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IEVADS

Viena no galvenajam problémam Baltijas jiiras regiona ir antropogénas
slodzes ietekm& paaugstinata augu baribas vielu nopliide @idens objektos.
Klimata parmainu ietekmétais gaisa temperatiiras pieaugums vél vairak varetu
pasliktinat situaciju, specigak ietekméjot vietas ar izteiktiem stresa faktoriem un
veicinot zilaJgu augSanu @idens objektos (IPCC, 2001). Kaut arT slapekla un
fosfora slodzes uz Baltijas jiru laika posma no 1994. lidz 2010. gadam ir
samazinajusas par attiecigi 16% un 17%, attiecigo elementu koncentracijas
Baltijas jura ir mainijusas salidzino§i maz (HELCOM, 2014). Tadg| Baltijas juras
vides aizsardzibas komisija, Helsinku Komisija (HELCOM), uzsver tilitgju
nepiecieSsamibu integrét papildus tdens kvalitates uzlabo$anas pasakumus
(HELCOM, 2014). Lai nodrosinatu maksimalus un ekonomiski pamatotus tidens
Kimiskas kvalitates uzlabojumus, integréjamo pasakumu izvéle un tehniskie
risinajumi jabalsta uz jaunakajiem zinatniskajiem sasniegumiem un
reprezentablu petijumu rezultatiem. Pretgja gadijuma integréjamie pasakumi var
izradities maz efektivi un dargi. Integréta pasakuma rezultata augu baribas vielu
izskaloSanas var pat palielinaties, ja esoSajai situacijai izvelets nepiemérots
pasakums vai ta tehniskais risinajums (Povilaitis et al., 2018).

Atbilstosi Latvijas valsts tidenu stavokla monitoringa programmai (2015.
lidz 2020. gadam) ietvertajiem datiem, Lielupes sateces baseina ir lielakais riska
tidens objektu skaits salidzinajuma ar parjiem Latvija izdalitajiem Daugavas,
Gaujas un Ventas upju baseinu apgabaliem. Lielupes upes sateces baseina
divdesmit devinas no trisdesmit devinam tidenstecem uzskatamas par riska tidens
objektiem, no kuram divdesmit se$os viens no c€loniem ir diftizais piesarnojums
(LVGMC, 2015a). Nemot véra Latvijas saistibas gan ar ES, gan HELCOM,
Latvija ir aktuala @idens kvalitati uzlabojosu pasakumu ievie$ana, lai nodrosinatu
labu virszemes un pazemes tidenu kvalitati (LVGMC, 2015b).

Pieme@rotas platibu apsaimniekosanas prakses un udens kvalitates
pasakumu integré$anai upju sateces baseinos, nepiecieSami zinatniski pamatoti
rezultati. Deelstra et al., (2014) atzimg, ka lidzigos klimatiskajos un platibu
apsaimniekoSanas apstaklos, augu baribas vielu izskalo$anas atSkiras. Deelstra et
al., (2014), lidzigi ka Jiang, Jomaa, & Rode, (2014) norada uz noteces
komponensu atskirigo idens plismas atrumu un apmainas laiku, ka nozimigus
augu baribas vielu izskaloSanos un aiztures procesus ietekmgjoSus faktorus.
Attiecigi secinams, ka piem@rotu platibu apsaimniekoSanas praksi ietekmé vietas
specifika. Virszemes Gdenu model&sana ir viens no panémieniem piemérotas
vides politikas un Gidens apsaimniekoSanas prakses izstradei (Arheimer et al.,
2012). Tomér pasreiz&ja hidrokimisko procesu modelésanas attistibas stadija
pastav zinama nenoteiktiba modelu aprékinu rezultatos, kas Tpasi ir izteikta maz
petitu un neizpétitu idensobjektu sateces baseinos. Par maz pétitiem upju sateces
baseiniem var uzskatit tadus, kur nepietiekams ir datu rindu telpiskais noklajums
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vai nepietiekams ir datu rindu garums (Loukas & Vasiliades, 2014). Tapat maz
pétitu upju sateces baseinu modelésana plasi lietotas prognozu procediiras
neatspogulo baseina noritoSos procesus (Kuzmin et al., 2019). Realitaté modeli
var pielagot un pienemamu modela aprékina veiktsp&ju var sasniegt ar visai
dazadu izmantoto novérojumu rezultatu apjomu. Viena no modeléSanas
lielakajam problémam ir parametru nenoteiktiba, kur vienadu rezultatu var
sasniegt pie dazadam parametru vértibam (Hundecha, Arheimer, Donnelly, &
Pechlivanidis, 2016; Wi, Yang, Steinschneider, Khalil, & Brown, 2015). Ta
rezultata Skietami labi piekalibréta modela parametri ne vienmer atbilstosi
reprezenté sateces baseinam raksturigas IpaSibas (Hundecha et al., 2016).
Hidrologisko procesu kalibracija ari ar caurplidumu novérojumu rezultatiem var
izradities nepietiekoSi, lai reprezentStu baseinam raksturigas TpaSibas un
noritoSos procesus (Rajib, Evenson, Golden, & Lane, 2018; Wagener et al.,
2001).

Lauksaimniecibas note¢u monitoringa vésturé ieprieks Gidens kvalitates
model&sana ir veikta tikai Bérzes upg, pielietojot FYRIS NP modeli. FYRIS NP
modela aprékini ir balstiti uz empiriskam formulam aprékina soli ménesim, ka
mainigos lielumus ietverot novéroto caurplidumu un @idens temperatiiru upe
(Hansson et al., 2008). Modelésanas rezultati deva prieksstatu par upé
noritosajiem aiztures procesiem un augu baribas vielu slodzu sadalijumu dazados
zemes lietoSanas veidos Beérzes upes baseina (Abramenko, Lagzdins, &
Veinbergs, 2013). Lauksaimniecibas monitoringa vésturé ieprieks nav izstradats
modelis, kur§, balstoties uz kompleksu hidrologisko procesu aprékiniem,
pielietojams noteces kvalitati uzlabojoSu pasakumu ievieSanas simul&$anai un
klimata parmainu ietekmes noverté$anai. Procesu model&Sana un tidens kvalitati
uzlabojoSu pasakumu darbibas simulacija var sniegt zinatnisku pamatojumu
efektivas sateces baseina apsaimnickoSanas prakses izstradé. ZinaSanas par
hidrologisko procesu norisi veicina izpratni un sniedz iesp&jas veiksmigak
interpretét noveérotos tdens kvalitates raditajus, ka arT var palidzet viet€jiem
apstakliem piemerota un veiktsp&jiga modela izstrade.

Pétijuma merkis: izstradat hidrokimisko modeli noteces kvalitates
uzlabojo$o pasakumu ievie$anas simulacijai un izstradat metodiku hidrologisko
procesu kompleksai novértésanai un modelé$anai hidrologiski maz pétitos upju
sateces baseinos.

Pétijuma uzdevumi:

e atbilstoSi upju sateces baseiniem pielagot hidrokimisko modeli
noteces kvalitates uzlabojoSo pasakumu ievieSanas simulacijai
klimata parmainu apstaklos, pielietojot hidrologiski izp&titam upem
raksturigu model&sanas procediiru;



hidrologiski maz p&titam up&m, pielietojot izp&titam up&m raksturigu
modelésanas procediiru, novertét modela spgu reprezentet
hidrologiskos procesus;

izstradat uz noverojumu rezultatiem balstitu metodiku hidrologisko
procesu kompleksais novertésanai;

noveértét lauksaimniecibas noteCu monitoringa veikto noveérojumu
rezultatu pielietoSanas iesp&jas hidrologisko procesu modelésanai
hidrologiski maz pé&titu upju sateces baseinos.

Pétijuma izvirzitas hipotezes:

péc hidrologiski izpétitam upém raksturigas procediras pielagotu
modeli iespgjams izmantot fidens kvalitates uzlaboSanas pasakumu
ievieSanas simulacijai;

model&sanu veicot hidrologiski maz izp&titu upju sateces baseinos,
nepiecieSams pilnveidot izpetitam up&m raksturigu model&Sanas
procediru.

Aizstavesanai izvirzitas tézes:

hidrokimisko parametru modelé$anas riki var tikt izmantoti fidens
kvalitates uzlaboSanas pasakumu ievieSanas simuldcijai un
efektivitates novertésanai lauksaimniecibas noteCu monitoringa
sist€mai raksturigu hidrologiski maz pétitu upju sateces baseinos;

lai izveidotu pilnvértigi funkcion&josu hidrologisko procesu modeli
hidrologiski maz pétitu upju sateces baseinos, ir pielietojama
parametru parnese un hidrologiskos procesus raksturojo$i novérojumu
rezultati, kuri iegliti no raksturigam monitoringa stacijam.

Promocijas darba praktiska nozime:

BONUS (Art 185) programmas starptautiska projekta “MIRACLE”
ietvaros pirmo reizi lauksaimniecibas note¢u monitoringa konteksta
pilot teritorijai veikta noteces kvalitati uzlabojoSu pasakumu
ievieSanas simulacija;

novertéta tidens kvalitati uzlabojoso pasakumu efektivitate var tikt
izmantota, planojot risinajumus labas Gidens kvalitates nodro§inasanai
Latvija;

prognozeta pasakumu efektivitate klimata parmainu konteksta
izmantojama piemeérotas sateces baseina apsaimniekosSanas prakses
ilgtermina plano$anai;

darba rezultati sniedz prieks$statu par upju sateces baseinu vietgjo
apstaklu ietekmi uz noteces kvalitates veidoSanos un integréto
pasakumu efektivitati;



e FEiropas Savienibas méroga, §T petjjuma rezultati izmantojami vides
politikas veido$ana, nemot véra regionalo vides apstaklu specifiku.

Promocijas darba zinatniska nozime:

o atbilstosi Latvija veikta lauksaimniecibas noteCu monitoringa
specifikai izstradata kalibracijas metodika un modelis piekalibréts,
kura parametrus iesp&jams izmantot hidrologiski maz izpetitu upju
sateces baseinu modelésana;

e izstradatas uz novérojumiem balstitas Lauksaimniecibas notecu
monitoringa siste€mai atbilstosas metodes, kuras pielietojot, iesp&jams
novertet noteci ietekm&jos0s hidrologiskos raksturlielumus;

o izstradata metodika, kas skaidro Latvijas teritorija pieejamo merfjumu
pielagosanu noteces kvalitates uzlaboSanas pasakumu ievieSanas
simulacijai, kas izmantojama modela parametru pielagosanai citos
upju sateces baseinos;

e raksturota problematika  hidrologisko  procesu  modelésana
hidrologiski maz izp&titu upju sateces baseinos, izcelot nepilnibas, kas
saistitas ar modelu kalibraciju un kalibréto parametru nenoteiktibu.
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1. MATERIALI UN METODIKA

1.1. Pétijuma teritorijas raksturojums

ST pétijuma merkis ietver hidrokimiska modela pielagosanu un
modelgSanas prakses pilnveidi, kas nakotné izmantojama lauksaimniecibas
noteCu monitoringa ieklauto upju noteces un tdens kvalitates model&Sanai,
novértéSanai un piemérotas Udens apsaimniekoSanas prakses planoSanai.
Lauksaimniecibas monitoringa konteksta pirmo reizi aprobéts hidrologisko
procesu modelis aidens kvalitates pasakumu simulacijai. Bérzes upes baseins
izraudzits, ka pilot teritorija gan modell integréjot, gan simul&jot noteces
kvalitates uzlaboSanas pasakumu ieviesanu. Tapat Bérzes upes sateces baseina
un B@rzes monitoringa novérojumu rezultati izmantoti, lai veicinatu izpratni par
hidrologisko procesu norisi un pilnveidotu modelé$anas praksi hidrologiski maz
izp@titos upju sateces baseinos.

Bérzes upes un maza sateces baseina teritorijas atrodas Zemgales
lidzenuma, Tpa$i jutigaja teritorija (1.1. att.). Visa Latvijas valsts teritorija
raksturigi humidi klimata apstakli, kur nokri$ni parsniedz iztvaikoSanu. Veértgjot
regionalos klimatiskos apstaklus valsti, B&rzes upes un Bérzes maza sateces
baseina teritorija raksturigi salidzino$i mazi ilggadigie vid€jie nokrisni un
augstas gaisa temperatiiras. Sateces baseinu izmeri reljefa apstakli, augsnes
granulometriskais sastavs, zemes lietosanas veidu un drenéto platibu ipatsvars,
ir galvenie faktori, kuri atskiras Bérzes upes un Bérzes monitoringa stacijas
izpétes limenos (1.1. tabula).
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IGAUNIJA

BALTIJAS JURA _ _
RIGAS JURAS
LICIS

BASEINU APG/

Vienzien

KRIEVIJA
DAUGAVAS UPJU BASEINU APGABALS

LIETUVA
Apzimgjumi

@ Monitoringa stacija
—— Lielakas upes BALTKRIEVIJA
Berzes upes dalbaseini
Ipasi jutigas teritorijas 025 50 100 km

I:I Upju baseinu apgabals
1.1. att. Izp&tes objektu geografiskais novietojums

1.1. tabula. Sateces baseina ipasibas

Zemes lietoSanas veidi, % Zemes
Petjumu Drenétas  virsas
N Platiba, v et ... platibas, slipuma
Itmenis ha Mezi Zalaji Aramzeme Citi % gradients,
%
Berzes mazals 04 2 98 0 98 0.55
sateces baseins
Berzes drenu 45 0 0 100 0 100 0.69
lauks
Berzesupe 87200 39 7 51 3 34 0'906'2'8

Bérzes monitoringa stacija atrodas aptuveni 10 km attaluma no Bérzes
upes Bérze-Balozi hidrometriska postena, tacu neietilpst Berzes upes sateces
baseina. Vairak neka 98% no platibas aiznem aramzeme uz drenétam smilSmala
augsném. Berzes mazaja sateces baseina eso$as tidensteces garums ir 2.4 km.
LLU datu arhiva ir pieejami noteces un udens kvalitates mérjjumu dati kops
1993. gada oktobra. Stacija 2005. gada parbiivétas mérbives, ka ari ierikoti
gruntsiidens monitoringa urbumi. Mazaja sateces baseina izbtivéta modificeta
Krampa tipa pargazne, bet drenu lauka trisstirveida pargazne aka, kas savieno
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drenu kolektorus. M&rTfjumi noris automatiska rezima, pielietojot spiediena
sensorus un datus uzkrajot datu logeros.

BG-2 urbums atrodas blakus Bérzes drenu lauka noteces mérbuvei. Tas
izbiiveéts 2005. gada bezspiediena gruntsidens limenu svarstibu un tdens
kvalitates merijumiem. Attieciba pret zemes virsu urbums ir 6 m dzil$ ar izbuvetu
filtra dalu no 1.7 lidz 5.7 m dzilumam.

Bérzes upe ir Svétes upes pieteka, kas savukart ir Lielupes kreisa krasta
pieteka. Kops 1927. gada Berzes upes lejtece (6.8 km attaluma no upes grivas)
hidrometriskaja stacija B&rze-Balozi novérojumus veic Latvijas Vides geologijas
un meteorologijas centrs (LVGMC). Ka liecina LVGMC majaslapa picejama
informacija, tidens Iimenis un tidens temperatiira stacija tieck mériti automatiska
rezima, ko papildina manuali mérijumi, pieméram, nosakot caurplidumu, sniega
un ledus biezumu. Caurplidums nosakams, izmantojot Gidens kalibrétas tidens
Iimena-noteces liknes. Udens kvalitates monitoringa vajadzibam Bérzes upes
sateces baseins ir sadalits 15 dalbaseinos (1.2. att.). Dalbaseini izdaliti nemot
vera zemes lietoSanas veidu sadalijumu, pieteku, notekiidenu attirisanas ietaisu,
tidenstilpju novietojumu, ka arT celu infrastrukttru.

N

ApzZiImejumi
— Dalbaseinu robeza
~— Upju tikls
Lauksaimnieciba ~
I Mezi A Udens paraugu ievaksanas punkti

B Urbana teritorija O Balozu hidrometrisko noverojumu postenis
I Udenstilpes 0 5 10 20 Kilometers
i L L L L 1 L L L )
Purvi

1.2. att. Bérzes upes dalbaseinu zemes lietoSanas veidu raksturojums
(Veinbergs, Lagzdins, Jansons, Abramenko, & Sudars, 2017)

Dalbaseini, kuriem aug$pusé eso§d platiba ir 0.0 km? (1.2. tabula),
neiepliist tranzita notece, un tie raksturo noteces un tidens kvalitates veidoSanos,
13



dalbaseina robezas. Savukart pargjie dalbaseini izmantojami up€ noritoso
aiztures procesu pétiSanai, ka ari specifisku dalbaseina ipasibu reprezentacijai.
Pieméram, Dobeles pilsétas ietekmi kopa ar up@ noritosajiem aiztures procesiem
reprezenté tdens kvalitates raditaji 9. dalbaseina un 12. dalbaseina lejtece.
Izteikti lielaki zemes virsas slipuma gradienti (Vid&ji parsniedz 2%) ir Bérzes
upes sateces baseina centralaja dala, salidzinosi Iidzens reljefs austrumu dala.

Petfjuma vajadzibam klasificeti seSi zemes lietoSanas veidi, ietverot
aramzemi, mezus, zalajus, apdzivotas vietas, tidenus un purvus. Gandriz pusi N0
Bérzes upes sateces baseina aiznem aramzemes. Raksturigi, ka drengtu
aramzemju platibu Tpatsvars ir lielaks Iidzenakajos dalbaseinos. Dalbaseinos ar
izteiktu reljefu, salidzinosi liels lauksaimnieciba izmantojamo platibu Ipatsvars
ir dalbaseinos Nr. 3, 6, un 9, kur aramzemes patsvars ir no 48 lidz 87%.

1.2. tabula. Berzes upes dalbaseinu morfometrisko parametru
raksturojums HYPE modelt (Veinbergs et al., 2017)

Vid.  Udens-

Platiba Vid. udens-  tilpes

augSpus Galvena  Vid. augstuma Vid. tilpes  sateces

Dalba- Platiba dalba- Tdens- augstums* STD**, slipums dzilums baseins

seins  km? seina km? tece, km m m % m Fhk
1 9.3 0.0 1.3 121 2.8 0.92 - -
2 69.3 9.3 26.0 111 7.5 1.76 - -
3 121.2 163.7 54.6 101 11.0 1.76 - -
4 57.2 0.0 13.2 112 8.9 1.84 - -

5 27.9 0.0 2.0 98 9.1 2.78 5 0.83

6 4.2 284.9 3.2 68 7.4 2.56 5 0.30
7 43.2 0.0 215 96 104 1.35 - -
8 1009 432 42.0 88 16.5 1.13 - -
9 105.6 506.8 43.2 68 15.1 2.17 - -
10 53.0 20.6 19.7 66 9.9 2.00 - -
11 20.6 0.0 6.2 66 6.0 2.13 - -
12 128 6124 4.7 57 12.1 2.66 - -
13 89.5 0.0 32.7 76 15.8 2.80 - -
14 93.7 0.0 60.6 48 16.3 0.98 - -
15 63.7 808.4 57.8 25 174 1.10 - -

Baseina 872.0 0.0 388.7 80 11.1 1.90 5 0.03

* LAS-2000,5 augstumu sistéma; **STD — stamartnovirze; *** dala no dalbaseina
platibas

Talit aiz lauksaimniecibas zemém salidzinosi liels ir meza zemju
Ipatsvars, kam seko zalaji. Pargjo zemes lietoSanas veidu Ipatsvars ir aptuveni
14



5% no visa Bérzes upes sateces baseina teritorijas. Tomgr, urbanas teritorijas, lai
arT neaiznem lielas platibas, ir nozZimigs punktveida piesarnojuma avots, seviski
ietekmgjot fosfora slodzes.

Lai gan Gdenstilpes un purvi kopa aiznem mazak neka 2.5%, to Ipatsvars
atseviskos dalbaseinos ir véra nemams. Pret€ji iepriekS raksturotajam
lauksaimniecibas note¢u monitoringa stacijam, Be&rzes upes sateces baseina ir
vairakas tdenstilpes, no kuram lielaka ir Zebrus ezers. Zebrus ezera virsas
laukums kopa ar Svétes ezeru aiznem 17% no 5. dalbaseina platibas. Salidzinosi
lielu procentualo platibu (7% no 6. dalbaseina platibas) aiznem Annenieku HES
tdenskratuves virsas laukums.

Parliecinosi lielako lauksaimniecibas zemju platibu Bérzes upes sateces
baseina aiznem ziemas kvieSi. Tomér atseviskos dalbaseinos Nr. 5, 10 un 11
zalaju aiznemtas platibas vairak neka divas reizes parsniedz par€jo atsevisko
lauksaimniecibas zemés audz&jamo kultliru ipatsvaru.

Bérzes upes sateces baseina lauksaimniecibas zemges sastopamas augsnes
veido gan dazada granulometriska sastava mineralaugsnes, gan organiskas
izcelsmes augsnes. P&tTjuma vajadzibam izdalitas 5 augs$nu grupas, ietverot mala,
smilSmala, smilts, organiskas un urbanas augsnes. Lauksaimniecibas zemes
visplasak izplatitas ir smilSmala augsnes, aiznemot vairak par pusi no visa Berzes
upes sateces baseina lauksaimniecibas zemém. Organisko aug$nu ipatsvars
lauksaimniecibas zemes neparsniedz 0.5% un §aja p&tjjuma nav izmantots.

Mezu platibas augsnu sadalfjums Berzes upes sateces baseina, lidzigi ka
lauksaimniecibas zem@s, ir visai mainigs dalbaseinos. Salidzinot ar
lauksaimniecibas zem&m, mezu izplatiba uz malainam augsném ir salidzinosi
mazaka. Aptuveni divas reizes biezak neka lauksaimniecibas zemgs, sastopami
mezi uz smilts augsném.

Dambeniece-Migliniece & Lagzdins (2018) veiktaja p&tijuma ir vispusigi
raksturota notekiidenu attirisanas ietaiSu radita slodze B@rzes upes sateces
baseina. Petfjums atklaj, ka perioda no 2005. lidz 2014. gadam Bérzes upes
sateces baseina kopa ir funkciongjusas 22 sadzives notekiidenu attirisanas
ietaises, ka arl viena ietaise notekiidenu attiriS8anai no bistamo atkritumu
apsaimniekosanas poligona Zebrene. Dobeles pilsétas notekiideni rada aptuveni
pusi no visa notekiidenu apjoma, kas p&c attiriSanas tick novaditi Berzes upé
12. dalbaseina un ir lielakais punktveida slapekla piesarnojuma avots. Dobeles
pilsétas notekiidenu attiriSanas ietaises arT rada salidzinosi lielu fosfora slodzi,
tomer lielaka fosfora punktveida slodze tiek novadita 8. dalbaseina esosa lokala
udensteceé. Kopgja slodze no notekiidenu attiriSanas ietaisem Beérzes upes sateces
baseina lésama ap 19.1 t gada slapekla un nedaudz vairak neka 3.4 t gada fosfora.
Aptuveni 77% no notekiidenos esosa fosfora ir iz8kidis aident. Mineralas formas
slapeklis sastada aptuveni 71% no kopgja slapekla satura notekuidenos.
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1.2. Modelésanas rika izvéle un modela raksturojums

ST promocijas darba mérka un uzdevumu realizE$anai izvéléts atverta
koda, bezmaksas modeléSanas riks Hydrological Predictions for the
Environment (HYPE) (1.3. att.). Modelis jau iepriek§ aprobéts gan lidzigiem
hidrologiskajiem un klimatiskajiem apstakliem Zviedrija, gan plasi pielietots
pasaulé hidrokimisko procesu model&sana vidéju un lielu upju sateces baseinos
(SMHI, n.d.). Atbilstosi HYPE modela aprakstam (Lindstrom, Pers, Rosberg,
Stromqvist, & Arheimer, 2010) modelis nodrosina vienkar$otu procesu aprékinu
ar ietvertiem konceptualiem risinajumiem, kas papildinati ar empiriskiem
risingjumiem un fizikali pamatotiem parametriem.

X ooy . si_ ina loi ) y
b albascina lcjtece albas:
& ) \_I ® M‘. ) Dalbaseina robeza
; g = Mitruma migracija . o
' ! Augsnes tips
i o 222 Augsnes tips
s < === Augu baribas viclu migracija
Lokala i
adenstece i N-—kopgjais slapeklis, kas sastav no organiskajam un neorganiskajam formam

i T = e i i =
i P — kopgjais fosfors, kas sastav no organiskajam un neorganiskajam formam

Nosedumi no Evapotranspiracija
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1.3. att. HYPE modela raksturojums: iedaljjums dalbaseinos un zemes lietoSanas
veidu-augsnes klasés (SLC) (zim&jums augsa pa kreisi); shematiska modela struktiira
SLC ietvaros (zZim&jums pa labi); procesi tidenstilpés (apaksa pa kreisi) (attéls
modificéts péc Jiang et al., 2014)

Balstoties uz Knightes (2017) modelu raksturojumu, sateces baseinos, ar
nelielu pieejamo meérijumu apjomu, ir piemeroti konceptuali modeli ar aprékina
rezultatu izSkirtsp&ju dalbaseinu Itmeni. SalidzinoSi neliels caurplidumu
novérojumu blivums un ierobezoti augsnes profilam raksturigo slanu
hidrofizikalo ipasibu nove€rojumi ir raksturigi Latvija veiktajam
lauksaimniecibas note¢u monitoringa ieklautajam upju tiklam. Attiecigi HYPE
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modela detalizacijas pakape uzskatama par piemérotu, hidrokimisko procesu
modelésanai un piemgrotas platibu apsaimnieckoSanas prakses pamatoSanai
hidrologiski maz izpétito lauksaimniecibas note¢u monitoringa tikla upju sateces
baseinos. Ka pilot teritorija Saja pétijuma izvéleta lauksaimniecibas notecu upju
monitoringa tiklam raksturiga Berzes upe. Upes caurpliduma noveérojumu
staciju Ipatsvars pétijuma perioda ir neliels (0.1 stacija uz 100 km?), ka arT nav
pieejams augsnes slanu hidrofizikalo ipasibu raksturojums.

HYPE modela reprezentétie makroporu pliismas, virszemes, drenu un
gruntstidens noteces, ka arT gruntstidens dinamiskie procesi ir raksturigi Latvijas
apstakliem, 1pasi uzsverot drenazas ietekmi uz hidrokimiskajiem procesiem.
Atbilstosi Zemkopibas ministrijas nekustamo Ipasumu datiem, Latvija ir
1.5 miljoni hektaru nosusinatu lauksaimniecibas zemju.

Konceptualie risinajumi modeli balstiti uz bilan¢u aprékiniem, nemot
véra meteorologiskos parametrus, piem&ram, nokriSnus un temperatiru.
Meteorologiskajiem apstakliem mijiedarbojoties ar dabiskiem un cilvéka
izmainitiem ainavas elementiem un augsnes procesiem, veidojas specifiski
noteces un augu baribas vielu aprites procesi. Modeli definétie parametri
piesaistiti hidrologiskas atbildes vienibam, kas HYPE modeli tiek definétas ka
augsnes-zemes lietosanas veidu klases (SLC).

Kalibrétie parametri, modela konfiguracija un empiriskas formulas
atspogulo noteces veidoSanos un kimisko elementu migraciju un transformacijas
virs zemes, augsné, ka ar1 ezeros un Gdenstec€s. Tapat baribas vielu apriti
ietekm@ audz€jama kultiira un platibu apsaimnieko$anas ipatnibas.

Augsnes profilu, atbilstosi modela HYPE programmatfira ietvertajai
koncepcijai (Swedish Meteorological and Hydrological Institute (SMHI), n.d.),
iespgjams sadalit 3 augsnes slanos (1.4. att.). Katram augsnes slanim defingjami
tadi porainibu raksturojosi parametri, ka poru dala, kas nosaka visanas mitrumu
(WP(i)), lauka mitruma ietilpibu (FC(i)) un efektivo porainibu (EP(i)), kur i ir 1,
2 vai 3, kas attiecigi apzimé augsnes augsgjo, vidgjo un dzilako slani.

Piesatinatas augsnes apstaklos virszemes, drenu un gruntsiidens noteces
aprekinus modelt reprezente sakariba:

runoff = rc(i) Xx WCEP(i), mm, (1.2)

kur

rc(i) — recesijas koeficients, kas raksturo, kada dala no visa WCEP (i)

nonak idz tidenstecei modela uzstadijumos izvéletaja laika intervala (dala

laika).

Udens apjoms, kas parsniedz infiltracijas kapacitati proporcionali sadalas
nepiesatinataja virszemes notecé (formula 1.2) un makroporu notecé (formula
1.3).
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1.4. att. Perkolacija un noteces veidoSanas piesatinatas augsnes apstaklos:
* virszemes notece piesatinatas augsnes apstaklos; **perkolacija uz nepiesatinatu
augsnes slani; *** gruntstidens notece un drenu noteces apjomu ierobezo mitruma saturs
efektivaja porainiba

runof fs(u) = srrate x (WCW — WCIC), mm, 1.2)

kur

srrate — kalibréjams koeficients, kas nosaka nepiesatinatajai virszemes
notecei pieejamo dalu, kura vértiba ir no 0 lidz 1;

WCW - piepliistoso lietus un sniega kusanas Gidenu apjoms, mm;

WCIC — kalibrgjama augsnes augsgja slana infiltracijas kapacitate, mm.

flowm = macrate X (WCW — WCIC), mm, (1.3)

kur
macrate — kalibréjams koeficients, kas nosaka makroporu notecei
pieejamo dalu, kura vertiba ir no 0 lidz

HYPE modela bilan¢u aprékina augu baribas vielu krajumus veido
pielietota méslojuma apjoms, krajumi augsné un augu atlieka@s, punktveida
piesarnojuma slodze, ka arf nos€dumi no atmosféras (1.5. att.). Sezonali mainigs
ir augu uznemtais augu baribas vielu apjoms, kuru limite€ gaisa temperatiira,
vegetacijas attistibas stadijas un katram kultGiraugam raksturigais augu baribas
vielu uznemsanas potencials, un platibu apsaimniekoSanas reZims. Augsnes
mitrums, noteces komponensu sadalfjums, gaisa temperatiira un konkrétas augu
baribas vielas krajumi katra augsnes slani ir galvenie faktori, kuri ietekme augu
baribas vielu transformacijas un migraciju gan augsnes profila gan tdens
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objektos (SMHI, 2020). Udens objektos tiek ieverteti ari sedimentacijas un
uzdulkoSanas procesi.

Denitrifikacija (IN )+ Nosedumi no

Nosédumi no | ‘atmosfCras
atmosferas - 1 Primard produkcija//
\ v Augu i 3 A Mt\zuulnaum
Uznem augi = e
' ’a‘heka‘ IN/SP ONIPP}
3 Sadallsana\
A dsorbcya/ SP (: S‘ed{mc’mau/a f
D(’S‘()I‘bcfjd uzdulkosana
Mineralizacija
Y MeSIOJums
Augu Fosfora savienojumu apziméjumi:
Mg&slojums @ < atlickas EP~ saistTtais mineralas formas
Uznem augi /.. ] ° SP - SkistoSais mineralas formas
SN s O\Sada lisanas S10WP — [eni mainigs organiskas formas
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atmosfeéras . -7, &
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Mineralizacija slowN — Iéni mainigs organiskas formas

fastN — atri mainigais organiskas formas

1.5. att. HYPEV1 reprezentetie un kalibretie Slapekla un fosfora procesi
(att€ls modificéts pec Lindstrom et al. (2010))

1.3. Modela pielagoSana sateces baseina ipasibam

ST pétijuma vajadzibam pielagotas divas HYPE modela versijas. Abas
versijas ietver atSkirigu modela konfiguraciju, kalibraciju, validaciju, ka ari
turpmakus modela pielietoSanas mérkus. HYPE modela pirmas versijas
(HYPEV1) mérkis bija novertét agrovides pasakumu sp&ju samazinat augu
baribas vielu izskaloSanos no Bérzes upes sateces baseina klimata parmainu
apstaklos. HYPE modela otras versijas (HYPEV2) mérkis ir izstradat tadu
modeli, kur§ spg&jigs ar augstaku detalizacijas pakapi reprezentét hidrologiskos
procesus un ar tiem saistitas gruntsiidens Iimenu svarstibas, ka arT virszemes,
drenu un gruntsiidens noteces komponensu mainibu.

Izraudzitaja pilot teritorija (B&rzes up€) katram dalbaseinam raksturigas
ipasibas HYPE modeli ietvertas SLC klasés (1.6. att.). Gan HYPEV1, gan
HYPEV2 modelt SLC klases veidotas p&c lidziga principa. HYPEV2 modelt
precizéts zemes lietoSanas veidu augsnes tipu sadalfjums. Kultiraugi, kuru
Ipatsvars neparsniedza 3% no Beérzes upes sateces baseina esoSajam
lauksaimniecibas zemém, HYPEV1 modeli apvienoti, tos nodévejot par citam /s
kultiram. HYPEV2 modeli citu I/s kulttiru aiznemtas platibas proporcionali
izkliedetas uz definétajam izplatitakajam lauksaimniecibas kultiram. Visiem
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augsnes tipiem modelos definétas raksturigas dimensijas (1.7. att.), kas
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1.6. att. Hidrologisko atbildes vienibu raksturojums pilot teritorija
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 Gruntstidens_atslodzes dzilums )

1.7. att. Augsnes profilu raksturojo$as dimensijas HYPE modelt
(attéls modificéts pec Veinbergs et al. (2017))

Punktveida piesarnojuma raksturlielumi abas modela versijas reprezente
23 notekiidenu attiriSanas ietaiSu radito slodzi Bérzes upes dalbaseinos.

Katrai lauksaimniecibas kultiirai raksturigais lauku apstrades un
méslosanas rezZims HYPE modela vajadzibam saskanots ar lauksaimniecibas
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nozares parstavju ieteikumiem, ka ar statistikas raditajiem. Viens no slapekla
bilances aprékinu posmiem HYPE modeli ietver kulttiraugu uznemta slapekla un
fosfora apjoma aprékinu (SMHI, 2020). Potenciali uznemamo baribas vielu
apjoms laika ir nelinears (1.8. att.), ko matematiski ietekmé gan gaisa
temperatira, gan laiks, kads pagajis no s€jas dienas. Modela aprékini paredz, ka
uznemta slapekla un fosfora apjomu limite definéta slapekla un fosfora attieciba
(P/N). Katram kultiiraugam raksturiga P/N attieciba ieglita izmantojot Karklin$
un Ruza 2013 sniegtos datus par baribas vielu saturu salmos un graudos atkariba
no konkréta kultiirauga razas. Slapekla saturs uz lauka atstatajas augu atliekas
rékinats balstoties uz lauksaimniecibas nozares parstavju ieteikumiem un nemot
vera 2006. gada publicéto, IPCC (The Intergovernmental Panel on Climate
Change) metodiku (Enggleston, Buendia, Mowa, Ngara, & Tanabe, 2006), ka ari
2019. gada precizéto metodiku (Hergoualc’h et al., 2019), kas ietver arT slapekla
satura aprékinus augu atliekas.

0.12
FIE — P&c tipiskajam upl, up2 un up3 vertibam
5 ()] —— Divas rcizes samazinats upl
o — Divas reizes samazinats up2
E Divas reizes samazinats up3
g 08
=
—
2
= 0.6
wr
o
E
=
2 04
S ~
)
0.2
[ Vegeticijas periods
0 “
1 100 200 300

Diena pec Julija kalendara

1.8. att. Kultiraugu uznemta slapekla apjoma apréekina konceptuala
risinajuma raksturojums HYPE modeli pie dazadam parametru up1, up2
un up3 vertibam (attéls modificéts pec (SMHI, 2020))

1.4. Modela kalibracijas metodika izmantojot hidrologiski izpétitam
upem raksturigu procediiru

Hidrologiski izpétitam upem model&sana raksturiga procedira ietver
modela parametru pielagoSanu, ka ar1 veiktsp&jas novertésanu attieciba pret upes
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sateces baseina veiktajiem novérojumiem. Turpmak hidrologiski izp&titam upem
raksturigai procediirai atbilstosi pielagota modela versija apziméta ka HYPEV1.

HYPEV1 modela kalibracijas procesa sakotngji veikta caurpliduma
kalibracija Bérze-Balozi hidrometriskajam postenim. Pielagoti parametri, kuri
raksturo augsnes hidrofizikalas ipasibas, evapotranspiraciju un sniega procesus
lokalu Gidensteéu, galveno tidenste¢u noteces apjomu un straujumu. Augu baribas
vielu izskaloSanas modeléSanas vajadzibam kalibracijas procesa pielagoti
parametri, kuri raksturo augsnes profila eso$o slapekla un fosfora savienojumu
krajumus, transformacijas, mineralizaciju, denitrifikaciju. Slapekla un fosfora
procesi idens objektos ietvera sedimentaciju/uzdulkoSanu, primaras produkcijas
veidoSanos un tas mineralizaciju, ka arT neorganisko slapekla savienojumu
denitrifikaciju.

Ikdienas model&to un nov&roto rezultatu salidzinasanai lietoti statistiskie
raditaji Nash-Sutcliffe efficiency koeficients (NSE), empirisko un modeléto
noverojumu vidgja relativa starpiba (PBIAS), vidgjas kvadratiskas kladas un
standartnovirzes attieciba (RSR), kas atbilst Moriasi et al., (2007) ieteiktajai
hidrologisko modelu novertésanas metodikai. Ilggadigo ménesa vidéjo modeléto
un noveroto rezultatu salidzinaSanai aprékinata standartkluda sy.

1.5. Klimata mainibas un adens kvalitates uzlabo$anas pasakumu
modeléSana

Udens kvalitates uzlaboSanas pasakumi planoti, HYPEV1 modelis
pielagots, rezultati diskutéti un saskanoti ar iesaistito pusSu, Tdens
struktiirdirektivas un HELCOM rekomendacijam. Diskusijas un tidens kvalitates
uzlabo$anas pasakumu planoSana ipasi tika iesaistiti parstavji no
lauksaimniecibas, tidens apsaimnickoSanas, dabas aizsardzibas nozarém, ka ari
notekiidenu  apsaimniekoSanas institiicijam. Udens kvalitate aplikota
kopsakariba ar Danijas specialistu veiktajiem ekonomiskajiem aprékiniem, ko
plasi ir raksturojis Carolus et al. (2020), salidzinot Latvijas Zviedrijas un Vacijas
upes iegilitos modelésanas rezultatus. Petijums veikts ar BONUS programmas
(Art 185) MIRACLE projekta atbalstu. Model€sana veikta izraudzitaja pilot
teritorija Bérzes upes sateces baseina. Udens kvalitates uzlabo3anai izdaliti tris
attistibas virzieni (1.3. tabula), ietverot atseviskus pasakumus.

HYPE modela parametri pielagoti stacionaram katra pasakuma
ipatnibam, intensitatei, ietekmétajam platibam (1.9. att.), atbilstosajam platibu
apsaimniekoSanas rezimam un ietekmei uz augu baribas vielu apriti. Pirmaja
attistibas virziena ieklauto pasakumu ietekmetas platibas noteiktas balstoties uz
LAD lauku blokos 2015. gada registrétajiem datiem salidzinot ar modela
kalibracijas periodu (no 2005 Iidz 2014. gadam).
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1.3. tabula. Attistibas virzieni un integréjamie pasakumi @idens kvalitates

uzlabosanai Bérzes upes sateces baseina

Attistibas Pasakumi, to apraksts Periods REkq-.
virziens mendgja
1. attistibas virziens (PW1) — 1idz§in&ja prakse
Zalinasana Kultiiraugu dazado$ana — Modela struktiira divas grupas: kops Lauku
pirmaja grupa ziemas kviesi, vasaras kviesi, ziemas rapsis; 2015. atbalsta
otraja grupa vasaras rapsis, vasaras miezi, kukuriiza. gada dienests
Palielinatas zalaju platibas — 1201 ha platiba proporcionali
aizvieto visus kultlraugus nedrenétds aramzemés un
apsaimnieko$anas reZimu transformé atbilstosi zalajiem.
Ekologiski nozimigu platibu ievieSana - 2930 ha platiba
proporcionali aizvieto esoSas nedrenéto zalaju platibas un
izslédz méslojuma pielieto§anu.
Biologiska HYPEV1 modeli integréta 1305 ha platiba, aizvietojot kop$ Lauku
lauk- mineralo meéslojumu ar organisko. Meéslojuma devas 2015. atbalsta
saimnieciba  neparsniedzot 170 kgN-hal. Pasakums attieciga platiba 9dada  dienests
integréts aizstajot 4.9% no tis visizplatitakajiem
kultiraugiem (ziemas kvieSiem, vasaras mieziem un ziemas
rapsi), pielietojamo mineralo méslojumu mainot uz organisko
méslojumu.
2. attistibas virziens (PW2)
Notektidenu ~ Atbilstosi notekiidenu apsaimniekoSanas organizaciju no  Notekiidenu
apsaim- vertejumam, HYPEV1 modeli paredzéta notekiidenu 2021.  apsaim-
niekoSanas  attiriSanas ietaiSu vai kanalizacijas sistémas parblive. Péc lidz  niekoSanas
efektivjtétes parbiives to izplide paredzéts: vidgji 2.5 mg-L? fosfors un 2030. organizacija
uzlabosana 25 mg-L? slapeklis, un novérsta gruntsiidens pieplide gadam “D?)Lﬁles
sistémail Odens”
3. attistibas virziens
Buferjoslas: Modela aprékinos testéti divi buferjoslu varianti. Abos gan  no Lauku
2+10m pirmaja, gan otraja varianta gar melioracijas gravjiem 2021.  atbalsta
(Buff2+10)  paredzétas 2m platas nem@&slotu zalaju joslas. Savukart gar lidz dienests
un valsts nozimes adensnotekam viena variantd paredz&tas 2030.
2+5m iertkot 5 m platas neméslotu zalaju joslas, savukart otra gadam
(Buff2+5) varianta 10 m platas neméslotu zalaju joslas. Buferjoslu
aiznemtas platibas ir attiecigi pirmaja varianta 342+198 ha,
bet otraja 342+399 ha.
Mgslojuma Ziemas kvieSiem, vasaras kvieSiem, vasaras mieziem), ka ari  Nav Vides
apjoma sama- ziemas un vasaras rapsim testéti tris minerala méslojuma definéts aizsardzibas
zinasana samazinajuma varianti: 5% (NP reduct. -5%), 10% (NP organizacija
reduct. -10%) un 20% (NP reduct. -20%) S

Piezime: $aja pétijjuma verteta ari visu pasakumu kopgja ietekme (Joint_measure)
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_ I _ _. .
Drenéta 1 Nedrenéta Nedrenéti : Drenéti
aramzeme | aramzeme Zalaji I zalaji

Buferjoslas. Neméslo,
540-740 ha.
Biologiska lauksaimnieciba.
Pielieto tikai organisko
mésloiumu. 1305 ha

ApsaimniekoSana
bez izmainam

Meslojuma devu samazinasana
par 5...20%, 32017 ha

Palielinatas zalaju platibas,
1201 ha
Ekolog. plat., 2930 ha,
Nemeéslo

Kultiraugu dazadosana —
visa aramzemé

1.9. att. Agrovides pasakumi, to ietekmétas platibas HYPEV1 modela
struktiira: uz zala fona pirma attistibas virziena pasakumi

Tapat pasakumi verteti klimata mainibas konteksta, salidzinot pasakumu
efektivitati atskaites perioda no 1991. Iidz 2010. ar nakotnes periodu no 2011.
lidz 2030. gadam. Klimata mainibas reprezenté$anai izmantoti dati no
regionalajiem klimata modeliem “WRF-IPSL-CM5A-MR” (WRF) un “RCA4-
CanESM2” (RCA4), kas raksturo EURO-CORDEX projekcijas no CMIP5
globalo klimata modelu ansambla (Carolus et al., 2020). Klimata datu aprékini
bazéti uz RCP8.5 klimata attistibas scenariju, kas ietver salidzino$i strauju
siltumnicas efekta gazu izmeSu pieaugumu nakotné (Riahi etal., 2011). Atseviski
vertéta arl Latvijai atbilstoSajam regionam prognozéto zemes lietosanas veidu
izmainu ietekme uz Udens kvalitati atbilstosi Eiropas Komisijas atbalstita
pétijuma “SCENAR2020-11” (Nowicki et al., 2009) sniegtajam prognozém par
zemes lietoSanas veidu izmainam.

1.6. Uz novérojumiem balstitas metodikas izstrade hidrologisko procesu
novértesanai

HYPEV2 modela kalibracijas stadija secinats, ka arT salidzino$i mazu
tdensteCu sateces baseinos ar salidzinoSi homogénam sateces baseinu
raksturojo§am Tpasibam, pastav liela kalibré§jamo parametru nenoteiktiba, ja
modela kalibraciju veic attieciba pret lejtecé noveérotiem caurplidumiem. Tapéc
HYPEV2 modela kalibracijas un validacijas vajadzibam radas nepiecieSamiba
péc papildus hidrologisko procesu raksturlielumiem, kas mazinatu parametru
nenoteiktibu, kalibracija nemot véra Latvijas apstakliem raksturigus
hidrologiskos procesus. Pasreiz&ja hidrologijas zinatnes nozares attistibas
stadija, hidrologisko procesu raksturoSanai praksé pielietotas dazadas notecu
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hidrografu vai ilguma liknu analizes metodes, ko labi raksturojis Brodie &
Hostetler, 2005. Izmantojot pieejamas metodes un rikus, rezultati iegtistami visai
variabli un nepiedava iespgjas atseviski izdalit Latvijas apstakliem raksturigas
virszemes, drenu un gruntsiidens noteces komponentes. Saja p&tijuma izstradatas
metodes un novertétas virszemes, drenu un gruntsiidens noteces komponentes.
Noverteti arT raksturigie gruntstidens Itmeni, un noteces robezlielumi, kuri limité
drenu noteces veidosanos.

Izstradatas metodes balstitas uz jau eso$o BFI (Wahl & Wahl, 1988, 1995)
un SAWAT modelim izstradato papildus riku SWAT digitalo filtru (Arnold &
Allen, 1999; Arnold, Allen, Muttiah, & Bernhardt, 1995). Lidzigi hidrologisko
procesu novertéSanai izstradatas metodes, balstoties uz gruntsiidens Itmenu-
noteces sakaribam, ka arT veicot recesijas koeficientu analizi. Upes Itmeni,
atkariba no pielietotas metodes (1.10. att. un 1.11. att.), noteces komponentes
izdalttas, kombingjot drenu lauka un upes Iimeni novéroto noteci un urbuma
novérotus gruntsiidens ITmenus.

e
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1.10. att. Digitalo filtru pielietoSanas procediira noteces komponensu
atdaliSanai upes un drenu lauka limenos: 1) Q,,s g Un Q,ps p ir novérota notece
attiecigi upes un drenu lauka ITmenT; 2) Q y . ir notece, kur indeksa apzimé&jumi: a) X
aizstajams ar attiecigo noteces komponentes apzim&jumu obs (kop&ja novérota notece),
s (virszemes notece), dr (drenu notece) vai gw (gruntsiidens notece); b) Y norada upes
(R) vai drenu lauka (D) limeni; ¢) z norada pielietoto noteces atdaliSanas metodi, kas
attiecigi $aja gadijuma ir BFI vai SWAT digitalie filtri (df); 3) ncor norada, ka noteces
komponente nav gala rezultats un vél korig€jama; 4) Fr ir korekcijas faktors, lai
parrekinatu drenu noteci no drenu lauka uz upes limeni
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1.11. att. Dienas vidéjo gruntsiidens Iimenu datu rindas pielietojums, lai
novertétu noteces komponentes upes Itmeni: 1) simbolu nozime paskaidrota

1.10. att.; 2) indekss gwt apzimé noteces komponensu atdaliSanas metodi, pielietojot
gruntsiidens limenu-noteces analizi

Upes Iimeni pielietotas gruntsidens IImena-noteces sakaribas
raksturo eksponenciala funkcija:

Qx vy gwe = a X e?*WT — ¢ = f(GWT), mm-d* (1.17)

kur

a, b un ¢ — konstantes, kuras kalibrétas atseviski katra gada datu rindam;
e — ir eksponenciala konstante (=2.71);
GWT — dienas vidgjais gruntsiidens ITmenis, m.

Maza sateces baseina limenl noteces komponentes izdalitas
kombingjot gruntsiidens limena-noteces linearas sakaribas:

Qgw_gwt = faw(GWT) = ag, X GWT + by, m*d™, (1.18)

kur
agyw Un bg, — lineara vienadojuma konstantes gruntsiidens noteces
veidota caurpliiduma aprékinam;

Gruntsudens Iimenis, pie kura sakas drenu notece:

_ GWTgr1+GWTgrg
2

GWTyy b = .m (1.19)

kur

GWTg,, — gruntsiidens limenis (m) katras epizodes pirmaja diena, kad
novérojama drenu notece;

GWTgo — gruntsiidens Imenis (m) diena pirms novérots GWTy, 4, kur
nav novérota drenu notece.
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Maza sateces baseina IimenT noteces komponentes izdalitas ka arT drenu
efektivais dzilums aprékinats, kombingjot mazaja sateces baseina novérotas
noteces mérjjumus ar gruntsiidens Iimena novérojumiem. Metode pielietota pilot
teritorijam, kur izmantotie noverojumu rezultati periodam no 2006. lidz
2015. gadam reprezent€ upes Itmenim Berze upi, drenu lauka un maza sateces
baseina Iimeniem, ka arT gruntsiidens [imenim B@rzes mazo sateces baseinu un
BG-2 urbumu.

Gruntsiidens Iimenis, pie kura drenu notece izsikst aprékinats:

GWTyy o = ST drizat W Tari (1.20)

2

kur

GWT4,;—4 — gruntsidens limenis (m) katras drenu noteces epizodes
pedgja diena, kad vel noverota drenu notece;

GWT,,; — gruntsiidens limenis (M) dienu vélak péc noverota GWTypp—1,
kur drenu notece nav noverota.

1.7. Metodikas izstrade hidrologiski maz pétitu upju modelésanai

Hidrologisko procesu aprékina veiktsp&jas palielinasanai, uz HYPEV1
modela bazes izstradata modela versija HYPEV2, kuras parametri izmantojami
hidrologiski maz izp&titu upju sateces baseinu model&sana.

Pirms HYPEV2 modela izveides, veikta HYPEV1 modela parametru
parnese no B&rzes upes uz Beérzes mazo sateces baseinu, atbilstoSi sateces
baseina ipasibam. HYPEV2 modela izveides procesu var iedalit divos etapos.
Pirmaja etapa modelis konfiguréts un kalibréts Bérzes maza sateces baseina
hidrologisko procesu un BG-2 urbumam atbilsto$o gruntsidens Ilimenu
aprékiniem. Otraja etapa veikta parametru parnese no Berzes maza sateces
baseina uz Bérzes upes sateces baseinu. P&c parametru parneses, novertéta
modela veiktsp&ja bez kalibracijas un veikta modela kalibracija hidrologisko
procesu aprékiniem. Sakotngji no augsnes tipa atkarigie parametri Bérzes upes
sateces baseinam visiem augsnes tipiem defingti vienadi, kas atbilda B&rzes
mazajam sateces baseinam piekalibrétajiem smil§mala augsnei raksturigajiem
parametriem. Neuzsakot parametru kalibraciju (neveicot pilnu parametru
kalibraciju), novertéta sakotngja HYPEV2 modela veiktsp&ja Be&rzes upes
sateces baseinam. Péc tam veikta tikai no zemes lietoSanas veida atkarigo
parametru  kalibracija visiem zemes lietoSanas veidiem, iznemot
lauksaimniecibas zemes. Vélak modela kalibracija veikta visi parametri, kuri
ietekm@ hidrologisko procesu aprékinus. Kalibracija veértéta modela veiktspgja
gan pret up€ novérotajiem caurplidumiem, gan BG-2 urbuma nove@rotajiem
gruntsiidens ITmeniem, nemot veéra arT noteces komponensu ilggadigo vidgjo
sadalfjumu. Modela veiktspgjas noveértésanai izmantoti statistiskie raditaji NSE
PBIAS un RSR, Ka arT s lidzigi ka raksturots pie HYPEV 1 kalibracijas.
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Veikta HYPEV2 modela validacija, salidzinot modela aprékinato un no
noteces hidrografiem izdalito (uz novérojumiem balstito) noteces komponensu
sadalfjumu. Kalibracijas procesa pastiprinata uzmaniba pieveérsta parametru
fizikalajai jegai.

P&tijuma nosléguma analiz&tas ar HYPEV2 modeli aprékinatas ilggadigas
vidgjas noteces komponentes un to procentualais sadalijums. Veikta korelacijas
analize atseviSki katrai ilggadigi ved&jai noteces komponentei ar katras sateces
baseinu raksturojo$as ipasibas videjo 1patsvaru Berzes upes dalbaseinos.
Korelacijas koeficientu statistiskais buitiskums novertets atbilstosi (Eersin, A.
Canan, & Fikret, 2007) definétajiem 95% ticamibas intervalam atbilsto$ajiem
kritiskajiem korelacijas koeficientiem.

2. REZULTATI UN DISKUSIJA

2.1. Modela veiktsp€jas analize izmantojot hidrologiski izpétitam upém
raksturigu modeléSanas procediiru

HYPEV1 modela aprékinatie ikdienas caurpliidumi salidzinosi labi
reprezent€ Berze-Balozi postenl noveroto caurplidumu, sasniedzot modela
efektivitates raditajus NSE=0.84, RSR=0.40. Tom&r aprékinatais caurplidums
(2.1. att.) vidgji ir zemaks par novéroto (PBIAS=-7.0%).

[on)
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o O O
I 1 1
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Caurpliidums, m?-s!

0 T — T =T : T T = T T
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1

2.1. att. Noverotais un ar HYPEV1 aprekinatais ikdienas caurplidums
Bérzes upé pie Bérze-BaloZi hidrometriska postena kalibracijas perioda no
200S. Iidz 2014. gadam

HYPEV1 rezultati liecina, ka 88.5% noteces veido gruntsiidens notece
(2.1. tabula). HYPEV1 modela aprekinos absoliitie noteces un
evapotranspiracijas lielumi dalbaseinos svarstijas robezas no 233 mm apdzivotas
vietas [1dz 451 mm teritorijas ar lielu mezu un Gideniem klatu teritoriju Tpatsvaru.
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2.1. tabula. Ar HYPEV1 aprekinata notece Bérzes upei pie Bérze-BaloZi
hidrometriska postena no 2005. lidz 2014. gadam

Noteces komponente mm %
Virszemes notece 20.7 10.2
Notece no 1. augsnes slana 2.9 1.5
Notece no 2. augsnes slana 12.6 6.2
Notece no 3. augsnes slana 163.4 80.8
Drenu notece 2.7 1.3
Kopa 202.3 100.0

HYPEV1 modela aprékinos gruntstidens Iimenis Bérzes upes dalbaseinos
liclakoties zemes virsai nepaaugstingjas tuvak par 1 m, kas veidoja 0.2 m
gruntstidens staba augstumu virs definéta drenu zaru iebtives dziluma (1.2 m).
Ar HYPEV1 modeli aprékinata gruntsiidens svarstibu amplitiida (neparsniedz
1.5 m), salidzinot ar B&rzes monitoringa stacijas urbuma BG-2 novéroto
(aptuveni 2.5 m), ir vairak neka par 40% zemaka.

Kalibracijas procesa nozimigi neizdevas uzlabot modela veiktspgju
noteces komponensu un gruntsiidens dinamikas aprékinos, kas izskaidrojams ar
HYPEV4.10.7. programmatiiras nepilnibam, ka ar1 kalibracija izmantotajam
datu rindam.

HYPEV1 modela veiktspéja slapekla savienojumu aprékiniem
Bérzes upes lejtecé atbilstosi modelu veiktspgjas novertéSanas kriterijiem
(Moriasi et al., 2007) uzskatama par loti labu, jo PBIAS=-0.2% (neparsniedz
25%). Modelis labi reprezenté arT koncentraciju svarstibu dinamiku (2.2. att.).
Rezultati Bérzes upei liecina par salidzino$i labu modela veiktsp&ju salidzinot ar
HYPE modela testiem Zviedrijas tidensobjektos (Lindstrom et al., 2010).
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2.2. att. Noverota un ar HYPEV1 aprekinata kopéja slapekla
koncentracijas Bérzes upé pie Bérze-BaloZi hidrometriska postena
kalibracijas perioda no 2005. lidz 2014. gadam
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Lejtece noverotas kopgja slapekla koncentracijas svarstijusas robezas no
0.8 lidz 8.30 mg-L*. Abas iepriek§ minétas koncentracijas salidzinosi daudz
atsktrusas no modelétajam. Mingta maksimala koncentracija noverota
2006. gada rudeni. 2006. gada vasaras-rudens sezonas laikapstakli drizak
pieskaitami pie ekstrémiem, kad veidojas izteiktas plaisas augsné (Jansons, n.d.).
Lai gan modelis ietver makroporu plismas aprékinus, HYPE modelis neparedz
augsnes plaisu un makroporu veidoSanas dinamisku mainibu.

Kalibrétais HYPEV1 modelis, salidzinot ar slapekla aprékiniem
uzradija zemaku veiktsp&ju (PBIAS=-9.9%), tomér atbilsto$i modelu
novertésanas kriterijiem veiktsp&ja uzskatama par loti labu (neparsniedz 25%)
Lidzigi art HYPE modelis Zviedrijas up€s aprékinajis zemakas saistita fosfora
un kopgja fosfora koncentracijas salidzinot ar novérotajam (Lindstrém et al.,
2010). Lidzigi ka slapekla koncentraciju novérojumos, ari vienas no augstakajam
fosfora koncentracijam lejtecé konstatétas 2006. gada (2.3. att.). Tomér, atskiriba
no slapekla, augstakas fosfora koncentracijas novérotas maziidens perioda. Tas,
izskaidrojams ar relativi lielu punktveida piesarnojuma slodzi, kas proporcionali
zemajam notecém veido augstas fosfora koncentracijas Berzes upe.
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2.3. att. Noverota un ar HYPEV1 aprekinata kopéja fosfora koncentracijas
Bérzes upé pie Bérze-BaloZi hidrometriska postena
kalibracijas periodam no 2005. Iidz 2014. gadam

Dalbaseinu limeni HYPEV 1 modela veiktsp&ja kopgja slapekla un fosfora
koncentraciju aprékinam vért€jama ka pienemama Iidz loti laba (2.2. tabula).
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2.2. tabula. HYPEV1 modela veiktspéja slapekla un fosfora aprekiniem
Bérzes upes dalbaseinos

Kopgjam slapeklim Kopgjam fosforam
Modela Modela

Dalbaseins PBIAS*, % veiktsp&ja PBIAS*, %  veiktspgja

1 69 Pienemama -46 Pienemama

2 29 Laba 52 Pienemama

3 14 Loti laba 7 Loti laba

4 17 Loti laba 2 Loti laba

5 5 Loti laba -4 Loti laba

6 20 Loti laba 38 Laba

7 -29 Laba -13 Loti laba

8 -33 Laba 27 Laba

9 13 Loti laba 56 Pienemama

10 50 Pienemama 30 Laba

11 -28 Pienemama -35 Laba

12 4 Loti laba 4 Loti laba

13 36 Laba 35 Laba

14 36 Laba -45 Laba

15 29 Laba -9 Loti laba

Piezime: modela veiktspgja ir: 1) PBIAS<#25% - loti laba; 2) +25 < PBIAS < +40 laba;
3) £40 < PBIAS < +70- pienemama; 4) PBIAS>+70% - neapmierino$a (Moriasi et al.,
2007); *negativas vertibas norada uz pazeminatam aprékinatajam koncentracijam

HYPEV1 modela kopéjas noteces aprékina rezultati Bérzes upes
sateces baseinam uzskatami par salidzino$i veiksmigiem. Bet gruntsiidens
dinamika un noteces komponensu sadalijums nav uzskatams par reprezentablu.
Atbilstosi Lennartz et al. (2011) raksturotajai pieejai drenu noteces procentuala
dala varétu biit robezas no 0% lidz 86% attiecigi 1. un 15. dalbaseina, kas
raksturo drenéto platibu Tpatsvaru.

AtSkiribas starp novérotajam un aprekinatajam koncentracijam
saistamas gan ar atseviskiem nejau$i ievaktiem udens paraugiem, Kuri
nereprezent€ vidgjo situaciju, gan modela neprecizitati. Neprecizi slapekla
aprekini var€tu but saistami: 1) 1. dalbaseina ar modell neieklautajam purva
platitbam; 2) 10. un 13. dalbaseina ar parvértétu slapekla izskaloSanos no
zalajiem; 3) 11. dalbaseina ar parak zemam aprékinatajam koncentracijam no
mezu platibam; 4) 7. un 8. dalbaseina ar parak zemam punktveida piesarnojuma
slodzem.

Neprecizi fosfora aprékini varétu bt saistami: 1) 2. un 10. dalbaseina ar
parvertétu izskaloSanos no zalajiem; 2) 11. dalbaseina ar parvertetu izskalosanos
no meziem; 3) 8. dalbaseina ar parvertétu punktveida slodzi; 4) 7. dalbaseina ar
parak zemu ievertétu punktveida piesarnojum slodzi.
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2.2. Klimata mainiba un @idens kvalitates uzlabo$anas pasakumi

Prognozg€jams, ka nakotnes klimata apstaklos salidzinajuma ar atskaites
periodu, notece no Beérzes upes sateces baseina samazinasies par 9.1%, virszemes
notece samazinasies par 4.0%, ka arT nedaudz varétu pazeminaties gruntstidens
Itmenis. Beérzes up€ noteces pieaugums sagaidams tikai ziema no janvara lidz
februarim, attiecigi par 2.0% un 9.3% (2.4. att.). Pargjos gada ménesos sagaidams
notecu samazinajums no 0.2% lidz pat 82.4% ar mazakajam izmainam pavasari,
bet lielakajam vasara un rudeni. Nakotné prognoz€jama vasaras mazidens
perioda minimalas noteces nobide no augusta uz septembri. Attieciba pret
atskaites periodu, nakotnes Virszemes noteces samazinajums sagaidams
galvenokart no maija lidz novembrim un marta, ar izpémumu augusta, kad
prognozg&jams virszemes noteces pieaugums. Virszemes noteces pieaugums
prognozgjams ar1 no decembra lidz februarim un aprilt.
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2.4. att. Aprekinatais ménesu videjais caurplidums no Bérzes upes sateces
baseina atskaites perioda no 1991. lidz 2010. gadam un nakotné
no 2011. Iidz 2030. gadam

Slapekla slodZu samazinajums Be@rzes upes lejtecé atkariba no
integrétajiem pasakumiem, prognozgjams robezas no 0.1 lidz 13.4%, ja
klimatiskie apstakli lidzinas atskaites periodam no 1991. lidz 2010. gadam
(2.5. att.). Savukart iesp&amo klimata parmainu ietekm& prognozéts, ka
ieverojams slodzu samazinajums sagaidams pat ja neviens no pasakumiem
netiktu integréts. Tomér modela aprékini rada, ka pirmaja attistibas virziena
modeléto pasakumu istenoSana nakotné varétu dot pat slodzu pieaugumu.
Realiz&jot visos attistibas virzienos paredz&tos pasakumus, prognozgjams
slapekla slodZu samazinajums par 23% (12.1% dod integrétie pasakumi, bet
10.9% meteorologisko apstaklu izmainas nakotné attieciba pret atskaites
periodu).

HYPEV1 modela aprékina rezultati liecina, ka, graudaugu un rapsa
platibas samazinot slapekla méslojuma devu par 5% (8.2 kg-ha?), slodze notecé
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samazinasies par 11.2% (0.9 kg-ha!) no samazinata méslojuma apjoma.
Meéslojuma devu samazinot par 36% (59.0 kg-hal), izskalotais méslojuma
apjoms samazinasies par 0.05 kg-kg™. Tas liecina, ka nozimigak ir samazinat
salidzinosi lielas méslojuma devas, kuras parsniedz 105 kg-ha™*. Attiecigi primari
vertejama slapekla méslojuma devu samazinasanas iespgjas ziemaju kulttram.
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2.5. att. Kopgja slapekla slodzes samazinajums atkariba no modeléta

pasakuma un klimata: negativas vértibas norada uz slodzes palielinaanos, ja
integré konkréto pasakumu

Fosfora slodZu samazinajums Berzes upes lejteceé atkariba no
integrétajiem pasakumiem, prognoz€jams robezas no 0.2 lidz 9.7%, ja
klimatiskie apstakli lidzinas atskaites periodam no 1991. lidz 2010. gadam
(2.6. att.). No fosfora slodzu samazinasanas viedokla, buferjoslu ievieSana vargtu
dot lielako pozitivo efektu. Klimata parmainu ietekmé buferjoslu efektivitate
varétu bit 1idz 66% lielaka nakotnes klimata apstaklos salidzinajuma ar atskaites
periodu. Lai gan notekiidenu attiriSanas ietaiSu (NAI) parbive fosfora slodzes
varétu samazinat relativi maz, jaatzimé, ka parbiivei paredzgto notekidenu
attiriSanas ietaiSu apkalpoto cilvéku skaits pret kopg&jo iedzivotaju skaitu ir tikai
0.6% (69 cilveki) no kopgja cilvéku skaita ekvivalenta Bérzes upes sateces
baseina. Ja rekina, ka vienam iedzivotajam partikas nodroSinasana vajadzigi
0.68 ha lauksaimniecibas zemes (Ritchie, 2017) un notektidenu ietaiSu parbive
atskaites perioda samazinaja fosfora slodzi par 184 kg gada, iznak, ka
notekiidenu ietaiSu parbuve raditais fosfora slodzes samazinajums ir lidzvertigs
fosfora slodzes samazinajumam par 3.9 kg-ha'l gada. Salidzinajumam
prognozgjams, ka buferjoslas fosfora izskaloSanos samazinas maksimali par
0.68 kg-ha! gada. Rezultati liecina, ka fosfora slodZu nozimiga samazinasana,
visticamak, nav panakama, samazinot mé&slojuma devu. Realiz&jot visos
attistibas virzienos paredze€tos pasakumus, prognozgjams, ka fosfora slodzes
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varétu samazinaties par 18.8% (16.6% dod integrétie pasakumi, bet 2.2%
meteorologisko apstaklu izmainas nakotné attieciba pret atskaites periodu).
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2.6. att. Kopé€ja fosfora slodzes samazinajums atkariba modeléta pasakuma
un klimata

Integréjot “SCENAR2020-11” pétijuma prognozétas zemes lietoSanas
veida izmainu ietekme uz noteces kvalitati Berzes up€ nav viennozimiga. Zemes
lietoSanas veidu izmainas varétu dot papildus 0.13 kg-ha?l slapekla slodzu
samazinajumu, ja vienlaicigi integréts arT méslojuma apjoma samazinaSanas
pasakums (Carolus et al., 2020). Tikmér, kopa ar pargjiem pasakumiem,
“SCENAR2020-11” prognozetas zemes lietoSanas veida izmainas varétu dot
slodzu pieaugumu notecé no Bérzes upes.

Prognozgjams, ka mazakas izmaksas viena kilograma slapekla slodzes
samazina$anai veido méslojuma apjoma samazinaSanas pasakumi, kam seko
notekidenu attiriSanas ietaiSu parbtve (2.3. tabula). Notekidenu ietaisu parbave
izmaksu efektivitates zina ir 1€takais pasakums fosfora slodzu samazinasanai,
kam seko buferjoslu ievieSanas pasakums.

Klimata parmainu ietekmétais fosfora slodzu samazinajums no Beérzes
upes sateces baseina, visticamak, ir saistams ar samazinatu virszemes noteci.
Turklat labveligus apstaklus rada arT aprékinatais virszemes noteces
samazinajums vegetacijas perioda beigas, péc vegetacijas perioda, ka arl
pavasara palu maksimalo noteGu fazé marta ménesi. Klimata parmainu
ietekmétais slapekla slodzu samazinajums no B@rzes upes sateces baseina,
visticamak, ir saistams ar pazeminatu kop€jo noteci un ar to saistito gruntstidens
Iimeni. Tomér izmainiti klimatiskie apstakli un samazinats augsnes mitrums
rudent varétu palielinat v&ja erozijas risku, ko v&l vairak var pastiprinat augsnes
apstrade. Turklat Iidz ar klimatiskajiem apstakliem var izmainities
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lauksaimniecibas prakse, vegetacijas perioda garums un augu baribas vielu
transformacijas.

2.3. tabula. Slapekla un fosfora slodzes samazinasanas izmaksas, EUR-kg?,

atkariba no integréta pasakuma Bérzes upes sateces baseina
(tabula modificéta no Carolus et al. (2020))

Pasakums N P
Kulttraugu dazadosana Nav slodzu samazinajums 108000
Palielinatas zalaju platibas 505 34500
Biologiska lauksaimnieciba Nav slodzu samazinajums 11200
Esoso notektidenu ietai$u parbtve (PW2) 61 232
Buferjoslas (2+5 m) - 469
Buferjoslas (2+10 m) - 360
Megslojuma samazinasana NPreduct-5% 31 16000
Meslojuma samazinasana NPreduct-20% 23 10000

Lai gan méslojuma apjoma samazinasana ir salidzino$i 1&ts pasakums
slapekla slodzu samazinasanai, janem vera, ka tiek ietekméets gan razas apjoms,
gan kvalitate. Lai palielinatu olbaltumvielu saturu graudos par 1%, uz katru
tonnu graudu ir nepieciesams papildus no 1.6 Iidz 2.0 kg augiem izmantojama
slapekla (Ruza, 2014).

Lai gan notekiidenu attiriSanas ietaiSu parbiuive izmaksu efektivitates
zina ir 1&takais pasakums, tom@r janem v&ra, ka notekiidenu ietaiSu parbuve
planotaja intensitaté dos salidzino$i mazu kopgjo efektu uz fosfora slodzem.
Dobeles pils€tas notekiidenu attirisanas ietaiSu tidens analizu rezultati liecina, ka
fosfora koncentracija notekiidenu ietai$u izpliid€ ir 5.7 reizes zemaka neka vidé&ji
notec€ no notekidenu attiriSanas ietaisem 7. un 8. dalbaseina. Atskiriba liecina
par notektidenu attiriSanas ietaiSu efektivitates uzlabosanas potencialu.

2.3. Uz novérojumiem balstito hidrologisko komponensu aprékini upes
izpetes imenim

Drenu lauka izpgtes Iimen1 SWAT digitala filtra aprékini liecina, ka atri
reag€josa noteces komponente, ir robezas no 47 Iidz 75%, kas nav uzskatama par
virszemes notecei reprezentabliem raditajiem Latvija. Ar BFI izdalita virszemes
notece ir robezas no 2 lidz 43% atkariba no izmantotajiem filtra parametriem
N=1unF=0.1...0.9. P&c Q = f(GWT) sakaribu metodes iegiitie rezultati liecina,
ka salidzinosi 1€ni reag€josa drenu notece ir Qar p_gw=81%, bet virszemes notece
ir Qs p gw=19%, kas lidzinas ar BFI aprékinatajam sadalfjumam pie filtra
parametriem N=1 un F=0.6. Statistiski péc Q = f(GWT) sakaribu metodes un
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ar BFI aprekinato ikdienas noteces komponensu lidzibu raksturo drenu notecei
NSE=0.84 un PBIAS=0.33%, virszemes notecei NSE=0.71 un PBIAS=-1.35%.

Berzes upei, mainot parametra N=3...7 vertibas, bet atstajot nokluséto
vertibu parametram F=0.9 ir iegits atri un 1&éni reaggjoso noteces komponensu
sadalijums kopgjas noteces hidrografa. Pie BFI digitalaja filtra iestatitajiem filtra
parametriem N=5 un N=6, iegiits salidzinosi Iidzigs noteces sadalijums ar SWAT
digitala otraja aprékinu karta iegiitajiem rezultatiem un péc un Q=Ff(GWT)
metode aprékinato noteces komponensu sadalfjumu. Aprekinu gala rezultati
liecina, ka visos aprékina variantos iesp&jams iegit lidzigu ilggadigi vidgjo
noteces komponensu sadalijumu (2.4. tabula).

2.4. tabula. Aprekinato noteces komponensu procentualais sadalijums
Bérzes upé no 2005. lidz 2014. gadam

Aprekina metode Noteces komponente pret kopg&jo noteci, %
pielietotais riks Qs r Qur r Quw R
BFI filtrs 22.9 22.2 54.9
SWAT filtrs 19.5 22.1* 58.4
O=f(GWT) sakariba  18.8 24.2 57.0

*komponente iegilita izmantojot ar BFI aprékinatos rezultatus

No iegiitajiem rezultatiem secinams, ka katru riku lietojot atseviski,
pastav visai liela nenoteiktiba noteces komponensu sadalfjuma. Kombingjot
digitalo filtru un gruntsiidens limenu-noteces sakaribu metodi, nenoteiktiba
samazinas, turklat ieglistams 11dzigs noteces komponensu sadalfjums. Izvertgjot
pielietotos digitalos filtrus noskaidrots, ka upes Iimeni gan BFI, gan SWAT
digitalais filtrs ir piemérots atri un 1&ni reagg€joso noteces komponensu
atdali$anai. Drenu lauka IimenT rezultati liecina, ka SWAT digitalais filtrs nav
piemerots riks, jo parverte atri reag€joso un parak zemu aprékina 1&ni reaggjoso
noteces komponenti, kas $aja Iimeni uzskatamas attiecigi par virszemes un drenu
noteci. Loti iespgjams, samazinot filtra parametra =0.925 vértibu, SWAT
digitalo filtru var&tu pielagot virszemes noteces un drenu noteces atdalisanai.
Tacu Sobrid tada iespéja filtra netiek piedavata.

Salidzinot vesturiski novérotas virszemes noteces datus Berzes drenu
lauka perioda no 1966. lidz 1970. gadam noverota virszemes notece no 0 Iidz
31 mm gada ar vidgjo apjomu 10 mm gada (Skinkis, 1986). Salidzinajumam $aja
petjuma perioda no 2005. 1idz 2014. gadam virszemes notece Bérzes drenu lauka
novértéta ap 40 mm gada. Tomér janem véra, ka Skinkis (1986) veiktie mérfjumi
raksturo periodu no 1966. Iidz 1970. gadam, kad vid&ja notece no drenu lauka
bijusi tikai 102 mm gada. Tikmér $aja promocijas darba izmantotie novérojumu
rezultati liecina, ka ilggadiga vid€ja notece bijusi 209.3 mm gada. Tas varétu
liecinat, ka ilggadiga perioda, iesp&jams, virszemes notece varétu bit krietni
lielaka par ieprieks raksturoto vesturiski novéroto.

36



2.4. Uz noverojumiem balstito hidrologisko komponensu aprékini maza
sateces baseina izpétes Iimenim

Periodos, kad gruntsiidens ltmenis pazeminas dzilak par 0.95 m zem
zemes virsas, caurpliduma recesijas koeficients strauji pieaug, parsniedzot
Rc=0.80. Tas raksturo lielu gruntsiidens noteces Ipatsvaru kop&ja notecg.
Analizes rezultati liecina, ka ar gadiem gruntsidens atslodze paléninas, ka ari
gruntsiidens atdeves koeficients samazinas.

Maksimalo caurpladumu recesijas koeficientu analize liecina, ka
maksimalas drenu un gruntsiidens noteces summa vartu sastadit aptuveni
7.5 mm-d* jeb 0.32 m3sL. Sis lielums ir relativi tuvs normativajam drenu noteces
modulim Zemgalg 0.7 I-s1-ha'=6.0 mm-d* (Ministru kabinets 2015). Savukart
augstaks caurpliidums var liecinat par virszemes noteci.

Pec iegutajam linearajam sakaribam aprékinato noteces komponensu
sadalfjums aplikotajos periodos ir bijis salidzino$i mainigs (2.5. tabula). Kaut ar1
lielako noteces dalu vidgji veido drenu notece, rezultati liecina, ka notecu zina
sausakaja perioda no 2006. lidz 2009. gadam gruntsiidens notece 1.6 reizes
parsniedza drenu noteci.

2.5. tabula. Novérota kopéja notece un aprékinato noteces komponensu
sadalijums Berzes mazaja sateces baseina

Apliikotais Qtot_obs Qgw_owt™ Qar_ewr™ Qs**

Periods mmgada mmgada % mmgada % mmgada %
2006.-2009. 76 45 58 29 39 2 3
2009.-2012. 253 69 27 162 64 22 9
2012.-2015. 208 80 38 111 53 17 8
2006.-2015. 177 63 35 100 57 14 8

*lielumi raksturo noteci visas dienas, kuram pieejami gruntstidens ITmena novérojumi
BG-2 urbuma; **virszemes notece aprékinata no novérotas kopgjas noteces atnemot
aprékinato gruntsiidens un drenu noteci

Aprekini liecina, ka drenu notece sakas un izsikst pie lidzigiem vidgjiem
gruntsidens Iimeniem, kas raksturo drenu efektivo dzilumu (2.7. att.).
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2.7. att. Ikdienas gruntsiidens Iimena svarstibas un to saistiba ar
gruntsiidens noteces un drenu noteces veidosanos

2.5. Hidrologisko procesu modelésana hidrologiski maz pétitu upju
sateces baseinos

2.5.1. Maza sateces baseina izpétes limenis

Jau iepriek$ $aja darba demonstréts, ka HYPEV1 modelis veiksmigi
sp&jis reprezentét noveroto caurpladumu, ka arT slapekla un fosfora
koncentracijas Bérzes upes lejtecé. Veicot parametru parnesi no Bérzes upes
sateces baseina uz Bérzes mazo sateces baseinu, HYPEV1 modela veiktsp&ja
caurpliiduma aprékinos izradijusies neapmierinosa (2.6. tabula). Bérzes mazajam
sateces baseinam kalibréta HYPEV2 modela veiktspgja arT nav augsta attiectba
uz caurplidumu, tomér loti labu veiktsp&ju modelis uzrada attieciba pret BG-2
urbuma novéroto gruntsiidens limeni. Vairakkart€ja manuala un automatiska
kalibracija kopa ar integrétam konceptualam izmainam gan drenu un raksturigo
augsnes slanu dimensijas, gan raksturigajos gruntsiidens un drenu noteces
recesijas un porainibas parametros, nav devusi nozimigus modela veiktsp&jas
uzlabojumus.

2.6. tabula. HYPE modela ikdienas hidrologisko procesu aprékina
veiktspéja Bérzes mazajam sateces baseinam no 2005. Iidz 2014. gadam

. HYPEV1 HYPEV2
Statistiskie - -
.. Gruntstidens - Gruntsidens _
raditaji _ . Caurpludums _ . Caurpludums
[Tmenis [imenis
NSE - 0.27 0.82 0.61
PBIAS, % - 33.6 -2.4 35
RSR - 0.85 0.45 0.62
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2.5.2.  Upes izpétes Iimenis

Pielagojot HYPEV2 modeli Beérzes upei, pirmaja solt veikta parametru
parnese no Bérzes maza sateces baseina HYPEV2 modela. Parametru kalibracija
veikta tikai no zemes lietoSanas veida atkarigajiem parametriem iznemot
lauksaimniecibas zemes. Rezultata iegtita loti laba modela statistiska veiktspeja
gan attieciba pret Beérzes upes lejtece noveroto caurplidumu, gan pret BG-2
urbuma novéroto caurplidumu (2.7. tabula). Veiksmigi modelis reprezenté
vid&jus un augstus caurplidumus rudeni no augusta Iidz novembrim, ka ari
pavasara palos aprili. Bet lielakas nesakritibas saistamas ar ziemas ménesiem no
decembra lidz februarim, ka ar pavasari/vasara no maija lidz julijam.

2.7. tabula. HYPEV2 modela veiktspéju raksturojosi statistiskie raditaji
Berzes upes sateces baseinam no 2005. Iidz 2014. gadam

HYPEV?2 neveicot pilnu HYPEV2 veicot pilnu parametru

Statistiskie parametru kalibraciju kalibraciju

raditaji Griintsﬁglens Caurpladums Grlintsﬁqens Caurpladums
imenis limenis

NSE 0.80 0.79 0.81 0.83

PBIAS, % -6.0 -8.7 -3.5 -2.1

RSR 0.45 0.46 0.44 0.42

Turpinajuma HYPEV2 modela attistiba Bérzes upes sateces baseinam
saistama ar visu parametru kalibraciju, uzlabojot modela veiktsp&ju ikdienas
gruntsiidens Itmenu un caurpliduma aprékinos. Nozimigakie uzlabojumi
saistami ar ikdienas caurpliduma aprékiniem vasaras maziidens perioda, ko
modelis reprezent€ salidzinosi labi (2.8. att.).
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Caurpliidums, m3-s?

2.8. att. Ar HYPEV2 aprékinatie un novérotie ikdienas caurpliidumi
Bérzes upé pie Bérze-BaloZi hidrometriska postena no 2005. lidz 2014.
gadam: veicot pilnu parametru kalibraciju
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Salidzinot ar nepilnu parametru kalibraciju, uzlabojumi novérojami ari
palu/plidu caurplidumu aprékina. Neprecizitates ziemas méne$os saglabajas
parvertgjot ilggadigo meénesa vid€jo caurplidumu februari un pazeminatus
caurpliidumus decembrT, janvari un marta (2.9. att.).

16 -
nl;'n i1 Aprekinats ONoverots

g 12 -

8-
5
E

Nennmm |
SN D TRl

J F M A M J A O N D

Menesm

2.9. att. Ar HYPEV2 aprékinata un novérota ménesu vidéja caurpliduma
svarstibas Berzes upé pie Bérze-BaloZzi hidrometriska postena no 2005. lidz
2014. gadam: veicot pilnu parametru kalibraciju

Par nepilnibam maksimalo caurplidumu aprékina liecina ar parak zemi
aprekinatie maksimalie gruntsidens limeni (2.10. att.). Pie pilnas parametru
kalibracijas neprecizak aprékinati gruntstidens limeni rudeni, ko kompensé
uzlabojumi ziemas maziidens un palu perioda aprékinatajos gruntstidens limenos
(2.11. att. ).
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2.10. att. Ar HYPEV2 aprékinatie un noverotie ikdienas gruntsiidens
Itmeni Bérzes upes sateces baseina no 2005. Iidz 2014. gadam:
veicot pilnu parametru kalibraciju
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2.11. att. Ar HYPEV2 Bérzes upes sateces baseinam aprékinatais un BG-2
urbuma novérotais ménesu vidéjais gruntsiidens Iimenis no 2005. lidz
2014. gadam: veicot pilnu parametru kalibraciju

2.5.3. Aprekinato noteces komponenSu novérteéjums

Salidzinot ar HYPEVI1, HYPEV2 modeli izmantota Korigéta
programmatira, konfiguracija un kalibracijas strat€gija lava aprekinat
dinamiskakas gruntsiidens Itmena svarstibas un reprezentablaku noteces
komponensu sadalijumu (2.8. tabula).

2.8. tabula. No novérotas noteces izdalitas un ar HYPEV2 aprékinatas
noteces komponentes no 2005. lidz 2014. gadam

Komponente Kopgja Gruntsiidens notece Drenu notece Vlr:(s)fg(r:r;es
Mervieniba mm mm % mm % mm %
Bérzes mazaja sateces baseina

HYPEV2 182 61 34 119 65 2 1
Izdalits* 176 62 35 100 57 14 8
Bérzes upé hidrometriskajam postenim Bérze-Balozi neveicot pilnu parametru
kalibraciju

HYPEV2 198 144 68 44 21 10 5

Berzes upé hidrometriskajam postenim Bérze-Balozi veicot pilnu parametru
kalibraciju

HYPEV?2 213 150 70 52 25 11 5
Izdalits* 216 123 57 50 23 44 20
* noteces komponentes izdalitas no noverotas noteces hidrografa un raksturo vidgjos
raditajus, kas apréekinati, pielietojot digitalo filtru un Q=f(GWT) metodes (uz
novérojumiem balstiti aprékini)
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HYPEV2 modela aprekini liecina, ka Bérzes upes sateces baseina
ilggadigo vidgjo noteci butiski palielindja urbano teritoriju Ipatsvars, turpretl
pargjas sateces baseina ipaSibas atseviski ilggadigo vid€jo noteci statistiski
batiski neietekmg&ja (2.9. tabula). Sateces baseina ipasibu patsvars salidzinosi
labi reprezente ilggadigo vid&jo noteces komponensu sadalijumu. HYPEV2
modela aprékina rezultati Berzes upes sateces baseinam rada, ka drenazas
darbibas ietekm& butiski samazinas ilggadiga vidgja gruntsiidens notece (it
seviski no augsgja augsnes slana) un palielinas drenu notece.

2.9. tabula. Ar HYPEV2 apréekinato ilggadigo vidéjo noteces komponensu
un sateces baseina Ipasibu linearo sakaribu korelacijas koeficienti (1)
Bérzes upes sateces baseina

Noteces Zemes lieto$anas veids, % Drengtu Zemes Augsne, %
kom Ur- Aram Za- Ud plafibu _ virsas Smil3
§ - - . Za- ens- -7 - milS§- .
5 . Ipatsvars,slipums M3
ponente bans zeme - laji tilpes Purvip % %/0 Mals mals Smilts

Drenu  0.77 045 -0.67-0.28 -0.34 -031 0.61 -0.15 0.92 -0.28 -0.29
1. slanis* -0.18 -0.73 0.67 043 035 030 -0.77 042 -093 0.63 0.00

Sfanis** 0.45 -056 0.30 0.15 0.21 0.18 -053 050 -0.93 0.74 -0.24
gfanis*** -0.34 -053 052 0.21 0.02 0.68 -0.56 0.00 -0.55 -0.14 0.94
Grunts-

tdens 0.04 -0.80 0.62 0.28 0.19 062 -0.81 0.36 -0.87 0.45 0.50
kopa

Virs- 0.85 -0.04 -0.33-0.29 -0.26 0.31 0.16 -0.03 0.80 -0.04 0.03
zemes
Kopgja 0.91 -0.20 -0.21-0.08 -0.22 0.21 -0.02 0.15 058 0.08 0.11

Piezimes: XXX - korelacijas koeficients r ir statistiski biitisks atbilstosi ticamibas
intervalam 95%; * gruntsiidens notece no augsgja augsnes slana; ** gruntsiidens notece
no vidgja augsnes slana; *** gruntstidens notece no dzilaka augsnes slana

Ar HYPEV2 modeli iegitie aprékina rezultati liecina, ka mala aug$nu
Tpatsvars statistiski butiski ietekm& drenu noteci, ka arT gruntstidens noteci no
pirmajiem diviem augsnes slaniem. Mala augsnes ipatsvaram palielinoties par
vienu procentu, drenu notece piecaug par 1.0 mm gada, bet gruntsiidens notece
samazinas no 0.1 [idz 0.5 mm gada atkariba no apliikota augsnes slana. Aprekina
rezultati liecina, ka pieaugot mala aug$nu Tpatsvaram par vienu procentu,
virszemes notece pieaug par 0.02 mm gada un kopgja notece par 0.15 mm gada,
tomer aprékinos izmantoto datu apjoms ir parak mazs, lai minétas sakaribas
uzskatitu par statistiski ticamam. SmilSainu augS$nu Tpatsvars bitiski ietekmée
gruntstidens noteci no dzilaka augsnes slana. Attiecigi pieaugot smilSaino augsnu
Ipatsvaram par 1%, gruntsiidens notece no treSa augsnes slana pieaug par
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1.7 mm. Ta ka sateces baseina Tpasibas butiski ietekmé ilggadigo vid€jo noteces
komponensu sadaltjumu, tad $is sadaltjums var tikt izmantots art HYPE modela
veiktsp€jas novertésanai.

25.4. Modela novértéjums un ieteikumi kalibracijai

HYPE modelis $aja pétijuma ietvertajiem izp&tes objektiem pielietots
vairakkart, katra reiz€ mainot kalibracija stratégiju. Aktualakie kalibracijas
parametri ietverti HYPEV2 modela versija. Atbilstosi HYPEV2 kalibracijas
parametriem prognozgjams, ka sniegs visatrak varétu nokust apdzivotas vietas.
Salidzinot aramzemi, meZus un zalajus, lielaka sniega kuSanas intensitate ir
zalajos, bet mazaka aramzemé, tomér temperatiira, pie kuras kiist sniegs,
viszemaka ir aramzemgés. Latvija veiktie novérojumi liecina, ka sniega kusanas
rezultata virszemes notece zalajos ir vairakkart lielaka neka aramzem@s (Skinkis,
1986), kas, atbilstosi iegiitajiem modela parametriem, skaidrojams ar shiega
kuSanas intensitati, ka arT Pan et al., (2017) pétijums liecina, ka pie augstakas
vegetacijas uzkrajas lielaks sniega daudzums. MeZu platibas, salidzinot ar
aramzemi, sniega kuSanas intensitate sagaidama lidziga, tomér sniega KuSana
atbilstosi temperatiiras robezlielumam mezos sakas ieveérojami vélak.

Salidzinot ar citiem zemes lietoSanas veidiem, modela parametri liecina,
ka piesatinatas virszemes noteces recesija ir zema mezu un zalaju platibas, ta
aizkavgjot virszemes noteces plismu. Salidzinasanai, Strauja virszemes noteces
recesija un tadejadi liela dala no piesatinatas augsnes apstaklos raditas virszemes
noteces lidz idensteceém nonak apdzivotas vietas, ka arT aramzemg.

Lielaka porainiba definéta malainajam augsném, bet mazaka smilts
augsném. Tomer efektiva porainiba, jeb ta poru dala, kura Gdeni brivi spgj
uznemt un atdot, mala augsnés ir vismazaka, savukart smilts augsnés vislielaka.

Drenu noteces recesijas parametrs liecina, ka intensivaka drenu notece
iesp&jama smilSainas augsnés, savukart mazaka intensitate malainas augsnés.
Gruntstdens recesijas parametri liecina, ka intensivaka gruntsiidens notece
iespgjama smilSainas augsnes, bet mazaka malainas augsnés.

Lielaka augsnes udens infiltracijas kapacitate ir smilSainas augsnés,
savukart mazaka malainas augsn€s. P&c potencialas drenu noteces un
gruntsiidens noteces intensitates, ka arT augsnes tidens infiltracijas kapacitates
spriezot, lielakais virszemes noteces veidoSanas potencials ir malainajas augsnés,
savukart mazakais smilSainajas augsnes. Janem gan veéra, ka malainas augsnés
salidzino$i liela dala no neinfiltréta fidens uz dzilakiem slaniem nonak caur
makroporam (Hintikka, Paasonen-Kivekis, Koivusalo, Nuutinen, & Alakukku,
2008), ko ieverte ari izstradatais HYPEV2 modelis.

Lielakais evapotranspiracijas potencials ir ar fideni klatajas teritorijas,
kam seko mezu platibas. Mazakais evapotranspiracijas potencials ir apdzivotas
vietas un purvu platibas.
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ST pétijuma rezultati liecina, ka salidzino§i mazos sateces baseinos
kalibréto parametru, noteces komponensu sadalfjuma un gruntsiidens dinamikas
nenoteiktiba saglabajas salidzinosi liela, ja modeli kalibre pret lejtec€ noverotiem
caurplidumiem. Rezultata kalibrétie parametri nereprezente ar tiem saistitas
sateces baseina Ipasibas, kas uzskatama par vienu no galvenajam problémam,
pielietojot matematiskos modelus (Hundecha et al., 2016).

Telpiski at$kirigam sateces baseina 1pasibam raksturigo kalibracijas
parametru  ticamibu  iesp&ams  palielindt = izmantojot,  piemeram,
evapotranspiracijas un apauguma attistibu raksturojosu biofizikalu procesu
novérojumus (Rajib et al., 2018), caurpliduma novérojumus vairakas
hidrometriskajas stacijas (Wi et al., 2015). Augsnes profila norito$os procesus,
iesp&jams, veiksmigi varétu reprezentet Wagener et al., (2001) ieteiktie upes
tidens saluma mérfjumi vai gruntsiidens ITmenu noverojumi.

A1l §1 pétfjuma rezultati liecina, ka gruntsidens limenu novérojumu
rezultati hidrologiski maz izpétitds upés nozimigi samazina kalibréjamo
parametru un aprekinato hidrologisko procesu nenoteiktibu. Turklat hidrologisko
procesu modeléSana velams modeli vispirms piekalibrét kadam raksturigam
maza méroga upes sateces baseinam ar péc iesp&jas homog€nam baseinu
raksturojosam TipaSibam. legltos parametrus vélak iesp&ams parnest uz
lielakiem un kompleksakiem upju sateces baseiniem.

Ta ka gan Be@rzes upes sateces baseina, gan Latvijas teritorija kopuma
lielu dalu teritorijas aiznem mezi, ka arT urbanas teritorijas statistiski butiski
ietekmé caurpladumu, tad nakotné jaizverté iesp&jas iegit hidrologisko
parametru novérojumu datus $ajos zemes lietoSanas veidos. Meérfjumi dotu
iespju precizét $aja pétijuma sniegtos no zemes lietoSanas veida atkarigos
parametrus.

Galvenas noteces veidoSanas tendences iesp&jams reprezentSt ar visai
robustiem sateces baseina ipaSibas raksturojoSiem datiem. Ilggadigo vidgjo
noteci Bérzes upe statistiski biitiski ietekméja vienigi urbanizgtas teritorijas un
ilggadiga vid€ja notece pieauga vidgji par 4.4 mm gada, urbaniz€to teritoriju
Tpatsvaram palielinoties par 1%. ArT novérojumi Amerikas savienotajas valsts
(ASV) liecina par Iidz tris reizém lielaku noteci no urbanam teritorijam
salidzinajuma ar lauksaimniecibas zemé&m (Liang, Li, & Liu, 2010).

Drenazas ietekmé HYPEV2 modela aprékina rezultati neuzrada butiskas
izmainas ilggadigaja vid&ja notece. Vesturiski Latvija veikti novérojumi liecina,
ka drenétas platibas samazinas evapotranspiracija un palielinas notece (Skinkis,
1986). Drenazas efekts vartu atkirties atkariba no raksturigas gruntstidens
Itmenu dinamikas un virskartas mitruma dazada granulometriska sastava
augsnés. P&tljumi liecina, ka evaporacija noris galvenokart no augsnes virskartas
lidz 30 cm dzilumam (Jones, 1976).

HYPEV2 modela aprekina rezultati liecina, ka pieaugot reljefa slijpumam
par 1%, ilggadiga vidgja gruntsiidens notece no augsnes vidgja slana pieaug par
21.6 mm gada. Apaydin et al., 2006) reljefa slipumu atzimé, ka vienu noteces
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straujumu ietekmgjoSiem morfometriskajiem raditajiem. HYPEV2 aprékinu
rezultati liecina, ka ilggadiga vidgja virszemes notece nepieaug Iidz ar dalbaseina
vidgjo reljefa slipumu. lesp&jams statistiski ticama sakariba nav iegilita, jo
virszemes noteci speécigak ietekmé&jusas tadas sateces baseina Ipasibas, ka
malaino augsnu Tpatsvars un urbano teritoriju Ipatsvars. Janem véra, ka HYPE
modela virszemes noteces aprékina konceptualais risindjums neieklauj tiesu
reljefa slipuma ietekmi uz virszemes noteces veidosanos.

HYPEV2 modela aprékina rezultati liecina, ka smilSaino augsnu
Ipatsvaram pieaugot, pieaug ilggadiga vidgja gruntsiidens notece no dzilaka
augsnes slana. Palielinata notece no dzilaka augsnes slana varétu izskaidrota ar1
Lietuvas upju sateces baseinos konstatéto sakaribu, kur palielinoties smil$ainu
augsnu Tpatsvaram, notece palielinas noteces zina izteikti sausas sezonas
(Povilaitis, 2015).

Saja pétijuma aplikotas sateces baseina TpaSibas, kuru ietekme ir
nebitiska attieciba uz ilggadigajiem vidEjiem noteces raksturlielumiem,
iesp&jams, atstdj nozimigu ietekmi uz citam laika solim aprékinatu noteci.
Iespgjams, dazas sateces baseina IpaSibas neuzrada nozimigu ietekmi atseviski,
bet nozimiga ir So Ipasibu kombinacijas ietekme uz noteces veidosanos. Tas
sateces baseina 1pasibas, kuru Ipatsvars sateces baseina ir salidzino$i mazs, var
atstat nenozimigu ietekmi. Lai gan meZos, salidzinajuma ar atklatu teritoriju, ir
lielaka evapotranspiracija (Liu et al., 2010), Latvija esoSaja Vienziemites upes
sateces baseina mezu platibu pieaugums par 13% batiski neietekméja
caurplidumu, kas varEtu bt saistits ar salidzino$i nelielo meZu patsvara
pieaugumu (Apsite et al., 2017).

Lai gan noteces hidrografa galvenas tendences ir lidzigas, pietickami
detalizéts sateces baseina Ipasibu raksturojums HYPE modeli ir nepiecieSams,
lai reprezentStu sateces baseinam raksturigos fizikalos procesus, noteces
ekstrémas veértibas, precizétu noteces recesiju un noteces komponensu
sadaltjumu. Knightes, (2017) un Rajib et al., (2018) norada, ka parak robusta
modeli pastav risks neprecizi atveidot sateces baseinam raksturigos fizikalos
procesus.

ST pétijuma ietvaros tika izstradatas ari metodes noteces komponensu
izdaliSanai no nove€roto notecu hidrografiem. Nov€rojumu rezultatu analize
liecina, ka noteces komponensu sadalfjums pa gadiem ievérojami svarstas, ko
ietekm& mainigi meteorologiskie apstakli. Lielakas atSkiribas starp HYPEV2
aprékinatajam un citam noteces komponensSu aprékina metodém pastav
rezultatos, kuri raksturo virszemes noteci.

lespgjams, ka HYPES5.10.0 modela programmatiira ieklautais drenu
noteces aprékina konceptualais risinajums ir nepilnigs, neprecizi raksturojot
gruntsiidens ITmena-drenu noteces dinamisko sakaribu. Rezultata dazkart drenu
noteces apjoms ir parvertéts, savukart atseviskos brizos drenu notece ir parak
zema. lesp&jams, drenu notecei HYPE modela aprékinos vajadzetu bt straujak
reag€josai. Par to liecina parak 1éna caurpliduma recesija, iestajoties maziidens
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periodam, un parvertéts caurplidums maziidens perioda. Rudens perioda parak
zems aprékinatais caurplidums, iespgjams ari ir izskaidrojama ar parak leni
reag€josu drenu noteci.

SECINAJUMI

1. Lauksaimniecibas noteCu monitoringa vesturé pirmo reizi pielagota
modelgsanas platforma, kura izmantojama tidens kvalitates uzlabosanas
pasakumu ievie$anas simulacijai un hidrologisko procesu pétniecibai.

2. Hidrologiski maz pé&tita upes sateces baseina pielietojot hidrologiski
izpétitam upém raksturigu model€$anas procediiru, iesp&jams sasniegt
augstu sakritibu starp aprékinato un novéroto caurplidumu (NSE>0.75,
RSR<0.50; PBIAS<+/0%), ka arT aprékinato un noveroto augu baribas
vielu koncentracijam (PBIAS<+25%).

3. Hidrologiski maz pétitu upju sateces baseinos, pielietojot hidrologiski
izpetitam up@m raksturigu modeléSanas procediiru, nevar aprekinat
reprezentablu noteces komponensu sadalfjumu un gruntsiidens ITmenu
dinamiku, jo caurplidums upé neatspogulo hidrologiskos procesus
sateces baseina.

4, Hidrologiski maz pétitas up@s reprezentablu noteces komponensu
sadalfjumu un gruntsidens Itmenu dinamiku iesp&jams aprékinat ar
mazajam sateces baseinam pielagotiem modela parametriem, ja
kalibracija izmantoti caurpliiduma un gruntsiidens Iimena noveérojumi.

5. Virszemes, drenu un gruntsiidens noteces komponentes fidenstec€s
iespgjams izdalit, veicot hidrografu un gruntsidens limenu dinamikas
analizi.

6. Modelgsanas riks dod iespgju novertet fidens kvalitates uzlaboSanas

pasakumu efektivitati upju sateces baseinos, modeli integréjot stacionarus
pasakumiem raksturigus risinajumus.

7. Nakotng, ievieSot agrovides un notekiidenu apsaimniekoSanas
pasakumus, prognozgjamais ikgad&jais fosfora slodzes samazinajums
notecé sashiedz 19%, kur 10% dod gar idensteceém ieviestas buferjoslas.

8. Nakotng, ievieSot agrovides un notekiidenu apsaimnickoSanas
pasakumus, prognozgjamais ikgadgjais slapekla slodzes samazinajums
notecé sashiedz 23%, kur lidz 15% dod minerala méslojuma devas
samazinasana.

9. Mgslojumu devu samazinasanas pasakuma efektivitate kritas lidz ar
samazinajuma intensitati, jo, kultiraugiem samazinot vidéjo meslojuma
devu (164 kg-ha) par 8.2 kg-ha' (5%), izskalotais slapekla daudzums
samazinasies par 0.11 kg-kg?, savukart, samazinot méslojuma devu par
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59 kg-ha! (36 %), izskalotais slapekla daudzums samazinasies par
0.05 kg-kg™.

INTRODUCTION

One of the main problems in the Baltic Sea region is the increased release
of plant nutrients into water bodies due to anthropogenic pressures. The increase
in air temperature affected by climate change could exacerbate the situation by
exerting a stronger impact on areas with high stress factors and promoting the
growth of Cyanobacteria in water bodies (IPCC, 2001). Although nitrogen and
phosphorus loads to the Baltic Sea decreased by 16% and 17% respectively
between 1994 and 2010, the concentrations of the respective elements in the
Baltic Sea have changed relatively little (HELCOM, 2014). Therefore, the Baltic
Marine Environment Protection Commission, Helsinki Commission
(HELCOM), emphasizes the urgent need to integrate additional water quality
improvement measures (HELCOM, 2014). In order to ensure maximum and
economically-justified improvements in the water quality, the choice of
measures to be integrated and the technical solutions must be based on the latest
scientific developments and the results of representative research. Otherwise, the
measures to be integrated may prove ineffective and costly. As a result of an
integrated measure, leaching of plant nutrients may even increase if an
inappropriate measure or technical solution is chosen for the specific situation
(Povilaitis et al., 2018).

According to the data included in the Latvian State Water Status
Monitoring Program (2015-2020), the Lielupe catchment area has the largest
number of risk water bodies in comparison with other Daugava, Gauja and Venta
river basin districts in Latvia. In the catchment area of the Lielupe River, twenty-
nine of the thirty-nine watercourses are considered to be risk water bodies, of
which in twenty-six one of the causes is diffuse source pollution (LVGMC,
2015a). Taking into account Latvia's obligations with both the EU and
HELCOM, the introduction of water quality improvement measures to ensure
good surface and groundwater quality is topical in Latvia. (LVGMC, 2015b).

Appropriate integration of area management practices and water quality
measures in river basins requires scientifically sound results. Deelstra et al.,
(2014) notes that in similar climatic and area management conditions, plant
nutrient leaching varies. Deelstra et al., (2014), similar to Jiang, Jomaa, & Rode,
(2014) points to the different water flow rates and exchange times of runoff
components as important factors influencing the leaching of plant nutrients and
retention processes. Accordingly, it can be concluded that the appropriate
management practices of the areas are affected by the specific features of the site.
Surface water modeling is one of the techniques for developing appropriate
environmental policies and water management practices (Arheimer et al., 2012).
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However, at the current stage of development of hydrochemical process
modeling, there is some uncertainty in the results of model calculations, which
is especially pronounced in the catchment areas of the water bodies that are
poorly gauged and ungauged. Poorly gauged river basins can be defined as those
where the spatial coverage of data sets is insufficient or the length of data sets is
insufficient (Loukas & Vasiliades, 2014). Also, in the modeling of poorly gauged
river basins, widely applied forecasting procedures do not reflect the processes
taking place in the basin (Kuzmin et al., 2019). In reality, the model can be
adapted and an acceptable model calculation performance can be achieved with
the wide range of observational results used. One of the biggest problems of
modeling is parameter uncertainty, where the same result can be achieved at
different parameter values (Hundecha et al., 2016; Wi et al., 2015). As a result,
the parameters of a seemingly well-calibrated model do not always adequately
represent the characteristics of the catchment area (Hundecha et al., 2016). In the
calibration of hydrological processes, the results of flow observations may not
be sufficient to represent the characteristics of the basin and the ongoing
processes (Rajib et al., 2018; Wagener et al., 2001).

In the history of agricultural runoff monitoring, water quality modeling
has previously been performed only in the Bérze River, using the FYRIS NP
model. FYRIS NP model calculations are based on empirical formulas,
calculation gradient of one month, including the observed flow and water
temperature in the river as variables. The modeling results gave an idea of the
retention processes in the river and the distribution of plant nutrient loads in
different land uses in the Bérze River basin (Abramenko et al., 2013). In the
history of agricultural monitoring, no model has been developed before, which,
based on the calculations of complex hydrological processes, can be used to
simulate the implementation of measures to improve runoff quality and to assess
the impact of climate change. Process modeling and simulation of water quality
improvement measures can provide a scientific basis for the development of
efficient catchment management practices. Knowledge of the course of
hydrological processes promotes understanding and provides opportunities to
better interpret the observed water quality indicators, as well as can help to
develop a model that is appropriate and efficient for local conditions.

The aim of the study: to develop a hydrochemical model for the
simulation of the introduction of measures to improve runoff quality and to
develop a methodology for the complex assessment and modeling of
hydrological processes in hydrologically poorly gauged river basins.

Research objectives:

o to adapt the hydrochemical model to the simulation of the introduction
of measures to improve the quality of runoff in the conditions of
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climate change in accordance with the river basins, applying the
modeling procedure typical for hydrologically well gauged rivers;
for hydrologically poorly gauged rivers, applying the modeling
procedure typical for the well gauged rivers, to assess the ability of
the model to represent hydrological processes;

to develop a methodology based on the observation results for the
integrated assessment of hydrological processes;

to evaluate the possibilities of applying the results of observations
made in the monitoring of agricultural runoff for modeling
hydrological processes in the catchment basins of hydrologically
poorly gauged rivers.

Research hypotheses:

a model adapted to the procedure typical of hydrologically well
gauged rivers can be used to simulate the implementation of water
quality improvement measures;

when performing modeling in the catchment basins of hydrologically
poorly gauged rivers, it is necessary to improve the modeling
procedure typical for the well gauged rivers.

Hypotheses to be tested:

modeling tools for hydrochemical parameters can be used to simulate
the implementation of water quality improvement measures and to
assess the effectiveness in the catchment areas of hydrologically
poorly gauged rivers characteristic of the agricultural runoff
monitoring system;

in order to create a fully functioning model of hydrological processes
in the catchment basins of hydrologically poorly gauged rivers, the
transfer of parameters and observation results characterizing
hydrological processes obtained from typical monitoring stations can
be used.

Practical significance of the dissertation:

In the framework of the international project “MIRACLE” of the
BONUS (Art 185) program, for the first time in the context of
monitoring of agricultural runoff, a simulation of the introduction of
measures to improve runoff quality was performed for the pilot area;
the assessed effectiveness of water quality improvement measures can
be used when planning solutions for ensuring good water quality in
Latvia;
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o the projected effectiveness of the measures in the context of climate
change shall be used for long-term planning of appropriate catchment
management practices;

o the results of the work provide an idea of the impact of local conditions
in river basins on the formation of runoff quality and the effectiveness
of integrated measures;

e At the European Union level, the results of this study can be used in
environmental policy-making, taking into account the specifics of
regional environmental conditions.

Scientific significance of the dissertation:

¢ in accordance with the specifics of agricultural runoff monitoring
performed in Latvia, a calibration methodology has been developed
and the model has been calibrated, the parameters of which can be
used in the modeling of hydrologically poorly gauged river basins;

o developed observation-based methods corresponding to the
Agricultural runoff monitoring system, by the application of which it
is possible to assess the hydrological characteristics influencing
runoff;

e amethodology has been developed that explains the adaptation of the
measurements available in the territory of Latvia to the simulation of
the implementation of runoff quality improvement measures, which
can be used for the adaptation of model parameters in other river
catchment areas;

¢ Problems in modeling hydrological processes in the catchment basins
of hydrologically poorly gauged rivers are described, highlighting the
shortcomings related to the calibration of the models and the
uncertainty of the calibrated parameters.
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1. MATERIALS AND METHODOLOGY

1.1. Characterization of the research area

The aim of this study includes the adaptation of the hydrochemical model
and the development of modeling practices that can be used in the future to
model, assess river runoff and water quality included in agricultural runoff
monitoring and to plan appropriate water management practices. In the context
of agricultural monitoring, a model of hydrological processes for simulation of
water quality measures has been tested for the first time. The Bérze River Basin
has been selected as a pilot area for both model integration and simulation of
runoff quality improvement measures. Also, the results of observations of the
Bérze River catchment area and B&rze monitoring have been used to promote
understanding of the course of hydrological processes and to improve modeling
practices in hydrologically poorly gauged river catchments.

The areas of the Bérze River and the small catchment area are located in
the Zemgale Plain, a particularly sensitive area (Figure 1.1). The whole territory
of Latvia is characterized by humid climatic conditions, where precipitation
exceeds evaporation. Assessing the regional climatic conditions in the country,
the territory of the Be@rze River and the Beérze small catchment area is
characterized by relatively low long-term average precipitation and high air
temperatures. The size of the catchment areas, the terrain conditions, the
granulometric composition of the soil, the proportion of land uses and drained
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areas are the main factors that differ in the research levels of the Bérze River and
Beérze Monitoring Station (Table 1.1).

IGAUNJA

BALTIJAS JURA = =
RIGAS JURAS

KRIEVIJA
DAUGAVAS UPJU BASEINU APGABALS

LIETUVA
ApzZimgjumi

@ Monitoringa stacija

Lielakas upes BALTKRIEVIJA
Berzes upes dalbaseini
Ipasi jutigas teritorijas 0 25 S0 100 km

:I Upju baseinu apgabals
Figure 1.1 Geographical location of research objects

Table 1.1 Basin characteristics

Land use, %

Tile Surface slope

Monitoring site Arr]za, Forest ﬁ;?}sj' Arable Other drained, % gradient, %
Berze small 400 2 % 0 98 0.55
catchment

Berze drainage ., 5 190 100 0.69

field

Berzes River 87200 39 7 51 3 34 0.90...2.80

The Bérze monitoring station is located approximately 10 km from the
B&rze-Balozi hydrometric station of the B&rze River, but is not part of the B&rze
River catchment area. More than 98% of the area is covered by arable land on
drained loam soils. The length of the watercourse in the small catchment area of
Bérze River is 2.4 km. LLU data archive includes runoff and water quality
measurements dating from October 1993. In 2005, the surveying structures of
the station were rebuilt and groundwater monitoring wells were installed. A
modified Kramp-type weir was built in the small catchment area, but in the
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drainage field a triangular weir in the well connecting the drainage collectors was
built. Measurements are performed in automatic mode, using pressure sensors
and storing data in data loggers.

The BG-2 well is located next to the Bérze drainage field drainage
measuring structure. It was built in 2005 for shallow groundwater level
fluctuations and water quality measurements. In relation to the ground surface,
the borehole is 6 m deep with a built-in filter part at a depth of 1.7 to 5.7 m.

The Bérze River is a tributary of the Svéte River, which is a tributary of
the left bank of the Lielupe. Since 1927, observations have been made at the
Bérze-Balozi hydrometric station in the lower reaches of the Beérze River (6.8
km from the mouth of the river) (Latvijas Vides geologijas un meteorologijas
centrs (LVGMC)). According to the information available on the LVGMC
website, the water level and water temperature at the station are measured in an
automatic mode, supplemented by manual measurements, for example, by
determining the flow rate, snow and ice thickness. The flow rate is determined
using calibrated stage-discharge rating curve. For water quality monitoring
purposes, the Bérze river basin is divided into 15 sub-basins (Figure 1.2).

[ Sub-basin watershed
—— River network
Agriculture

B Forests - )

B Utban area A Nutrient sampling points

I Reservoirs Berze-Balozi gauging station
0 5

: 10 20 Kilometers
Bogs L L L L L s s J

Figure 1.2 Characterization of land use types in Bérze river sub-basins
(Veinbergs et al., 2017)

Sub-basins have been identified taking into account the distribution of
land uses, tributaries, wastewater treatment plants, location of water bodies, as
well as road infrastructure. Sub-basins with an upstream area of 0.0 km? (Table
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1.2), do not enter transit runoff and characterize runoff and water quality
formation within the sub-basin. The other sub-basins, in turn, can be used to
study the retention processes in the river, as well as to represent specific sub-
basin characteristics. For example, the impact of the city of Dobele, together with
the retention processes in the river, is represented by water quality indicators in
the lower reaches of sub-basin 9 and sub-basin 12. Significantly larger gradients
of the surface slope (on average exceeding 2%) are found in the central part of
the Berze River catchment, while there is relatively flat relief in the Eastern part.

Six land uses are classified for the study, including arable land, forests,
grasslands, settlements, waters and bogs. Almost half of the Be&rze River
catchment area is occupied by arable land. Typically, the proportion of drained
arable land is higher in the flatter sub-basins. In sub-basins with a pronounced
relief, a relatively large proportion of agricultural areas is in sub-basins No. 3, 6,
and 9, where the share of arable land is from 48 to 87%.

Table 1.2 Characterization of morphometric parameters of Bérze River
sub-basins in HYPE model (Veinbergs et al., 2017)

Length of STD of
amain Average average Average Reservoir Reservoir
Sub- Area Upper watercou altitude* altitude**, slope depth  catchment

basin km?2 area km? rse, km m m % m *kk
1 9.3 0.0 1.3 121 2.8 0.92 - -
2 69.3 9.3 26.0 111 7.5 1.76 - -
3 1212 1637 54.6 101 11.0 1.76 - -
4 57.2 0.0 13.2 112 8.9 1.84 - -
5 279 0.0 2.0 98 9.1 2.78 5 0.83
6 42 2849 3.2 68 7.4 2.56 5 0.30
7 43.2 0.0 215 96 104 1.35 - -
8 1009 432 42.0 88 16.5 1.13 - -
9 1056 506.8 43.2 68 15.1 2.17 - -
10 53.0 20.6 19.7 66 9.9 2.00 - -
11 206 0.0 6.2 66 6.0 2.13 - -
12 128 6124 4.7 57 12.1 2.66 - -
13 895 0.0 32.7 76 15.8 2.80 - -
14 937 0.0 60.6 48 16.3 0.98 - -
15 63.7 8084 57.8 25 17.4 1.10 - -

Basin 872.0 0.0 388.7 80 11.1 1.90 5 0.03

* Relief altitude is given according to height system LAS-2000,5; **STD — standard
deviation; *** fraction from sub-basin area
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Immediately behind agricultural land is a relatively large proportion of
forest land, followed by grasslands. The share of other land uses is about 5% of
the entire Bérze River catchment area. However, urban areas, although not large,
are a significant source of point source pollution, especially for phosphorus
loads.

Although water bodies and bogs together account for less than 2.5%, their
share in individual sub-basin areas is significant. In contrast to the agricultural
runoff monitoring stations described above, there are several water bodies in the
Bérze River catchment area, the largest of which is Lake Zebrus. The surface
area of Lake Zebrus together with Lake Svéte occupies 17% of the area of the
sub-basin No. 5. A relatively large percentage area (7% of the area of sub-basin
No. 6) is occupied by the surface area of the Annenieki HPP reservoir.

By far the largest area of agricultural land in the Bérze River catchment
area is occupied by winter wheat. However, in some sub-basins No. 5, 10 and 11
the areas occupied by grasslands exceed the share of other individual crops
grown on agricultural land more than twice.

The soils found in the agricultural lands of the B&érze River catchment area
consist of both mineral soils of various granulometric composition and soils of
organic origin. For the study, 5 soil groups were identified, including clay, loam,
sand, organic and urban soils. Sandy loam soils are the most widespread on
agricultural lands, occupying more than half of the entire agricultural lands of
the Beérze River catchment area. The proportion of organic soils on agricultural
land does not exceed 0.5% and is not used in this study.

In forest areas, the distribution of soils in the Bérze River catchment area,
similarly to agricultural lands, is quite variable in the sub-basins. Compared to
agricultural land, the spread of forests on clay soils is relatively lower. About
twice as often as on agricultural lands, forests are found on sandy soils.

Dambeniece-Migliniece & Lagzdin$ (2018) study comprehensively
describes the load caused by wastewater treatment plants in Beérze River
catchment area. The study reveals that in the period from 2005 to 2014, a total of
22 domestic wastewater treatment plants have been operating in the Bérze River
catchment area, as well as one plant for wastewater treatment from the Zebrene
hazardous waste management landfill. Dobele city wastewater generates about
half of the total amount of wastewater, which after treatment is discharged into
the Bérze River sub-basin No. 12 and is the largest source of point source
nitrogen pollution. Dobele wastewater treatment plants also generate a relatively
large phosphorus load, however, the largest point source load of phosphorus is
discharged into a local watercourse in sub-basin No. 8. The total load from
wastewater treatment plants in the Bérze River catchment area is estimated at
around 19.1 t per year of nitrogen and slightly more than 3.4 t per year of
phosphorus. About 77% of the phosphorus in wastewater is dissolved in water.
Mineral nitrogen makes up about 71% of the total nitrogen content in wastewater.
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1.2. Modeling tool selection and model description

The open source, free modeling tool Hydrological Predictions for the
Environment (HYPE) (Figure 1.3) was selected for reaching the aim and
performing the tasks of this research paper. The model has been previously used
both in similar hydrological and climatic conditions in Sweden and is widely
used in the modeling of hydrochemical processes in the catchment areas of
medium and large rivers (SMHI, n.d.). According to the description of the HYPE
model (Lindstrom et al., 2010) the model provides a simplified process
calculation with included conceptual solutions, supplemented by empirical
solutions and physically based parameters.

Si

@ Outflow of sub-basin Sub-basin watershed
<= Water migration m Soil type
< === Nutrient migration

N — total nitrogen consisting of mineral and organic forms
P — total phosphorus consisting of mineral and organic forms
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deposition  Fertilizers,
E manure and  Plant
Precipitation : plant residues  uptake
Snowmelt H E ‘\ +#
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Figure 1.3 Characteristics of the HYPE model: subdivision into sub-basins and
land use-soil classes (SLC) (image at top left); schematic model structure within SLC
(image on the right); processes in water bodies (bottom left) (image adapted from Jiang
et al., 2014)

Based on the model's characterization by Knightes (2017), in catchment
areas, with a small amount of available measurements, conceptual models with
resolution of calculation results at the sub-basin level are suitable. The relatively
low density of flow observations and limited observations of the hydrophysical
properties of the layers characteristic of the soil profile are characteristic of the
river network included in the monitoring of agricultural runoff performed in
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Latvia. Accordingly, the level of detail of the HYPE model is considered suitable
for modeling hydrochemical processes and justifying suitable area management
practices in the river basins of the hydrologically poorly gauged agricultural
runoff monitoring network. The B&rze River, which is characteristic of the
agricultural runoff monitoring network, has been chosen as a pilot area in this
study. The proportion of river flow monitoring stations in the study period is
small (0.1 station per 100 km?), and no description of the hydrophysical
properties of the soil layers is available.

The macropore flow, surface, drain and groundwater runoff, as well as
groundwater dynamic processes represented by the HYPE model are
characteristic of Latvian conditions, with special emphasis on the impact of
drainage on hydrochemical processes. According to the real estate data of the
Ministry of Agriculture, there are 1.5 million hectares of drained agricultural
land.

Conceptual solutions in the model are based on balance calculations,
taking into account meteorological parameters such as precipitation and
temperature. When meteorological conditions interact with natural and man-
made landscape elements and soil processes, specific run-off and plant nutrient
cycling processes are formed. The parameters defined in the model are linked to
the hydrological response units, which are defined in the HYPE model as soil-
land use classes (SLC).

The calibrated parameters, model configuration, and empirical formulas
reflect runoff formation and migration and transformation of nutrients above
ground, in soil, and in lakes and watercourses. The nutrient cycle is also
influenced by the crops grown and the specifics of the area.

Soil profile according to the concept included in the model's HYPE
software (Swedish Meteorological and Hydrological Institute (SMHI), n.d.) can
be divided into 3 soil layers (Figure 1.4). For each soil layer, porosity parameters
such as the pore fraction, which determines the twist moisture (WP(i)), the field
moisture capacity (FC (i)) and the effective porosity (EP (i)), where i is 1, 2 or
3, which denotes the upper, middle and deepest layers of the soil, respectively.

Under saturated soil conditions, surface, drain and groundwater runoff
calculations in the model are represented by the relationship:

runoff = rc(i) X WCEP(i), mm, (1.2)

where

rc(i) - recession coefficient, which describes what part of the entire
WCEP(i) reaches the watercourse in the time interval selected in the
model settings (part in time).
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Figure 1.4 Percolation and runoff formation in saturated soil conditions:
* surface runoff in saturated soil conditions; ** percolation to an unsaturated soil layer;
*** groundwater runoff and drain runoff are limited by moisture content in effective

porosity

The amount of water exceeding the infiltration capacity is proportionally
distributed in the unsaturated surface runoff (formula 1.2) and macropore runoff
(formula 1.3).

runof fs(u) = srrate Xx (WCW — WCIC), mm, (1.2)

where

srrate - a calibrated coefficient to determine the fraction available for
unsaturated surface run-off, with a value between 0 and 1,

WCW - volume of incoming rain and snowmelt, mm;

WCIC - calibrated topsoil infiltration capacity, mm.

flowm = macrate X (WCW — WCIC), mm, (1.3)

where

macrate - a calibrated coefficient to determine the fraction of macropore
run - off between 0 and

In the calculation of the HYPE model balance sheets, plant nutrient stocks
consist of the amount of fertilizer applied, the stock of soil and plant residues,
the point source pollution load, and atmospheric deposition (Figure 1.5). The
amount of plant nutrients taken up by plants is seasonally variable, which is
limited by the air temperature, the stages of vegetation development and the plant
nutrient uptake potential specific to each crop, and the area management regime.
Soil moisture, distribution of runoff components, air temperature and specific
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plant nutrient stocks in each soil layer are the main factors influencing the
transformation and migration of plant nutrients in both the soil profile and water
bodies. (SMHI, 2020). Sedimentation and siltation processes in water bodies are
also assessed.
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Figure 1.5 Nitrogen and phosphorus processes represented and calibrated
by HYPEV1
(figure modified from Lindstrom et al. (2010))

1.3. Adaptation of the model to the characteristics of the catchment area

Two versions of the HYPE model have been adapted for the purposes of
this study. Both versions include different model configuration, calibration,
validation, as well as further application purposes of the model. The aim of the
first version of the HYPE model (HYPEV1) was to assess the ability of
agri-environmental measures to reduce leaching of plant nutrients from the Bérze
River catchment area under climate change. The aim of the second version of the
HYPE model (HYPEV2) is to develop a model that is able to represent
hydrological processes and the associated fluctuations of groundwater levels, as
well as the variability of surface, drainage and groundwater runoff components,
with a higher degree of detail.

In the selected pilot area (Bérze River), the characteristics of each
sub-basin in the HYPE model are included in the SLC classes (Figure 1.6).
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Figure 1.6 Characterization of hydrological response units in the pilot area

In both HYPEV1 and HYPEV2 models, SLC classes are based on a
similar principle. The HYPEV2 model clarifies the distribution of land use types.
Crops, the proportion of which did not exceed 3% of the agricultural lands in the
Bérze River catchment area, were combined in the HYPEV1 model, naming
them as other agricultural crops. In the HYPEV2 model, the areas occupied by
other agricultural crops are proportionally distributed to the defined most
common agricultural crops. The characteristic dimensions are defined in the
models for all soil types (Figure 1.7) specified in the HYPEV2 model.

Ground surface
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2" soil layer
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Figure 1.7 Dimensions characterizing the soil profile in the HYPE model
(figure modified from Veinbergs et al. (2017))
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The characteristics of point source pollution in both versions of the model
represent the load caused by 23 wastewater treatment plants in the Bérze River
sub-basins.

The crop-specific treatment and fertilization regime specific to each crop
for the HYPE model has been harmonized with the recommendations of the
representatives of the agricultural sector as well as statistical indicators. One of
the steps in the nitrogen balance calculation in the HYPE model involves the
calculation of crop nitrogen and phosphorus uptake (SMHI, 2020). The amount
of nutrients that can be absorbed is non-linear over time (Figure 1.8), which is
mathematically influenced by both the air temperature and the time elapsed since
sowing. The model calculations assume that the amount of nitrogen and
phosphorus intake is limited by the defined nitrogen and phosphorus ratio (P/N).
The specific P/N ratio for each crop was obtained using the data provided by
Karklin§ un Ruza 2013 on the nutrient content of straw and grains depending on
the yield of the particular crop. The nitrogen content of plant residues left in the
field has been calculated on the basis of recommendations from the agricultural
sector and taking into account the IPCC (The Intergovernmental Panel on
Climate Change) methodology published in 2006 (Enggleston et al., 2006), as
well as the methodology updated in 2019 (Hergoualc’h et al., 2019), which also
includes calculations of the nitrogen content in plant residues.
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Figure 1.8 Description of the conceptual solution for the calculation of
nitrogen uptake by crops in the HYPE model at different values of
parameters upl, up2 and up3 (figure modified according to (SMHI, 2020))
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1.4. Model calibration methodology using a procedure typical for
hydrologically gauged rivers

The modeling procedure for hydrologically well gauged rivers includes
the adjustment of the model parameters, as well as the evaluation of the
performance in relation to the observations made in the river basin. The version
of the model adapted to the procedure specific to the hydrologically gauged rivers
below is designated HYPEV1.

During the calibration process of the HYPEV1 model, the flow calibration
for the Beérze-Balozi hydrometric station was initially performed. Adapted
parameters that characterize soil hydrophysical properties, evapotranspiration
and snow processes in local watercourses, main watercourses runoff volume and
current. For the needs of plant nutrient leaching modeling, the parameters that
characterize the reserves of nitrogen and phosphorus compounds in the soil
profile, transformations, mineralization, denitrification have been adjusted
during the calibration process. Nitrogen and phosphorus processes in water
bodies included sedimentation/siltation, formation of primary products and their
mineralization, and denitrification of inorganic nitrogen compounds.

Nash-Sutcliffe efficiency ratio (NSE), mean relative difference between
empirical and modeled observations (PBIAS), root mean square error and
standard deviation ratio (RSR) were used to compare daily modeled and observed
results which corresponds Moriasi et al., (2007) with the recommended
methodology for the assessment of hydrological models. A standard error (sg)
has been calculated to compare the monthly average modeled and observed
results in the long-term.

1.5.  Modeling of climate change and water quality improvement
measures

Water quality improvement measures are planned, the HYPEV1 model
has been adapted, the results have been discussed and agreed with the
recommendations of the stakeholders, the Water Framework Directive and
HELCOM. Representatives from agriculture, water management, nature
protection, as well as wastewater management institutions were especially
involved in the discussions and planning of water quality improvement measures.
Water quality is considered in the context of economic calculations by Danish
experts, which have been widely described Carolus et al. (2020), comparing the
modeling results obtained in rivers in Latvia, Sweden and Germany. The study
was supported by the BONUS program (Art 185) MIRACLE project. The
simulation was performed in the selected pilot area in the Bérze River catchment
area. Three pathways for improving water quality have been identified (Table
1.3), including specific measures.
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Table 1.3 Development pathway and measures to be integrated to improve
water quality in the Bérze River catchment area

Recommended

Pathway Description of simulated measures Period by

1. pathway (PW1) — business as usual

Greening Crop rotation - In the structure of the model there are two since  Rural Support
groups: the first group includes winter wheat, summer 2015 Service
wheat, winter rapeseed; the second group includes summer
rapeseed, summer barley, corn.

Increased areas of grasslands - 1201 ha proportionally
replaces all crops on non-drained arable land and
transforms the management regime according to
grasslands.

Ecological focus area - proportionally replaces the existing
non-drained grassland areas and excludes the use of
fertilizer in the area of 2930 ha.

Organic The HYPEV1 model integrates an area of 1305 ha, since Rural Support
farming replacing mineral fertilizer with organic fertilizer. Fertilizer 2015 Service
doses not exceeding 170 kgN-ha™. The measure is
integrated in the respective area, replacing 4.9% of the three
most common crops (winter wheat, summer barley and
winter rapeseed), changing the applied mineral fertilizer to
organic fertilizer.

2. pathway (PW2)

Improvements According to the assessment of wastewater management from  Wastewater

in the organizations, the HYPEV1 model envisages the 2021to management
management  reconstruction of wastewater treatment plants or sewerage 2030 authority Ltd.
of wastewater systems. After conversion, their emissions are expected to “Dobeles
treatment be: on average 25 mg-L? phosphorus and Udens”
efficiency

25 mg-L™ nitrogen, and groundwater inflow to the system
is prevented

3. pathway

Buffer strips:  Two buffer strips variants were tested in the model from Rural Support
2+10m calculations. In both the first and the second variant, 2 m 2021 to Service
(Buff2+10)  wide strips of unfertilized grasslands are planned along the 2030

and drainage ditches. In turn, 5 m wide strips of unfertilized

2+5m grasslands are planned to be created along the water drains

(Buff2+5) of national significance, while in the second variant 10 m
wide strips of unfertilized grasslands are planned. The areas
occupied by the buffer strips are 342 + 198 ha in the first
variant, but 342 + 399 ha in the second variant

Fertilizer Winter wheat, summer wheat, summer barley), as well as Isnot Organizations

reduction winter and summer rapeseed, three reduction options for defined of
mineral fertilizers were tested: 5% (NP reduct. -5%), 10% environmental
(NP reduct. -10%) and 20% (NP reduct. -20%) conservation

Note : This study also assesses the combined impact of all measures (Joint_measure)
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The parameters of the HYPE model are adapted to the stationary
characteristics of each measure, the intensity, the affected areas (Figure 1.9), the
relevant area management regime and the impact on the circulation of plant
nutrients. The areas affected by the measures included in the first development
pathway have been determined on the basis of the data registered in the LAD
field blocks in 2015 in comparison with the calibration period of the model (from
2005 to 2014).

Tile drained | Arable land Grasslands Tile |
arable land with no tile with no tile___! __drained

Buffer strips. No fertilizer
applied. 540-740 ha

Land management -

Organic farming. Only organic common practice

fertilizer applied, 1305 ha

Mineral fertilizer reduction by
5 to 20%. 32017 ha

Increased area of

grasslands, 1201 ha
Ecological focus area.,
2930 ha. No fertilizer

Crop rotation in whole arable
land

Figure 1.9 Agri-environmental measures, affected areas in the structure of

the HYPEV1 model: measures against the first development pathway on a green
background

The measures were also assessed in the context of climate change,
comparing the effectiveness of the measures in the reference period from 1991
to 2010 with a forward facing period from 2011 to 2030. To represent climate
change, we used data from regional climate models WRF-IPSL-CM5A-MR
(WRF) and RCA4-CanESM2 (RCA4), which characterize EURO-CORDEX
projections from the CMIP5 global climate model ensemble (Carolus et al.,
2020). Climate data calculations are based on the RCP8.5 climate development
scenario, which includes a relatively rapid increase in greenhouse gas emissions
in the future (Riahi et al., 2011). The impact of the forecasted land use changes
on the water quality for the region corresponding to Latvia has also been assessed
separately in accordance with the study supported by the European Commission
- “SCENAR2020-1I"" (Nowicki et al., 2009) and its forecasts of changes in land
use.
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1.6. Development of an observation-based methodology for the
assessment of hydrological processes

In the calibration stage of the HYPEV2 model, it was concluded that even
in the catchment areas of relatively small watercourses with relatively
homogeneous catchment characteristics, there is a high uncertainty of the
parameters to be calibrated if the model is calibrated against the downstream
flows. Therefore, for the needs of calibration and validation of the HYPEV?2
model, there was a need for additional characteristics of hydrological processes,
which would reduce the uncertainty of the parameters, taking into account the
hydrological processes characteristic of Latvian conditions. At the current stage
of development of the field of hydrological science, various methods of analysis
of runoff hydrographs or duration curves have been used in practice to
characterize hydrological processes, which has been well described by Brodie &
Hostetler, 2005. Using the available methods and tools, the results can be
obtained quite variably and do not offer the possibility to separate the
components of surface, drainage and groundwater runoff characteristic of
Latvian conditions. In this study, methods were developed and the components
of surface, drainage and groundwater runoff were evaluated. Typical
groundwater levels and runoff thresholds that limit drainage runoff have also
been assessed.

The developed methods are based on the existing BFI (Wahl & Wabhl,
1988, 1995) and the SWAT digital filter, an additional tool developed for the
SAWAT model (Arnold & Allen, 1999; Arnold et al., 1995). Similarly, methods
for the assessment of hydrological processes have been developed based on
groundwater level-runoff relationships, as well as the analysis of recession
coefficients. At river level, depending on the method used (Figure 1.10 and
Figure 1.11), runoff components were separated by a combination of runoff
observed in the drainage field and at river level and groundwater levels observed
in the well.
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Figure 1.10 Procedure for application of digital filters for separation of
runoff components at river and drainage field levels: 1) Q,ps g and Qps p is
the observed runoff at river and drain field level, respectively; 2) @, y , is the run-off

where the designations in the index are: (a) x is replaced by the notation for the relevant
run-off component obs (total observed run-off), s (surface run-off), dr (drain run-off) or
gw (groundwater run-off); (b) Y indicates the level of the river (R) or drainage field (D);
(c) z indicates the run-off separation method used, which in this case are BFI or SWAT
digital filters (df), as applicable; 3) ncor indicates that the runoff component is not the
end result and still needs to be adjusted; 4) F r is the correction factor to convert
drainage runoff from drainage field to river level
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Figure 1.11 Application of the daily average groundwater level data series

to estimate runoff components at river level: 1) the meaning of the symbols is

explained in figure 1.10; 2) the index gwt denotes the method of separation of runoff
components using groundwater level-runoff analysis
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The groundwater level-runoff relations applied at the river level are
characterized by an exponential function:

Qx vy gwt = a X e?*WT —c = f(GWT), mm-d* (1.17)

where

a, b and c - constants calibrated separately for each year's data series;
e - is an exponential constant (=2.71);

GWT - daily average groundwater level, m.

At the level of a small catchment, runoff components are separated
by a combination of groundwater level-runoff linear relationships:

Qgw gwt = faw(GWT) = agy, X GWT + by, m3d*, (1.18)
where
agy and bg,, - a linear equation for the calculation of the groundwater
runoff constant;

Groundwater level at which drainage begins:

_ GWTgr1+6WTqro

GWTy, ,, ;= 2 ar* W are (1.19)

2

where

GWT,,, - groundwater level (m) on the first day of each episode when

drainage is observed;

GWTgo - groundwater level (m) in the day before GWT,, ; where no

drain runoff has been observed.

At the level of the small catchment area, the runoff components have been
separated and the effective depth of the drains has been calculated by combining
the runoff measurements observed in the small catchment area with the
groundwater level observations. The method was applied to pilot areas, where
the results of observations for the period from 2006 to 2015, represent the river
level at Bérze River, the drainage field and the small catchment basin levels, as
well as the Bérze small catchment area and the BG-2 well for the groundwater
level.

Groundwater level at which drainage is drained is calculated:

GWT,,. o = S Tartost W s (1.20)

where

GWT4.i—4 - groundwater level (m) on the last day of each drain runoff
episode while drainage is still observed;

GWTy,; - groundwater level (m) one day after the observed GWT ,p—1
where drainage runoff has not been observed.
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1.7. Development of methodology for modeling of hydrologically poorly
gauged rivers

To increase the performance of the hydrological process calculation, a
HYPEV?2 version of the model has been developed on the basis of the HYPEV1
model, the parameters of which can be used in the modeling of river basins that
have not been hydrologically well gauged.

Before the development of the HYPEV2 model, the parameters of the
HYPEV1 model were transferred from the Bérze River to the Bérze small
catchment area, according to the characteristics of the catchment area. The
process of creating a HYPEV?2 model can be divided into two stages. In the first
stage, the model was configured and calibrated for the calculations of the
hydrological processes of the Bérze small catchment basin and the groundwater
levels corresponding to the BG-2 well. In the second stage, the parameters were
transferred from the B&rze small catchment area to the Bérze River catchment
area. After the transfer of parameters, the performance of the model without
calibration was evaluated and the model was calibrated for the calculations of
hydrological processes. Initially, the soil type-dependent parameters for the
Bérze River catchment area were defined in the same way for all soil types, which
corresponded to the sandy loam soil parameters calibrated for the Bérze small
catchment basin. The performance of the initial HYPEV2 model for the Bérze
River catchment area was evaluated without starting the parameter calibration
(without performing the full parameter calibration). Subsequently, the land use-
dependent parameters were calibrated for all land uses except agricultural land.
Later, the model was calibrated for all parameters that affect the calculations of
hydrological processes. The calibration evaluates the performance of the model
against both the flow rates observed in the river and the groundwater levels
observed in the BG-2 well, taking into account also the long-term average
distribution of runoff components. The statistical indicators NSE PBIAS and RSR
as well as sz were used, similar to that described for HYPEV1 calibration.

Validation of the HYPEV2 model was performed by comparing the
distribution of runoff components calculated from the model and separated from
runoff hydrographs (based on observations). In the calibration process, increased
attention was paid to the physical meaning of the parameters.

At the end of the study, the components of long-term average runoff
calculated with the HYPEV2 model and their percentage distribution were
analyzed. A correlation analysis was performed separately for each perennial
runoff component with the average proportion of each catchment feature
characteristic in the Bérze River sub-basins. The statistical significance of the
correlation coefficients was assessed according to the critical correlation
coefficients corresponding to the 95% confidence interval defined in (Eersin et
al., 2007)
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2. RESULTS AND DISCUSSION

2.1.  Model performance analysis using a modeling procedure typical of
hydrologically gauged rivers

The calculated daily flows of the HYPEV1 model represent the flow
observed at the Be&rze-Balozi station relatively well, reaching the model
efficiency indicators NSE = 0.84, RSR = 0.40. However, the calculated flow
(Figure 2.1) is on average lower than observed (PBIAS = -7.0%).
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Figure 2.1 The daily flow of Bérze River observed and calculated by
HYPEV1 at the Bérze-BaloZi hydrometric station in the calibration period
from 2005 to 2014

The HYPEV1 results show that 88.5% of runoff is groundwater runoff
(Table 2.1). In the calculations of the HYPEV1 model, the absolute runoff and
evapotranspiration values in the sub-basins ranged from 233 mm in populated
areas to 451 mm in areas with a large proportion of forest and water-covered
areas.

Table 2.1 Runoff calculated by HYPEV1 for the Bérze River at the Bérze-
BaloZi hydrometric station from 2005 to 2014

Runoff component mm %
Surface runoff 20.7 10.2
Runoff from 1% soil layer 2.9 15
Runoff from 2" soil layer 12.6 6.2
Runoff from 3" soil layer 163.4 80.8
Tile drainage runoff 2.7 1.3
Total 202.3 100.0

70



In the calculations of the HYPEV1 model, the groundwater level in the
sub-basins of the Bérze River mostly did not rise closer to 1 m above the ground,
which was 0.2 m above the groundwater column height above the defined
drainage depth (1.2 m). The amplitude of groundwater fluctuations calculated
with the HYPEV1 model (not exceeding 1.5 m) is more than 40% lower than that
observed in the borehole of the B@rze monitoring station well BG-2
(approximately 2.5 m).

The calibration process failed to significantly improve the performance of
the model in the calculations of runoff components and groundwater dynamics,
which can be explained by HYPEV4.10.7. software deficiencies as well as the
data series used for calibration.

Performance of HYPEV1 model for nitrogen compound calculations
in the lower reaches of the Bérze River according to the model performance
evaluation criteria (Moriasi et al., 2007) is considered to be very good because
PBIAS = -0.2% (not more than 25%). The model also represents well the
dynamics of concentration fluctuations (Figure 2.2). The results for the Bérze
River show a relatively good performance of the model compared to the tests of
the HYPE model in Swedish water bodies (Lindstrom et al., 2010).
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Figure 2.2 The total nitrogen concentrations in Bérze River observed and
calculated by HYPEV1 at the Bérze-BaloZi hydrometric station in the
calibration period from 2005 to 2014

The total nitrogen concentrations observed in the downstream varied from
0.8 to 8.30 mg-L™. The two concentrations mentioned above were relatively
different from the modeled ones. This maximum concentration was observed in
the autumn of 2006. The weather conditions for the 2006 summer-autumn season
are rather extreme, with marked cracks in the soil. (Jansons, n.d.). Although the
model includes calculations of macropore flow, the HYPE model does not
predict the dynamic variability of soil fissure and macropore formation.
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The HYPEV1 calibrated model, compared with nitrogen calculations,
showed lower performance (PBIAS = -9.9%), however, according to the model
performance evaluation criteria, the performance is to be considered as very good
(less than 25%). Similarly, the HYPE model estimated a related lower
phosphorus and total phosphorus concentrations in the Swedish rivers, compared
to observations (Lindstrom et al., 2010). As with observations of nitrogen
concentrations, one of the highest downstream phosphorus concentrations was
found in 2006 (Figure 2.3). However, unlike nitrogen, the highest phosphorus
concentrations were observed during the low water period. This can be explained
by the relatively high point source pollution load, which in proportion to the low
runoff forms high phosphorus concentrations in the Bérze River.
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Figure 2.3 The total phosphorus concentrations in Berze River observed
and calculated by HYPEV1 at the Bérze-BaloZi hydrometric station in the
calibration period from 2005 to 2014

At the sub-basin level, the performance of the HYPEV1 model for the
calculation of total nitrogen and phosphorus concentrations is considered
satisfactory to very good (Table 2.2).

Table 2.3 Performance of HYPEV1 model for nitrogen and phosphorus
calculations in Bérze river sub-basins

Total nitrogen Total phosphorus
Model Model
Sub-basin  PBIAS*, % performance PBIAS*, % performance
1 69 Satisfactory -46 Satisfactory
2 29 Good 52 Satisfactory
3 14 Very good 7 Very good
4 17 Very good 2 Very good
5 5 Very good -4 Very good
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Table 2.2 continued

Total nitrogen Total phosphorus
Model

Sub-basin  PBIAS*, % performance Sub-basin PBIAS*, %
6 20 Very good 38 Good
7 -29 Good -13 Very good
8 -33 Good 27 Good
9 13 Very good 56 Satisfactory
10 50 Satisfactory 30 Good
11 -28 Satisfactory -35 Good
12 4 Very good 4 Very good
13 36 Good 35 Good
14 36 Good -45 Good
15 29 Good -9 Very good

Notes: the model performance is: 1) PBIAS<+25% - very good; 2) £25 < PBIAS < +40
good; 3) #40 < PBIAS < £70- satisfactory; 4) PBIAS>+70% - unsatisfactory (Moriasi et
al., 2007); *negative values indicates that the simulated values are underestimated

The results of the calculation of the total runoff of the HYPEV1 model
for the Bérze River catchment area are considered to be relatively successful.
But the dynamics of groundwater and the distribution of runoff components are
not considered representative. According to the approach described by Lennartz
et al. (2011), the percentage of drainage run-off could be in the range from 0%
to 86% in sub-basins No. 1 and 15, respectively, which characterizes the
proportion of drained areas.

Differences between observed and calculated concentrations are
related to both individual randomly collected water samples, which do not
represent the mean situation, and model inaccuracies. Inaccurate nitrogen
calculations could be related to: 1) the bog areas in sub-basin No. 1 were not
included in the model; 2) the overestimated nitrogen leaching from grasslands in
areas No. 10 and 13; 3) the underestimated concentrations from forest areas in
sub-basin No. 11; 4) too low point source pollution loads in sub-basin No. 7 and
8.

Inaccurate phosphorus calculations could be related to: 1) overestimated
leaching from grasslands in sub-basin No. 2 and 10; 2) overestimated leaching
from forests in sub-basin No. 11; 3) overestimated point source load in sub-basin
No. 8; 4) underestimated point source pollution load in sub-basin No. 7.

2.2. Climate change and water quality improvement measures

It is forecasted that in the future climate conditions, compared to the
reporting period, runoff from the Bérze River catchment area will decrease by
9.1%, surface runoff will decrease by 4.0%, as well as the groundwater level may
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decrease slightly. In the Bérze River, runoff is expected to increase only in winter
from January to February, by 2.0% and 9.3% respectively (Figure 2.4). In the
other months of the year, runoff is expected to decrease from 0.2% to 82.4%,
with the smallest changes in spring and the largest in summer and autumn. In the
future, the minimum runoff of the summer low-water period is expected to shift
from August to September. Compared to the reference period, the reduction of
future surface run-off is expected mainly from May to November and in March,
with the exception of August, when an increase in surface run-off is expected.
Surface runoff is also expected to increase from December to February and April.
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Figure 2.4 Estimated monthly average flow in the Bérze River catchment
area in the reference period 1991-2010 and in the future from 2011 to 2030

Reduction of nitrogen loads in the lower reaches of the Bérze River,
depending on the integrated measures, is expected to be in the range of 0.1 to
13.4%, if climatic conditions are similar to the reference period from 1991 to
2010 (Figure 2.5). On the other hand, due to the potential climate change, a
significant reduction in loads is projected even if none of the measures are
integrated. However, the calculations of the model show that the implementation
of the measures modeled in the first development pathway could lead to an
increase in loads in the future. Implementing the measures envisaged in all
development pathways, a reduction of nitrogen loads by 23% is expected (12.1%
is provided by integrated measures, but 10.9% by changes in meteorological
conditions in the future in relation to the reference period).

The calculation results of the HYPEV1 model show that by reducing the
dose of nitrogen fertilizer in cereals and rapeseed by 5% (8.2 kg-ha), the load
on runoff will decrease by 11.2% (0.9 kg-ha') of the reduced amount of fertilizer.
By reducing the fertilizer dose by 36% (59.0 kg-ha), the amount of leached
fertilizer will decrease by 0.05 kg-kg*. This shows that it is more important to
reduce relatively high fertilizer doses exceeding 105 kg-ha*. Accordingly, the
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possibilities of reducing the dose of nitrogen fertilizer for winter crops should be
evaluated primarily.
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Figure 2.5 Reduction of total nitrogen load depending on the modeled
measure and climate: negative values indicate an increase in load if the specific
measure is integrated

Reduction of phosphorus loads in the lower reaches of the Bérze River,
depending on the integrated measures, is expected to be in the range of 0.2 to
9.7%, if climatic conditions are similar to the reference period from 1991 to 2010
(Figure 2.6). From the point of view of reducing phosphorus loads, the
introduction of buffer zones could have the greatest positive effect. Due to
climate change, the efficiency of buffer zones could be up to 66% higher in future
climate conditions compared to the reference period. Although the reconstruction
of wastewater treatment plants (WWTPs) could reduce phosphorus loads
relatively little, it should be noted that the number of people served by
wastewater treatment plants for reconstruction is only 0.6% (69 people) of the
total population equivalent in the Bérze River basin. Assuming that 0.68 ha of
agricultural land is required per capita to ensure food production (Ritchie, 2017)
and considering that the reconstruction of wastewater facilities in the reporting
period reduced the phosphorus load by 184 kg per year, it turns out that the
reduction of phosphorus load caused by the reconstruction of wastewater
facilities is equivalent to the reduction of phosphorus load by 3.9 kg-ha* per year.
For comparison, phosphorus leaching in the buffer zone is expected to decrease
by a maximum of 0.68 kg-ha? per year. The results show that a significant
reduction in phosphorus loads is unlikely to be achieved by reducing the fertilizer
dose. Implementing the measures envisaged in all development pathways, it is
forecasted that phosphorus loads could decrease by 18.8% (16.6% are provided
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by integrated measures, but 2.2% by changes in meteorological conditions in the
future compared to the reporting period).
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Figure 2.6 Reduction of total phosphorus load depending on the modeled
measure and climate

By integrating the changes in land use patterns predicted in the
SCENAR2020-11 study, the impact of runoff quality on the Bérze River is
ambiguous. Changes in land use could lead to an additional reduction of
0.13 kg-ha* of nitrogen loads, if at the same time a measure to reduce the amount
of fertilizer is integrated (Carolus et al., 2020). Meanwhile, together with other
measures, the changes in the type of land use projected by SCENAR2020-11 could
lead to an increase in loads in the runoff from the Bérze River.

The lowest cost of reducing the nitrogen load per kilogram is expected to
measures to reduce the amount of fertilizer, followed by the reconstruction of
wastewater treatment plants (Table 2.3). Reconstruction of wastewater facilities
is the most cost-effective measure to reduce phosphorus loads, followed by the
introduction of buffer zones.

The reduction of phosphorus loads from the Bérze River catchment area
affected by climate change is most likely due to reduced surface runoff. In
addition, the estimated reduction in surface runoff at the end of the growing
season, after the growing season, and in the spring runoff peak phase in March
also creates favorable conditions. The reduction in nitrogen loads from the Bérze
River catchment area affected by climate change is likely to be related to reduced
total runoff and associated groundwater levels. However, changed climatic
conditions and reduced soil moisture in the autumn could increase the risk of
wind erosion, which may be exacerbated by tillage. In addition, climatic
conditions may change agricultural practices, the length of the growing season
and the transformation of plant nutrients.
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Table 2.4 Nitrogen and phosphorus load reduction costs, EUR+kg™?,
depending on the integrated measure in the Bérze River basin
(table modified from Carolus et al. (2020))

Simulated measure N P
Crop rotation No load reduction 10300
Increased area of grasslands 505 34500
Organic farming No load reduction 11200
Improvements in the management of 61 232
wastewater treatment efficiency (PW2)

Buffer strips (2+5 m) - 469
Buffer strips (2+10 m) - 360
Fertilizer reduction NPreduct-5% 31 16000
Fertilizer reduction NPreduct-20% 23 10000

Although reducing fertilizer is a relatively inexpensive measure to reduce
nitrogen loads, it must be borne in mind that both yield and harvest quality are
affected. In order to increase the protein content of grains by 1%, an additional
1.6 to 2.0 kg of plant nitrogen is required per tonne of grain. (Ruza, 2014).

Although the conversion of wastewater treatment plants is the cheapest
in terms of cost-effectiveness, it should be taken into account that the conversion
of wastewater treatment plants at the planned intensity will have a relatively
small overall effect on phosphorus loads. The results of water analyzes of Dobele
wastewater treatment plants show that the concentration of phosphorus in the
effluent of wastewater treatment plants is 5.7 times lower than the average
effluent from wastewater treatment plants in sub-basins No. 7 and 8. The
difference indicates the potential for improving the efficiency of wastewater
treatment plants.

2.3. Calculations of observation-based hydrological components for the
river research level

At the level of drainage field research, SWAT digital filter calculations
show that the fast-reacting runoff component is in the range of 47 to 75%, which
is not considered to be a representative indicator for surface runoff in Latvia. The
surface runoff separated by BFI ranges from 2 to 43% depending on the used
filter parametersN=1and F=0.1...0.9. Accordingto Q = f(GWT), the results
obtained by the correlation method show that the relatively slow-reacting drain
runoff is Q ar p gwt = 81%, but the surface runoff is Q s p gwt = 19%, which is
similar to the distribution calculated by the BFI at the filter parameters N = 1 and
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F = 0.6. Statistically, based on Q@ = f(GWT) correlation methods and the
similarity of daily runoff components calculated by BFI are characterized for
drain runoff NSE = 0.84 and PBIAS = 0.33%, surface runoff NSE = 0.71 and
PBIAS = -1.35%.

For the Bérze River, by changing the values of the parameter N =3 ... 7,
but leaving the default value for the parameter F = 0.9, the distribution of fast
and slow-reacting runoff components in the total runoff hydrograph is obtained.
At the filter parameters N =5 and N = 6 set in the BFI digital filter, a relatively
similar runoff distribution was obtained with the results obtained in the SWAT
digital second calculation round and according to, and the distribution of runoff
components calculated by the Q = f (GWT) method. The final results of the
calculations show that a similar long-term average distribution of runoff
components can be obtained for all calculation variants (Table 2.4).

Table 2.5 Percentage distribution of calculated runoff components
in the Bérze River from 2005 to 2014

Calculation Contribution of runoff components in total runoff, %
method Qsr_ Qur r Qgu R
BFI filter 229 22.2 54.9
SWAT filter 195 22.1* 58.4
Q=f(GWT)
relationship 18.8 24.2 57.0

* Component was estimated by BFI

From the obtained results it can be concluded that when using each tool
separately, there is a great deal of uncertainty in the distribution of runoff
components. By combining the digital filter and the groundwater level-runoff
relationship method, the uncertainty is reduced, and a similar distribution of
runoff components is obtained. Evaluating the applied digital filters, it was found
that at the river level, both the BFI and SWAT digital filters are suitable for the
separation of fast and slow-reacting runoff components. At the drain field level,
the results show that the SWAT digital filter is not a suitable tool because it
overestimates the fast-reacting and underestimates the slow-reacting runoff
components, which at this level are considered to be surface and drain runoff,
respectively. It is quite possible that by reducing the filter parameter g = 0.925
value the SWAT digital filter could be adapted to separate surface runoff and
drain runoff. However, this option is not currently available for the filter.

Comparing the historically observed surface runoff data in the Bérze
drainage field in the period from 1966 to 1970 the surface runoff is from O to
31 mm per year with an average volume of 10 mm per year (Skinkis, 1986). For
comparison, in this study in the period from 2005 to 2014, the surface runoff in
the Bérze drainage field was estimated at about 40 mm per year. However, it
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should be noted that the measurements made by Skinkis (1986) describe the
period from 1966 to 1970, when the average runoff from the drainage field was
only 102 mm per year. Meanwhile, the observations used in this dissertation
show that the long-term average runoff was 209.3 mm per year. This could
suggest that, in the long-term, surface run-off is likely to be much higher than
the historical observation described above.

2.4. Calculations of observation-based hydrological components for the
research level of the small catchment area

During periods when the groundwater level drops deeper than 0.95 m
below the ground, the flow recession coefficient increases rapidly, exceeding
Rc = 0.80. This characterizes a large proportion of groundwater runoff in the total
runoff. The results of the analysis show that the groundwater recharge slows
down over the years, as well as the groundwater yield coefficient decreases.

Analysis of the maximum flow recession coefficients suggests that the
sum of the maximum drainage and groundwater runoff could be approximately
7.5 mm-d* or 0.32 m3s’%. This value is relatively close to the normative drainage
runoff module in Zemgale 0.7 I's*-ha' = 6.0 mm-d* (Ministru kabinets 2015). In
turn, higher flow rates may indicate surface runoff.

The distribution of runoff components calculated from the obtained linear
relationships has been relatively variable over the periods considered (Table 2.5).
Although the largest part of the runoff is, on average, drainage runoff, the results
show that in terms of runoff, in the driest period from 2006 to 2009, groundwater
runoff was 1.6 times higher than drainage runoff.

Table 2.6 Observed total runoff and distribution of calculated runoff
components in the Berze small catchment area

Calculation Qtot_obs Qgu_owt™ Qur ewt™ Qs**

period mmyear! mmyear! % mmyear! % mmyear! %
2006-2009 76 45 58 29 39 2 3
2009-2012 253 69 27 162 64 22 9
2012-2015 208 80 38 111 53 17 8
2006-2015 177 63 35 100 57 14 8

* values characterize runoff on all days for which groundwater level observations in the
BG-2 well were available; ** surface runoff calculated from the observed total runoff
minus the calculated groundwater and drainage runoff

Calculations show that drainage runoff begins and ends at similar average
groundwater levels, which characterize the effective depth of drains at 1.18 m
below the ground (Figure 2.7).
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Figure 2.7 Daily groundwater level fluctuations and their relation to the
formation of groundwater runoff and drainage runoff

2.5.  Modeling of hydrological processes in hydrologically poorly gauged
river catchment areas

2.5.1. Level of research in the small catchment area

It has already been demonstrated in this study that the HYPEV1 model
has been able to successfully represent the observed flow, as well as nitrogen and
phosphorus concentrations in the lower reaches of the B&rze River. When
transferring parameters from the Bérze River catchment area to the Bérze small
catchment area, the performance of the HYPEV1 model in the flow calculations
proved to be unsatisfactory (Table 2.6).

Table 2.7 Performance of the calculation of daily hydrological processes
with HYPE model for Bérze small catchment area from 2005 to 2014

I HYPEV1 HYPEV2
Statistical Groundwater Groundwater
indicator Discharge Discharge
table table
NSE - 0.27 0.82 0.61
PBIAS, % - 33.6 -2.4 35
RSR - 0.85 0.45 0.62

The performance of the HYPEV2 model calibrated for the small
catchment area of the B&rze River is also not high in terms of flow, however, the
model shows very good performance in relation to the groundwater level
observed in the BG-2 well. Repeated manual and automatic calibration,
combined with integrated conceptual changes in both the dimensions of drains
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and characteristic soil layers, and the characteristic parameters of groundwater
and drainage recession and porosity, have not resulted in significant
improvements in the performance of the model.

2.5.2. Level of river research

Adapting the HYPEV2 model to the Bérze River, in the first step the
parameters were transferred from the HYPEV2 model of the Beérze small
catchment area. The calibration of the parameters was performed only for the
parameters depending on the type of land use, except for agricultural land. The
result is a very good statistical performance of the model both in relation to the
flow observed in the lower reaches of the Bérze River and to the flow observed
in the BG-2 well (Table 2.7). The model successfully represents medium and
high flows in the autumn from August to November, as well as during spring
floods in April. But the biggest discrepancies are related to the winter months
from December to February, as well as in spring/summer from May to July.

Table 2.8 Statistical indicators of the performance of the HYPEV2 model
for the Birze River catchment area from 2005 to 2014

HYPEV2 partly calibrated HYPEV?2 all parameters calibrated

Statistical parameters

indicator Groundwater Discharge Groundwater Discharge
table table

NSE 0.80 0.79 0.81 0.83

PBIAS, % -6.0 -8.7 -35 2.1

RSR 0.45 0.46 0.44 0.42

Further, the development of the HYPEV2 model for the Bérze River
catchment area is related to the calibration of all parameters, improving the
performance of the model in the daily groundwater level and flow calculations.
The most significant improvements are related to the daily flow calculations
during the summer low water period, which the model represents relatively well
(Figure 2.8). Compared to the incomplete parameter calibration, improvements
can also be observed in the calculation of flood flows. Inaccuracies in the winter
months persist when the long-term average monthly flows in February and the
reduced flows in December, January and March are overestimated (Figure 2.9).
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Figure 2.8 Daily flows in the Berze River at the Bérze-BaloZi hydrometric
station from 2005 to 2014 calculated and observed with HYPEV2: full
parameter calibration
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Figure 2.9 Fluctuations of monthly average flow in the Bérze River at the
Bérze-BalozZi hydrometric station from 2005 to 2014 calculated and
observed with HYPEV?2: full parameter calibration

Inaccuracies in the calculation of maximum flows are also indicated by
underestimated maximum groundwater levels (Figure 2.10). At full parameter
calibration, groundwater levels in autumn are less accurately calculated, which
is compensated by improvements in groundwater levels calculated in winter
during low-water and flood period (Figure 2.11).
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Figure 2.10 Daily groundwater levels calculated and observed with
HYPEV?2 in the Bérze River catchment area from 2005 to 2014:
full parameter calibration
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Figure 2.11 Monthly average groundwater level calculated with HYPEV2
for the Birch River catchment area and observed in the BG-2 well from
2005 to 2014: full parameter calibration

2.5.3. Estimation of calculated runoff components

Compared to HYPEV1, the adjusted software, configuration and
calibration strategy used in the HYPEV?2 model allowed the calculation of more
dynamic groundwater level fluctuations and a more representative distribution of
runoff components (Table 2.8).

Calculations of the HYPEV2 model show that the long-term average
runoff of the B&rze River catchment area was significantly increased by the
proportion of urban areas, while the other characteristics of the catchment area
alone did not statistically significantly affect the long-term average runoff (Table
2.9).
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Table 2.9 Components of runoff extracted from the observed runoff and
calculated with HYPEV2 from 2005 to 2014

Component Total  Groundwater Tile drainage Surface
runoff runoff runoff runoff
Measurement unit mm mm % mm % mm %
Berze small catchment
HYPEV2 182 61 34 119 65 2 1
Estimated™ 176 62 35 100 57 14 8
Berze River at the gauging station Berze-Balozi, parameters partly calibrated
HYPEV2 198 144 68 44 21 10 5
Berze River at the gauging station Berze-Balozi, all parameters calibrated
HYPEV2 213 150 70 52 25 11 5
Estimated™ 216 123 57 50 23 44 20

* runoff components are separated from the observed runoff hydrograph and
characterize the averages calculated using a digital filter and Q = f (GWT) methods
(observation-based calculations)

Table 2.10 Correlation coefficients of linear relationships between long-
term average runoff components and catchment characteristics calculated
with HYPEV2 (r) in the Bérze River catchment area

Runoff Landuse, % Tile S;gf;ge Soil, %
com- Ara- Fo- Grass- Reser- drained

radient,
ponent Urban ble rest land  Voir Bog area,%g " Clay Loam Sand
g"‘? 0.77 0.45-0.67 -028 -0.34 -0.31 061 -0.15 0.92 -0.28 -0.29
rainage

1% layer*  -0.18 -0.73 0.67 0.43 035 0.30 -0.77 0.42 -0.93 0.63 0.00
2" Jayer*=* 0.45 -0.56 0.30 0.15 0.21 0.18 -053 0.50 -0.93 0.74 -0.24
rd

3 -0.34 -0.53 0.52 0.21 0.02 0.68 -056 0.00 -0.55-0.14 0.94
layer***

Ground-
water in 0.04 -0.80 0.62 0.28 0.19 0.62 -0.81 0.36 -0.87 0.45 0.50

total

Surface 0.85 -0.04-0.33 -0.29 -0.26 0.31 0.16 -0.03 0.80 -0.04 0.03
Total 091 -0.20-0.21 -0.08 -0.22 0.21 -0.02 0.5 0.58 0.08 0.11
Notes XxX - the correlation coefficient r is statistically significant according to the
confidence interval of 95%; * groundwater runoff from the top layer of soil; **
groundwater runoff from the middle layer of soil; *** groundwater runoff from the
deepest layer of soil

The proportion of catchment properties represents the distribution of
long-term average runoff components relatively well. The calculation results of
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the HYPEV2 model for the Bérze River catchment area show that the impact of
drainage activities significantly reduces the long-term average groundwater
runoff (especially from the upper soil layer) and increases the drainage runoff.

The calculation results obtained with the HYPEV2 model show that the
proportion of clay soils has a statistically significant effect on drainage runoff, as
well as groundwater runoff from the first two soil layers. As the proportion of
clay soil increases by one percent, drainage runoff increases by 1.0 mm per year,
but groundwater runoff decreases from 0.1 to 0.5 mm per year, depending on the
soil layer considered. The results of the calculation show that with a one percent
increase in the proportion of clay soils, surface runoff increases by 0.02 mm per
year and total runoff by 0.15 mm per year, however, the amount of data used in
the calculations is too small to be considered statistically reliable. The proportion
of sandy soils significantly affects the runoff of groundwater from the deepest
soil layer. Accordingly, with a 1% increase in the proportion of sandy soils,
groundwater runoff from the third soil layer increases by 1.7 mm. As the
characteristics of the catchment area significantly influence the distribution of
long-term average runoff components, this distribution can also be used to
evaluate the performance of the HYPE model.

2.5.4. Model evaluation and calibration recommendations

The HYPE model has been applied several times to the research objects
included in this study, each time changing the calibration strategy. The most
current calibration parameters are included in the HYPEV2 model version.
According to the HYPEV2 calibration parameters, snow is expected to melt in
populated areas the fastest. Comparing arable land, forests and grasslands, the
highest snow melting intensity is in grasslands, but lower in arable land,
however, the temperature at which snow melts is the lowest in arable land.
Observations made in Latvia show that as a result of snow melting, surface runoff
in grasslands is several times higher than in arable lands (Skinkis, 1986), which,
according to the obtained model parameters, can be explained by the snow
melting intensity, as well as the Pan et al., (2017) study shows that with higher
vegetation, more snow accumulates. In forest areas, compared to arable land, the
intensity of snow melting is expected to be similar, however, according to the
temperature limit, snow melting in forests starts significantly later.

Compared to other land uses, the model parameters show that the
recession of saturated surface runoff is low in forest and grassland areas, thus
delaying the flow of surface runoff. By comparison, a rapid recession of surface
run-off and thus a large part of surface run-off from saturated soils to
watercourses enters settlements as well as arable land.

The highest porosity is defined for clay soils, but the lowest - for sandy
soils. However, the effective porosity, or that part of the pores that is able to
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freely absorb and return water, is the lowest in clay soils and the highest in sandy
soils.

The recession parameter of drain runoff indicates that the most intensive
drain runoff is possible in sandy soils, while the lowest intensity is in clay soils.
Groundwater recession parameters show that the most intensive groundwater
runoff is possible in sandy soils, but the smallest in clay soils.

The highest soil water infiltration capacity is in sandy soils, while the
lowest - in clay soils. Judging by the intensity of potential drainage runoff and
groundwater runoff, as well as soil water infiltration capacity, the highest
potential for surface runoff formation is in clay soils, while the lowest - in sandy
soils. 1t should be noted, however, that in clay soils a relatively large part of the
unfiltered water enters the deeper layers through macropores (Hintikka et al.,
2008), which is also assessed by the developed HYPEV2 model.

The greatest potential for evapotranspiration is in water-covered areas,
followed by forest areas. The lowest evapotranspiration potential is in populated
areas and bog areas.

The results of this study show that in relatively small catchment areas, the
uncertainty of calibrated parameters, distribution of runoff components and
groundwater dynamics remains relatively high when the model is calibrated
against downstream flows. As a result, the calibrated parameters do not represent
the associated catchment properties, which is considered to be one of the main
problems in applying mathematical models (Hundecha et al., 2016).

The reliability of calibration parameters characteristic of spatially
different catchment characteristics can be increased by using, for example,
observations of biophysical processes characterizing evapotranspiration and
overgrowth development (Rajib et al., 2018), flow observations at several
hydrometric stations (Wi et al., 2015). The processes taking place in the soil
profile could possibly be successfully represented by the river water salinity
measurements recommended by Wagener et al., (2001) or groundwater level
observations.

The results of this study also show that the results of groundwater level
observations in hydrologically poorly gauged rivers significantly reduce the
uncertainty of the parameters to be calibrated and the calculated hydrological
processes. In addition, in modeling hydrological processes, it is desirable to first
calibrate the model to a typical small-scale river basin with as homogeneous
basin characteristics as possible. The obtained parameters can later be transferred
to larger and more complex river basins.

As both in the Bérze River catchment area and in the territory of Latvia
as a whole a large part of the territory is occupied by forests, as well as the urban
areas have a statistically significant impact on flow, in the future it is necessary
to evaluate hydrological parameters in these land uses. The measurements would
make it possible to specify the parameters depending on the type of land use
provided in this study.
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The main runoff trends can be represented by rather robust data
characterizing the catchment characteristics. The long-term average runoff in the
Bérze River was statistically significantly affected only by urban areas and the
long-term average runoff increased by an average of 4.4 mm per year, with the
share of urban areas increasing by 1%. Observations in the United States of
America (USA) also show up to three times more run-off from urban areas than
from agricultural land (Liang et al., 2010).

Due to drainage, the calculation results of the HYPEV2 model do not
show significant changes in the long-term average runoff. Historically,
observations made in Latvia show that evapotranspiration decreases and runoff
increases in drained areas (Skinkis, 1986). The drainage effect could vary
depending on the characteristic dynamics of groundwater levels and topsoil
moisture in soils of different granulometric composition. Studies show that
evaporation occurs mainly from the topsoil to a depth of 30 cm (Jones, 1976).

The calculation results of the HYPEV2 model show that with a 1%
increase in the slope of the terrain, the long-term average groundwater runoff
from the middle layer of the soil increases by 21.6 mm per year. Apaydin et al.,
2006) notes that the slope of the terrain is one of the parameters affecting the
runoff rate. The results of HYPEV2 calculations show that the long-term average
surface runoff does not increase with the average slope of the sub-basin. It is
possible that a statistically significant correlation has not been obtained, because
the surface runoff has been more strongly influenced by the characteristics of the
catchment basin, such as the proportion of clay soils and the proportion of urban
areas. It should be noted that the conceptual solution of the surface runoff
calculation of the HYPE model does not include the direct effect of the slope on
the formation of surface runoff.

The calculation results of the HYPEV2 model show that as the proportion
of sandy soils increases, the long-term average groundwater runoff from the
deepest soil layer also increases. Increased runoff from the deepest soil layer
could also explain the relationship found in the Lithuanian river basins, where
with the increase of the proportion of sandy soils, the runoff also increases in
terms of runoff in very dry seasons (Povilaitis, 2015).

The catchment characteristics considered in this study, the effects of
which are insignificant in terms of long-term average runoff characteristics, are
likely to have a significant effect on runoff calculated for another time period. It
is possible that some properties of the catchment do not show a significant effect
alone, but the effect of the combination of these properties on runoff formation
is significant. The characteristics of the catchment area, which make up a
relatively small proportion in the catchment area, may have a negligible impact.
Although there is more evapotranspiration in forests compared to open areas (Liu
et al., 2010), in the catchment area of the Vienziemite River in Latvia, the
increase of forest areas by 13% did not significantly affect the flow, which could
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be related to the relatively small increase in the proportion of forests (Apsite et
al., 2017).

Although the main trends of the runoff hydrograph are similar, a
sufficiently detailed characterization of the catchment characteristics in the
HYPE model is necessary to represent the physical processes characteristic of
the catchment area, extreme runoff values, to specify runoff recession and runoff
component distribution. Knightes, (2017) un Rajib et al., (2018) points out that
in an overly robust model, there is a risk of inaccurate reproduction of the
physical processes specific to the catchment area.

Within the framework of this study, methods for the separation of runoff
components from the observed runoff hydrographs were also developed. The
analysis of the results of the observations shows that the distribution of runoff
components varies considerably from year to year, which is influenced by
changing meteorological conditions. The biggest differences between the
methods calculated by the HYPEV2 and other methods for calculating runoff
components appear in the results that characterize the surface runoff.

It is possible that the conceptual solution of drain runoff calculation
included in the HYPES5.10.0 model software is incomplete, inaccurately
describing the dynamic relationship of groundwater level-drain runoff. As a
result, sometimes the amount of drainage runoff is overestimated, but in some
cases drainage runoff is too low. It is possible that the drain runoff should be
more responsive in the HYPE model calculations. This is evidenced by the slow
flow recession at the onset of the low water period and the overestimated flow in
the low water period. In the autumn period, the calculated flow is too low, which
can also be explained by the slow-draining drain runoff.

CONCLUSIONS

1. For the first time in the history of agricultural runoff monitoring, a
modeling platform has been adapted to be used for simulating the
implementation of water quality improvement measures and for
researching hydrological processes.

2. By applying a modeling procedure typical of hydrologically well gauged
rivers in a hydrologically poorly gauged river basin, it is possible to
achieve a high agreement between the calculated and observed flow
(NSE> 0.75, RSR <0.50 ; PBIAS <+ 10%), as well as calculated and
observed plant nutrient concentrations (PBIAS <+ 25%).

3. In the catchment areas of hydrologically poorly gauged rivers, a
representative distribution of runoff components and dynamics of
groundwater levels cannot be calculated using a modeling procedure
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typical for hydrologically well gauged rivers, because the flow in the river
does not reflect hydrological processes in the catchment area.

In hydrologically poorly gauged rivers, the distribution of representative
runoff components and the dynamics of groundwater levels can be
calculated with model parameters adapted to the small catchment area, if
flow and groundwater level observations are used in the calibration.

The components of surface, drainage and groundwater runoff in
watercourses can be separated by analyzing the dynamics of hydrographs
and groundwater levels.

The modeling tool makes it possible to assess the effectiveness of water
quality improvement measures in river basins by integrating stationary
measurement-specific solutions into the model.

In the future, with the introduction of agri-environment and wastewater
management measures, the projected annual reduction of phosphorus load
in runoff will reach 19%, where 10% will be provided by buffer zones
along watercourses.

In the future, with the introduction of agri-environment and wastewater
management measures, the projected annual reduction of nitrogen load in
runoff will reach 23%, where up to 15% will be provided by the reduction
of the dose of mineral fertilizers.

The effectiveness of the fertilizer dose reduction decreases with the
intensity of the reduction, because if the average fertilizer dose (164
kg-hat) of the crops is reduced by 8.2 kg-ha* (5%), the amount of leached
nitrogen will decrease by 0.11 kg-kg, while reducing the fertilizer dose
by 59 kg-hal (36%), the amount of leached nitrogen will decrease by
0.05 kg-kg™.
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