last decades, is climate change
impact on hydrological cycle. Changes in the use of land is additional factor influencing
hydrological regime and watershed run-off. To understand urbanisation and climate
change cumulative impact on watershed run-off, modelling of different climate change
and land use scenarios would be essential. The aim of this study is to investigate how
watershed run-off of the Usma Lake, located in Kurzeme region of Latvia, will respond
to urbanisation and climate change using conceptual hydrological model METQ. To
quantify watershed run-off changes, eighteen climate change scenarios (from very low
to very high) and two linear urbanisation scenarios (low and high) analysed. Totally
thirty-six climate-urban scenarios modelled, using conceptual hydrological model
METQ. The results of climate-urban scenarios reviled, that extremely high watershed
run-off events are more related with rain events than snow melting. The minimal
watershed run-off periods become longer and with more often frequency. The
urbanisation have significant impact on extreme watershed run-off values. The peaks of
watershed run-off become more extreme and low watershed run-off (in some cases) are
close to zero.

Keywords: Conceptual hydrological model METQ, climate change, urbanisation,
cumulative effect

INTRODUCTION

The natural hydrological cycle is complex system with several components (Fig. 1) we
can divide three most important components: precipitation, evapotranspiration and run-
off. One of the most investigated topics in hydrology during last decades is climate
change impact on hydrological cycle [1], [2]. The human activities and growing
economies impact not only climate but also change land surface and transform natural
areas to urban as well as overuse water resources and nowadays each component of
hydrological cycle have anthropogenic impact (Fig. 2). Changes in the use of land is
additional factor influencing hydrological regime and watershed run-off.
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Figure 2. The anthropogenic hydrological system of the watershed [7]
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To understand land use changes of lake drainage basin and climate change cumulative
impact [3] on watershed the modelling of run-off of different climate change and land
use scenarios would be essential [4], [5] [6]. The aim of this study is to investigate how
watershed run-off of the Usma Lake, located in Kurzeme region of Latvia (Fig. 3), will
respond to urbanisation and climate change using conceptual hydrological model
METQ.
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Figure 3. The location of the Usma Lake watershed

MATERIALS AND METHODS

To quantify watershed run-off changes, twelve climate change scenarios (from very low
to very high) and two linear urbanisation scenarios (pessimistic and optimistic) analysed
[8]. The conceptual framework of research is presented in Figure 4.

To develop linear land use models the GIS systems were used to evaluate land use
structure in Usma Lake watershed. The spatial information analysis were made for three
time periods. The first time period from year 1924 to year 1935 is characterized by
economic development of Latvia Republic with relatively intensive agriculture. The
second time period from year 1940 to year 1990 is characterised by consolidation of
land and intensive development of land drainage systems. The third time period from
year 1991 to year 2015 is characterized by forest cutting and abandonment of
agricultural lands. The future land use projections of pessimistic scenario (PES) were
modelled using existing trends where agricultural land transforms to forest land. The
optimistic (OPT) scenario were developed using existing urbanization trend in Europe
Union.

The conceptual hydrological model METQUL2012 calculates discharge of each
hydrological response unit using daily meteorological data. In the calculation process
are taken into account 23 parameters: WMAX; ALPHA; ZCAP; A2; A3; KU; KL;

https://doi.org/10.5593/sgem2019/3.1/S12.073 .
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CMELT; T1; T2; KS; DZ; PZ; RROB; RROBZ; RROB2; RROBZ2; ROBK; WHC;
CFR; DPREC; AMCOR; BETA. Totally twenty-four climate-urban scenarios modelled,
using conceptual hydrological model METQUL2012 [9], [10], [11].

The results of modelled daily run-off were analyzed for 30 years time period from year
2070 till year 2100. The daily run-off of 30 year period for each month were analysed
using descriptive statistics and 1% Quartile, Median and 3" Quartile of daily run-off was
calculated for each month. The results for each climate scenario were displayed
according to pessimistic (PES) and optimistic (OPT) land use scenarios.
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Figure 4. Conceptual framework of land use and climate change cumulative impact
on drainage basin run-off assessment

RESULTS AND DISCUSSIONS

The results of GIS analysis for three time periods by actual area km? and proportion is
presented in Table 1. The total forest land area is increased by 15.41 %, the agricultural
land area is decreased by 12.83 %. The time period from year 1991 to year 2015 differ
by increasing clearcutting forest areas and by decreased swamp areas as result of
intensive land drainage system development during from year 1940 to year 1990. The
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proportion of urban areas is decreasing and it is related with development of living areas
in village centre and abandonment of rural small farm areas from year 1940 to year

1990.

Table 1. Land use in the catchment area of the Lake Usma

1924-1935 (years) 1940-1990 (years) 1991-2015 (years)

Types of land use e % e % e %
Forests 226.59 56.98 27421 68.95 265.09 66.66
Clear cuts of forests 7.35 1.85 3.28 0.82 30.12 7.57
Total forest area 233.94 58.82 277.49 69.78 295.21 74.23
Agriculture lands 94.90 23.86 61.32 15.42 43.87 11.03
Water bodies 6.29 1.58 6.47 1.63 6.85 1.72
Swamps 18.42 4.63 9.10 2.29 8.88 2.23
Urban areas 5.47 1.38 4.64 1.17 4.20 1.06

The spatial distribution of land use at Usma Lake watershed by time periods is presented in Fig.
6; Fig. 7; Fig. 8. The land use have significant impact on hydrological cycle and increasing
forest area proportion change lake hydrological regime [12], [13].

Figure 6. The Usma lake watershed land
cover structure at time period (1940-
1990)

Figure 7. The Usma lake watershed land
cover structure at time period (1991-2015)

Forests
Water bodies
Swamps
Agricultural Lands

Clear cuts of forests
Populated areas

Figure 8. The Usma lake watershed
land cover structure at time period
(1924-1935)

Legend for the land cover maps

The results of climate-urban scenarios reviled that extremely high watershed run-off
events are more related with rain events than snow melting. The minimal watershed run-
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off periods become longer and with more often frequency. The 30 years monthly
average monthly 1st Quartile and monthly 3rd Quartile of time period from 2070 till
2100 climate scenarios with pessimistic and optimistic land use scenarios is presented in
Figure 9. The urbanisation have significant impact on watershed run-off in all climate
scenarios. The urbanisation increase monthly average runoff during winter and spring.
The 3rd Quartile show strong evidence of run-off events during summer [10], [11].

tQ ~ -PES_3rdQ ~~~PES_MED - OPY_15tQ ~ ~OPT_3rdQ ===OPT_MED PES_15tQ ~ ~PES_3rdQ ~~~PES_MED - OPY 1stQ ~ ~OPT_3rdQ =~~OPT_MED PES_15tQ ~ ~PES_3rd() ~~~PES_MED - OPT_istQ ~ ~OPT_3rdQ =~~OPT_MED

Figure 9. The 30 years monthly average, monthly 1st Quartile and monthly 3rd Quartile
of time period from 2070 till 2100 climate scenarios with pessimistic and optimistic
land use scenarios.

CONCLUSION - min 1000/1500 char

The research results show significant land use change impact on Usma Lake
hydrological regime in all twelve climate scenarios. In ten climate scenarios, the run-off
3rd Quartile of pessimistic scenarios and 1% Quartile of optimistic scenario do not
overlay in December, January, February and March.

The urbanisation have significant impact on extreme watershed run-off values. The
peaks of watershed run-off become more extreme and low watershed run-off (in some
cases) are close to zero.
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In all climate scenarios the run-off during cold period of the year is higher in optimistic
land use scenario where proportion of urbanised area increase, this is explained by
increased waterproof areas, decreasing of infiltration and lack of interception.

The pessimistic land use scenarios by increasing forest area in Usma Lake watershed
can significantly impact Usma Lake hydrological regime in all twelve climate scenarios
by decreasing total run-off which is related with evapotranspiration in forest areas.

The pessimistic land use scenario show in all climate scenarios decreasing run-off and
future research can be focused on hydrological regime change impact on small
hydropower efficiency.
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ABSTRACT

Changing climate variability and the type of land use are the main factors influencing
the hydrological regime. The hydrological regime of the lake has a direct impact on
biodiversity and has an impact on socio-economic processes in areas adjacent to the
lake. The aim of the study is to predict and assess the impact of climate change and the
change in the type of land use on the hydrological regime of Lake Usma. Two linear
land-use change scenarios were used for modelling. Twelve climate scenarios were used
to model climate variability. The modelling was carried out in two stages. First, METQ
modelled the flows for sub-basins, each describing the type of land use using the
conceptual hydrological model. The next step used land-use change scenarios to predict
the flow rate for the period 2070-2100. The average, maximum and minimum flow-rate
data rows for each scenario year were analysed to assess the expected changes in Lake
Usma hydrological regime. The modelled average flow rates tend to grow in 7 out of 12
climate scenarios regardless of land use. The modelled maximum flow rates tend to rise
in 10 out of 12 climate scenarios, regardless of land use. The modelled minimum flow
rates have only 3 out of 12 climate scenarios, regardless of land use.

Keywords: climate, hydrological regime, land use, hydrological modelling

INTRODUCTION

In recent years, many researchers have studied the relationship between changes in land
use and changes in the hydrological regime in the catchment areas [3]. Land use
patterns and changes affect hydrological processes, resulting in changes in groundwater
level depth, water infiltration rate in the bottom and evaporation, resulting in changes in
surface runoff, water flow rate and flood risk [5], and the area climate [2]. The
economic activity of humans has a significant impact on soil properties, which affect
hydrological processes [2]. Studies have shown that changes in evaporation and surface
runoff are directly influenced by the type of land use [2]. A better understanding of the
hydrology of the catchment areas and the relationship between changing the type of
land use and relative changes in total evaporation and the formation of surface drainage
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helps local authorities to take decisions on sustainable management of the catchment
area [3].

The aim of the study is to predict and assess the impact of climate change and the
change in the type of land use on the hydrological regime of Lake Usma.

MATERIALS AND METHODS
2.1. Description of Lake Usma

Lake Usma (57 © 12 ‘Z. p. 22 ° 10’ a.) is located in the lowlands of Kursa, in the river
basin of Irb, 20.6 m v.j.l., and its mirror surface area is 37.2 km?, the area of the
catchment area 396 km? [1]. Lake Usmas is by volume the second largest lake in Latvia
(210 million m®) [1], and 100 million m® of water flows into the lake during the year,
meaning that the exchange of water takes place every two years [4]. The hydrographic
network of the catchment area of Lake Usma consists of ten small rivers — Mazupe,
Godele, Varzupite, Melncelma, Mekupe, Sérza, Ostupe, Bangeva, Struncene, and
Kanupe, while the runoff of the lake is composed of only one source — the Engure
River, which in turn flows into Lake Puze, the runoff of which lies along the Rinda and
Irbe rivers to the Baltic Sea [4]. The maximum depth of Lake Usma is 27 m, with an
average depth of 5.4 m [1]. The lake’s surrounding area comprises one of the largest
forest areas in Latvia, i.e. more than half of the catchment area of Lake Usma is covered
by forest areas, including the islands of the lake also surrounded by forest. In many
places, the shores of the lake are intact, slightly altered. Around 20% of the catchment
area of Lake Usma is occupied by farmland, less than 10% is occupied by swamps,
under 10% by surface waters, and the same percentage is occupied by residential areas

[4].
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2.2. Hydrological and meteorological data

Hydrological data is derived from water level data measured by the surface water
monitoring automatic station Usma. The trend observed in the reference period 1961-
1990 for the changes in aggregate flow-rates values was adopted based on modelled
aggregated flow rate data for the period 2070-2100.

Meteorological data shall be derived from the meteorological observation station
Stende, which belongs to the Latvian Environment, Geology and Meteorology Centre
(LVGMC) meteorological observation network, using meteorological data - air
temperature, rainfall, etc. - during the reference period 1961-1990.

2.3. Modelled scenarios for land-use change and climate change

In the research work for the analysis of changes in the hydrological regime of Lake
Usma, depending on human activity, changes in calculation rates over time (2070-2100)
are modelled, with changes in land usage patterns over time one of the modelled 19
climate scenarios.

Depending on human activity, two future land-use scenarios in the catchment area of
Lake Usma — optimistic and pessimistic — are modelled. It is assumed that, in the case of
an optimistic scenario, the location of arable land and farmed land is increasing, as well
as the average annual increase in urbanisation in Latvia, i.e. 0.01% per year. In contrast,
in the case of the pessimistic scenario, an increase in the trend of forest areas modelled
on the trend observed during the period 1990-2015 for the growth of forest areas in the
catchment area of Lake Usma is modelled.

Modelled climate scenarios are taken from the database of the “Interbranch Scientist
Group and Model System for Underground Waters Studies (PUMA)” project [6].

2.4. Statistical methods

Scientific research shall carry out a graphical analysis of quantitative data, a visible
visual interpretation of the results obtained. Data processing uses the MS Excel
computer program.

The data set available for the analysis of the results is modelled daily flow data from the
lake from 2070 to 2100, where flow values are modelled for optimistic and pessimistic
land-use scenarios, depending on the forecasts of the modelled climate scenarios. The
values of the total flows were obtained using the mathematical model
METQ2012.05.08. Annual calculation aggregate flows such as annual arithmetic
average, maximum and minimum flows are analysed. For a representative graphical
analysis of the data in the available set, 11 sample data are used to calculate the
arithmetic mean values of average, maximum and minimum flow rates over decades.

In the research is used a regression analysis that determines how the resulting
characteristic changes when the values of the actual feature change. The function
describes the relationship between the factorial characteristic X and the resulting
characteristic Y [4]:

y =blx + b0, (1)
where b1 — regression straight-line ratio,

b0 — non-member of the regression line
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The paper analyses the comparison of factor b 1 values for the trend (slope) of the
decade’s calculation flows between the optimistic and pessimistic land uses scenarios in
each climate scenario. Regression lines are constructed for each graph, and function
equations are compiled using the functions of the MS Excel computer program.

RESULT AND DISCUSSION

Changes in the modelled average flow rate mean values by decade, depending on the
type of land use, are illustrated graphically in Figure 2 for each climate scenario.
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Figure 2. Changes in simulated mean flow-rate values

In the analysis of the trend of changes in average flow rate values and extreme climate
scenario 7, the trend of negative flow rate increases is predicted in the case of an
optimistic and pessimistic land-use scenario. A more considerable decrease in the flow-
rate trend is expected for the optimistic land-use type scenario. The regression straight-
line ratio b 1 pes = -0.8078, while for the pessimistic scenario b 1 opt = -0.3258. The
average standard error of the sample for the sample of the optimistic scenario is Sxopt =
£ 0.56; for the pessimistic scenario, Sxpes =+ 0.21.

Changes in the modelled arithmetic mean values of the maximum flow rate by decade,
depending on the type of land use, are illustrated graphically in Figure 3 for each
climate
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Figure 3. Changes in modelled maximum flow-rate values

In the analysis of the trend of changes in the maximum flow rate values and extreme
climate scenario 10, the trend of positive rate increases is predicted in the case of an
optimistic and pessimistic land-use scenario. A higher rate trend is expected for the
optimistic land-use scenario, where the regression straight-line ratio blopt = 212.6100,
while for the pessimistic scenario blpes = 203.4900. The average standard error of the
sample for the sample of the optimistic scenario is Sxopt =+ 157.89; for the pessimistic
scenario, Sxpes =+ 151.20.
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Figure 4. Changes in simulated minimum flow-rate values
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The changes of the simulated maximum flow average arithmetic values over decades
depending on the type of land use for each climatic scenario are shown graphically in
Figure 4.

Analysing the trend of changes in maximum flow values and extremes for the 7th
climate scenario, a negative flow growth trend is predicted in the optimistic and
pessimistic land-use scenario. A more significant decrease in the flow trend is expected
for the optimistic land-use type scenario, where the regression line direction coefficient
is blopt = -0.0278, while for the pessimistic scenario - blpes = -0.0119. The standard
error of the sample is Sxopt =+ 0.0256 for the sample set of the optimistic scenario and
Sxpes =+ 0.0085 for the pessimistic scenario.

CONCLUSION

1. The arithmetic mean values of the calculated flows of Lake Usma in most of the
analysed climatic scenarios are predicted in the case of a higher optimistic land-use
scenario, i.e. with an increase in agricultural land areas and an increase in urbanisation.

2. The modelled average flows of Lake Usma in the 30 years (2070-2100) tend to
increase in 6 out of 12 climatic scenarios, regardless of the land-use scenario, but in the
case of the 8th climate scenario, the flow trend is expected to increase due to the
optimistic land-use scenario and a downward trend in the pessimistic scenario.

3. The maximum flows of Lake Usma modelled in the 30 years (2070-2100) tend to
increase in 7 out of 12 climatic scenarios, regardless of the land-use scenario. Still, in
the case of climate scenario 1, the flow trend is expected to increase due to the
optimistic land-use scenario and a downward trend in the pessimistic scenario.

4. The modelled minimum flows for Lake Usma over the 30 years (2070-2100) tend to
increase in only 2 out of 12 climatic scenarios, regardless of the land-use scenario, and
in 2 out of 19 climatic systems, the flow trend is projected to increase due to optimistic
land-use type of scenario and trend reduction - in the event of a pessimistic scenario;

5. Since the reference error values for modelled maximum, minimum (including
average) flow rates (in the case of climate scenario 9) have an amplitude that does not
indicate the statistical reliability of the analysis of actual results, further studies need to
evaluate the analysis of results over shorter periods to determine the most appropriate
sample data analysis, which is representative to the maximum and statistically general
data.
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ABSTRACT

The increasing world population demand for bioeconomy products intensify the nitrogen
cycle and encourage eutrophication in water bodies. Global climate change and land use
transformation have a significant impact on the hydrological cycle. Integrated water
management in the catchment area is a sustainable solution for catchment area
development and balancing economic and environmental interests. The aim of this study
is to develop an optimization model for sustainable lake management. The case study is
done in eutrophic Tasu lake, located in the Southwest part of Latvia and is a part of the
Alande river catchments basin. The optimization model for sustainable lake management
was made in four steps. Firstly the lake bead was scanned by hydroacoustic stream meter
RiverRay and data processed using WinRiver Il data-processing software. Secondly, the
verified data were used to develop a three-dimensional model of Tasu Lake. Thirdly,
twelve climate scenarios and two land use transformation scenarios were used to model
daily runoff for the period 1990-2099 using the conceptual hydrological model METQ."
Finally, the three-dimensional model and modelled runoff data were used to optimize
Tasu lake hydraulic parameters and develop optimal parameters for segmentation basin
and constructed wetland. The results show the complexity and sensitivity of the lake
hydraulic system and highlight the need for integrated catchment area management to
balance economic and environmental interests.

Keywords: Integrated water management, hydrological regime, optimization model,
“sustainable nitrogen management

INTRODUCTION

Global climate change and land use transformation have a significant impact on the
hydrological cycle [1]. Integrated water management in the catchment area is a
sustainable solution for catchment area development and balancing economic and
environmental interests [2]. Hydrological models of catchment areas are used to address
environmental and water management issues, such as flood protection and security of
hydro-technical structures [3], flood prediction [4], drought prediction [5], deterioration
of the condition of the lakes [6], water resource management [7] and other issues[8].
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Tasu Lake is located in the administrative territory of Medze municipality in Grobina
region. Lake, just like a river, is an open ecosystem, meaning that because of surface
runoff, it is linked to large-scale territories. The waters of catchment area land extensive
amounts of plant nutrients in lake water used by aquatic organisms - plants, animals,
bacteria. The processes in the lake depend on the amounts of nutrients — dissolved
substances in water, mainly phosphorus and nitrogen compounds. Tasu Lake is located
in Rietumkursa upland Vartaja plain valley of Alande river. Tasu Lake is included in the
Alande river basin from the river source to Eile spring, which flows in and out of the lake;
however, Alande river and Tasu Lake are included in the Liepaja Lake catchment area
and Venta river basin district. According to GIS data, the catchment area of Tasu Lake is
59.86 km?. Forests cover 16.70%, and 10.97% are covered by bogs, and the open water
surface area, including Tasu Lake itself, is 0.94 km?.
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Figure 1. Tasu Lake Location

Lake is located into northwest-southeast-oriented (NW-SE) longish dry-land deepening
— lakebed. Tasu Lake is eutrophic. In eutrophic lakes, dissolved oxygen levels are low,
especially in layers closer to the bed. However, eutrophic lakes are rich in nutrients which
also affects phytoplankton growth. At the bottom of the lake, a thick layer of sludge and
sapropel has accumulated up to a depth of 6 meters. However, its shores are inclined or
shallow; however, at the top and bottom of the lake, beaches are low, and coasts are
covered with a well-developed groundcover layer. From a fishing point of view, the lake
is rich in fish resources with Scardinius erythropthalmus, Abramis brama, Perca
Sfluviatilis, Carassius carassius, Esox lucius, Tinca tinca and Rutilus rutilus. Tasu Lake
has become a popular fishing place for local residents because of the wide variety of fish.
A large area in the catchment area of Tasu Lake is occupied by agricultural land. Intensive
agricultural activity in the lake's catchment area contributes to a rapid stockpiling of
nutrients, resulting in algae growth in the central part of the lake and creating and
accumulating sediments. Aquatic plants are growing in the coastal part of the lake, and a
layer of sludge is being formed.

Such processes are also observed in Tasu Lake because coastal areas are heavily
overgrown (Figure 2), and floating islands have developed (Figure 3), showing the
development of eutrophication. Also, 6 metres deep layer of sludge has developed in Tasu
Lake. The spillway water level in Tasu Lake is currently held at ~18.00 m (LAS 2000.5).
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At this water level, extreme humidity conditions are created in approximately 259 ha area
above the lake. The extreme humidity conditions in areas adjacent to the lake are shown
by the dead trees and bushes on the coast of the lake. In the current situation, it is
necessary to develop a hydrological model of Tasu Lake to assess the impact of the
changes of hydrological regime of the catchment area on natural values in nature preserve
“Tasu Lake”.

Figure 2. Overgrown coastal zone in Tasu Lake Figure 3. Floating islands formed by
(taken on 25.07.2019.) aquatic plants (taken on 25.07.2019)

The water level depends on incoming watercourses (Alande river, Zonu ditch, drainage
ditches, surface runoff from agricultural lands, and artificial water level regulating with
spillway.

The aim of this study is to develop an optimization model for sustainable lake
management.

MATERIALS AND METHODS

The optimization model for sustainable lake management was made in four steps (see
Figure 4). Firstly the lake bead was scanned by hydroacoustic stream meter RiverRay
and data processed using WinRiver II data-processing software.

X . Development of
3D model

Figure 4. The conceptual framework of research

Measurements of water depth and sludge layer depth in Tasu Lake were done using
Acoustic Doppler Current Profiler (ADCP) RiverRay (Figure 4)[9]. During the measuring
of Tasu Lake, the passive—floating structure assembled device was moved manually using
a cableway system. Transverse profiles were measured perpendicular to the flow
direction, but longitudinal profiles in the direction of the water flow (Figure 5). The
watercourse bed profile is created automatically and displayed in the data reading device
[10]. Measurements were done using the data processing application WinRiver II. Visual
display of data occurs during the measurement, allowing to control both the direction of
movement and the quality of measures. A graphical representation of the collected data
during the measuring of Tasu Lake is shown in Figure 6. Data matrix is obtained at each
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measurement that includes bed profile with the relative value of bed depth and the
displacement of dissolved solid particles against the flowrate in each cell in the
measurement grid. The reference point for every measurement is the water level, which
is the measurement relative value “0”.

%

LATN

Figure 5. Scheme of Tasu Lake Figure 6. Tasu Lake transverse profile
measurements 234/00 (1st transverse profile)

Secondly, the verified data were used to develop a three-dimensional model of Tasu Lake.
From the collected measurement data, 3D models of Tasu Lake (Figure 7), Tasu Lake
lakebed (Figure 8) and Tasu Lake sludge layer (Figure 9) were created.

Figure 7. 3D model of Figure 8. 3D model of Figure 9. 3D model of
Tasu Lake at water level Tasu Lake lakebed Tasu Lake sludge layer
17.60 m (LAS 200.5)

Thirdly, twelve climate scenarios and two land use transformation scenarios were used to
model daily runoff for the period 1990-2099 using the conceptual hydrological model
METQ [11]; [12]. The climate scenarios were used from previous studies [13].

Finally, the three-dimensional model and modelled runoff data were used to optimize
Tasu lake hydraulic parameters and develop optimal parameters for segmentation basin
and constructed wetland. When performing modelling and optimization calculations, the
equation for the lake's used:

A(h)dnd=Qin—Qout(h)+Qgwin—Qewout+(P—E)A(h) (N

Where, 4 - lake surface area, which depends directly on the water level in Lake (h); Qin
- flowing surface water; Qout - the flowing surface water directly dependent on the water
level (h) in Lake; h- lake water level; Qgwin - ingoing groundwater flow; Qewout -
extruding groundwater flow; P — precipitation; E - total evaporation.
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The main task in the hydraulic calculation of the overhead/regulator is to determine the
amount of passage passing over the overhead. Looking at a rectangular surface with a
thin wall and no narrowing. To determine the flow rate of the overhead, the above values
are taken into account, and the hydraulic calculation of the overhead is carried out.
Overhead flow rate calculated by the formula:

’ 3
Q=mb\2¢H" =lnbV5§H0i 2

Where Q — overflow rate, m’/s; g — firee-fall acceleration, m/s*; H-water level before
overhead, m; b — overhead width, m; m — overflow rate factor.

RESULTS AND DISCUSSION

The conceptual hydrological pattern METQ was used to make forecasts for the water
level changes in the future scenario of the future water level of Lake Tasu to modelling
the average daily flow rates of lake Tasu for future climate scenarios. In contrast, the flow
rate data were used for modelling the water level of Lake Tasu at two different widths of
the overhead, namely 0.8 and 2.0 m.

18.30 Tasu Lake Water Level (m), 1st Climate scenarious

18.20

18.10

17.50
~0.8m —2.0m

Figure 10. Changes in water levels of Lake Tasu at first climate scenario

Tasu Lake Water Level (m), 2nd Climate scenarious

—080m - 20m

Figure 11. Changes in water levels of Lake Tasu at second climate scenario

As shown in Figures 10 and 11, fluctuations in the water levels of Lake Tasu remain
seasonal, where increases in water levels during the autumn-winter period were
interspersed with a decrease in water levels over the summer. As can be seen in all
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scenarios, the width of the pipeline/regulator is 0.8 m, unable to provide a water-level
regime corresponding to the functions of the River Alande as a national watercraft.

In an analysis of the oscillations of the water level of Lake Tasu in the annual section, the
modelled values of future climate scenarios at the overhead width of 0.8 m are capable of
ensuring the range of variation of the yearly water level from 17.60 to 18.3 m LAS 2000.5
(see Figure 12), which is not sufficient to ensure the functionality of the State-important
water waste river according to the Latvian construction standard regulatory requirements
specified by LBN 224-15 “Liquidity Systems and Hydrotechnical Construction”.

In the analysis of the oscillations of the water level of Lake Tasu in the annual section, it
appears that the modelled values of future climate scenarios are capable of ensuring a
yearly range of water levels from 17.60 to 18, 00 m LAS 2000.5 (see Figure 13), which
is sufficient to ensure the functioning of the State-important river Alande according to the
Latvian construction standard. Regulatory requirements specified by LBN 224-15
“Liquidity Systems and Hydrotechnical Construction”.
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Figure 12. The amplitude of oscillation of water levels of Lake Tasu during the month
at the width of the overhead of 0.8 m
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Figure 13. The amplitude of oscillation of water levels of Lake Tasu during the month
at the width of the overhead of 2.0 m

CONCLUSION

The Tasu lake bead was scanned by hydroacoustic stream meter RiverRay and data
processed using WinRiver II data-processing software. Measurements of water depth and
sludge layer depth in Tasu Lake were done using Acoustic Doppler Current Profiler
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(ADCP) RiverRay. This technology is time-saving and precise and can be used as an
additional tool for lake investigation. The collected data were effectively used to develop
a three-dimensional model of Tasu Lake. The RiverRay and 3D modelling can be used
for waterbody investigation.

The water level of Lake Tasu at 17.6 m is determined by the LAS-2000.5 national water
drain Aland River and the regulations for the operation of drainage systems in the
catchment area of Lake Tasu, which are designed to prevent damage to the road surface
of the national road V1192 “Apriki — Cirava - Medze” and in accordance with the
Regulations on the Latvian construction standard LBN 224-15 "Melioration systems and
hydraulic structures", as well as ensure the optimal moisture regime of agricultural land.

Future research should be directed towards the automation of lake water-level
optimization models, where RiverRay data is directly transformed into a 3D model. The
scarring algorithm connects it to the conceptual hydrological model METQ. Such
optimization practices would benefit decision-makers, and researchers would need to
provide three main sets of parameters and data. Meteorological observation data, future
climate scenario data, lake bed 3D data, and the parameters of the dimensions of the
regulating structure of outflow are necessary.
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AUTOMATED CAVITY RING DOWN SPECTROSCOPY USAGE FOR NITROUS OXIDE
EMISSION MEASUREMENTS FROM SOIL USING RECIRCULATION SYSTEM

Inga Grinfelde, Kristine Valujeva, Karina Zaharane, Laima Berzina
Latvia University of Agriculture
inga.grinfelde @llu.lv

Abstract. The nitrous oxide accounted for the year 2015 gives 60 % of Latvia's greenhouse gas emissions from
the agricultural sector. Majority of nitrous oxide comes from mineral fertiliser application and manure
management. Nitrous oxide emission from soils is strongly correlated with the soil moisture and temperature.
Since nitrous oxide has very low concentrations in natural environment, there is a risk to overestimate or
underestimate nitrous oxide emission. Automated cavity ring down spectroscopy for nitrous oxide emission
measurements is a relatively new technology and there is a need for development of proper methodology. The
aim of this study is to identify proper measurement time for nitrous oxide emission from soil by using automated
cavity ring down spectroscopy with recirculation system. The automated cavity ring down spectroscopy, namely
Picarro G2508, was connected in a closed recirculation system with the chamber of total volume 2 litres. Dray
soil samples were weighted in containers and different amounts of water and ammonium nitrate were added.
Totally 36 samples were used in the experiment. Each sample was measured [0 minutes and the nitrous oxide
concentration was recorded for each second. For each sample measurements were repeated three times. The
linear regression method was used to calculate the emission amount for different time periods from 30 seconds
till 600 seconds. The results of the research show quite high variation of nitrous oxide emission from the soil
samples. Data analysis showed that the minimal measurement time has to be at least 250 seconds.

Keywords: CRDS, Picarro G2508, chamber enclosure time.

Introduction

The measurements of nitrous oxide (N,O) emissions have become an actual topic during the last
20 years[1]. N2O emissions from soil are measured by using closed static chembers [2]. The cavity
ring down spectroscopy (CRDS) has pre-eminent detection limit and high precision [3; 4]. However,
the CRDS device Picarro G2508 is limited by one outlet [5]. The chamber enclosure time is limitation
for the experiment design. The N,O concentration in atmosphere is 0.325 ppm [6] and during the
measurement N,O fluctuated. The measurement error of N,O is 0.005 ppm [5]. The fluctuaction of
N0 is related with concentrations of other gases as well as climatic factors. The previous research
shows that appropriate chamber closure time for measurements with CRDS is from 200 till
400 seconds [3].

The aim of this study is to identify the GHG measurement time for cavity ring down spectroscopy
Picarro G2508 by using the recyrculation system for soil flux experiments in laboratory conditions.

Materials and methods

The experiment was conducted in laboratry conditions with fixed air temperature, air presure and
humidity. 36 soil samples with weight of 100g and moisture of 20 % were colected in plastic
containers. The amonia nitrate dosings were 0 g, 1 g,2 g, 3 g, 4 g and 5 g. The water dosings were
O ml, 10 ml, 20 ml, 30 ml, 40 ml and 50 ml. Water and amonia nitrate in each sample were added
before the measurement. The CRDS device Picarro G2508 was connected with the chamber by using
zero leaching conectors and the zero leaching external vacuum pump Picarro [5]. Each soil sample
with the container were inserted into the chamber. After closure of the chamber, the gas concentrations
of N;O were measured for 600 seconds. The gas concentration data of the 600 seconds period for each
sample of each gas were used for further data analysis. The slope of concentration change is the main
parameter for further calculations of GHG emmisions from soil. The linear regression (1) was used to
calculate the slope of concentration fluctuactions for each data set.

C=8T+c, ¢y

where C - concentrations, ppm;
S — slope, ppm-s™;
T — time, s;
¢ — intercept, ppm.
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The slope (2) of linear regression and the coefficient of determination (3) were calculated for
1 minute (n = 60) time period by using a step of 1 second. 286 slopes and coefficients of determination
were calculated for each sample. The same procedure were repeated for 4 minutes (n = 240) time
period by using slope calculation for each sample. 160 slopes and coefficients of determination were
calculated for 4 minutes time period.

_n) (TC)->"TY'C
DR :

where rn — count of measurements;

Coefficient of determination (R?) was calculated as follows:

R? = I’ZZ(TC)—ZTZC (3)
2 2
3 (1)~ rfiny(c?)- ()
The slope (2) and coefficient of determination (3) values were used to calculate the slope (5) and
relative changes of the determination coefficient per time unit (4):
R, - R’
— i-l i

R’

AR? -100, 4)
where AR? - relative change of determination coefficient, %;
i — current observation
S, -3
AS = —‘-S—— -100, (5)

i
where AS —relative change of slope, %.

The calculated relative changes of slope and coefficient of determination in time unit were used
for further analysis by using XLSTAT program package.

Results and discussion

The measurement session was done at 25 °C soil and air temperature and the air pressure 1032
bar. The N,O concentrations of 36 soil samples were verifyed for slope and R* calculations.The
descriptive statistics of the N,O concentration data is presented in Table 1. The total number of the
analysed N,O concentration data is 14,405. There are no missing values. The mean concentrattion of
N,O is 0.348 ppm, the standart deviation is 0.014 ppm.

Table 1
Descriptive statistics of N,O concentration data

Nr. Statistic N;O, ppm

1. Number of observations 14,405
2. Number of missing values 0

3. Minimum 0.215

4. Maximum 0.407

5. Range 0.192

6. Ist Quartile 0.339

7. Median 0.347

8. 3rd Quartile 0.356
9. Mean 0.348
10. Variance (n-1) 0.000
11, Standard deviation (n-1) 0.014
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The relative change of slope was analysed on one second step base. The 36 relative slope change
data points were analysed for each second. The mean of the relative change of slope is not stable and it

is fluctuating between 20 % and -20 % (see Figure 1).
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Fig. 1. Relative change of slope for 1 minute slope calculation period

The 1¥ quartile and 3" quartile are close to mean, but the fluctuaction amplitude is between 40 %

and -40 %. The minimal and maximal values are close to 100 % and -100 %. The relative change of
slope was analysed for 4 minutes time period and it showed acceptable satbilistation of the slope

change. The amplitude is between 20 % and -20 % (see Figure 2).
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Fig. 2. Relative change of slope for 4 minutes slope calculation period

However, there are still high maximal and minimal values of the relative slope change. The

relative change of the determination coefficient is analysed on one second step base. 36 relative

changes of data point of the coefficient of determination were analysed for each second. The mean of
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the relative change of the coefficient of determination is not stable and it is fluctuating between 30 %

and -20 % (see Figure 3).

B Sl .M -

e

s sm=
: =
N S S -
: - u.cl
:
: !’.l.‘-ﬂ!.! wl.lh
w s 2 %
: =3 -
: e e S Pt
LS SR Al - T
N Py S "
: ———ELT Y Sedut
i3 e
: B
£,
N ol
: )
: o
: mw T
:
'
N
:
PR,
: DD = R . et
e - - o
: el g ceszsitss
hy 4 - pEEd
: g e e o 0 IO u"‘“" .:o:...m....n
: t““"ﬂﬂﬁﬂi TaBe wany
PAMEER O - P SIS
; i = s.”! wevssssrzntt
L. :
; Db ey < gttt
- - 283
e I - antiekr SO )
H e )Mln. seepper o
: - mew s SR o Tilies 91
: ‘.’"}ﬁ 2 .-a:wwm Mv... .
: e Jl” IR L2 11 N
: "m””"!} - 2 sy 9
. w8 B8 =
: T :
V H“."t«»‘ll’
TnnmARRE=SIlEE
: ey ¥ L -y
: b T L s
: g"W“’ -l 'th =3
H S wworpi Y TS
X ’1“.9'1 ‘--%“:l .:.n..n».v .
: & 'S P i
N wﬂa \‘\ .tt)}...w. i
13 & " «l“.cuﬂ.b, w\»ﬂw
: - - 2 saasifgiiee. ¥O
; .llat““.l, "H ltss\...{u.-u-.-.o' e
P B - -
KEETEIEEN ﬁﬁ“iliﬁ?.; y l.\ll‘.-l ...N" (u
rrmmEE s~ SR, - - - D % op
M it ? L
: l!ﬂ..loﬂﬂ..mﬂ.lm..‘. S -..l-..lt seeanrrIsatt Ly
- LY :
m LT Sin- weiinndid 80
Frrrrrseeserss o o‘lll‘.-‘ s
s 51
: .M.fl.s Al .:ao..oa.......o............mmu.o. o1
N P g T
; ¥ . = sossamses s Ui
o 2R - PIENER
: S 2 4 o 1 e S T & - ALY |
= < < < & = o f-3 o o =
< o0 = = El 3 .ma = o =
- > : s
£

o ‘nun

ey

:v:s:m‘mw-

oo ¥Us
seasnaniiilly

sesars
RS I

eeesiiigs

2,

ot

..
centanes P8

U U HOHCWRIDPY 1 JIPLPe> 1 3duap sanepl O7N

N §

Fig. 3. Relative change of coefficient of determination for 1 min slope calculation period

The 1% quartile and 3™ quartile are close to mean, but the fluctuaction amplitude is between 100 %
and -60 %. The minimal and maximal values are close to 100 % and -100 %. The relative change of

the coefficient of determination was analysed for 4 minutes time period. It shows acceptable

satbilistation of the change of the determination coefficient and it is in the amplitude from 5 % till
-1 % (see Figure 4). However, there are still high maximal values of the relative slope change.
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Fig. 4. Relative change of coefficient of determination for 4 min slope calculation period

The 1% quartile and 3™ quartile are close to mean, but the fluctuaction amplitude is between 100 %

and -60 %. The minimal and maximal values are close to 100 % and -100 %. The relative change of
the coefficient of determination was analysed for 4 minutes time period. It shows acceptable

stabilistation of the change of the coefficient of determination and it is in the amplitude from 5 % till

-1 % (see Figure 4). However, there are still high maximal values of the relative slope change. The
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acceptable slope calculation start is from 10 till 20 seconds from the measurement start. The first
10 seconds of the measurement are optional to exclude for further calculations.

The acceptable measurement data are presented in Figure 5, where the graph on the left shows the
measured concentration with minimal positive slope. However, the trend of concentrations is clearely
positive. The graph in the middle presents the slope and R’ relation with the slope calculation period
1 min. The graph on the right side presents the slope and R* relation with the slope calculation period
4 min. There is clear correlation between the slope and R”. The highest slope values are with higher R’
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Fig. 5. Acceptable example of measurement (left-measured concentartions; middle — R* and
slope relation at 1minute calculation period; right — R* and slope correlation at 4 minute
calculation period)

The unacceptable measurement data are presented in Figure 6, where the graph on the left shows
the measured concentration with unclear slope. The concentrations fluctuacte, but there is too wide
fluctuaction amplitude. The graph in the middle presents the slope and R’ relation with the slope
calculation period 1 min. The relation is not symmetrical and it shows 3 outliers. The graph on the
right side presents the slope and R* relation with the slope calculation period 4 min. There is clear
correlation between the slope and R*. However, the N,O slope is negative or close to 0.
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Fig. 6. Unacceptable example of measurement (left-measured concentartions; middle - R* and
slope correlation at Iminute calculation period; right - R* and slope correlation at 4 minutes
calculation period)

Conclusions

1. The CRDS device Picarro G2508 can be used for N,O emission measurements at laboratory and
field conditions. The recirculation system is sensitive to fluctuaction of N,O concentrations as
well as the concentration of other gases is an important factor.

2. The minimal measurement time is 4 minutes and 10 seconds for N,O emissions. The previous
timescale can be used for laboratory experiments with the air temperature and soil temperature
range from 20 °C till 30 °C.

3. Each measurement data set has to be veifyed and evaluated before calculation and repeated
measurements have to be optional.

4. The multiple slope calculation aproach can be used for slope calculations, where the slope of
samples is calculated as average from several slopes.
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ABSTRACT

The European Union has set a target to cut its greenhouse gas emission levels by 80% to
95% until 2050, if compared to 1990. Agricultural soil is an important carbon store and
food provider in the world as well as greenhouse gas emission reducer via carbon
sequestration. In order to assess the climate change mitigation effectiveness of the
measures, 1t 1s necessary to obtain statistically significant data before and after the
implementation.

The greenhouse gas measurements from soil are commonly determined using static
chamber-based method in which the gas sample is collected at regular intervals and
stored for later analysis by gas chromatography. Picarro G2508 performs measurements
in field or laboratory directly from the chamber with the interval of one second. The aim
of the study was to determine the optimal measurement time for greenhouse gas
measurements in different soil types by using mobile ring-down spectrophotometer
Picarro G2508. N>O, CHs, CO», NH; and measurement data from four chambers and
laboratory experiments were used.

Field measurements were carried out using static chambers with the diameter of 23 cm
and volume of 3 litres, which was connected to the Picarro G2508 via tube with an outer
diameter of 0.125 inches. Recirculation system with the chamber volume of 2 litres was
used to make the laboratory experiment. The linear regression was used to evaluate the
measurement time and to compare the stability of emission coefficients.

The results showed that statistically significant optimum measurement time is 8-10
minutes on a field and 2-4 minutes in laboratory.

Keywords: soil, emission coefficient, agriculture, ring-down spectrophotometer

INTRODUCTION

In 1994, the United Nations Framework Convention on Climate Change was developed
to prevent climate changes caused by human activities. The Kyoto Protocol, linked to
the Convention, was adopted in 1997 to set internationally binding emission reduction
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targets. Since then, 197 countries, called Parties, have ratified the Convention and have
set emission reduction targets [1]. The annual emission inventories and national reports
are being reported yearly by Parties using guidelines developed by the
Intergovernmental Panel on Climate Change (IPCC) [2]. Recently, 195 countries
adopted the First Global Action Plan at the Paris Climate Conference to decrease the
global average temperature by 2 °C when compared to the temperature in pre-industrial
levels. The greenhouse gas (GHG) emission reduction target by 80% to 95% compared
to 1990 levels by 2050 has been set by European Union [3]. In order to ensure air
quality and human health, the European Union has set an objective to reduce ammonia
(NH3) emission by 27 % by 2020 [4].

Agricultural land covers 37% of the land surface of the earth [5]. Agriculture is
responsible for 12% of the total greenhouse gas emissions worldwide [6]. including
50% of global methane (CHa) and 60% of global nitrous oxide (NO2) emissions from
agricultural soils [7].

GHGs i soils are produced by microbial activity, root respiration and chemical
processes. Soil water content, soil temperature, nutrient availability, pH-value, as well
as meteorological and climatological parameters and land use and land use change are
the key drivers of GHG emissions from soils [8].

The greenhouse gas measurements from soil are commonly determined using static
chamber-based method in which the chambers are sampled at 10, 20, 30 and 40 minutes
after closure and samples are stored in headspace flasks for later analysis by gas
chromatography [9].

The performance of CO,;, CHs and N>O measurements with cavity ring-down
spectroscopy and gas chromatography in laboratory and field experiments were
compared [10]. The measurements showed the same temporal trend and treatment
effects between cover crop and no cover crop treatments for CO> and N>O. The cavity
ring-down spectroscopy and gas chromatography can perform the same trend for CO;
and N>O measurements, but not for CHs. In estimation of CHs the cavity ring-down
spectroscopy performed better result than gas chromatography.

MATERIALS AND METHODS

Simultaneous CO2, CH4, N>O and NH; measurements from soil were made by mobile
ring-down spectrophotometer Picarro G2508. Detailed description of Picarro G2508
parameters are found in Fleck et al., (2013) [11].

To provide measurements in field conditions, chamber with diameter of 23 ecm and volume
of 3 litres was connected with Picarro G2508 via 9 m long teflon tube with an outer
diameter of 0.125 inches. The base of chamber was made from metal and its edge is
sharpened to provide easy installation into the soil. The transparent dome was placed on
the top of the base. The compound between the dome and the tube was made using
quick connector which was isolated by rubber seal (Figure 1). The measurements of air
temperature and chamber temperature and chamber pressure were done and pressure
using Diver DI 500, Eijkelkamp. The air temperature was measured on the dark side. To
measure chamber temperature, Diver DI 500 was set in chamber before the imposition
of the dome. The measurement of soil temperature was conducted in crop fields in soil
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depth of 20 cm. The total number of measurements was 24 where each measurement
time was 20 minutes.

The laboratory experiment was carried out using recirculation system with chamber
volume of 2 litres (Figure 2). Recirculation system consists of chamber, 2 m long teflon
tube with an outer diameter of 0.125 inches, 0.6 m long metal tube with an outer
diameter of 0.24 inches and two quick connectors. Soil samples were collected from
Zemgale Region, these samples were dried in a laboratory where the average
temperature was 25 °C. The 100g of dray soil sample (moisture 20%) were filled in
plastic container. The different amount of water and fertiliser were added to each
sample. The amount of ammonia nitrate were 0 g, 1 g, 2 g, 3 g. 4 gand 5 g. The amount
of water were 0 ml, 10 ml, 20 ml, 30 ml, 40 ml and 50 ml. Totally 36 samples with
different water and fertiliser amount were created. Each soil sample were measured
after adding water and fertilisers and one day after. The soil temperature and air
temperature were 25 °C during all experiment time. The total number of measurements
was 72 and the time of each measurement was 10 minutes.

Figure 1. Chamber for GHG Figure 2. Chamber for GHG measurements
measurements on field (author: J Pilecka). m laboratory (author: K.Valujeva).

The data of CO,, CHs NH3 and N>O concentration were used for further analysis to
estimate the measurement time. The slope of concentration fluctuations was calculated
by using linear regression equation (1) [12].

C=8+T+c (D
where C' — concentration, ppm;
S —slope, ppm s7';
T —time, s;

¢ — mtercept, ppm.
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_ny(TC)-YTYC

= = = 2
ny(T?) - (XT)
where n —number of measurements, ppm.
The calculation of coefficient of determination is given by equation (3):
ny(TC)-XTYC
R? )? 3)

BN D BRI COEIOE

The slope of CO,, CH4 NH3 and N>O concentration data were calculated for different
measurement times. The first slope was calculated for 35 seconds of concentration data
and each next calculation time were 5 seconds longer than previous (35; 40; ... 1460).
The coefficient of determiation for each slope were calculated. The slope and
coefficient of determination values of each gas were analysed using graphical method.

RESULTS AND DISCUSION

The results of slopes and coefficients of determination of field and laboratory
measurements data of CO», CH4, NH3 and N>O concentrations were analysed by using
graphical method.

Field measurements

The each measurement of concentrations on field were 20 minutes long. In the graphical
analysis we used data of 1,156 slope (emission) and coefficient of determination of each
gas.

The results of emission and coefficient of determination of CO, show that emissions
calculated from collected data during first 200 seconds are not stable and show
overestimation or underestimation risk (see Figure 3). The coefficient of determination
during 200 seconds also are not stable. The emissions calculated for period of 200 — 400
seconds shows stable emission rate and gives highest coefficient of determination rates
(R?< 0.98). The recommended time period of CO, emission calculation is from 200 till
400 seconds.
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Figure 3. The estimation of measurement time for CO; on field by using linear
regression depending on (A) emission and (B) coefficient of determination.

The emissions of CHs show stable emission coefficient after 150 seconds since the start
of measurement. The coefficient of determination is close to 1.00 after 200 seconds (see
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Figure 4). The emission coefficient for CHy can be calculated for any time period from
200 t11l 1480 seconds and it is stable.
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Figure 4. The estimation of measurement time for CHs on field by using linear
regression depending on (A) emission and (B) coefficient of determination.

The emission coefficient of N2O shows strong fluctuation at first 200 seconds but later it
1s constant for all measurement period (see Figure 5). However, coefficient of
determination reach acceptable value after 800 seconds since the start of measurement.
The long time period of stabilisation of coefficient of determination is related with
amount of N>O concentrations and measurement error. The emission is stable but N,O
concentration have stable fluctuation in small amplitude from 5 till 10 ppb and since
N>O concentration in air is from 345 till 355 ppb, this amplitude gives high uncertainty.
There is trade-off between measurement time and coefficient of determination. The
slope is stable<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>