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TEMAS AKTUALITATE

Udenu kvalitates nodro$inasana un piesarnojuma samazinaSana ir
aktuala probléma daudzas pasaules valstis. Ari Latvijas vides aizsardzibas
politika 1denu aizsardziba tiek minéta starp galvenajam prioritat€m.
Lauksaimnieciskas darbibas negativas ietekmes uz tidenu kvalitati petjumi Latvija
kluva 1paSi aktuali péc 1992.gada ratificétas Baltijas jlras regiona vides
aizsardzibas konvencijas (Helsinku konvencijas) pienemsSanas. Helsinku
konvencijas mérku istenoSanai nodibinatas Baltijas juras vides aizsardzibas
komisijas (HELCOM) pétijumu rezultati norada, ka lauksaimniecibas sektors
Baltijas jiira rada aptuveni 79% no slapekla un 78% no fosfora piesarnojuma
slodzes (HELCOM, 2007; Ministerial Declaration..., 2010). Lauksaimnieciska
razoSana ir viena no nozimigakajam ekonomiskajam aktivitatém Baltijas jiiras
regiond — gandriz 25% no 1.7 miljonus km® liela Baltijas jras sateces baseina
tieck izmantoti lauksaimnieciba (Agriculture..., 2013). Lauksaimnieciskas
razoSanas rezultata raditajam un lietotajam augu baribas vielu parpalikumam
nonakot apkartgja vide un talak Baltijas jira, tiek veicinats tas piesatinajumu ar
biogénajiem elementiem (slapeklis, fosfors) un eitrofikacijas procesi.

Latvija ka Eiropas Savienibas (ES) dalibvalsts isteno vairakus ES
normativajos aktos noteiktos pasakumus vides aizsardziba, tai skaita Nitratu
direktivas (ND) Nitrate Directive (91/676/EEC, 1991) nosacijumus attieciba uz
tUdenu aizsardzibu pret piesarnpojumu ar nitratiem, kas c€luSies no
lauksaimnieciskas darbibas. Pamatojoties uz ND noteiktajiem krit€rijiem,
Latvija ir noteiktas TpaSi jutigas teritorijas (IJT), kuras, saistiba ar
lauksaimniecibas radita virszemes un pazemes Udenu piesarnojuma risku, ir
jaizpilda paaugstinatas prasibas piesarnojuma samazinaSanai. IJT ietilpst 64%
no Lielupes baseina apgabala, kura 52% aiznem lauksaimnieciba izmantojamas
zemes (Lielupes upju baseinu..., 2009). Péc Lauksaimniecibas datu centra
(LDC) informacijas IJT atrodas vairak neka 3000 lauksaimniecibas dzivnieku
novietnu, kas veido 9% no kopé&ja novietnu skaita valsti. Mingtie apstakli
nosaka, ka 72% no antropogénas slapekla slodzes un 37% no antropogénas
fosfora slodzes Lielupes apgabala rada tiesi lauksaimniecibas sektors (Lielupes
upju baseinu..., 2009). Izpétot majlopu skaita izmainu dinamiku, tiek
prognozets, ka Latvija turpinas attistities specializ€tas saimniecibas ar lielu,
vienuviet koncentrétu lauksaimniecibas dzivnieku skaitu (Lauksaimniecibas
raditaju..., 2013).

Nesakartota organiskda meslojuma saimnieciba lielajas lopkopibas
saimniecibas ar augstu lauksaimniecibas dzivnieku blivumu tiek saistita ar
punktveida jeb koncentréto piesarnojumu, kura galvenie avoti ir: kiitsmeslu un
vircas kratuvju izbtives un ekspluatacijas nepilnibas, ka arT neatbilstosi terminiem
un devam organiz€ta kiitsmeslu uzglabasana un iestrade augsné, kas sekmé biogéno
elementu nopliides (Jansons, 2011). Nemot véra lauksaimniecibas politikas
nostadnes peédejos gados un lopkopibas uzpémumu raZoSanas intensifikacijas
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tendenci, kas samazina lidzsvaru starp majlopu skaitu saimnieciba un méslojuma
iestradasanai pieejamam zemes platibam, nakotn€ punktveida piesarnojuma nozime
virszemes tidenu kvalitates nodroSinasana varétu saglabaties.

Lauksaimniecibas piesarnojuma ietekmes uz tdenu kvalitati monitoringu
valsti realizé Latvijas Lauksaimniecibas universitates (LLU) Lauku inzenieru
fakultates Vides un tidenssaimniecibas katedra. NepiecieSamiba objektivi izvertet
monitoringa datus un lauksaimniecibas ietekmi uz tidenu kimisko kvalitati dazados
lopkopibas specializacijas un razoSanas apstaklos rosina paplaSinat noverojumus
jau esoSas punktveida piesarpojuma monitoringa programmas ietvaros. Ka
punktveida piesarnojuma izpétes objekts promocijas darba istermina noveérojumos
tiek pétiti lauksaimnieciskas razoSanas uzpémumi ar specializaciju lopkopiba vai
putnkopiba, kura audz€jamo dzivnieku skaits parsniedz 250 dzivnieku vienibas
(DV) un atrodas IJT. Saskana ar HELCOM rekomendacijam, $adas saimniecibas,
kas neievéro labas lauksaimniecibas prakses nosacijumus, var tikt defintas ka
,karstie punkti” (Hot Spots), kas izraisa pastiprinatu vides piesarnojumu (Criteria
for inclusion ..., 2010; Wossink and Wefering, 2003).

PROMOCIJAS DARBA MERKIS UN UZDEVUMI

Promocijas darba merkis ir izvertet virszemes tidenu kimisko kvalitati 1pasi
jutigajas teritorijas, analiz€jot lauksaimnieciskas razoSanas raditd punktveida
piesarnojuma ietekmi uz slapekla un fosfora savienojumu koncentraciju izmainam.

Promocijas darba mérka sasniegSanai noteiktie petnieciskie uzdevumi ir:

= apkopot informaciju par lauksaimnieciskas razoSanas specifiku 1pasi
jutigajas teritorijas, raksturojot lopkopibas uznémumus ka iesp&jamos
punktveida piesarnojuma avotus;

®  izstradat pamatojumu punktveida piesarpojuma vietu izvélei
virszemes tidenu monitoringa izpildei;

= raksturot tidenu eitrofikaciju sekmgjoSo biogéno elementu (slapekla
un fosfora savienojumu) noplides veidoSanas T1patnibas no
lauksaimniecibas punktveida piesarnpojuma avotiem, nosakot
piesarnojuma slodzes ietekmi uz virszemes tdenu kimisko stavokli
un apzinot nozimigakos punktveida piesarnojuma avotus;

"  novértet piesarnojumu veidojoso elementu temporalo mainibu un
attistibas tendences saistiba ar 1pasi jutigajas teritorijas realiz€tajiem
pasakumiem virszemes Udenu piesarnojuma  samazinasanai,
pielietojot atbilstoSu datu statistiskas analizes metodiku;

= adaptét Latvijas apstakliem piemérotu metodiku virszemes tdenu
piesarnojuma ar fosfora savienojumiem riska novertésanai.



PETIJUMA METODOLOGIJA

Monitoringa vietas virszemes tidens paraugi nemti manuali vienu reizi
meénesi, ieverojot lauksaimniecibas noteCu monitoringa un virszemes idenu
kvalitates monitoringa galvenas vadlinijas (Lauksaimniecibas notecu..., 2003;
VMP, 2009; Cooke et al. 2005; Covalla et al., 2001; Loague and Corwin, 2005).
Virszemes tidenu kimiskas analizes veiktas akreditéta laboratorija ,,Vides audits”,
izmantojot metodes LVS EN ISO 11905-1 un LVS EN ISO 13395 (kopgjais
slapeklis), LVS EN ISO 15681-1 (kopgjais fosfors), LVS EN ISO 11732-1
(amonija slapeklis), LVS EN ISO 13395 (nitritu slapeklis un nitratu slapeklis).
Saja laboratorija veikta arT aug$nu paraugu agrokimiska testé$ana.

Apsekoto lopkopibas saimniecibu raksturojoSo pazimju izvertéSanai pielietota
faktoranalize, lai noskaidrotu svarigakas pazimes punktveida piesarnojuma objektu
grupéSanai lidzigas apakSkopas (Shaw, 2003). Datu bazes objektu grupeSanai
apakskopas (klasteros) izmantota klasteranalize (Struyf, 1997; Johnson and Wichern,
1992). Ekstrémo vertibu novertéSanai datu rindas izmantots Grubsa (Grubbs) tests
(Finkenstadt and Rootzen, 2003). Pazimju vid€jo lielumu salidzinaSanai izmantoti
neparametriskie testi: Manna-Vitneja U tests 2 pazimju videjo vertibu salidzinaSanai
un Kruskala-Valisa tests vairak neka 2 pazimju vid€o vertibu salidzinasanai
(Mac Berthouex and Brown, 2002; Manly, 2001). Pazimju saistibas analizei
izmantots Spirmana rangu korelacijas koeficients (Ostle and Mensing, 1975).

Petamo pazimju laika rindu analizei lietots neparametriskais Manna-
Kendala un Manna-Kendala sezonalais tests (Hirsch and Slack, 1984; Gilbert,
1987). Trenda papildus izverteSanai izmantots Sens virziena koeficients (Sen's
slope) (Gilbert, 1987). Laika rindas vidgjas vertibas mainas punkta analizei, laika
rindam, kuras netiek noteikts statistiski ticams trends, lietots Pettitta (Pettitt's)
tests un CUSUM jeb kumulativo novirzu summu grafiki, kas att€lo pétamas
pazimes veértibu novirzes no kada laika rindas vért€§juma (Chapman, 1989).
Pétamo pazimju vertibu atkartoSanas biezumu izpetei izveleti spektra
novértéSanas elementi, balstiti uz Furje transformaciju, izmantojot
periodogrammas, kas dod iesp&ju stohastisku procesu analizét nevis laika, bet
frekvenCu apgabala, tadejadi apskatot procesa cikliskumu (Howell, 2001).
Fosfora indeksa modeléSanai piclietoti maksligie neironu tikli un genétiskie
algoritmi (Baxter et al., 2002; Diamantopoulou et al., 2005; Govindaraju and
Rao, 2000; Glimrah et al., 2000; Maier, 1996, 2000).

Datu statistiskaja apstrade hipotezes parbauditas ar varbiitibu P 0.95. Datu
analizei izmantotas datorprogrammatiira: SPSS, XLSSTAT, STATGRAPHICS
Centurion, Trend and Equivalence Analysis un Change-Point Analyzer, ka ari
MATLAB. P&tijuma izmantoti dati no valsts SIA ,,Latvijas Vides, geologijas un
meteorologijas centrs” (LVGMC), Latvijas Geotelpiskas informacijas agentiiras
(LGIA), Lauksaimniecibas datu centra (LDC) un LR Centralas statistikas
parvaldes (CSP).



PETIJUMA ZINATNISKA NOVITATE

Promocijas darba zinatniskais jauninajums ieklauj §adas pozicijas:

. veikta lielako lopkopibas saimniecibu uzskaite 1pasi jutigaja
teritorija, ka rezultata noteikti krit€riji to grup&Sanai péc
saimnieciskas darbibas ietekmes uz vidi raksturlielumiem;

. pirmo reizi veikts lielako lopkopibas saimniecibu izveértejums ar
klasteranalizes metodi, lai pamatotu punktveida piesarnojuma
monitoringa vietu noteikSanu;

®  pirmo reizi analiz€ta informacija par virszemes udenu kimisko
kvalitati saimniecibas ar novietném, kuras koncentrétas vairak ka
250 dzivnieku vienibas; noveérojumu izpildes laika (2006.—2008.g.)
legltie rezultati salidzinati ar difuza piesarnojuma monitoringa
datiem, nosakot punktveida piesarnojuma raditas slapekla un fosfora
savienojumu slodzes mazu sateces baseinu Iiment,

= izpétita punktveida lauksaimniecibas notecu monitoringa izpildes laika
(1996.-2010.g.) iegiita ilgtermina noveérojumu statistiska informacija
par tdenu kimiska sastava sezonalo mainibu un attistibas tendenceém
laika, nosakot mérfjumu specifikai atbilstoSas datu statistiskas
apstrades metodes tidens kvalitates kimisko procesu raksturosanai;

= pirmo reizi Latvijas apstakliem pielagots un testéts fosfora indekss
fosfora noplides riska novertéSanai, ka ari pamatota td izmantoSana
virszemes Udenu piesarnojuma ar fosfora savienojumiem samazinasanai
un agrovides pasakumu planoSanai,

. fosfora indeksa noteikSanai vertetas statistiskas un maksliga intelekta
metodes, taja skaita maksligo neironu tiklu pieeja.

PETIJUMA PRAKTISKA VERTIBA

Virszemes tidenu punktveida piesarnojuma monitoringa datu analizei
noteiktas piemérotakas datu apstrades pieejas, kas lauj sekot monitoringa
rezultatu izmainam ilggadigas datu rindas. Fosfora indeksa modelis ir realizets
ka fosfora indeksa aprékinasanas tieSsaistes kalkulatora prototips izmantoSanai
zemnieku saimniecibas.
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2009. Annual 15™ International Scientific Conference Proceedings. Jelgava:
Latvia University of Agriculture, p. 320-326. (ind. ISI Web of Science with
Conference Proceedings Citation Index; CABI full text; CAB Abstracts)

Jansons V., Abramenko K., Timbare R., Berzina L. (2009) Risk
Assessment of the Agricultural Pollution with Nitrates in Latvia. Latvijas
Lauksaimniecibas Universitates Raksti, Vol. 22 (316), p. 1-11. (ind. CABI Full
Text, CAB Abstracts)

Berzina L., Sudars R., Jansons V. (2008) Impact of Intensive Livestock
Farming on Surface Water Quality in Latvia. Vandens Ukio Inzinerija,
Vol. 34 (54), p. 106-117. (in. CAB Abstracts)

Berzina L., Zujevs A. (2008) Design of Phosphorous Index Model as
Environmental Risk Assessing Tool. In: Proceedings of 4" International
Conference on Information & Communication Technologies in Bio & Earth
Sciences. Athens: Agricultural University of Athens Greece, p. 70-77.

P&tijuma rezultati ir publiceti 6 periodiskajos izdevumos un zinatnisko
konferencu tézu krajumos, ka ar1 | monografija:

Berzina L. (2010) The Impact of Intensive Livestock Farming on
Surface Water Quality in Latvia. In: Environmental Science and Education in
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Latvia and Europe: From Green Projects to Green Society. Proceedings of 4™
International Conference. Jelgava: Latvia University of Agriculture, p. 48-49.

Jansons V., Lagzdins A., Berzina L. (2008) Assessment of the
Environmental Risks of Agricultural Impact on Water Quality. NJF Report Risk
Assessment of Global Agrifood Production Chains, Vol.4 (7), p. 58-62.

Berzina L., Sudars R. (2007) Time Series Analysis with Applications to
Water Pollution with Nitrogen from Point Sources in Latvia. In: Trends and
Perspectives in Agriculture. NJF 23" Congress Proceedings. Copenhagen:
University of Copenhagen, p. 299-300.

Arhipovs S., Berzina L. (2006) Object Oriented Modeling of Pollutant
Loading from Agricultural Waste Storage Outlet to Water Body. In:
Proceedings of the International Scientific Conference Information
Technologies for Rural Development, Jelgava: Latvia University of
Agriculture, p. 85-93.

Berzina L. (2004) Rural Development by Statistical Data Analysis of
Agriculture and Environmental Protection Sector in Latvia. In: Proceedings of
the International Scientific Conference Information and Telecommunications
Technologies for Rural Development, Jelgava: Latvia University of
Agriculture, p. 110-116.

Bérzina L. (2003) Lauksaimniecibas un vides aizsardzibas attistibas teritoriali
diferencets skatijums Latvija. No: LLMZA Agronomijas Vestis, Nr. 5, 77.-85. lpp.

Bérzina L., Zuyjevs A., Sudars R., Jansons V., Lagzdins A. (2007)
Fosfora indekss, ta pielietojuma iesp€jas lauksaimniecibas zemju fosfora
zudumu riska novertéSanai Latvija. No: Lauksaimniecibas un partikas risku
vadisana : monografija. Latvijas Lauksaimniecibas universitate. LR ZM
Partikas un veterinarais dienests. RTU ModeléSanas un imitacijas katedra.
Jelgava: [Latvijas Lauksaimniecibas universitate], 504.-524. Ipp.

Pétijuma rezultati ir prezentéti 14 zinatniskas konferencés un
seminaros, no kuriem 11 ir starptautiska méroga:

Berzina L., Rudusa 1. Fluctuation Analysis of Nutrient Concentrations in
Surface Water Near Intensive Agricultural Production. “8” World Congress in
Probability and Statistics”. Istanbul, Turkey, Bernoulli Society and the Institute of
Mathematical Statistics 9-14 July, 2012. (Postera zinojums)

Berzina L. The Impact of Intensive Livestock Farming on Surface Water
Quality in Latvia. 4" International Conference “Environmental Science and
Education in Latvia and Europe: From Green Projects to Green Society”. Jelgava,
Latvia, Latvia University of Agriculture, October 22, 2010. (Postera zinojums)

Bérzina L. Laika rindu analizes metodes virszemes tdens piesarnojuma
izverteSana. “Lauku inZenieru fakultates Zinatniski praktiska konference Vides un
idenssaimniecibas problemas”. Jelgava, Latvija, Latvijas Lauksaimniecibas
universitate, 2010. gada 31. marts.

11



Bérzina L., Sudars R., Osad¢uks V. Neironu tiklu un statistisko metozu
salidzinajums fosfora noplides riska noteikSanai. “Lauku inZenieru fakultates
Zinatniski praktiska konference Vides un iidenssaimniecibas probléemas”.
Jelgava, Latvija, Latvijas Lauksaimniecibas universitate, 2009. gada 8. aprilis.

Berzina L., Zujevs A., Sudars R. Neural Network Approach in Risk
Assessment of Phosphorus Loss. “15" International Conference Research For
Rural Development 2009”. Jelgava, Latvia, Latvia University of Agriculture,
May 20-22, 2009.

Berzina L., Zujevs A. Design of Phosphorous Index Model as
Environmental Risk Assessment Tool. “HAICTA 2008 4" International
Conference on Information & Communication Technologies in Bio & Earth
Sciences”. Athens, Greece, September 18-20, 2008.

Berzina L. Agriculture and Water Quality: Estimation of Point Source
Pollution in Latvia Nitrate Vulnerable Zones. “I4" International Conference
Research For Rural Development 2008”. Jelgava, Latvia, Latvia University of
Agriculture, May 21-23, 2008.

Berzina L. Virszemes tdenu kvalitates sezonalo izmainu analize vides
Jutigajas teritorjas. “Lauku inZenieru fakultates Zinatniski praktiska konference Vides
un tdenssaimniecibas problemas”. Jelgava, Latvija, Latvijas Lauksaimniecibas
universitate, 2008. gada 19. marts

Zujevs A., Berzina L. Designing Phosphor Index Estimation Model by
Multiobjective Optimization Genetic Algorithms. “NJF seminar 398 Modelling in
Agriculture”. Jelgava, Latvia, Latvia University of Agriculture, October 18-20, 2007

Berzina L. Time Series Analysis with Applications to Water Pollution
with Nitrogen from Point Sources in Latvia. “23" NJF Congress Trends and
Perspectives in Agriculture”. Copenhagen, Denmark, June 26-29, 2007

Berzina L. Time Series Analysis with Applications to Water Pollution
with Nitrogen in Nitrate Vulnerable Zones. “I” Nordic-Baltic Biometric
Conference”. Viborg, Denmark, June 6-8, 2007

Berzina L. Object Oriented Modeling of Pollutant Loading from
Agricultural Waste Storage Outlet to Water Body. “International scientific
conference Information Technologies for Rural Development”. Jelgava, Latvia,
Latvia University of Agriculture, October 19-20, 2006

Berzina L. Assessment of Agricultural Point Source Polluters Using
Cluster Analysis. “HAICTA 2006 3" International Conference on Information
Systems in Sustainable Agriculture, Agroenvironment and Food Technology”.
Volos, Greece, September 20-23, 2006

Berzina L. Farming at Nitrate Vulnerable Zones in Latvia. “NJF
seminar 373 Transport and Retention of Pollutants from Different Production
Systems . Tartu, Estonia, June 11-14, 2006 (Postera zinojums)
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Daliba projektos:

Nacionala programma Atbalsts doktorantiiras programmu istenoSanai un
pecdoktorantiras pétijumiem. Projekts Atbalsts doktorantiras studijam un
pecdoktorantiiras pétijumiem inzenierzinatnes, lauksaimniecibas inzenierzinatnés
un mezzinatné Liguma Nr.2004/0004/VPD1/ESF/PIAA/04/NP/3.2.3.1./0005/0067
Lauksaimniecibas radita punktveida piesarnojuma ietekme uz tidens avotu kvalitati
vides jutigajas teritorijas, 2005-2008.g.

LZP sadarbibas projekts Nr. 06.00.40.1.4. Latvijas lauksaimniecibas risku
un krizu vadibas sist€émas. Sadala: Vides risku un krizu vadibas sist€ma, 2009.g.

LLU zinatniskas darbibas attistibas projekts XP114 Fosfora nokltSanas
virszemes Udenos riska (P indeksa) aprékinasanas modela izstrade Latvijas
apstakliem, 2008.g.

1. LOPKOPIBAS ATTISTIBAS VISPAREJAS TENDENCES
LATVIJA

20.gadsimta 90.gadu sakuma péc valstiskas neatkaribas atgtiSanas Latvija
tradicionali nozimigakajas lopkopibas nozar€s bija verojama biitiska majlopu
skaita samazinasanas, tomér péc Latvijas iestasanas Eiropas Savieniba (ES)
lauksaimniecibas dzivnieku skaits stabilizgjas, un to raksturoja nelielas izmainu
svarstibas. Lauksaimniecibas punktveida piesarnojuma riska nozimiba ir ciesi
saistama ar majlopu izvietojuma Tpatnibam un teorétiski riska nozimiba tiek
verteta augstak lielsaimniecibas, kuras koncentréts ievérojams majlopu skaits, ka
ar1 teritorijas, kuras ir ierobeZoti lauksaimnieciba izmantojamas zemes resursi,
tad€jadi veidojoties augstam lauksaimniecibas dzivnieku blivumam.

Statistisko datu analize lauj secinat, ka Vidzemes un Latgales regionos
galvenokart attistas liellopu audzgéSana, Kurzemes regiona — liellopu un ciku
audzéSana, Zemgales un Pierigas regiona vairak ir attistita putnkopiba un
ciikkopiba — nozares, kuram tradicionali ir tendence koncentréties teritorijas, kur
attistds dzivnieku baribas bazi nodroSinoSas nozares. Augstakais liellopu skaits
viena lopkopibas saimnieciba novérots Pierigas regiona — vidgji 12.6 liellopi.
Kurzemes regiona novérojams lielakais viena lopkopibas saimnieciba izvietotais
cuiku skaits — 33.6 ciikas, kam seko Pierigas regions ar vid&ji 28.8 cukam.

LDC informacija liecina, ka uz 2011.gada sakumu 7ipaSi jutigajas
teritorijas (IJT) atradas aptuveni 10% no LDC datu baze registrétajam vairak
neka 40 tikstosi majlopu novietném. 83% novietnu tika izmitinatas ne vairak ka
5 DV, savukart 38 novietnés dzivnieku skaits parsniedza vai bija tuvs 250 DV.
Mingta informacija norada, ka aptuveni viena treSdala no “karsta punkta” statusa
lauksaimniecibas dzivnieku novietném valstl atrodas IJT. Nemot vera, ka IJT
raksturigs blivs hidrografiskais tikls, vairakums majlopu novietnu atrodas dazada
veida virszemes tdens objektu tie$§a tuvuma. Gandriz puse no novietném, kuras
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1zvietotais lauksaimniecibas dzivnieku skaits sasniedz 5 un vairak DV, atrodas
tuvak par 500 m no valsts nozimes tidens notekam (1.attels).

10 kem
el
N

gy Liellopu novietnes (vairak ka 250 DV)

M Ciku novietnes (vairak ka 250DV)

v Majputnu novietnes (vairak ka 250 DV
+ Majlopu novietnes ar 5-250 DV

Avots: Autores veidots peéc LDC datiem.

1.att. Lauksaimniecibas dzivnieku novietnes ipaSi jutigaja teritorija tuvak par 500
m no valsts nozimes @idens notekam (2011. g.).

2. LAUKSAIMNIECIBAS PUNKTVEIDA PIESARNOJUMA
RISKU IZPETE

2.1. Lauksaimniecibas radita piesarnojuma ietekmes uz
virszemes tidenu kimisko kvalitati parraudziba

Atbilsto§i Udens apsaimniekoSanas likuma (2002) prasibam Latvija ir
izveidota iidenu monitoringa programma, kuras ietvaros tiek noteikta art
lauksaimniecibas raditas slodzes ietekme uz virszemes un pazemes tidenu kvalitati.
Lauksaimniecibas notecu (nopliides) monitoringa mérkis paredz izvertet
lauksaimniecisko darbibu radita piesarpojuma slodzi un ietekmi uz iekSzemes
tdenu kvalitati, galveno uzmanibu pievérSot biogéno elementu noplidém (VMP,
2009; Lauksaimniecibas notecu..., 2003). Savukart viens no lauksaimniecibas
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noteCu monitoringa mérka sasniegSanai pakartotajiem uzdevumiem ir veikt
petijumus, kas nodroSina informaciju par epizodiskam biog€no elementu noplidém
no punktveida piesarnojuma avotiem (Jansons, 2005).

Virszemes tdenu kimiskas kvalitates petijumu autori uzsver, ka sateces
baseinos, kuros atrodas lielas lopkopibas fermas ir raksturigas paaugstinatas fosfora
koncentracijas virszemes tdenos, kas veidojas fosfora nopliides un izskaloSanas
procesos (Drewry et al., 2006; Hooda et al., 2000; Smith et al., 2013), savukart citi
pétijumi apliecina, ka intensivas lopkopibas ietekme uz virszemes tidenu kvalitati ir
javerte kompleksi, nemot vera ari citas sateces baseina 1pasibas (Bilotta et al., 2007,
Alvarez-Cobelas et al., 2008; Oenema et al., 2010). Izvertet tieSu saikni starp
intensivu lopkopibu un tas radito ietekmi uz virszemes tidenu kimisko kvalitati
iesaka lokali, analiz€jot piesarnojuma trendu svarstibas (Berka et al., 2001;
Kyllmar et al., 2006).

Faktu, ka pieaugot lauksaimniecibas dzivnieku blivumam uz lauksaimnieciba
izmantojamas zemes platibas vienibu, palielinas uz virszemes tdeniem radita
piesarnojuma slodze pierada ari Latvija realizéta punktveida piesarnojuma
monitoringa rezultati (Sudars u.c., 2005). Lauksaimniecibas punktveida
piesarpojuma ietekmes uz virszemes tideniem pétijumos konstatets, ka nozimigu
slodzi uz virszemes tideniem rada kiitsmeéslu uzglabaSanai nepiemérotas kiitsmeslu
kratuves, ka arT parmériga daudzuma organiska meslojuma iestrade augsné, kas
saistama ar saimniecibam, kuras koncentréts liels lauksaimniecibas dzivnieku skaits
ierobezotos lauksaimnieciba izmantojamas zemes resursu apstaklos. Noveérojumu
vietas nemto virszemes tidenu analizu paraugos konstatétas paaugstinatas slapekla
un fosfora koncentracijas, ko sekmgjusi notece (vircas noplides) no kiitsméslu
kratuvém, uzglabasanas laukumiem un fermu teritorijas (Jansons, 2000).

2.2. Klasteranalizes pielietojums lopkopibas saimniecibu
raksturoSanai

Promocijas darba izstrades ietvaros, izmantojot LDC datu bazes
informaciju, tika apsekotas lopkopibas saimniecibas ar specializaciju piena
lopkopiba, ciikkopiba un putnkopiba Tpasi jutigo teritoriju (IJT) zona, kuru izvéle
notika saskana ar HELCOM vadliniju (Procedures and guidelines for inclusion
and deletion of hot spots), kas nosaka saimniecibas ar 250 un vairak dzivnieku
vienibam (DV) ieklaut lauksaimniecibas ,karsto punktu” jeb potencialo
punktveida piesarnojuma objektu saraksta (Wossink and Wefering, 2003). DV
tika aprékinatas péc ES Nitratu Direktivas (ND) prasibam sastaditas ,,Labas
lauksaimniecibas prakses nosactjumi Latvija” noraditajiem lielumiem (aptuveni 1
DV = 1 slaucama govs vai 8 nobarojamas ciikas vai 5 sivénmates, vai 100
majputni (BuSmanis and Jansons, 1999)).

Saimniecibu apsekoSanas gaitd tika apkopota informacija par
lauksaimniecibas dzivnieku tur@Sanas specifiku, organiska meéslojuma
apsaimniekoSanu un organiska méslojuma kratuvém (konstrukcija un ietilpiba),
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fermu aprikojumu kiitsmeslu savakSanai, transportéSanai un iestradei
lauksaimnieciba izmantojamas zemju platibas vai citam kiitsmeslu realizacijas
iespgjam, ka ari saimniecibu vaditaju ieguldijumu vides aizsardzibas problému
risinaSana. ApsekoSanas rezultata iegutie dati tika apstradati ar klasteranalizes
palidzibu, grup&jot saimniecibas pec 5 kompleksajiem faktoriem: organiska méslojuma
razoSana, savakSana, uzglabaSana, parvietoSana un izlietoSana. Klasteranalizes
(aglomerativais hierarhiskais klasteru veidoSanas algoritms, klasteru izdaliSanas
apakSmetode: talakas distances metode) rezultats att€lots dendrogamma, kas parada
grup€jamo objektu jeb saimniecibu lidzibas pec defintajiem faktoriem (2.attels).

Eiklida distance

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

..--Tér.';fete :| i

_.—""Zelta druva

Vecauce ——

Agrofirma Jelgava : ,
Lielvircava AGRO —— i

I-1 Penkule } !

Sesava

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

——————————————————————————————————————————————————————————————————————————————————

........
----------------

Uzvara-Strauti ——
! ] -

Kronauce ——
Baltic Pork —
Ulbroka ——

11-1 Latvi Dan Agro }

Uzvara-Birzgali

PfVecauce

|

I Lielzeltini

11-2 Balticovo — :

Avots: Autores veidots.

2.att. Lielako lopkopibas saimniecibu klasteranalizes rezultats.

Raksturojot klasteranalizes rezultatus, iesp&jams izdalit divas galvenas
saimniecibu grupas jeb klasterus. I klastera ieklaujas saimniecibas, kuru
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specializacija ir piena lopkopiba vai piena lopkopiba un augkopiba, vai ari
saimniecibas, kuras tiek audz€ti gan liellopi, gan cukas. Piena lopkopibas
saimniecibu klastera grupa galvenokart raksturojama ar nelielu majlopu
blivumu. II klastera ieklaujas ciikkopibas un putnkopibas saimniecibas ar loti
augstu majlopu blivumu. Katra klastera iesp&jams izdalit 2 apakSgrupas.
I-1 klasters ieklauj saimniecibas ar pietickamu lauksaimnieciba izmantojamas
zemes daudzumu, majlopu blivums §aja saimniecibu grupa ir neliels un svarstas
robezas 0.09-0.59 DV LIZ ha™. Sis saimniecibu grupas galvend probléma no vides
aizsardzibas viedokla saistama ar neatbilstoSu kratuvju izmantoSanu kiitsméslu
uzglabasanai. 1-2 klasters raksturo modernizétas piena lopkopibas saimniecibas
Rigas rajona, kuru lauksaimnieciba izmantojamas zemes resursi ir mazaki, bet
aizvien lauj saglabat salidzinogi nelielu majlopu blivumu (0.3-0.63 DV LIZ ha™).

Il klastera 1.apakSgrupu (II-1) veido ciikkopibas saimniecibas, bet
2.apakSgrupu (II-2) — putnkopibas saimniecibas. Cikkopibas saimniecibas
koncentrétas 400-2000 DV, bet putnkopibas saimniecibas pat vairak ka 40000 DV.
Nemot véra, ka saimniecibam nav sava ipasuma esosas lauksaimnieciba izmantojas
zemes, kiitsméslu izkliedei un realizacijai tiek slégti ligumi ar citam saimniecibam.
Cukkopibas saimniecibu apakSgrupa (II-1) var izdalit vél divas norobeZotas
apakSgrupas. ,,BalticPork” un ,,Ulbroka” ir lielas un modernas ciikkopibas
saimniecibas Rigas rajona, savukart ,,LatviDanAgro” un ,,PF Vecauce” ir lielakas
Dobeles rajona cukkopibas saimniecibas, kuras ieviesta lagiinas tipa kitsméslu
uzglabaSana. Saimniecibas ,,Baltic Pork™ un ,,Ulbroka” kiitsméslu uzglabasanai
izmanto dzelzsbetona tvertnes 4000 m’ apméra. Nosaciti at3kirigi vértgjamas ir
saimniecibas ,,Ancers”, ,,Kronauce”, ,,Uzvara-Strauti” un ,,Uzvara-Birzgali, toméer
to kopiga iezime ir novecojuSu tehnologiju izmantoSana Skidrméslu
apsaimniekosana, kas noteikti biitu jauzlabo, sakartojot un modernizgjot kratuves.

Klasteranalizes rezultati iezim€ potenciala lauksaimniecibas punktveida
piesarnojuma avota galvenos raksturlielumus:

n piena lopkopibas saimnieciba ar atbilstoSu dzivnieku blivumu un
resursiem realiz€t kiitsméslus, bet atklatu kiitsméslu kratuvi, no kuras
iesp&jamas nopludes;

. cikkopibas saimniecibas ar modernam kitsméslu kratuvém
(Skidrmesli), bet parmerigi lielu majlopu blivumu, kas avarijas
situacijas var€tu radit piesarnotu noteci no saimniecibas teritorijas;

. putnkopibas saimniecibas ar parmerigi lielu majlopu blivumu, kuras
uzglaba sausos kiitsméslus atklata kiitsméslu kratuve.

Klasteranalizes rezultati palidz noteikt zinatniski pamatotu punktveida
piesarnojuma izpétes jeb monitoringa vietu izvéli. Palielinoties petamo objektu
skaitam, lai saglabatu nepiecieSamo monitoringa datu apjomu un noveérojumu
periodiskumu vispusigai piesarnojuma riska raksturoSanai, p€tamo objektu
generalizacijas jautajumi ir sekmigi risinami ar klasteranalizes pielietojumu.
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2.3. Punktveida piesarnojuma monitoringa vietu
raksturojums

Lai raksturotu virszemes tdenu kimisko kvalitati lidzas potencialam
punktveida piesarnojuma objektam, nemot veéra klasteranalizes rezultatus un
saimniecibu attalumus attieciba pret virszemes udensobjektiem (tidenstecém)
no saimniecibu klasteriem I-1, II-1 un II-2 tika noteikti nov€rojumu posteni
,Livberze”, ,Jaunbérze” un ,Kekava”. Perioda no 2006.gada jinija lidz
2008.gada junijam tajos veikti stermina noveérojumi, lai noteiktu nopliides no
fermas teritorijas un méslu kratuvém ietekmes slodzi uz tuvgjiem virszemes
tdeniem. Rezultatu izverteéSanai tika piesaistiti ar1 Saja perioda iegiitie dati no
LLU lauksaimniecibas noteCu monitoringa programmas ietvaros izveidotajiem
punktveida piesarpojuma monitoringa posteniem ,,Bauska”, ,,Vecauce” un
,Ogre”, kur raksturiga liela apjoma organiska meslojuma razoSana un
iestradasana lauksaimniecibas platibas (3.attels).

- o T e RS )
L Ipad jutigas teritorijas L R -
E Y T f g
® Lavksaimniectbas punktveida plesarnoimma -5 0 n SN
Tstermmina monitoringa posten Ry ~

Lauksaimniecibas punktveida piesarnojuma

. . o . — 20 km
ilgtermina monitoringa posteni

Avots: Autores veidots péc Vides un tidenssaimniecibas katedras geotelpiskajiem datiem.
3.att. Punktveida piesarpojuma izpétes vietas ipasi jutigaja teritorija
Latvija.

Novérojumu postenis ,, Livbérze” ierikots pie 1950.gada uzbiivéta
piena lopkopibas kompleksa Jelgavas novada. Saimniecibai pieder 2359 ha
LIZ, dzivnieku blivums taja veido 0.2 DV LIZ ha'. Divas reizes gada
(aprilt un septembri) cietie kiitsmésli, kuriem ka pakaiSu materials tiek
izmantoti salmi, tiek izvesti uz laukiem. Kiitsmeslu uzglabasanai tiek
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izmantots betonéts laukums. Virszemes tidenu kimiskas kvalitates petijumu
paraugi nemti novadgravi 200 m attaluma no kompleksa. 140 ha lielaja
sateces baseina 80% aiznem lauksaimnieciba intensivi izmantojamas zemes
ar smilSmala augsném.

Novérojumu posteni ,,Jaunbé&rze” ka potencialais punktveida
piesarnojuma objekts izvelets ciiku nobaroSanas komplekss, kas darbibu
uzsaka 2001.gada. Uznémuma razoSanas jauda ir paredz&ta 20000 ciiku
nobaroSanai, ta rezultata gada laika rodas vairak neka 24000 t Skidro
kiutsméslu, kas tiek uzkrati anaeirobas laglinas tipa Skidrméslu kratuve.
Virszemes tidenu paraugi nemti novadgravi 30 m attaluma no kompleksa
teritorijas. 60 ha lielaja sateces baseina ietilpst 98% lauksaimnieciba
intensivi izmantojamas zemes ar smilSmala augsném, kuru mésloSanai tiek
izmantoti Skidrmeésli no fermas. Visas platibas ir pilniba drenétas. Drenu
udeni tiek ievaditi novadgravi.

Noveérojumu postenis “Kekava” ietver kitsméslu uzglabasanas
laukumu kompleksam, kas paredz€ts intensivai majputnu audzeSanai.
Uzpeémuma sarazoja 36000 t kitsmeslu gada, kas tika uzglabati 2 atklatas
betonéta laukuma méslu kratuveés, bet velak realiz€ti zemnieku un
privatpersonu saimniecibas. Virszemes tidenu paraugi nemti novadgravi pie
kitsmeslu kratuves, kuras ekspluatacija 2005.gada tika partraukta. 10 ha liela
sateces baseina un raZotnes apkartni ieskauj meza masivs. Sateces baseina
domin€ malsmilts augsnes.

Novérojumu postenis ,,Bauska” ietver ciikkopibas kompleksu, kura
celtnieciba pabeigta 1979.gada. Taja tiek turétas vairak neka 8000 cikas,
kuru raditais kiitsméslu apjoms sasniedz 10600 tonnas gada. Saimnieciba
Skidrmeéslu utilizacijai izmanto 50 ha lauksaimniecibas zemju, kur zalaju un
labibas platibas iestrada vidgji 900 m’ ha™' $kidrméslu gada. Saimniecibas
radita ietekme uz tdenu kvalitati tiek noteikta strauta, kur§ novada noteci no
fermas teritorijas un tai lidzas esoSajam platibam, ieskaitot novadgravja
noteci no Skidrmeslu utilizacijas lauka. Sateces baseina platiba veido 800 ha,
no kuriem 95% ir intensivi lauksaimnieciba izmantojamas zemes ar mala un
smilSmala augsném. Noveérojumu posteni ,,Bauska 2” papildus noteikta
strauta noteces kvalitate pirms fermas (platiba 750 ha), kuru ietekmé tikai
lauksaimniecibas difuizais piesarnojums (Sudars u.c., 2005).

Noveérojumu postenis ,,Auce”, ietver ciikkopibas kompleksu, kura
ekspluatacija uzsakta 1987.gada. Dzivnieku novietnes jauda atbilst 1100
sivénmasu vietam, 4200-4300 vietam sivéniem lidz 30 kg dzivsvara un
1200 vietam nobarojamam cikam, gada sarazojot 10950 t Skidrmeslu.
Noteces kvalitate monitoringa vajadzibam tiek noteikta 60 ha liela sateces
baseina, kura atrodas Skidrmé&slu utilizacijai paredze&tais lauks. Sateces
baseina ietilpst 90% lauksaimnieciba izmantojamas zemes ar smilSmala
augsném, kas galvenokart tiek izmantotas graudkopibai (Sudars u.c., 2005).
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Noveérojumu postenis ,,Ogre” ieklauj 1992.gada slégtas ciikkopibas
fermas deponentkratuvju teritoriju, kura Iidz 1991.gadam tika konstatetas
vairakas avarijas situacijas, kad vidé nonaca ieveérojams piesarnojums ar
ciku kompleksa Skidrmé&sliem. Darbibas laika saimnieciba izaudzgja
aptuveni 30000 ciikas gada. Virszemes tudenu kimiska kvalitate noteikta,
nemot tidens paraugus novadgravi, kur§ novada noteci no bijusas fermas
teritorijas un tai blakus esoSajam lauksaimniecibas platibam. Sateces baseina
platiba veido 300 ha, kuros vid€ji intensivi izmanto 25% lauksaimnieciba
izmantojamas zemes ar malsmilts augsném (Sudars u.c., 2005).

2.4. Virszemes iidenu kimiska kvalitate 1stermina novérojumu
postenos

Lauksaimnieciskas razoSanas apstaklos tdenu piesarnojumu sekmé
notece no lauksaimniecibas platibam, kas savukart ir saistama ar
meteorologisko apstak]u ietekmi. 2006.gada pavasara palu noteces veidojas uz
mazas rudens-ziemas perioda noteces bazes un vasara upés iestajas maziidens
periods. 2006.gada nokriSnu daudzums Latvijas teritorija bija mazaks par
normu (508 mm, kas ir 82% no ilggadigas nokriSpu normas). 2007.gada
nokriSnu daudzums parsvara parsniedza normu, bet Lielupes upju baseins
salidzino$i sanéma vismazak nokri$nu (vidéji 692 mm). Ar1 2008.gada nokriSnu
daudzums parsniedza normu, bet Lielupes baseina tas tika raksturots ka
nedaudz zem normas (ziema un pavasari vidéji 117 mm, vasara 175, bet rudent
163 mm) (Latvijas virszemes..., 2006, 2007, 2008).

Istermina (2006.-2008.gads) virszemes udenu kimiskas kvalitates
raditaju statistiska analize starp nov€rojumu posteniem uzradija biitiskas
biogéno elementu koncentraciju atSkiribas. Savukart, salidzinot biog€no
elementu koncentracijas pa gadiem, to starpibas nebija veértejamas ka statistiski
nozimigas, iznpemot ,Bauskas” un ,,Auces” monitoringa postenus, kuros
2006.gada tika noverotas salidzinoS$i augstakas kopé&ja fosfora un amonija
slapekla koncentracijas neka par§jos gados. Noveérojumu perioda videji
augstakas kopgja slapekla (Ny,,) koncentracijas veidojas ,Livbérzes” un
,Jaunberzes”, ka ar1 ,,Bauskas” un ,,Auces” monitoringa postenos — teritorijas,
kuras raksturo intensiva lauksaimnieciska razoSana. ,,JJaunbérzes” noveérojumu
postent, ka ar1 ,,Bauskas” un ,,Auces” monitoringa postenos, kur intensivi lauku
mésloSanai tika izmantoti ciiku Skidrmesli, konstatétas ari augstas videjas
nitratu slapekla (N-NO;) koncentracijas. Saskana ar ES Nitratu Direktivu (ND),
N-NO; izmanto ka kriteriju visa veida uUdenu stavokla noverté€Sanai, ari
lauksaimniecibas ietekmes raksturoSanai. Novérojumu perioda virszemes tidenu
kimiskas kvalitates nove€rojumu postenos lielfermu teritorijas vidéjas N-NO;
koncentracijas mainijas robezas no 0.18 mg I, Kekavas” objekta lidz 10.78 mg 1"
,LAuces” monitoringa posteni. Augsta maksimala N-NO; koncentracija fikseta
Jaunbérzes” novérojumu posteni (23.10 mg 1), tada pati maksimala
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koncentracija nove€rota ari ,,Auces” monitoringa posteni, bet ,,Bauskas”
monitoringa posteni maksimala koncentracija sasniedza 26.00 mg 1" N-NO;.
Jaatzime, ka §1s maksimalas koncentracijas vairak ka divas reizes parsniedz ND
noteikto robezkoncentraciju — 11.3 mg " N-NO;. N-NO; robezkoncentracija
noveérojumu perioda neviena parauga netika parsniegta ,,Livbérzes”, ,,Kekavas”
un ,,0gres” postenos, savukart ,,Jaunb&rze” 20% noveérojumu, bet ,,Bauska” un
,,Aucg” 44% novérojumu ta bija augstaka par 11.3 mg I'' N-NO;.

Izvertgjot piesarnojuma ietekmi uz virszemes tudenu kimisko kvalitati,
amonija slapekla (N-NH,) koncentracijas noteikSana ir svariga, jo ta paaugstinas
sadaloties organiskajam vielam, ieskaitot kiitsméslus un vircu, heterotrofo bakteriju
klatbtitne (Burt et al., 1993). Izteikti augstas N-NH,4 koncentracijas rudens un
pavasara méneSos nemtajos virszemes tidenu paraugos parada saistibu ar kiitsméslu
izveSanu lauku mésloSanai. Augstakd vidgja N-NH, koncentracija 7.82 mg 1"
konstatéta , Livberzes” nove€rojumu posteni, tomer tai raksturiga loti liela
standartnovirze. levérojami zemaka N-NH, vidgja koncentracija 4.89 mg I’
raksturiga ,,Bauskas” novérojumu postenim. Pargjas novérojumu vietds N-NH,
vidgja koncentracija neparsniedza 0.50 mg I". Vidgjas N-NH, koncentracijas ir
vert€jamas ka loti augstas, jo Latvijas up€s N-NH, koncentracija aptuveni sasniedz
aptuveni 0.1 mg 1", Lielupes baseina upgs ap 0.3 mg "' (Kokorite, 2007).

Savukart augstakas vidgjas kopgja fosfora (Py,,) koncentracijas
novérotas ,,Bauskas” un ,,Ogres” monitoringa postenos, ka ar1 ,,Livbérzes”
noveérojumu posteni — vietas, kur lauku mésloSanai izmantotas lielas ciiku
Skidrméslu devas vai veidojas avarijas rakstura nopliides no kiitsmeslu
kratuvém. Lauksaimnieciskas razoSanas punktveida piesarnojums ir ciesi
saistits ar epizodiskam noplidém, kas iev€rojami paaugstina bioge€no
elementu koncentracijas, veidojot ta dévetas ekstrémas vertibas.

Visas istermina novérojumu biogéno elementu datu kopas (izpemot
nitratus) ir konstatejamas vertibas, kas ieveérojami atSkiras no noveérojumu
vidgjiem lielumiem (Grubsa testa rezultati), turklat to veidoSanas nav
saistama ar meteorologisko apstaklu ietekmi. Izteikti tas veidojas
noveérojumiem , Livberzé” un ,Jaunb&rzé€” - mazak noverojumiem
»Kekava” un ,Ogré”, kur verojama punktveida piesarnojuma avota
pecietekme un sateces baseina lauksaimnieciba izmantojamas zemes
ipatsvars ir salidzinoSi neliels. ,Kekava” wun ,0Ogré” veiktajiem
noverojumiem tad&jadi raksturiga salidzinoS$i mazaka vertibu izkliede ap
noverojumu vid€jiem lielumiem.

Biezak ekstremas vértibas noveérojamas Py,, koncentraciju datu
kopas, bet retak — Ny,, datu kopas. Vairakos pétjjumos apstiprinats, ka
fosfora nopliides raksturs ir atkarigs no kompleksas vairaku faktoru un to
savstarp€jas saistibas ietekmes, kas ir griiti prognoz€jama (Leone at al.,
2008; Sileika at al., 2005; Tunney at al., 1997). To apstiprina arl
monitoringa rezultati, kuri apskatiti nakamajas nodalas.

21



2.4.1. Kopgja slapekla koncentraciju raksturojums

2006.-2008.gada noveérojumu perioda vidg€jas Ny, koncentracijas
atradas robezas no 3.02 mg 1", Kekavas” novérojumu posteni lidz 16.82 mg 1!
,Bauskas” monitoringa posteni. [zveért€jot vidéjo koncentraciju pec medianas,
Niop. koncentracija ,,Livbérze” ir salidzino$i zema (4.22 mg 1'1) un tuva Ny,
vidgjai (p€c medianas) koncentracijai ,,Kekavas” un ,,Ogres” monitoringa
posteni, kur paradas punktveida piesarnojuma pécietekme. ,Jaunbérzes”
noverojumu posteni Ny,, koncentracijas vari€ja salidzinoSi mazak un stabili
saglabaja augstas vidgjas vértibas — 10.88 mg 1" pec videja aritmétiska lieluma
un 12.20 mg 1", vertgjot péc medianas. Niyop. koncentraciju aprakstosas
statistikas raditaju parskats sniegts 1.tabula.

1.tabula
Kopégja slapekla (Ny,p.) koncentraciju (mg I'") empiriskas kopas apraksto$a
statistika (2006.-2008. g.)

Radl_t s / . Livberze | Jaunbérze | Kekava | Bauska | Auce | Ogre
Novérojumu vieta
Vidgjais aritmétiskais 13.49 10.88 3.02 16.82 12.23 | 2.44
Mediana 4.22 12.20 3.06 16.50 11.30 | 2.05
Standartnovirze 30.68 7.57 1.39 10.36 7.26 | 091
Asimetrija 3.94 0.25 0.16 0.89 2.14 1.15
Ekscess 16.37 -0.93 0.02 0.54 749 | 0.16
Minimala vértiba 0.85 0.89 0.31 4.00 1.87 1.60
Maksimala veértiba 144.00 26.30 5.77 41.90 39.30 | 4.60
Kvartiles 25 2.47 2.90 2.00 7.10 7.67 1.78
75 8.45 16.50 3.76 22.55 15.30 | 3.05
Variacijas koef.(%) 227 70 46 62 59 37

Niop. Vertibas var tikt izmantotas ka indikators, klasificgjot udenu
kvalitati péc biogéno elementu koncentracijas notec€é no lauksaimnieciba
izmantotajam platibam. Sateces baseina Itmeni, augstu un labu virszemes tidenu
kvalitati raksturo Ny, koncentracijas, kas neparsniedz 2.5 mg I, vid€jas
kvalitates idenos noteiktas Ny, vertibas 2.5-7.5 mg 1", bet Niop. koncentracijai
parsniedzot 7.5 mg 1", virszemes Gdeni var tikt saistiti ar sliktu un Joti sliktu
udenu kvalitati (LagzdinS u.c., 2008). Virszemes tudens paraugu Ny,
koncentraciju veértgjums péc minétajam tdens kvalitates klasu robezvertibam
lauj secinat, ka novérojumu vietas, kur vérojama intensivas lopkopibas ietekme,
virszemes tUdenu kvalitate visbiezak ir vert§jama ka loti slikta (2.tabula).
legiitie rezultati lauj secinat, ka tidenu piesarnojums ar slapekla savienojumiem
teritorijas ar intensivu lopkopibu atstaj butisku ietekmi uz virszemes tidens
kvalitati, Tpasi sateces baseinos, kuros atrodas lieli cikkopibas kompleksi un
Skidrmésli regulari tiek izmantoti lauku mésloSanai.
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2.tabula

Udens paraugu kvalitates vertéjums pec Ny, koncentracijas

(% no paraugu kopskaita, n=137)

Novérojumu Kvalitates vert€jums péc Ny, koncentracijas _
: P ; —— Kopa
vieta augsta laba vidgja slikta loti slikta
Livberze 4 22 39 22 13 100
Jaunberze 9 13 17 4 57 100
Kekava 11 28 61 - - 100
Bauska - - 28 4 68 100
Ogre - 64 36 - - 100
Auce - 4 20 20 56 100
Kopa 4 21 32 9 35 100

2.4.2. Kopgeja fosfora koncentraciju raksturojums

Apzinat fosfora savienojumu koncentracijas ir 1paSi nozimigi, jo
fosfors tiek uzskatits par vienu no eitrofikacijas procesu limit€joSiem
elementiem. Fosfora savienojumu nonakSanu virszemes tidenos galvenokart
var sekmét: virszemes notece péc méesloSanas lidzeklu izkliedes, ja tam seko
nelabveligi laika apstakli vai netiek ieve@rotas mésloSanas agrotehniskas
prasibas; fosfora savienojumu izskaloSanas no augsnes, ka art erozijas procesi
(Tunney, 1997). Palielinoties Gidens notecei, intensific€jas augsnes erozijas
procesi, ka rezultata ar augsnes dalinam saistitais fosfors tiek ieskalots
virszemes tidenos. Par robezvertibu eitrofikacijas attistibai labveéligos
apstaklos var uzskatit kop€ja fosfora (P, ) koncentracijas virs 0.05-0.1 mg I
(Tunney et al., 1997), tomér ND ta robezvertiba netiek noteikta.

Vidgji augstakas Py, koncentraciju vertibas 2006.-2008.gada
noveérojumu perioda raksturigas ,Livberzes” noveérojumu postenim
(0.55 mg I") un ,Bauskas” monitoringa postenim (2.82 mg 17). Sajas
noverojumu vietas konstatetas arl augstas Py, koncentraciju maksimalas
vertibas — 3.25 mg "', Livbérzes” un 11.01 mg I, Bauskas” monitoringa
posteni. Visas noverojumu vietas paaugstinatas Py,, koncentraciju veértibas
raksturigas rudens méneSiem — augustam, septembrim. Ipasi 3aja laika
paaugstinas koncentracijas , Livb&rzes” un ,Jaunb@rzes” noveérojumu
postenos, ka ar1 ,,Bauskas” un ,,Auces” monitoringa posteni. ,, Kekava”
un ,,Ogré” augstas fosfora savienojumu vértibas novérotas ari gada
pirmaja pusé pavasara palu laika. Py, koncentracijam raksturiga
ievérojama veértibu izkliede, lieli noveéroto datu kopu asimetrijas un
ekscesa raditaji. Noveérotajas datu kopas veidojas neraksturigi augtas
maksimalas vertibas, iznemot noveérojumus , Kekava” un ,,0gré”. Py,
koncentraciju aprakstosas statistikas raditaju parskats dots 3.tabula.
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3.tabula
Kopégja fosfora (Py,,) koncentraciju (mg I'") empiriskas kopas apraksto$a
statistika (2006.-2008. g.)

Radl_t s / . Livbérze | Jaunbérze | Kekava | Bauska | Auce | Ogre
Noveérojumu vieta
Vidgjais aritmétiskais 0.55 0.17 0.20 2.82 0.03 | 044
Mediana 0.31 0.08 0.15 1.79 0.02 | 046
Standartnovirze 0.70 0.24 0.17 3.08 0.03 | 0.11
Asimetrija 2.82 2.61 1.64 1.03 3.04 | 0.07
Ekscess 9.69 6.25 1.83 0.32 10.07 | -1.40
Minimala vertiba 0.05 0.01 0.03 0.123 0.01 | 0.28
Maksimala veértiba 3.25 0.93 0.62 11.01 0.13 | 0.62
Kvartiles 25 0.12 0.05 0.10 0.22 0.10 | 0.32
75 0.67 0.17 0.20 5.37 0.03 | 0.54
Variacijas koeficients (%) 128 144 86 109 111 26

Eitrofikacjas atfisfibu limitgjosa Py, koncentracyja, vertgjot pec vidgjiem
novérotajiem lieclumiem, tiek parsniegta visos noveérojumu postenos, iznemot ,,Auci”,
turklat §1 limit€josa vertiba jau tiek sasniegta un pat parsniegta noveérojumu datu kopu
pirmaja kvartile. Tas apstiprina, ka nopliides no kiitsméslu kratuvem un ar Skidrmésliem
intensivi méslotiem laukiem rada nopietnu Gidenu piesarojuma risku. Sateces baseina
[imen1 augstu un labu virszemes Udenu kvalitati raksturo Py, koncentracgas kas
neparsniedz 0.05 mg I, vidgjas kvalitates Gdenus — Pyp, vertibas O 05-0.15 mg I, bet sliktu
un Joti sliktu tidenu kvalitati Py, vertibas, kas parsniedz 0.15 mg I'' (Lagzdins u.c., 2008).

Klasificgjot analizetos tidenu paraugus peéc min€tajam tdens kvalitates klasu
robezvertibam, visos ,,0gre” nemtajos paraugos, 92% ,,.Bauska” nemtajos paraugos,
74% ,,Livberze” nemtajos paraugos un 50% ,,Kekava” nemtajos paraugos tdens
kvalitate javerte ka slikta vai loti slikta (4.tabula).

4.tabula
Udens paraugu kvalitates vértéjums pec Py,, koncentracijas
(% no paraugu kopskaita, n=137)

Novérojumu Kvalitates vertéjums péc Py, koncentracijas, % Kopa
vieta augsta laba vid€ja slikta loti slikta
Livbérze - 4 26 17 52 100
Jaunbeérze 8 21 42 13 17 100
Kekava - 11 39 33 17 100
Bauska - - 8 16 76 100
Ogre - - - - 100 100
Auce 68 24 8 - - 100
Kopa 14 10 20 12 44 100
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Zimigi, ka ,,Ogre” un ,,Kekava”, kur kratuves ilgstosi tika uzglabats liels
kiitsméslu daudzums, arT peéc saimnieciskas darbibas aktivitaSu partraukSanas
virszemes udenos saglabajas augstas Py, koncentracijas. Augstaka udenu
kvalitate péc Py, koncentracijam attiecinama uz ,,Auces” monitoringa posteni,
kura 92% nemtajos paraugos veérojama augsta vai laba tidenu kvalitate.

2.4.3. Biogeéno elementu koncentraciju sezonalo izmainu raksturojums

Niop. koncentraciju izmainam raksturiga izteikta sezonalitate. Augstakas
slapekla savienojumu koncentracijas parasti ir Vv€rojamas pavasari pie
maksimalajiem tdens caurpliidumiem, kad ar sniega kuSanas tideniem slapeklis
intensivi izskalojas no augsnes. Zemakas koncentracijas raksturigas vasaras
perioda, kad slapeklis tiek patéréts biologiskajos procesos un ta noplide ar
virszemes noteci ir ievérojami mazaka. 4.att€la paraditas Ny, koncentracijas
ziemas (oktobris-marts) un vasaras jeb vegetacijas (aprilis-septembris) periodos.
Salidzinot novérojumu vértibu medianu starpibas ar Manna-Vitneja U kriteriju,
ka biutiskas tas javerte ,,Auces” monitoringa posteni (p-vértiba < 0.000),
,Jaunbérzes” noverojumu punkta (p-vértiba 0.003) un ,,Bauskas” monitoringa
postent (p-vertiba 0.028).

Ogre Kekava Livbeérze Jaunbeérze Auce Bauska

Izpétes vietas

M Joti slikta tdenu kvalitate ™ slikta Gidenu kvalitate vidgja tdenu kvalitate
laba tidenu kvalitate augsta tidenu kvalitate 4 vasara
B ziema

Avots: Autores veidots pec Vides un tidenssaimniecibas katedras monitoringa datiem.

4.att. Nyop. koncentraciju medianu salidzinajums ziemas un vasaras
periodos (2006.-2008.g.).

Jaatzime, ka ,Ogre”, ,Kekava” un ,Livbérze” N, vid&jas
koncentracijas ziemas un vasara periodos ir lidzigas un statistiski ticami
neatSkiras. Sateces baseiniem ,,0gré” un ,,Kekava” nav raksturiga intensiva
lauksaimnieciba, kratuves ir slégtas un papildus slapeklis sateces baseina
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nenonak, kas ari slapé sezonalas svarstibas, savukart , Livberze” lauku
meéslosanai netiek izmantoti ciiku Skidrmésli.

Pyop. koncentraciju vidgjas vertibas vairakas noverojumu vietas ir bijusas
augstakas vasaras perioda (5.att€ls). Tomér Py, ziemas un vasaras perioda
koncentraciju starpiba ka statistiski ticama ir vert€jama tikai ,,Bauskas” monitoringa
posteni (p-vértiba 0.003). Py, savienojumu mainibai teoretiski vajadzetu but
lidzigai — intensivu nokriSnu laika un intensivas virszemes noteces rezultata,
pieméram, sniega kuSanas laika, pieaug erozijas procesu intensitate, lai gan
monitoringa rezultati to tieSi neapstiprina. Vairakos monitoringa objektos izteikti
Pwp. koncentracijas paaugstinas junija, julija méneSos, ka arT septembrl.
Pyop. koncentraciju maksimala vertiba ,,Auc€” un ,,Bauska” novérota septembrT,
Paaugstinats nokriSpu daudzums Py, koncentraciju paaugstinaSanos ir sekmgjis
,Jaunberze” (Spirmana korelacijas koeficients 0.46, p-vértiba 0.020) un ,,Kekava”
(Spirmana korelacijas koeficients 0.51, p-vértiba 0.030). Tomer viennozimigas Py,
izmainu sakaribas starp monitoringa punktiem nav iespgjams noteikt. Katra
noverojumu vieta Py, koncentracijas ir vari€jusas izteikti atSkirigi.

>1
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& 0.6

Eo
2 04

0.2

0.02 0.02
0 ==
Auce Jaunb@érze Kekava Ogre Livbérze Bauska
Izpétes vietas
M [oti slikta Gidenu kvalitate slikta tidenu kvalitate vidgja tidenu kvalitate
laba tidenu kvalitate augsta tidenu kvalitate (8 vasara

# ziema

Avots: Autores veidots péc Vides un fidenssaimniecibas katedras monitoringa datiem.

5.att. Pyop, koncentraciju medianu salidzinajums ziemas un vasaras
periodos (2006.-2008.g.).

Istermina virszemes tidenu kimiskas kvalitates novérojumu analize laika, kad
aktivi tika ieviesta ricibas programma piesarnojuma samazinasanai no
lauksaimnieciskas darbibas, ir pieradjusi, ka Ny, un Py, vidgas vertibas
vairakkartigi parsniedz diftiza piesarnojuma raksturlielumus, kas noveroti Beérzes
monitoringa stacja intensivas lauksamniecibas apstaklos (LagzdinS u.c., 2012),
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1znemot noveérojumu vietas ,,Kekava” un ,,Ogre”. Punktveida piesarnojuma sekas
galvenokart ir saistimas ar paaugstinatam fosfora savienojumu koncentracyjam
virszemes tdenos, kas laika ir izteikti mainigas.

Atseviskas loti augstas biog€no elementu vertibu koncentracijas ,,Livberze”
liecina, ka kiitsméslu kratuves ar beton€tu pamatu nenodroSina pret gadijuma rakstura
noplidém. Neregularas, bet bieZi paaugstinatas biogé€no elementu koncentracijas
,Jaunbeérzes” un ,,Bauskas” monitoringa posteni norada, ka tuvejie lauksaimnieciba
izmantojamie lauki sanem augstas méslojuma devas Skidrméeslu iestradasanas laika.
Savukart regularas nopliides no kiitsmeslu kratuveém pécietekme uz virszemes tidens
kvalitati ir vérojama ar1 pec kratuves slégSanas. Pieméram, ,,Kekava” un ,,Ogre” ari
pec kratuves izmantoSanas partraukSanas tidenos ilgstosi nonak salidzino$i augstas
biogéno elementu (ipasi fosfora) koncentracijas.

2.5. Biogeno elementu koncentraciju ilglaicigo izmainu analize

Lauksaimniecibas noteCu monitoringa programmas ietvaros Latvijas
Lauksaimniecibas  universitates Lauku inZenieru fakultates Vides un
tidenssaimniecibas katedra punktveida piesarnojuma monitoringu veic 3 postenos
(,,Bauska”, ,,Auce” un ,,Ogre”) kops 1995.gada. Noverojumu perioda uzkratie dati
ir nozimigs informacijas avots par virszemes tidenu punktveida piesarpojuma radito
biogéno elementu koncentraciju izmainu attistibas tendenc€ém un radito slodzi uz
virszemes tidenu kvalitati. Tomér punktveida piesarnojuma izpétes rezultata iegiitas
datu rindas ir specifiskas un to analizei izv€letajam datu apstrades metodém ir jabiit
piemérotam pazimém ar lielu variaciju. Biogéno elementu koncentracijas mainibu
nosaka ne tikai dabiski procesi, bet arT saimnieciskas darbibas ipatnibas, kuras ne
vienmér ir iesp&ams detaliz€ti dokumentet. Virszemes tidenu punktveida
piesarnojuma mainibas laika analizei ir izve€lets 15 gadu cikls (1996.g.-2010.g.), ka
ar1 rezultatu pilnigakai interpretacijai piesaistita informacija no viena difuza
piesarnojuma kontrolpostena (,,Bauska 2”).

Noveérojumu perioda izteikti augstas Ny, un Py, koncentracijas veidojas
,,-Bauskas” monitoringa posteni, Ny, medianas vertibai sasniedzot 11.40 mg " un
Pyop.— 0.63 mg I (5.tabula). Monitoringa vietas novéroto biogéno elementu vidgjo
vertibu starpibas statistiskas ticamibas analize ar Manna-Vitneja U kritériju norada,
ka Ny, koncentracijas butiski neatskiras ,,Auces” un ,,Bauska 2’ monitoringa datos
(p-vertiba 0.387), bet Py, koncentracijas ka lidzvertigas jauzskata ,Bauskas” un
,Ogres” datu rindas (p-vértiba 0.071). Pargos gadijumos biogéno elementu
koncentracijas monitoringa postenos ir vert€jamas ka biitiski atskirigas.

Salidzinot monitoringa rezultatus punktveida piesarnojuma apstaklos un
lauksaimniecibas noteCu diftiza piesarnojuma apstaklos, kur Berzes monitoringa
sateces baseins raksturo intensivus, Mellupites — vid&ji intensivus, bet Vienziemites —
ekstensivus lauksaimnieciskas razoSanas apstaklus, jasecina, ka biogéno elementu
koncentraciju lielakas atSkiribas ir attiecinamas uz fosfora savienojumiem (5.tabula).
Turklat Ny, koncentracijas punktveida piesarnojuma apstaklos vari€ vairak neka
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difuza piesarpojuma apstaklos, savukart Py, koncentracjam punktveida
piesarnojuma apstaklos ir raksturiga mazaka mainiba. ,,Auces” monitoringa postent
noverota vidgja Ny, koncentracija ir Iidzvertiga intensivas lauksaimniecibas
apstaklos noverotajai difliza piesarnojuma vidgjai vertibai, bet ,,Ogres” monitoringa
postent fikséta Ny, vide€ja vertiba tuvojas videji intensivas lauksaimniecibas radita
diftiza piesarpojuma ilggadigo novérojumu Iimenim. Py, vid€jas koncentracijas
,Bauska” un ,,Ogré” daudzkart parsniedz intensivas lauksaimniecibas apstaklos
raksturigo difuiza piesarnojuma Py, koncentracijas vid€jo Iimeni, savukart ,,Auce”
Pwp. videja koncentracija ilglaicigo noverojumu datu rinda ir netipiski zema
punktveida piesarnojuma apstakliem.

5.tabula
Biogéno elementu koncentraciju (mg I'") virszemes iidenos salidzinajums
difaiza* un punktveida piesarpojuma apstaklos

Parametrs Niop. Prop.
Monitqringa )_C Me Vo, ; Me Vo,
postenis
Diftiza* piesarnojuma monitoringa stacijas
Berze 8.57 7.70 61 0.17 0.12 120
Mellupite 3.69 3.35 66 0.08 0.05 123
Vienziemite 1.69 1.40 68 0.04 0.03 141
Punktveida piesarnojuma monitoringa posteni
Auce 7.56 6.05 76 0.02 0.02 115
Bauska 15.13 11.40 96 1.99 0.63 142
Ogre 3.29 2.70 78 0.56 0.51 67
Difiiza piesarnojuma monitoringa kontrolpostenis
Bauska2 | 745 | 650 | 8 | 014 | 009 | 170

*Diftiza monitoringa dati (Lagzdins, 2012)
X — vidgjais aritmétiskais, Me — mediana, V., — variacijas koeficients

Visos monitoringa postenos noteiktas statistiski nozimigas starpibas ziemas un
vasaras N, koncentracjam (Manna-Vitneja kriterijs, p-veértiba < 0.000). Ny,
koncentracijas ziemas perioda ir vért€jamas ka divreiz augstakas neka vasaras
perioda. Zemakas Ny, koncentracijas, neka ilgtermina videji noverota vertiba, visos
monitoringa postenos verojamas no maija Iidz oktobrim. Art Py, koncentracijas ir
saistamas ar sezonalo mainibu, jo visos monitoringa postenos tas bitiski atSkiras
ziemas un vasaras periodos (Manna-Vitneja kritérijs, p-vértiba 0.020 (,,Auce”),
p-vertiba 0.008 (,,Bauska”), p-vertiba 0.018 (,,0Ogre”), p-vértiba 0.001 (,,Bauska 27)).
Augstakas Py, koncentracijas noverotas vasaras menesos.

Biogéno elementu koncentraciju ilgtermina mainibas analizei ir svariga
nozime virszemes tidenu piesarnojuma attistibas tendencu noveért€juma. Vides
zinatn€s §1 uzdevuma risinaSanai plasi tiek izmantots neparametriskais Manna-
Kendala tests. Tests ir pielagots novérojumu datu rindam, kas neatbilst
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normalajam sadaltjumam, ka arT ir modific€ts trenda noteikSanai laika rindas ar
sezonalu raksturu. Promocijas darba biogéno elementu koncentraciju ilglaicigo izmainu
tendencu analizes sisteéma veidota pec Sadas shemas:
1. Koncentraciju pakapenisko izmainu novertéSana:
1.1. Manna-Kendala tests trenda noteikSanai;
1.2. Sen’s virziena koeficients trenda rakstura noteikSanai un koncentraciju
1zmainu atruma izverteésanai;
2. Laika rindas mainas punkta noteikSana:
2.1. Pettitta tests laika rindas homogenitates raksturoSanai;
2.2. CUSUM jeb kumulativo summu metode laika rindas mainas punktu
grafiskai analizei.
3. Spektra analize vértibu atkartoSanas biezumu jeb cikliskuma noteikSanai.
Biogéno elementu ilgtermina mainibas novertéSanai izmantots sezonalais
Manna-Kendala tests — neparametriska Manna-Kendala testa modificéta versija, kas
izlidzina sezonalos ciklus, un layj testét hipot€zes par pétamas pazimes noveroto vertibu
trenda statistisko ticamibu. Testa ieklauta testa statistikas S un tas dispersijas VAR ()
aprékinasana atseviski katrai sezonai. S; sezonai i, tiek noteikts péc formulas:

n;—1 n;

S, = Zngn X, — lk (1)

k=11=k+1

[ >k,
n; — noveérojumu skaits sezona i;
X; — p€tamas pazimes noverota vertiba i-taja sezona un /-taja gada;
K — sezonu skaits;
L — gadu skaits un
I, x,-x,>0
sgn(xil — Xig ) =40, x; —x,;, =0~
-1, x, —x, <0
Dispersiju VAR (S;) aprékina péc formulas:

VAR(S,):% n(n,-1)(2n +5) Zt (v, —1)(2tl.p+5)—iuiq(uiq—l)(2uiq+5) +

q=1 ’ (2)

S, -2l e, 2 36,05, )

=1 =1
P + P

o —1)n=2) 2, 1)

— grupu skaits, kuras ieklaujas vienadas vertibas sezona i;
t;,— vienado vertibu skaits p-taja grupa sezona i;
h;— noveérojumu skaits, kas ieklauj atkartotus merijjumus, sezona i;
— atkartoto mérijjumu skaits g-taja novérojumu perioda sezona i.

Aprékinatas S;un VAR (S;) vertibas tiek summetas pa sezonam:
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k k
$=3'S, U VAR(S")=> VAR(S,)- (3 un 4)
i=1 i=1

Katrai sezonai noteiktas testa statistikas un dispersiju lielumu summa
lauj noteikt Z vertibu hipotézu parbaudei:

(s-1)

JVAR(s)'S >0, (5)
Z =<0 ,9=0
(5+1) s<o0

JVAR(S")

Manna-Kendala testa rezultati neapstiprina biitiskus biog€no elementu
koncentraciju samazinajuma trendus intensivas lauksaimnieciskas darbibas
apstaklos laika perioda no 1996. lidz 2010.gadam. Monitoringa posteni ,,Auce”
noverojams Ny, koncentraciju pieaugums, tomeér tas nav raksturojams ka
statistiski nozimigs. Monitoringa posteni ,,Bauska” N,,, koncentracijam, ka ar1
Pyop. koncentracijam art raksturiga pozitiva attistibas tendence, kas nav veért€jama
ka statistiski ticama ar P 0.95. Biitiski negativi biogéno elementu koncentraciju
trendi raksturigi vienigi ,,0Ogres” monitoringa postenim (6.att€ls). Statistiski
ticams negativs Py, koncentraciju trends raksturigs ari monitoringa postenim
,,Bauska 2”. Visi sezonala Manna-Kendala testa rezultati ir apkopoti 6.tabula.

6.tabula
Niop. un Py, koncentraciju analizes Manna-Kendala testa rezultati

e Monitoringa _ _ Sep‘s .
Raditajs . p-vertiba Z vertiba virziena Mediana
postenis .
koeficients
N Auce 0.247 1.273 0.090 6.050
(rrkl(gl'l) Bauska 0.876 -0.227 -0.030 11.400
Ogre 0.000 -5.805 -0.120 2.700
Bauska 2 0.248 -1.186 -0.070 6.500
p Auce 0.143 -2.023 <0.000 0.018
(rll(fg ) Bauska 0.123 3.100 0.040 0.635
Ogre <0.000 -5.263 -0.020 0.514
Bauska 2 0.019 -3.948 <0.000 0.095

Sen’s virziena koeficients ir neparametriskas statistikas alternativa regresijas
virziena koeficienta noteikSanai ar linearas regresijas metodém. Sen's virziena
koeficients kvantitativi raksturo pétamas pazimes izmainas laika vieniba, un ta
vertibu praktiski neietekmé noverojumi laika rinda ar loti izteiktu novirzi no videja
liecluma. Sezonalo Sen's virziena koeficientu aprékina vispirms nosakot N;
noveérojumu pariem Q vértibas katrai i-tajai sezonai péc formulas:

0, =—xl‘;_;jk, (6)
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x; — pétamas pazimes vertibas i-taja sezona un /-tajam gadam,;
X — p€tamas pazimes vertibas i-taja sezona un k-tajam gadam (/> k).

Dotais lielums jaaprekina katrai sezonai un janosaka to mediana, kas veido
sezonalo Sens’ virziena koeficientu (Gilbert, 1987). 6.tabula apkopoti aprekinatie Sen's
virziena koeficienti, kas raksturo pétamas pazimes vertibu izmainu medianu gada laika.

Ogres monitoringa postenis

50.0 35
=N kop. —Pkop.

45.0 -
40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

0.0

N kop.» mg 1 .
Pkop.: mg 1 .

1996 1998 2000 2002 2004 2006 2008 2010
Laiks

Bauskas monitoringa postenis

0.0 25.0
? =—Nkop. —Pkop.
80.0

70.0 -
60.0 - ”
50.0 -

40.0 - |

30.0 - | L
10.0 - h * 1Y "I“l" Trid AYA B L

0.0
1996 1998 2000 2002 2004 2006 2008 2010
Laiks

T 20.0

T 15.0

10.0

N kop.» mg 1-1
Pyop-, mg 1-!

-

- 5.0

0.0

Avots: Autores veidots péc Vides un tidenssaimniecibas katedras monitoringa datiem.

6.att. Nyop.un Py,, izmainu (1996.-2010.g.) trendu salidzinajums ,,Ogres” un
»Bauskas” monitoringa postenos.
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Laika rindas, kuras statistiski ticami trendi nav noteikti, ar Pettitta
kritériju un kumulativo summu grafikiem (CUSUM) analizéti noveérojumu
vidgjas vertibas mainas punkti, kas lauj spriest par petamas pazimes attistibas
tendencém laika rindas atseviskos posmos (7.tabula).

7.tabula
Niop. un Py, koncentraciju vidéjas vértibas mainas punkta analizes
rezultati
. Udenu -
Momtgrlnga kvalitates Pettita (Pettitt's) testa statistika Malgas punl( s
postenis raditajs laika rinda
Auce N Lop. K=3281; p-vértiba=< 0.0001 t=91 (2003.VII)
P yop. K=1803; p-vértiba=0.8010 nav
Bauska N kop. K=1954; p-vértiba=0.0300 t=51 (2000.11I)
P yop. K=4410; p-vértiba=< 0.0001 t=109 (2005.1)
Bauska 2 N xop. K=1556; p-vértiba=0.1350 nav

Pettitts tests (Kropp et al, 2011) pieder neparametriskas statistikas metozu
grupai, kas lauj noteikt petamas pazimes vidgjas vertibas mainas punktu laika rinda.
Noteiktais mainas punkts petamo datu kopu nosaciti iedala 2 intervalos — pirms un
pe€c mainas punkta. Datu grupam pirms un pé€c mainas punkta teorctiski jabit ar
homogeénu raksturu, pretgja gadijuma tam var izdalit otra un vél sikaku pakartotu
[imenu mainas punktus. Pettitta testa statistikas aprékinos tiek ieklautas divas
noverojumu vertibu rindas x;,...,x, un x,., ...,xz, péc formulas:

Usr=U.y +isgn(xt —X; ), t=2,.T> (7
=1
kur

I, x,—x;>0
sgn(x,. —xj): 0, x,—x;=0 '
-L x,—x,<0
Pettitta testa statistika lauj noteikt iesp&jamo laika rindas vertibu mainas punktu:
K, = max U, .l (8)
Viena no vienkarSakajam metodém, ka noteikt, vai laika rinda pastav mainas
punkts, ir CUSUM (kumulativo summu) metode (Page,1955). CUSUM ir grafiskas
analizes metode, kas lauj vizuali novertét pétamas pazimes laika rindas vidg€jas
vertibas mainas punktus, nosakot pétamas pazimes vertibu novirzu kumulativas
summas izmainas:

CUSUM = x, - x> ©)

kur

X - pétamas pazimes laika rinda vid€ja vertiba.
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7. un 8.attela sniegti mainas punkta analizes rezultati ,,Auces” monitoringa
postena datiem. Monitoringa posteni ,,Auce” augstas biogéno elementu
koncentracijas fiks€tas noveérojumu sakuma perioda, ka armi no 2003.gada lidz
2008.gadam, kad biogeéno elementu koncentracijas parsniedza ilggadéjo noverojumu
koncentraciju vid€jas vertibas. Izteikti S$aja laika posma paaugstingjas fosfora
koncentracijas. ,,Auce” galvenas izmainas Ny, koncentracijas veérojamas laika punkta
t=91, kas atbilst 2003.gada julijam. Pirms un p&c §1 laika punkta iesp&ams noteikt
statistiski ticamus negativus trendus (pirms mainas punkta: p-vértiba < 0.000; p&c
mainas punkta: p-vertiba < 0.000), videjam Ny, koncentracijam sasniedzot attiecigi
6.08 mg 1" un 9.06 mg 1"

40
35 | Nkop.- - - -pul=6.08- - - - u2=9.06

30 -
25
20 -
15
10 -8+ - A-AAM-|- W -

N kop., Mg |

5 - - - Ny | - S B, A T — A PO

0 1 1 1 1 1 1 1 ; ; ; ;

1996 1997 1998 2000 2001 2002 2004 2005 2007 2008 2009 2011
Laiks

0.00 1 1 1 1
1996 1997 1998 2000 2001 2002 2004 2005 2007 2008 2009 2011
Laiks
Avots: Autores veidots péc Vides un fidenssaimniecibas katedras monitoringa datiem.

7.att. Mainas punkta analizes Pettitta testa rezultati Ny,p un Py,
koncentraciju izpétei ,,Auces” monitoringa posten.
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Jaatzime, ka straujais koncentraciju kapums noverojumu perioda otraja
pus€ verojams, kad intensiva Skidrméslu iestrade sateces baseina teritorija
partraukta. Py, koncentracijam ,Auces” monitoringa posteni statistiski
nozimigas vertibu izmainas 1996.-2010.gada noverojumu perioda nav noteiktas,
un fosfora izmainas laika rinda ir raksturojamas ka stacionars process. Tadgjadi
ilglaicigas minitoringa datu rindas mainas punkta analize uzskatami palidz
precizet piesarnojuma koncentraciju izmainas laiku un virzienu.

100 : 0.25
e==N kop.  ===P kop.

0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15

_ ) + -0.20
£ Ni,p, vertibu mainas punkts
-150 : -0.25

1 11 21 31 41 51 61 71 &1 91 101 111 121 131 141 151 161 171

CUSUM, Ny,
CUSUM, Py,

Laiks, t (,=1996.1, t,=1996.11, ..., t,4,=2010.X1I)
Avots: Autores veidots péc Vides un tidenssaimniecibas katedras monitoringa datiem.

8.att. CUSUM analizes rezultati Ny,, un Py,, koncentraciju izpetei ,,Auces”
monitoringa posteni.

Monitoringa posteni ,Bauska” biogéno elementu koncentracijam
statistiski nozimigi trendi datu analizes perioda nav noteikti, tom&r salidzinosi
augstas to koncentracijas v€rojamas monitoringa sakuma perioda, ka ari no
2005.gada vidus Iidz pat 2009.gadam. Par Ny, vid€jas laika rindas vertibas
mainas punktu var uzskatit laika punktu t=51, kas atbilst 2000.gada marta
meénesim. Tas iezimé kopgja slapekla koncentraciju samazinajumu no Ny,
21.10 Iidz 12.81 mg I'". Pirms § punkta koncentraciju trends ir negativs (p-
vertiba 0.008), bet velak trends veidojas pozitivs (p-vertiba < 0.000). ,,Bauskas”
monitoringa posteni laika punkts t=109, kas atbilst 2005.gada janvarim,
raksturo kopéja fosfora vidgjas koncentraciju pieaugumu no 1.01 mg 1" pirms
mainas punkta lidz 3.61 mg 1" péc mainas punkta, tomér statistiski ticamus
trendus gan pirms, gan péc mainas punkta nav iesp&jams noteikt.

,O0gré” augstakas biogéno elementu koncentracijas noverotas
noveérojumu sakuma perioda no 1996. lidz 1998.gadam, kad sasniegti arl
biogéno elementu koncentraciju maksimumi. P&c 1999.gada pavasara (aptuveni
7 gadus peéc fermas slégSanas) biogéno elementu koncentracijas strauji
samazinajas, un laika rindas veidojas statistiski ticami un negativi trendi.
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Biogéno elementu savienojumu koncentraciju trendu un laika rindas
vid€jas vertibas mainas punkta analize lauj secinat, ka statistiski ticami negativi
slapekla un fosfora savienojumu trendi veidojas apstaklos, kur intensiva
lauksaimnieciska darbiba ir partraukta. Monitoringa postenos ,,Auce” un
,Bauska” statistiski ticama biogéno elementu koncentraciju samazinasanas
tendence nav nosakama, bet laika rinda iesp&jams konstatét videjas vertibas
bitiskas izmainas. Pieméram, ,,Aucg” vidgjas vertibas mainas punkta analize
lauj noteikt negativus trendus pirms un p&c maigas punkta slapekla
savienojumiem, kas nav raksturigi fosfora koncentraciju veértibam. Lai gan
»Auce” Skidrmeéslu deponésSana lauka ir partraukta, novérojumu rinda paradas
augstas Py, koncentracijas, turklat noverojams izteikts slapekla koncentraciju
kapums tieSi pédejos gados, kas liecina par piesarnojuma péecietekmi vai
mesloSanas intensitates paaugstinasanos. Monitoringa posteni ,,Bauska” Py,
vid€jai laika rindas vertibai ir noteikts mainas punkts, bet pirms un péc ta, nav
konstatejami statistiski ticami trendi, kas norada ilgstosas un relativi stabilas
fosfora raditas slodzes ietekmi.

Punktveida piesarnojuma ietekmes uz virszemes tdenu kimisko kvalitati
ilgtermina noverojumu analize apstiprina fosfora savienojumu koncentraciju nozimi.
Negativi fosfora koncentraciju trendi veidojas apstaklos, kad tieSas punktveida
ietekmes nav (,,Bauska 2”°) vai piesarnojuma avots ir ilgstosi slégts (,,Ogre”), turklat
ari péc intensivas Skidrmeslu izmantoSanas partraukSanas virszemes tdenos ir
verojamas paaugstinatas fosfora savienojumu koncentracijas (,,0gre”). Ja Skidrmeslu
lietoSanas tehnologiskas prasibas tiek ievérotas un augsne netick parsatinata ar
augstam kitsméslu devam, tuv@os virszemes Udenos fosfora savienojumu
koncentracijas ir ieveérojami zemakas, bet ar1 to bitiska samazinaSanas nenotiek driz
pec aktivas méslu iestrades partraukSanas (,,Auce”). Lai gan noteces kvalitativais
sastavs ir cieSi saistits ar meteorologiskiem apstakliem, biogéno elementu
koncentraciju sezonala mainiba ir vairak izteikta monitoringa vietas, kur punktveida
piesarnojuma ietekme ir mazak aktiva. NokriSnu ietekmes detaliz€tai analizei butu
nepiecieSami biezak savakti monitoringa dati, ka arT informacija par specifiskiem
raditajiem, piemeram, nokriSnu intensitati, ilgumu u.c. (McDowell et al., 2001;
Kleinman et al., 2006; Sharpley, 1995; Sharpley et al., 2001; Shigaki et al., 2007).

Spektra analize ir datu matematiskas apstrades metode, kas lauj analizet
petamas pazimes vertibu atkartosanas biezumu jeb cikliskumu. Spektra analizes
rezultatd petamas pazimes vertibas tiek parveidotas ar Furje transformaciju un
sadalitas dazadu frekvencu cikliskos vilnos (Howell, 2001). Gala rezultati tiek
paraditi periodogrammas. Nepartraukta Furjé transformacija un tas specialais
gadijums — diskréta Furjé transformacija (DFT) — tiek izmantots, lai transformetu
funkciju no laika uz frekvencu dimensiju. Tas dod iesp&u pétit ne tikai, ka
funkcija f(r) attistas laika, bet arT to, no kadam frekvencu komponentém Sis
signals sastav. Funkciju no laika fr) var izteikt ka vairaku sinusoidu un
kosinusoidu summu. DFT notiek izmantojot tikai diskretus, periodiski iegiitus
datus, pieméram, kada nepartraukta laika mainiga lieluma mérfjjumus noteiktos
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intervalos. DFT ieeja ir kada laika mainiga lieluma noveérojumi ar vienadu
periodu jeb $§1 mainiga lieluma diskréta funkcija f(k), kur k£ ir novérojuma kartas
numurs no 0 Iidz N-1, kur savukart N ir kopg&jais noverojumu skaits (Marks 11,
2009; Handbook for Sampling..., 1982). DFT tiek veikta, izmantojot kompleksos
skaitlus, kuru galvenas izmantotas sakaribas atkartojumam ir:

Z=a+bj=4 cos(0)+ jA sin(é’) = Ae’’

A=A+a*+b*

0= arctan(éj
a

a, b —reali skaitli;

j —imaginara vieniba, j° = —1;

0 — lenkis polaras koordinates;
A — garums polaras koordinates.

, (10)

kur

Ar sakaribam (10) ir paraditas tris komplekso skaitlu formas: algebriska,
trigonometriska un eksponenciala. Lai arm1 DFT var tikt efektivi izmantota visu
funkciju transformésanai, tas izpilde ir salidzino$i 1€na: pieaugot merijjumu
skaitam lineari, aprékinu skaits pieaug kvadratiski. DFT defing ar formulu (11):

Fln)=3 s(k)e " (1)

kur
N — merjjumu (noverojumu) skaits;
k — mérijjuma (noveérojuma) numurs, k = [0...N-1];
k) — k-tais m&rijums;
n —kompleksas frekvences (DFT rezultata) punkta numurs, » = [0...N-1].

Péc formulas (11) var iegiit DFT tikai frekvencu komponentei n jeb
punktam uz spektra frekvencu ass. Lidz ar to galigais DFT rezultats — pétama
signala spektrs tiek iegiits:

FO) Yy (1 1 1 1 Ly s0)
FO)y | |v w w2 w0 |, (12)
F2) [=|1 w* w* w° wr o £(2)
F(N-1)) O w wr? o w N\ f(N-1)
kur
el
W=e ¥V
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Sada veida tiek noteikti kompleksie skaitli F(0)..F(N-1), kuru absoliitas
vertibas tiek atliktas spektra grafika ka frekvencu komponensu amplitiidas ar tadu
pasu mérvienibu ka originalajam signalam jeb laika rindai. Jaatzime, ka iegitais
spektra grafiks ir simetrisks, tapec to parasti att€lo argumentiem 0...(N-1)/2. 9.attela
periodogrammas raksturo monitoringa izpildes laika ieglito slapekla un fosfora
savienojumu koncentraciju spektra analizes rezultatus.

Ny,p. koncentraciju periodogramma

——Auce —Ogre ——Bauska 2 ——Bauska

40.0
‘<
a - 30.0 Z
i 0 2
Z a
o - 20.0 &
: -
f: - 100 =
) T s
=
0.0 &
n

2.0 2.5 3.0 3.5 4.0

Frekvence, reizes gada

Py, koncentraciju periodogramma

— Auce Ogre ——Bauska 2 ——Bauska

Spektra blivums

Spektra blivums (Bauska)

00 05 10 15 20 25 30 35 40
Frekvence, reizes gada

Avots: Autores veidots pec Vides un tidenssaimniecibas katedras monitoringa datiem.

9.att. Nyop. un Py, Koncentraciju spektra analizes rezultats.
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Spektra analizes rezultati norada, ka Ny, koncentracijas izteikti palielinas vienu
reizi gada visas monitoringa vietas, bet Py, koncentraciju pieaugums reizi gada
attiecinams tikai uz noverojumu vietam ,,Bauska” un ,,Bauska 2. Monitoringa postent
,Ogre” Py, koncentracijam raksturigas straujas, neregularas svarstibas bez izteikta
periodiskuma. Py, vertibu svarstibam raksturigas izteiktas izmainas Isakos laika
periodos, salidzinot ar Ny, koncentraciju variaciju. Saskana ar Senona jeb Naikvista
teorému, petamais lielums jameéra 2 reizes biezak par straujako iesp&amo izmainu
(Marks II, 1991). Nemot vera, ka Py, straujas izmainas vérojamas pat 3-4 reizes gada,
turklat tam nav raksturigs periodiskums, objekfivai monitoringa datu izvertéSanai
nepiecieSami vismaz 6-8 merfjumi gada, bet vietas, kur fosfora koncentracijas mainas
vel neregularak (,,Auce”) merjumiem jabat vel biezakiem, pretgja gadijuma
monitoringa dati var neuzradit augstu koncentraciju esamibu kada laika perioda. Ny, un
Py, koncentraciju izmainas punktveida piesarpojuma apstaklos galvenokart ir
raksturojamas ka gadijuma rakstura, bez izteikta cikliskuma, tapéc to parraudzibai
monitoringa ietvaros biitu ieteicams noveérojumus veikt biezak neka reizi ménesi.

3. FOSFORA INDEKSA PIELIETOJUMS FOSFORA
SAVIENOJUMU NOPLUDES RISKA IZVERTESANAI

3.1. Fosfora indeksa biuitiba

LLU lauksaimniecibas noteCu monitoringa rezultati norada, ka fosfora
savienojumu koncentraciju izmainu virszemes uUdenos likumsakaribas analizét,
modelét un prognozet ir vissarezgitak, ko nosaka fosfora nopliizu epizodiskais
raksturs (Jansons, et al., 2002; Bechmann et al., 2004). Tadgjadi virszemes tidenu
aizsardzibas planoSana ir cieSi jasaista ar fosfora zudumu rasanas iemesliem.
Fosfora indekss ir viens no variantiem, ar kura palidzibu ir iesp&jams novertet
riskus, kas saistiti ar fosfora nopliidém jeb lauksaimniecibas radito fosfora slodzi
lauksaimnieciba izmantojamas platibas. Lidz Sim fosfora indeksa izmantoSana
Baltijas jiras regiona vél nav plasi praktizéta, ko nosaka viet€jiem apstakliem
nepietickami pétijumi par indeksa ieklaujamajiem parametriem. Indeksa
izmantoSanas perspektivu raksturo viena no indeksa galvenajam stiprajam pusém —
pielietoSana saimniecibas limeni un aprékinaSana konkrétam laukam, tadgadi
novertejot fosfora eventualo zudumu pirmavotus.

3.2. Fosfora indeksa izstrade Latvijas apstakliem

Indekss ka riska modeléSanas instruments fosfora nopliides uz virszemes
tdeniem novertéSanai Latvijas apstaklos veidots izmantoSanai zemnieku
saimniecibas. Tas nosaka, ka informacijai par indeksa ieklaujamajiem parametriem
un to vertgjumiem jabut viegli nosakamiem zemnieka saimniecibas lauka Itmeni.
Izmantojot starptautisko pieredzi un Latvijas lauksaimniecibas noteCu monitoringa
rezultatus, fosfora indeksa izveidei sakotn€ji izveleti 8 parametri, kuru vertejumam
pienemtas diskrétas vertibas ballu sistéma, kas raksturo iesp&jamo riska pakapi
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fosfora nopliidei no lauka nonakt tuv&jos virszemes tidenos: 1 - loti zems; 2 — zems;
4 — vidgjs; 6 — augsts; 8 — loti augsts (8.tabula).

Fosfora indeksu apréekina, reizinot fosfora avotus augsné raksturojosa faktora
parametru vertgjumu summu ar fosfora ,transportéSanas” jeb nopliides variantus
raksturojosa faktora parametru veért§jumu summu. Fosfora indeksa aprékinasanas
gaitu raksturo formulas:

PI=SF x TF; (13)
SF. 8= (SP, AP); (14)
TF(Z..'g) = Z (E, R, L, D, VV, B), (15)

kur
PI — fosfora indekss;
SF — fosfora avotus augsné raksturojosais faktors;
TF — fosfora ,transporté€Sanos” jeb nopliidi raksturojosais faktors;
SP — fosfora satura augsné vertejums (balles);
AP — fosfora méslojuma lietoSanas intensitate (balles);
E — erozijas riska vért&jums (balles);
R — virszemes noteces riska veértéjums (balles);
L — izskaloSanas riska vertejums (balles);
D — drenazas radita riska vert€jums (balles);
W — filtraku radita riska vertejums (balles);
B — buferjoslas raksturojums (balles).

legiitas riska indeksa vertibas tiek iedalitas 5 riska klas€s: loti zems risks
(1-70); zems risks (71-120); vidg€js risks (121-170); augsts risks (171-300); loti
augsts risks (>300). Katrai riska klasei ir saisto$i ieteikumi lauka
apsaimniekoSanai. Pieméram, ja noteiktam laukam aprékinata fosfora indeksa
vertiba norada uz loti zemu risku, izmainas lauka apsaimniekoSanas sistéma nav
nepiecieSamas; zema riska laukiem tiek ieteikta labas lauksaimniecibas prakses
ieveroSana; videja riska klasg€ ietilpstosajiem laukiem rekomendé apzinat fosfora
zudumu samazinasanas iespgjas un izvairities no aktivitatem, kas sekmé fosfora
noplides; augsta riska laukiem obligati japlano agrovides pasakumi fosfora
zudumu ierobezoSanai; Joti augsta riska laukos tiek ieteikts ierobeZot
lauksaimnieciskas razoSanas intensitati. Fosfora indekss tadgjadi palidz agro-
vides pasakumu planoSanai un ievieSanai, ka ari pamato to nepiecieSamibu
dazados laukos un saimnieciba kopuma. Fosfora indeksu piesarnojuma riska
samazinasanai un videi draudzigakai lauku apsaimniekoSanai biitu jalieto lielajam
lopkopibas fermam piegulosajas platibas, ka ari izpildot ietekmes uz vidi
novertejumu lielajam fermam, lai sanemtu A kategorijas piesarnojosas darbibas
atlaujas (Par piesarpojumu, 2001). Sajas platibas fosfora indeksa noteiksanu un
lauku noveért€Sanu vajadzetu ieklaut subsid€tajos agro-vides pasakumos.
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Fosfora indeksa modela rezultatu korektumu izverté péc ta testeéSanas un
kalibrésanas noteiktas vietas apstaklos. Latvijas apstakliem adapteta un ieteikta
fosfora indeksa versija ir parbaudita lauksaimniecibas noteCu monitoringa vietas
»Bauska” un ,,Auce”. Fosfora indekss tika aprekinats 71 laukam un izvertéts
saistiba ar tuvgjos virszemes tudenos noteiktajam fosfora savienojumu
koncentracijam. legiitie rezultati apstiprina, ka paaugstinoties riska indeksa
vertibai noteiktam laukam, tuv€jos Gidens objektos ir lielaka iesp&jamiba noverot
salidzinoSi augstas fosfora savienojumu koncentracijas. Nemot véra, ka
noverojumu vieta ,,Auce” 70% no apsekotajiem laukiem ir saistami ar loti zemu
val zemu fosfora noplides risku, bet nov€rojumu vieta ,,Bauska” 90% no
apsekotajiem laukiem ir raksturojami ar vid&ju, augstu vai loti augstu fosfora
nopliides risku, var rast pamatojumu augstam kop€ja fosfora koncentracijam
virszemes tidenos ,,Bauska” un ievérojami zemakam — ,,Auce”. 10.att€ls parada
aprekinato fosfora noplides riska vert€§jumu laukiem péc aprekinatajiem fosfora
indeksiem monitoringa postent ,,Auce”.

ApzImejumi
- Lot zems risks l:l Zerns risks. D Vidéjs risks :] Augsts risks

Avots: Autores veidots péc LGIA un Vides un tidenssaimniecibas katedras monitoringa datiem.

10.att. Monitoringa postena ,,Auce” sateces baseina platibu aprekinatie
fosfora nopludes riski.
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Pilnveidojot 1izveidoto fosfora indeksu, tas ir jakalibré noteiktam
teritorijam, japapildina ar fosfora méslojuma lietoSanas metodikas izvertejumu un
katra parametra ietekmes jeb nozimibas svaru vertéjumu. legiitie rezultati norada,
ka pétijuma ietvaros adaptetais fosfora indekss Sobrid labak korele ar fosfora
savienojumu koncentracijam virszemes iidenos sateces baseina Iiment,
salidzinajuma ar noteikta lauka Itmeni. Lauku piederibas noteiktai riska klasei
klasifikacijas precizitate tika parbaudita ari ar diskriminantu analizi, kas
pamatojoties uz noveérojumu rezultatiem, nosaka, kurai no vairakam iesp&jamam
kopam pieder objekts. Diskriminantu analizes rezultati norada, ka biezak
klasifikacijas neprecizitates rodas, nosakot lauka piederibu zema riska klasei.
26.7% gadijumos zema riska lauki ir klasificeti ka vid€ja riska klasei piederosi
lauki. Visprecizak ir nosakami Joti zema riska lauki.

Parametru nozimibas svaru aprékinasana ir bitiska, bet sarezgita.
Promocijas darba ietvaros ir apskatita indeksa svaru aprékinasana, izvirzot
daudzkriterialas optimizacijas uzdevums (kur kritériju funkcijas nav definétas, bet ir
zinamas tikai to vertibas), ka ar1 fosfora riska noteikSana ar maksligo neironu tiklu
izmantoSanas pieeju. Izvert€jot datu rindas, kuras neregulari paradas ekstrémas
vertibas, statistisko metozu pielietojums ir ierobezots, tad€] sarezgitako uzdevumu
risinaSanai hidrologija un piesarnojuma vertésanai vides inZenierzinatné maksligo
neironu tiklu pielietojums kltst aizvien aktualaks (Govindaraju and Rao, 2000;
Maier and Dandy, 1996; Kim and Gilley, 2008).

Lai gan pirmie iegiitie rezultati uzrada, ka neironu tikla apmaciba ir jaturpina,
to pielietojums ir perspektivs riska noteikSanas uzdevuma risinasanai. Pielietojot
neironu tikla apmacibas algoritmu Back Propogation Learning Algorithm un
aktivizacijas funkciju Sigmoid (tikla topologija 8:3:45:1, iteraciju skaits: 2000)
noteikta kltida testa datiem bija 2%. Aizstajot fosfora indeksa aprekinasanas algoritmu
ar apmacitu neironu tiklu fosfora zudumu riska noteikSanai, ir iesp€ja samazinat
legiita rezultata neprecizitati, ko nosaka nepilnigi izveidots indeksa algoritms vai taja
nodefintie parametru vert€§jumi. Tomer neironu tikla pieejas izmantoSanai riska
noteikSana loti svarigi ir pilnveidot fosfora nopliides empiriskos noverojums, tai skaita
paplaSinot monitoringa tiklu, lai nepiecieSamie dati neironu tikla apmacibai un riska
klases noteikSanai biitu iegiiti iesp&jami daudzveidigos apstaklos. Turklat, nemot vera
fosfora neregularo, epizodisko nopliides raksturu, monitoringa datu apjoms biitu
japalielina, veicot noverojums biezak neka reizi ménesi, kas precizétu fosfora
koncentraciju izmaigu raksturu virszemes tdenos. Latvijas apstakliem pielagotais
fosfora indeksa algoritms ir sagatavots ka fosfora indeksa aprékinasanas kalkulatora
prototips ievietoSanai interneta vietnes (11.attels).

Sekmigai fosfora indeksa izmantoSanai nozimiga ir zemnieku Iidzdaliba.
Aprekinot noteiktiem laukiem fosfora indeksu un sekojot rekomendacijam par lauka
apsaimniekoSanas praksi ir iesp€jams sasniegt indeksa pielietojuma galvenos mérkus
fosfora nopliides samazinasanai virszemes tidenos. Tap&c pirmo reizi adaptejot fosfora
indeksa pieeju fosfora zudumu riska noteikSanai Latvijas apstaklos, tika ieverots
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[idzsvars starp modela sarezgitibu un aprékiniem nepiecieSamo datu pieejamibu
zemnieku saimniecibas Iiment.

Testi = Fosforaindeksa aprékinasana

Fosfora indeksa aprékinaSana

Avots: Autores veidots, programmétajs Z.Sablinskis.

11. att. Fosfora indeksa aprékinasanas kalkulatora prototipa saskarne.
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SECINAJUMI

1. Virszemes tidenu piesarnojuma no lauksaimniecibas punktveida
avotiem riski var palielinaties, jo peéc 1996.gada Latvija verojama tendence
pieaugt to saimniecibu skaitam, kuras tiek koncentréts liels ( >250 DV) majlopu
skaits, 1pasi ciikkopibas un putnkopibas saimniecibas, no kuram vairakas atrodas
1pasi jutigaja teritorija netalu no valsts nozimes tidens notekam.

2. Lai apzinatu lielako lopkopibas saimniecibu darbibas radito slodzi uz
virszemes Udeniem, iesp&jams izmantot klasteranalizi, kas sekmigi klasifice
saimniecibas péc to saimnieciskas darbibas krit€rijiem un zinatniski pamato
monitoringa tikla izveidi punktveida ietekmes uz virszemes tdenu kimisko
kvalitati izverteésanai.

3. Ilglaicigie (1996.-2010.g.) lauksaimniecibas noteCu monitoringa rezultati
norada, ka sateces baseinos, kuros atrodas lielas lopkopibas saimniecibas ka
potenciali punktveida piesarnojuma objekti, virszemes tidenu slapekla un fosfora
savienojumu koncentracijam, kas ir biitiskas eitrofikacijas procesos, raksturiga liela
izkliede un loti augstu maksimalo koncentraciju veidoSanas. Salidzinot ar ilglaicigo
lauksaimniecibas diftiza piesarnojuma monitoringa rezultata noteikto Ny, vidgjo
vértibu 8.57 mg I, aktiva punktvieda piesarnojuma apstaklos ta vértgjama ka divas
reizes augstaka, savukart Py, augstaka vidgja koncentracija punktveida
piesarpojuma apstaklos sasniedz 2 mg 1. Salidzinosi difiza piesarnojuma
pétijumos intensivas lauksaimniecibas apstaklos ta noteikta 0.17 mg I

4. Laika posma 2006-2008.gadam veikta virszemes udens kimiskas
kvalitates monitoringa ietvaros 1paSi jutigajas teritorijas tidens kvalitate pec
slapek]a un fosfora savienojumu koncentracijam visbiezak bija vert€jama ka
slikta. 44% analizetajos udens paraugos pec Ny, un 56 % tudens paraugos pec
Pyop. koncentracijas, kvalitate bija raksturojama ka slikta vai loti slikta, turklat
20% paraugu tika parsniegta Nitratu direktiva noradita nitratu slapekla
robezkoncentracija 11.3 mg I"' N-NO;.

5. Salidzinot dazada rakstura punktveida piesarnojuma avotu ietekmi uz
virszemes idenu kvalitati, nozimigakas slodzes rada intensiva Skidrméslu
lietoSana lauku mesloSanai. Noplidém no valgjam kitsmeslu kratuvém un
fermu teritorijam ir epizodisks raksturs. Lai noverstu to iesp&jamibu, pietiktu ar
kiutsmeslu kratuves sakartoSanu atbilstoSi tehniskajiem standartiem, tadejadi
panakot, ka piesarpojuma limenis virszemes udenos ir vért§jams diftza
piesarnojuma apméra intensivas lauksaimniecibas teritorijas.

6. Vietas, kur intensiva saimnieko$ana ir partraukta (,,Kekava”, ,,Ogre”)
vidgjas piesarnojoso vielu koncentracijas pakapeniski samazinas Iidz izkliedéta
piesarpojuma Ilimenim (iznpemot fosfora koncentracijas), tomér tadas tas
noverotas ar1 apstak]os, ja saimniekoSanas procesa tiek ieveérotas agrotehniskas
normas piesarnojuma noveérsanai (,,Livbeérze”).

7. Neraugoties uz valsts Itmeni istenotajiem pasakumiem, lai samazinatu
virszemes Udenu piesarnpojumu no lauksaimnieciskas darbibas, ilgtermina

44



lauksaimniecibas punktveida piesarnojuma monitoringa noverojumi (1996-2010.g.)
pierada, ka piesarnojoSo vielu koncentracijas neuzrada statistiski ticamus negativus
trendus, iznemot vietas, kur lauksaimnieciska razoSana partraukta pilniba. Negativi
fosfora koncentraciju trendi veidojas apstaklos, kad tieSas punktveida ietekmes nav
(,,Bauska 2”) vai piesarnojuma avots ir ilgstosi slégts (,,Ogre”).

8. Pielietojot laika rindas vid€jas vertibas mainas punkta analizes
metodes, jasecina, ka monitoringa posteni ,,Auce” ilglaicigaja noveérojumu
perioda fosfora koncentracijas vid€ja vertiba saglabajas nemainiga, lai gan péc
2003.gada Saja nov€rojumu posteni ir verojams negativs kop€ja slapekla
koncentraciju trends. Monitoringa postent ,,Bauska” fosfora koncentracijam ir
tendence palielinaties pec 2005.gada, savukart no 2000.gada Saja monitoringa
postent ir veérojams pozitivs kopé€ja slapekla koncentraciju trends.

9. Monitoringa rezultati pierada, ka vairakus gadus peéc saimnieciskas
darbibas aktivitaSu partraukSanas (monitoringa postenis ,,0gre”) virszemes tidenos
saglabajas augtas fosfora savienojumu koncentracijas. Fosfora savienojumu
koncentraciju nevienmérigas fluktuacijas péc spektra analizes rezultatiem, ka ari
ekstrémo vertibu veidoSanas datu rindas norada, ka ta nopludes ir atkarigas no
kompleksas vairaku faktoru ietekmes, kura ir griiti prognoz€jama.

10. Nemot véra punktveida piesarnojuma koncentraciju mainibas sarezgito
raksturu, datu statistiskas apstrades metodes rekomendé aizstat ar maksliga
intelekta, pieméram, uz maksligo neironu tikla apmacibu balstitam datu izpé&tes
metodém, bet savukart to pielietoSanai nepiecieSami biezak veikti monitoringa
noverojumi, pieméeram, fosfora savienojumu gadijuma — vismaz 2 reizes meénesl.

11. Monitoringa rezultati norada, ka sliktas virszemes tdenu kimiskas
kvalitates galvenais iemesls punktveida piesarnojuma apstaklos ir paaugstinatas
fosfora savienojumu koncentracijas, kuru samazinaSanai svarigi veikt atbilstoSas
aktivitates. Fosfora nopludes riska izverteéSanai un saimnieciskas darbibas
planoSanai saimniecibu Itmeni pirmo reizi Latvija adaptéta un testeta fosfora
indeksa metode, kura kvalitativi raksturo fosfora savienojumu iesp&jamibu nonakt
tuvejos virszemes tdenos no lauksaimnieciba izmantojamam platibam, ka ar1 lauyj
planot atbilstoSus pasakumus piesarnojuma samazinaSanai. Fosfora indeksa
izmantoSana lielakajas lopkopibas saimniecibas ir atbalstama atbilstoSu agrovides
pasakumu planosanai un ieviesSanai.
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BACKGROUND OF THE RESEARCH

Provision of water quality and reduction of pollution are topical problems in
many countries of the world. Water protection also has been mentioned among the
main priorities in Latvian environment protection policy. Research on the negative
impact of agricultural activity on water quality in Latvia gained its importance after
the ratification of the Baltic Sea Environment Protection Convention (Helsinki
Convention) in 1992, which characterises the agricultural activity as an important
promoter of water pollution and the process of eutrophication. The results of the study
conducted by the Baltic Marine Environment Protection Commission (HELCOM),
which was founded to achieve the goals of the Helsinki Convention, show that the
agriculture sector originates around 79% nitrogen and 78% phosphorus pollution load
in the Baltic Sea (HELCOM, 2007, Ministerial Declaration..., 2010). The Baltic Sea
is considered to be one of the most endangered seas of the world in connection with
eutrophication, the main reason of which is anthropogenic pollution. However,
agricultural production is one of the most important economic activities in the Baltic
Sea region — almost 25% of 1.7 milj. km” of the Baltic Sea catchment area are used
for agricultural activity (Agriculture..., 2013).

Latvia as a member state of the European Union (EU) implements several
measures stated in the EU regulations of environmental protection, among which
a important role is dedicated to the requirements of the Nitrate Directive (ND)
91/676/EEC (1991) relating to water protection against nitrate pollution caused
by agricultural activity. Based on the criteria set by ND, highly vulnerable zone
(HVZ) is designated in relation to implement additional measures for reduction
increased pollution risk of surface and inner waters caused by agricultural
activity. 64% of the Lielupe river basin, in which 52% consist of agricultural
land, 1s a part of HVZ (Lielupes upju baseinu..., 2009). According to the
information provided by the Agricultural Data Centre (ADC), livestock breeding
farms have more than 3000 domestic animal housing at HVZ, which form 9% of
the total amount of domestic animal housing in the country. Consequently, 72%
of anthropogenic nitrogen load and 37% of anthropogenic phosphorus load in
Lielupe river basin is caused by agricultural sector (Lielupes upju baseinu...,
2010). By exploring the dynamics of changes in livestock numbers, it is
forecasted that large and strongly specialized farms as possible point source
polluters will expand in the future (Lauksaimniecibas raditaju..., 2013).

Development of large farms in livestock breeding sector requires to pay
special attention to controlling of nutrients losses from farm territories and manure
storages. Disorganization of manure management in large farms with high livestock
density is connected with point source pollution. The main sources of which are
inadequate construction and exploitation of manure and slurry storages, as well as
inadequately according to the deadlines and doses organised manure incorporation
into the soil, which promote the losses of nutrients (Jansons, 2011). Taking into
account the agricultural policy in recent years and the intensification tendency of
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agricultural enterprise production, which reduces the balance between the livestock
amount at the farm and the land available for incorporation of manure, the
importance of point source pollution control for the provision of surface water
chemical quality will remain actuality.

Monitoring of agricultural pollution impact on chemical water quality in the
country is implemented by Latvia University of Agriculture (LUA), Faculty of
Rural Engineering, Department of Environmental Engineering and Water
Management. The necessity to objectively evaluate the data of monitoring and the
impact of agriculture on water chemical quality in various cattle breeding
specialisation and production conditions motivated the choice of the thesis and
proposed to expand observations in the framework of already existing point source
pollution monitoring programme. Agricultural production enterprise located in
HVZ and specialised in livestock breeding, where the number of livestock exceeds
250 animal units (AU), has been chosen as the point source pollution object for
short term observations. According to HELCOM recommendations, farms, which
do not follow to the good agricultural practice, can be defined as the "hot spots",
which lead to increased environmental pollution (Criteria for Inclusion ..., 2010;
Wossink and Wefering, 2003).

GOAL AND TASKS OF THE THESIS

The main objective of the doctoral thesis is to evaluate the chemical
quality of surface waters in highly vulnerable zone by analysing the impact of
point source pollution on nitrogen and phosphorus concentrations fluctuation
caused by agricultural production.

Scientific tasks set to reach the goal of the thesis are:

= to collect the information about the specifics of agricultural
production in highly vulnerable zone by characterising agricultural
enterprises as possible sources of point source pollution;

®  to develop a justification for selecting sites for monitoring of point
source pollution influence on surface water chemical quality;

®  to characterise specificities of eutrophication promoting nutrient
(nitrogen and phosphorus compounds) losses formation from
agricultural point pollution sources by evaluating pollution loads on
water chemical quality and identifying the most significant sources of
point source pollution;

®  to evaluate the temporal fluctuations and trend tendencies of nutrients
regarding the measures implemented in highly vulnerable zone to
reduce the pollution of surface water by using the appropriate
methodology of data statistical analysis;

®  to adapt the methodology suitable to Latvia conditions to evaluate the
risk of surface water pollution with phosphorus compounds.
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METHODOLOGY OF THE STUDY

For water chemical quality monitoring purposes the samples of surface
water were taken manually once per month by considering the guidelines of
agricultural run-off monitoring and surface water monitoring (Lauksaimniecibas
noteCu ..., 2003; Cooke et al. 2005; Covalla et al., 2001; Loague and Corwin,
2005). Surface water chemical analyzes were performed in accredited laboratory
"Vides audits" by using methods LVS EN ISO 11905-1 and LVS EN ISO 13395
(total nitrogen), LVS EN ISO 15681-1 (total phosphorus), LVS EN ISO 11732-1
(ammonium nitrogen), LVS EN ISO 13395 (nitrite nitrogen and nitrate nitrogen).
Agrochemical soil sample testing was conducted in this laboratory as well.

Factor analysis to evaluate the characteristics of surveyed agricultural
farms was used in order to clarify the most important characteristics for grouping
the point source pollution objects in similar subsets (Shaw, 2003). Cluster
analysis (Struyf, 1997; Johnson and Wichern, 1992) was used to group objects of
database in subsets (clusters). Grubbs’ Test (Finkenstadt and Rootzen, 2003) was
used to evaluate the extreme values in data sets. For the comparison of data sets
mean values the following non-parametrical tests were used: Mann-Whitney U
test to compare mean values of 2 samples and Kruskal-Wallis test to compare
mean values of more than 2 samples (Mac Berthouex and Brown, 2002; Manly,
2001). For the correlation analysis Spearman's rank correlation coefficient (Ostle
and Mensing, 1975) was used. Non-parametric Mann-Kendall and Mann-Kendall
seasonal test were used to analyse the time series of data sets and trend magnitude
was determined by Sen's estimator of slope (Hirsch and Slack, 1984; Gilbert,
1987). Pettitt's test and CUSUM or cumulative sum control charts, which
represent the abnormalities from some time series parameters (Chapman and
El-Shaarawi, 1989) were used to analyse the time series mean value change point
for data sets with no statistically significant trend. To evaluate the repetition
frequency of nutrient concentrations, spectral analysis, based on Fourier
transformation, were chosen by exploring periodograms, which provide the
possibility to analyse the stochastic process not in the time dimension, but in
frequency dimension by looking at the cyclical nature of the nutrient
concentrations fluctuation (Howell, 2001). For the modelling of phosphorous
index, artificial neural networks were used (Baxteretal, 2002; Diamantopoulou et
al., 2005; Govindaraju and Rao, 2000; Giimrahetal, 2000; Maier, 1996, 2000).

For the statistic processing of data, hypotheses were tested by P 0.95.
SPSS, XLSSTAT, STATGRAPHICS Centurion, Trend and Equivalence Analysis
and Change-Point Analyzer as well as MATLAB software were used for data
analysis. Data obtained from State Ltd. "Latvian Environment, Geology and
Meteorology Centre" (LEGMC), Latvian Geospatial Information Agency
(LGIA), Agricultural Data Centre (LDC) and the Central Statistical Bureau
(CSB) were used in the research.
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SCIENTIFIC NOVELTY OF THE RESEARCH

Scientific novelty of thesis includes the following positions:
. performed inspection of the largest livestock farms in highly vulnerable
zone; as a result certain criteria for the grouping of farms according to
their impact on the environment were determinated;

®  for the first time the largest livestock farms evaluation was done by the
cluster analysis with the main aim to found basis for determination of
point source pollution monitoring sites;

. for the first time the chemical quality of surface water at surrounding of
farms with more than 250 animal units (AU) were analyzed; short term
observation (2006-2008) results were compared with diffuse pollution
monitoring data in order to examine point source loads of nitrogen and
phosphorus in small catchment basin level;

. statistical information about the chemical quality of surface water, its
seasonal fluctuations and trends has been analysed according to
agricultural run-off long-term monitoring data (1996-2010) by
determining appropriate methodology of data statistical analysis;

= for the first time based on the results of empirical observations,
phosphorus index to evaluate the risk of phosphorus losses from
agricultural fields was adapted and tested to the conditions of Latvia;

®"  methods of artificial intellect, including the approach of artificial neural
networks, were used and evaluated to develop phosphorus index.

PRACTICAL VALUE OF THE RESEARCH

The most appropriate data processing approaches have been set for the
monitoring data analysis, which allow to identify the significant changes of
monitoring results in time series. The prototype of phosphorous index model as
the calculator for phosphorus losses risk identification has been developed for
practical use at farms.

APPROBATION OF THE RESULTS

The results of the thesis are published in ten scientific articles:

Eriksson A., Ulén B., Berzina L., Iital A., Jansons V., Sileika A.,
Toomsoo A. (2013) Phosphorus in Agricultural Soils Around the Baltic Sea —
Comparison of Laboratory Methods as Indices for Phosphorus Leaching to
Waters. Soil Use and Management, Vol.29 (s1) p. 5-14. (ind. Scopus)

Jansons V., Lagzdins A., Berzina L., Sudars R., Abramenko K. (2011)
Temporal and Spatial Variation of Nutrient Leaching from Agricultural Land in
Latvia: Long Term Trends in Retention and Nutrient Loss in a Drainage and
Small Catchment Scale. Scientific Journal of Riga Technical University:
Environmental and Climate Technologies, Series 13, Vol. 5, p. 54-56.
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Berzina L., Jansons V., Sudars R. (2010) The Application of Cluster Analysis
for Identification of Monitoring Sites to Assess Potential Agricultural Point Source
Pollution in the Animal Farms. Water Management Engineering, Transactions of the
Lithuanian University of Agriculture, Vol. 36 (56), p. 64-73. (ind. CAB Abstracts)

Berzina L., Sudars R. (2010) Seasonal Characterization and Trends
Study of Nutrient Concentrations in Surface Water from Catchments with
Intensive Livestock Farming. Scientific Journal of Riga Technical University:
Environmental and Climate Technologies, Series 13, Vol. 5, p. 8-15.

Berzina L., Sudars R. (2010) The Concept of Phosphorus Index for
Identification of Phosphorus Loss Risk 1. The Literature Review. Proceedings of
Latvia University of Agriculture, Vol. 25 (320), p. 13-26. (ind. CABI Full Text,
CAB Abstracts)

Berzina L., Sudars R. (2010) The Concept of Phosphorus Index for
Identification of Phosphorus Loss Risk II. Application of Phosphorus Index to
Estimate the Risk of Off-Site Agricultural Phosphorus Loss to Water Bodies.
Proceedings of Latvia University of Agriculture, Vol. 25 (320), p. 27-35.
(ind. CABI Full Text, CAB Abstracts)

Berzina L., Zujevs A., Sudars R. (2009) Neural Network Approach in
Risk Assessment of Phosphorus Loss. In: Research for Rural Development
2009. Annual 15™ International Scientific Conference Proceedings. Jelgava:
Latvia University of Agriculture, p. 320-326. (ind. ISI Web of Science with
Conference Proceedings Citation Index; CABI full text; CAB Abstracts)

Jansons V., Abramenko K., Timbare R., Berzina L. (2009) Risk
Assessment of the Agricultural Pollution with Nitrates in Latvia. Latvijas
Lauksaimniecibas Universitates Raksti, Vol. 22 (316), p. 1-11. (ind. CABI Full
Text, CAB Abstracts)

Berzina L., Sudars R., Jansons V. (2008) Impact of Intensive Livestock
Farming on Surface Water Quality in Latvia. Vandens Ukio Inzinerija, Vol. 34
(54), p. 106-117. (ind. CAB Abstracts)

Berzina L., Zujevs A. (2008) Design of Phosphorous Index Model as
Environmental Risk Assessing Tool. In: Proceedings of 4" International
Conference on Information & Communication Technologies in Bio & Earth
Sciences. Athens: Agricultural University of Athens Greece, p. 70-77.

The results of the thesis are published in six periodical issues and
proceedings of conferences, as well as in one monograph:

Berzina L. (2010) The Impact of Intensive Livestock Farming on
Surface Water Quality in Latvia. In: Environmental Science and Education in
Latvia and Europe: From Green Projects to Green Society. Proceedings of 4™
International Conference. Jelgava: Latvia University of Agriculture, p. 48-49.

Jansons V., Lagzdins A., Berzina L. (2008) Assessment of the
Environmental Risks of Agricultural Impact on Water Quality. NJF Report Risk
Assessment of Global Agrifood Production Chains, Vol.4 (7), p. 58-62.

50



Berzina L., Sudars R. (2007) Time Series Analysis with Applications to
Water Pollution with Nitrogen from Point Sources in Latvia. In: Trends and
Perspectives in Agriculture. NJF 23" Congress Proceedings. Copenhagen:
University of Copenhagen, p. 299-300.

Arhipovs S., Berzina L. (2006) Object Oriented Modeling of Pollutant
Loading from Agricultural Waste Storage Outlet to Water Body. In:
Proceedings of the International Scientific Conference Information
Technologies for Rural Development, Jelgava: Latvia University of
Agriculture, p. 85-93.

Berzina L. (2004) Rural Development by Statistical Data Analysis of
Agriculture and Environmental Protection Sector in Latvia. In: Proceedings of
the International Scientific Conference Information and Telecommunications
Technologies for Rural Development, Jelgava: Latvia University of
Agriculture, p. 110-116.

Berzina L. (2003) Analysis of Territorial Differences Describing
Agricultural Development and Environmental Protection in Latvia. In: Latvian
Journal of Agronomy, Nr. 5, p.77-85.

Bérzina L., Zujevs A., Sudars R., Jansons V., Lagzdins A. (2007) The
Applications of Phosphorus Index of Farmland Phosphorus Loss Risk
Assessment in Latvia (in Latvian). In: Risk Assessment in Agriculture and
Food Production : Monograph. Latvia University of Agriculture. Food and
Veterinary Service of Ministry of Agriculture. Department of Modeling and
Simulation of Riga Technical University. Jelgava: [Latvia University of
Agriculture], p.504-524.

The results of the thesis are presented in fourteen scientific conferences
and seminars:

Berzina L., Rudusa 1. Fluctuation Analysis of Nutrient Concentrations in
Surface Water Near Intensive Agricultural Production. “8” World Congress in
Probability and Statistics”. Istanbul, Turkey, Bernoulli Society and the Institute of
Mathematical Statistics 9-14 July, 2012.

Berzina L. The Impact of Intensive Livestock Farming on Surface Water
Quality in Latvia. 4" International Conference “Environmental Science and
Education in Latvia and Europe: From Green Projects to Green Society”. Jelgava,
Latvia, Latvia University of Agriculture, October 22, 2010.

Bérzina L. Time Series Analysis of Surface Water Pollution Evaluation
(in Latvian). “Faculty of Rural Engineering Scientific and Practical Conference on
Environment and Water Management Problems”. Jelgava, Latvia, Latvia
University of Agriculture, March 31, 2010.

Beérzina L., Sudars R., OsadC¢uks V. Artificial Neural Network and
Statistical Methods for Risk Evaluation of Phosphorus Losses (in Latvian).
“Faculty of Rural Engineering Scientific and Practical Conference on Environment
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and Water Management Problems”. Jelgava, Latvia, Latvia University of
Agriculture, April 8, 20009.

Berzina L., Zujevs A., Sudars R. Neural Network Approach in Risk
Assessment of Phosphorus Loss. “15" International Conference Research For
Rural Development 2009”. Jelgava, Latvia, Latvia University of Agriculture, May
20-22,20009.

Berzina L., Zujevs A. Design of Phosphorous Index Model as
Environmental Risk Assessment Tool. “HAICTA 2008 4" International Conference
on Information & Communication Technologies in Bio & Earth Sciences”. Athens,
Greece, September 18-20, 2008.

Berzina L. Agriculture and Water Quality: Estimation of Point Source
Pollution in Latvia Nitrate Vulnerable Zones. “I4" International Conference
Research For Rural Development 2008”. Jelgava, Latvia, Latvia University of
Agriculture, May 21-23, 2008.

Bérzina L. Analysis of Surface Water Quality Seasonal Changes in
Vulnerable Zone. “Faculty of Rural Engineering Scientific and Practical
Conference on Environment and Water Management Problems”. Jelgava, Latvia,
Latvia University of Agriculture, March 19, 2008.

Zujevs A., Berzina L. Designing Phosphor Index Estimation Model by
Multiobjective Optimization Genetic Algorithms. “NJF seminar 398 Modelling in
Agriculture”. Jelgava, Latvia, Latvia University of Agriculture, October 18-20, 2007

Berzina L. Time Series Analysis with Applications to Water Pollution with
Nitrogen from Point Sources in Latvia. “23" NJF Congress Trends and
Perspectives in Agriculture”. Copenhagen, Denmark, June 26-29, 2007

Berzina L. Time Series Analysis with Applications to Water Pollution with
Nitrogen in Nitrate Vulnerable Zones. “I” Nordic-Baltic Biometric Conference”.
Viborg, Denmark, June 6-8, 2007

Berzina L. Object Oriented Modeling of Pollutant Loading from
Agricultural Waste Storage Outlet to Water Body. “International scientific
conference Information Technologies for Rural Development”. Jelgava, Latvia,
Latvia University of Agriculture, October 19-20, 2006

Berzina L. Assessment of Agricultural Point Source Polluters Using Cluster
Analysis. “HAICTA 2006 3" International Conference on Information Systems in
Sustainable Agriculture, Agroenvironment and Food Technology”. Volos, Greece,
September 20-23, 2006

Berzina L. Farming at Nitrate Vulnerable Zones in Latvia. “NJF seminar
373 Transport and Retention of Pollutants from Different Production Systems”.
Tartu, Estonia, June 11-14, 2006

Researc Projects:

National Program Support for Implementation of Doctoral Programs and
Post-doctoral Research. Project Support for Doctoral Studies and Post-doctoral
Studies in Engineering, Agricultural Engineering and Forestry Science
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Nr.2004/0004/VPD1/ESF/PIAA/04/NP/3.2.3.1./0005/0067 Contribution ~ of
Agricultural Point Source Pollution influence on the Surface Water Quality in
Vulnerable Zone, 2005-2008.

Project of Latvia Council of Science 06.00.40.1.4. Management of Risk and
Crises in Agriculture of Latvia. Sub-task: Environmental Risk and Crises, 2009.

Project of Latvia University of Agriculture XP114 Developing of
Phosphorus Losses to Surface Water Risk (Phosphorus Index) Evaluation Model
for Latvia conditions, 2008.

1. GENERAL TENDENCIES OF LIVESTOCK BREEDING
DEVELOPMENT IN LATVIA

In the beginning of 1990s after gaining the independence, significant
decrease of livestock number was observed in the different branches of
livestock farming in Latvia. However, after Latvia joined the European Union
(EU), number of livestock stabilised and it was characterised by small changes.
The importance of point source pollution risk can be connected with the
characterization of livestock’s location and, theoretically, the importance of risk
can be stated as higher in large farms, where a significant number of livestock
has been located, as well as territories which have limited resources of
agricultural land so forming high density of livestock.

Analysis of statistical data shows that cattle breeding mainly develops in
Vidzeme and Latgale region, cattle and swine breeding — in Kurzeme region,
but Zemgale and Pieriga regions concentrate more on poultry and swine
breeding as those fields traditionally have the tendency to concentrate more
near cities and territories where the grain industry, which ensures the basis of
livestock food, is located. The highest number of cattle per farm is observed in
Pieriga region — an average of 12.6 cattle. This indicator for Vidzeme and Kurzeme
region is an average of 11.0 cattle per farm, but in Zemgale — 9.2 cattle per farm. The
biggest number of swine per farm can be observed in Kurzeme region — 33.6 swine,
followed by Pieriga region with an average of 28.8 swine, but for Zemgale —
18.3 swine per farm (2007).

According to HELCOM, animal unit (AU) describes a livestock that
producing 100 kg of nitrogen per year. AU can be used for identification of
possible source of agricultural point source pollution. HELCOM
recommendation (Criteria for Inclusion..., 2000) states that if agricultural
activity is not carried out according to good agricultural practices or other
regulatory conditions, then agricultural land and farms, where animal density is
greater than 1.5 AU or the number of livestock reaches 250 AU, can be
considered as "hot spots". Latvia has one of the lowest livestock densities
among EU countries (0.17 AU per 1 ha of agricultural land (Eurostat, 2007)).
At a regional level, animal density has clear variation, which refers to livestock
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concentration in separate municipalities or particular farms so emphasizing the
actuality of point source pollution risk. The Cabinet of Ministers regulation
No 33 "Regulation Regarding Protection of Water and Soil from Pollution with
Nitrates Caused by Agricultural Activity" (11.01.2011) prescribes borders of
highly vulnerable zone (HVZ) and procedures for managing the zone.

Agricultural Data Centre (ADC) information shows that 10% out of
more than 40000 farms in Latvia are located in HVZ; moreover 38 of these
farms should be classified as "hot spots" with more than 250 AU. Taking into
account the fact, that characteristic of HVZ include compact hydrographical
network, most part of farms are located in immediate vicinity of national
importance surface water objects. Almost half of holdings, where the number of
livestock exceeds 5 AU, are located closer than 500 meters from the national
importance water objects (Figure 1).
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Figure 1. Livestock farms in highly vulnerable zone closer than 500 m from
water objects of national importance (2011).
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2. RESEARCH OF AGRICULTURAL POINT SOURCE
POLLUTION RISKS

2.1. Controlling of point source pollution impact on surface
water chemical quality

According to the requirements of Water Management Law (2002), a water
monitoring programme has been set up in Latvia, in the framework of which the
impact of agriculture on surface and inner water quality is determined. The goal
of the monitoring of agricultural runoff provides to assess the load of pollution
caused by various agricultural operations and impact on the quality of inland
water, focusing on losses of nutrients (VMP, 2009; Lauksaimniecibas notecu...,
2003). One of the objectives set to achieve the goal for monitoring of agricultural
runoff is to carry out studies that would provide information on episodic losses of
nutrients from sources of point source pollution (Jansons, 2005).

Researchers of the chemical quality of surface waters emphasize that in
catchments where large livestock breeding farms are located, concentration of
phosphorus in the surface waters is increased as a result of runoff and leaching
processes of phosphorus (Drewry et al., 2006; Hooda et al., 2000; Smith et al.,
2013); other studies, however, show that impact of intensive livestock breeding
on the chemical quality of surface waters has to be evaluated considering also
other characteristics of a catchment (Bilotta et al., 2007; Alvarez-Cobelas et al.,
2008; Onenema et al., 2010). It is also recommended to analyze fluctuations of
pollution trends on local level for best assessment of the direct link between
intensive livestock breeding and its impact on the chemical quality of surface
waters (Berka et al., 2001; Kyllmar et al., 2006).

The fact that along with increase in density of animals per unit of
agricultural area, load of pollution on surface waters also increases is proven by
the results of agricultural point source pollution monitoring performed in Latvia
(Sudars et al., 2005). In the studies of impact of agricultural point source
pollution on surface waters it has been concluded that a significant load on the
surface waters is created by inappropriate storage of manure, as well as
excessive use of organic manure that is primarily characteristic for farms where
a large number of animals are located in limited resources of agricultural land.
Samples of surface waters obtained at these areas show high concentration of
phosphorus, verifying that inaccurate operations with organic manure is one of
the main sources of phosphorus losses to surface water (Jansons, 2000).

2.2. Description of cattle-breeding farms by cluster analysis
results

By using information from database of the Agricultural Data Centre (ADC),
farms specializing in dairy cattle, swine and poultry breeding were inspected in
HVZ. Farms were selected according to the HELCOM Guidelines (Procedures and
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guidelines for inclusion and deletion of hot spots) prescribing that farms with
250 and more AU should be included in the list of agricultural "hot spots" or
potential objects of point source pollution (Wossink and Wefering, 2003). AU were
calculated according to assumptions of the EU Nitrates Directive and "Code of
Good Agricultural Practice" (approximately 1 AU = 1 dairy cow or 8 fattening pig
or 5 sows or 100 poultry (Busmanis and Jansons, 1999)).

During inspection of farms, information was obtained on specifics of
livestock housing, management of manure and storages of manure (constructions
and capacities), equipment of farms to collect and transport manure, as well as
practice of application of manure on agricultural fields and interest of farmers about
solving environmental problems connected with agriculture. Data obtained were
processed applying cluster analysis, grouping farms by 5 complex factors:
production, collecting, storing, transportation and spreading of manure. Results of
cluster analysis (agglomerative hierarchical cluster algorithm, cluster division sub-
method: Complete Linkage) is shown in the dendrogram highlighting similarities
among the grouped objects or farms by the defined factors (Figure 2).
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Figure 2. Result of cluster analysis for inspected farms with more than 250 AU.
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By describing results of cluster analysis, it is possible to divide two main
farm groups or clusters. Cluster I includes farms, which are specialised in dairy
or crop farming, or those farms, which mainly breed both cattle and swine. The
cluster group of dairy farming can be characterised by low livestock density.
Cluster II includes swine and poultry breeding farms, which have a very high
livestock density per farm.

Two subgroups can be divided in each cluster. Cluster I-1 includes
farms with sufficient resources of agricultural land, livestock density in this
group of farms is small and varies between 0.09-0.59 AU per 1 ha agricultural
land. From an environmental protection point of view, the main problem of this
farm group can be linked with poor quality of manure storage facilities. Cluster
[-2 characterises modernised dairy farms in Riga region, where agricultural
land resources are small, but let to keep comparatively small livestock density
(0.3-0.63 AU per 1 ha agricultural land).

Cluster II first subgroup (II-1) consists of swine farms with livestock
density 400-2000 AU, but the second subgroup (II-2) — poultry farms with even
more than 40000 AU. Considering the fact, that these farms have no own
agricultural land for the spreading of manure, then agreements for this activity
are signed with other farms. Two limited subgroups can be subdivided in swine
farming subgroup (II-1). "Baltic Pork" and "Ulbroka" are large and modern
swine farms in Riga region, while "Latvi Dan Agro" and "PF Vecauce" are the
largest in Dobele region. These two farms have lagoon for slurry storage.
"Baltic Pork" and "Ulbroka" farms have 4000 m’ concrete tanks for slurry
storage. "Ancers", "Kronauce", "Uzvara-Strauti" and "Uzvara-Birzgali"
according to the characteristics differ greatly; however their common feature is
the use of old technologies in slurry management, which definitely should be
improved by modernising storages.

The results of cluster analysis outline the main characteristics of
potential agricultural point source pollution source:

®  dairy farms with respective animal density and resources to realise
manure, but open manure storage with the possibility of nutrient loss;

= swine farms with modern slurry storages, but too large livestock
density, which in the case of emergency could cause polluted runoff
from the territory of a farm;

= poultry farms with too large livestock density, which store dry
manure in open manure storage.

Applying of cluster analysis improves the selection of point source
pollution observation or monitoring sites. Choosing a farm from every cluster
for further analysis on the impact of point source pollution on surface water
chemical quality, it is possible to generalize the obtained results to the set of
farms from the particular cluster.
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2.3. Description of point source pollution monitoring sites

In order to describe surface water quality around to the object of
potential point source pollution, taking into account the results of cluster
analysis, from clusters I-1, II-1 and II-2 surface water chemical quality
monitoring sites "Livberze", "Jaunbérze" and "Kekava" were selected. Short
term observations were conducted in these sites from June, 2006 till June, 2008,
with main aim to determine nutrient losses from the farm territory and manure
storages. Data obtained from long-term (1996-2010) point source pollution
monitoring sites "Bauska", "Vecauce" and "Ogre" established in the framework
of agricultural runoff monitoring programme also were analysed. Figure 3 shows
the location of short-term agricultural point source pollution monitoring sites
within the HVZ and identifies location of agricultural long-term runoff
monitoring sites of point source influenced pollution included in the national
water monitoring programme.
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Figure 3. Location of agricultural point source pollution monitoring sites.

Agricultural runoff monitoring system in Latvia includes three especially
designed monitoring sites for agricultural point source pollution estimation.
These monitoring sites describe slurry application within different acreage and
characteristics of catchment, also near to old slurry lagoons in polluted territory
("Ogre"). Point source pollution monitoring sites "Bauska" and "Auce"
characterize large applications of slurry and both belong to pig farming. Applied
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slurry in "Bauska" slurry utilization area reached 900 m® ha™ year”, but in "Auce" —
on average 200 m’ ha™' year” (Sudars, 2005).

Monitoring site "Bauska" includes farm with more than 8000 swine. The
produced amount of manure reaches 10600 tons year™. For the utilisation of slurry,
the farm uses 50 ha agricultural land. The impact caused by farming activities on
surface water chemical quality has been measured in the stream receiving runoff
from the slurry utilisation field. Catchment area represents 800 ha, 95% of which is
intensively used agricultural land with clay and loam soils. Additionally, water
chemical quality was measured in the stream (catchment area 750 ha) affected only
by agricultural diffuse pollution at the site "Bauska 2".

Monitoring site "Auce" includes swine farm with animal holding
capacity for 1100 sows, 4300 piglets up to 30 kg of live weight and
1200 fattening pigs, producing 10950 t year™' of slurry. Surface water chemical
quality 1s measured in the stream within 60 ha large catchment area with a field
for utilization of slurry. 90% of catchment area covers agricultural land with
sandy loam soils mainly used for the crop production (Sudars et al, 2005).

Monitoring site "Ogre" represents polluted territory with old slurry
lagoons and closed farm. Farm produced about 30000 swine per year. Surface
water quality is measured in drainage ditch within catchment area of 300 ha.
25% of catchment area represents moderate input farming on agricultural land
with sandy loam soils (Sudars et al, 2005).

Monitoring site "Livbérze" includes dairy farm built for 700 cattle. Farm has
2359 ha agricultural land used mainly for grain cultivation. Therefore, animal
density is low, about 0.2 AU per hectare of agriculture land. Straw is used for
bedding and farm has manure storage with concrete basement for 6-7 month period.
Twice a year during April and September manure spreading takes place on farm
fields. Surface water chemical quality study samples were collected from the
channel 200 meters downstream to the dairy farm. Catchment area reaches 140 ha,
80% of the land is used for intensive agriculture.

Monitoring site "Jaunbérze" includes swine farm with a capacity of 20000 swine
breeding per year. Lagoon for the slurry storage has geo membrane cover and is
located in farm territory. Volume (10 000 m’) of the lagoon is sufficient for
7 month storage of slurry. The most critical issue is that the farm has only 11.7 ha
of agriculture land. The acreage of agriculture land is not sufficient considering
obligations for animal density — 1.7 AU ha™ and that may have negative impacts on
the water quality. In that context, it can be mentioned that the farm has agreements
with neighboring farms on the application of manure on their land. Surface water
samples were collected from the cannel 30 m downstream to the farm territory.
98% of 60 ha of catchment area is covered of intensively use agricultural land with
the loamy soils. Main crops in the catchment are rape and cereals. Agricultural
lands receive farm slurry from for fertilization. All area is completely drained and
drainage waters enter into the stream.
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Monitoring site "Kekava" includes manure storage area of intensive poultry
breeding farm with 1660000 places for hens. The farm produced 36000 tons year™
of manure, stored in two open manure storages. Water sampling in "Kekava" farm
was done in the channel downstream to solid poultry manure storage with concrete
foundation. It was used for composting of the manure. The manure storage was
closed in 2005, but still the territory is considered as heavy polluted. 10 ha of the
catchment area on sandy loam soils are surrounded by forest.

2.4. Surface water chemical quality assessment in short-term
observations

Surface water quality is determined by a number of factors in the drainage
basin. Under agricultural production conditions, water pollution increases due to
runoff from agricultural areas, which, in its turn, is related to the impact of
meteorological conditions, including rainfall. In 2006, rainfall in the territory of
Latvia was less than the norm (508 mm, which constitutes 82% of interannual
rainfall norm). In 2007, rainfall generally exceeded the norm; however, the Lielupe
river basin comparatively received the least rainfall (692 mm on average). Also in
2008, rainfall exceeded the norm, but in the Lielupe river basin it was described as
slightly below the norm, showing the driest weather in all four seasons (117 mm on
average in winter and spring, 175 — in summer, and 163 mm — in autumn) (Latvijas
virszemes..., 2006, 2007, 2008).

The statistical analysis of short-term (2006-2008) surface water chemical
quality indicators shows significant differences in nutrient concentrations at the
monitoring sites. In the observation period, the highest total nitrogen (N )
concentrations on average obtained at the monitoring sites of "Livbérze" and
"Jaunbérze", as well as at the monitoring sites of "Bauska" and "Auce" —
territories characterized by intensive agricultural production. At "Jaunberze"
monitoring site, as well as at the monitoring sites "Bauska" and "Auce", where
pig slurry was intensively used for field fertilization, high average nitrate nitrogen
(N-NOs) concentrations were also detected.

According to the EU Nitrates Directive (ND), the nitrate form of nitrogen
shall be used as a criterion to assess the state of all waters and characterise the
impact of agriculture. In the period from 2006 to 2008, at the surface water
quality monitoring sites in the territories of farms, the average nitrate nitrogen
(N-NO;) concentrations varied from 0.18 mg 1" at "Kekava" site to 10.78 mg 1!
at "Auce" monitoring post. High maximum concentration of N-NO; was recorded
at "Jaunbérze" monitoring site (23.10 mg 1), the same maximum concentration
was also observed at "Auce" monitoring post; however, the maximum
concentration at "Bauska" monitoring post reached 26.00 mg I'' N-NO;. It should
be noted that these maximum concentrations are more than two times higher than
the concentration limit specified in the ND — N-NO; 11.3 mg I"'. In the
observation period, the concentration limit of nitrate nitrogen was never exceeded
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in any samples obtained at the sites of "Livbérze", "Kekava" and "Ogre", whereas
in 20% of observations at "Jaunbérze" and 44% of observations at "Bauska" and
"Auce" the concentration exceeded 11.3 mg 1" N-NOs.

While assessing the impact of pollution on surface water quality, it is
important to establish the ammonium nitrogen content, since it increases with
decomposition of organic substances, including manure and slurry, in the presence of
heterotrophic bacteria (Burt et al., 1993). Expressively high concentrations of
ammonium nitrogen N-NH, in the autumn and spring months, allows to observe the
link with removal of manure for field fertilization. The highest average concentration
of N-NH, 7.82 mg I was detected at "Livberze" monitoring site; however, it is
characterized by a very large standard deviation. A considerably lower average
concentration of N-NH, 4.89 mg 1" is typical to "Bauska" monitoring site. At the
remaining monitoring sites, the average concentration of ammonium nitrogen was
below 0.50 mg I"'. These concentrations are assessed as very high, since the average
concentration of N-NH, in rivers of Latvia constitutes approximately 0.1 mg 1", in the
rivers of Lielupe basin — approximately 0.3 mg I"' (Kokorite, 2007).

Whereas, the highest average total phosphorus (Py) concentrations were
observed at monitoring sites "Bauska" and "Ogre", as well as at "Livbérze"
monitoring site — in areas where high doses of pig slurry have been used for field
fertilization or where occasional leakage from manure storage facilities occurs, around
which the soil usually has high content of phosphorus. It is particularly important to
identify the concentrations of phosphorous compounds, since phosphorus is
considered to be one of the elements limiting the eutrophication process.

As demonstrated by the results of monitoring, the inflow of phosphorous
compounds by surface runoff is significantly influenced by point sources of pollution
in the drainage basin. Point source pollution of agricultural production is closely
related to episodic leakage, which significantly increase the concentrations of
nutrients, forming the so-called extreme values. Extreme values that are significantly
different from the average values of observations are present in all data sets (except
for nitrates) of nutrients in short-term observations. These values were visible in
observations at "Livbérze" and "Jaunbérze" — less visible in observations at "Kekava"
and "Ogre", where subsequent impact of point source pollution is typical and the
proportion of agricultural land is relatively small in the drainage basin.

Thus, the observations performed at "Kekava" and "Ogre" are characterized
by a comparatively lower dispersion of values around the mean, relating to decline of
agricultural activities. The extreme values are more often observed in the data sets of
P, concentrations, and less often — in data sets of N,;. Several studies have confirmed
that the nature of phosphorus losses depends on the impact of a complex combination
of several factors and their interdependence, which is difficult to predict (Leone et al.,
2008; Sileika at al., 2005; Tunney at al., 1997). This is also confirmed by the
monitoring results, which are explained in more detail in the following sections.
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2.4.1. Description of total nitrogen concentrations

In the observation period from 2006 to 2008, the average total nitrogen
(Ny.) concentrations varied between 3.02 mg 1" at "Kekava" monitoring site
and 16.82 mg 1" at "Bauska" monitoring site. When assessing the concentration
by the median, the total nitrogen concentration at "Livb&rze" site is
comparatively low (4.22 mg 1) and close to the average concentration of total
nitrogen (by the median) at "Kekava" monitoring site and "Ogre" monitoring
site, where conditions of subsequent impact of point source pollution are
characteristic. At "Jaunb&rze" monitoring site, the total nitrogen concentrations
were comparatively less varied and steadily maintained high average values
10.88 mg 1" by the arithmetic average value and 12.20 mg "' measured by the
median. The highest variation of Ny, in the period of observations was typical
at "Livbeérze", but the lowest variation of Ny, was established at "Ogre" and
"Kekava". The Table 1 provides a report on statistical indicators describing
concentrations of N, .
Table 1
Total nitrogen (N ) concentrations (mg l'l) empirical sample (2006-2008)
descriptive statistics

Parameter / Site Livbérze | Jaunbérze | Kekava | Bauska | Auce | Ogre
Mean 13.49 10.88 3.02 16.82 | 1223 | 244
Median 422 12.20 3.06 16.50 | 11.30 | 2.05
Standart deviation 30.68 7.57 1.39 10.36 7.26 | 091
Skewness 3.94 0.25 0.16 0.89 2.14 | 1.15
Kurtosis 16.37 -0.93 0.02 0.54 7.49 | 0.16
Minimum value 0.85 0.89 0.31 4.00 1.87 1.60
Maximum value 144.00 26.30 5.77 4190 | 39.30 | 4.60
Quartile 25 247 2.90 2.00 7.10 7.67 | 1.78
75 8.45 16.50 3.76 22.55 | 1530 | 3.05
Coefficient of variation, % 227 70 46 62 59 37

N, values can be used as an indicator for the classification of
water chemical quality by concentration of nutrients in runoff from
agricultural areas. At drainage basin level, excellent and good quality of
surface water 1s characterized by N, concentrations not exceeding
2.5 mg I'", in waters of fair quality the typical Ny, values are 2.5-7.5 mg 1™,
but when the concentration of N, exceeds 7.5 mg 1!, surface water may
be associated with poor and bad water quality (Lagzdins et al., 2008). The
assessment of Ny, concentrations in surface water samples based on the
thees limit values of water quality classes suggests that surface water
quality is most often assessed as poor or bad at the monitoring sites where
the impact of intensive livestock farming is observed. For example, 61%
of samples collected at "Jaunb@rze" monitoring site, 72% of samples
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collected at "Bauska" monitoring site and 76% of samples collected at
"Auce" ste of monitoring correspond to the status of poor or bad water
quality. At "Livbérze" monitoring site, the proportion of poor water
quality samples reaches 35%, but the samples collected at the monitoring
sites of "Ogre" and "Kekava" indicate good and fair water quality based
on Ny, concentrations (Table 2).

Table 2
Surface water quality according to N, concentration
(% from total water samples, n=137)

Site Water quality estimatiog by N, concentration Total

excellent good fair poor bad
Livberze 4 22 39 22 13 100
Jaunbeérze 9 13 17 4 57 100
Kekava 11 28 61 - - 100
Bauska - - 28 4 68 100
Ogre - 64 36 - - 100
Auce - 4 20 20 56 100
Total 4 21 32 9 35 100

The results obtained suggest that water pollution from nitrogen
compounds in territories with intensive livestock farming has a significant impact
on surface water quality, particularly in drainage basins, where large pig-breeding
farms are located and slurry is regularly used for field fertilization.

2.4.2. Description of total phosphorus concentrations

Phosphorus compounds enter into surface waters mostly due to the
following: surface runoff after the distribution of fertilizers, if it is followed
by adverse weather conditions or agrotechnical requirements for
fertilization are not complied with, leaching of phosphorous compounds
from soil, as well as erosion processes (Tunney, 1997). With the increase of
water runoff, soil erosion processes intensify, as a result of which
phosphorus associated with soil particles is being transported into surface
waters. The limit value for the development of eutrophication under
favourable conditions may be considered the P, concentrations above
0.05-0.1 mg 1" (Tunney et al., 1997), whereas its limit value is not specified
in the Nitrates Directive (ND).

In the observation period of 2006-2008, the highest values of Py
concentrations on average are typical to "Livb&rze" monitoring site
(0.55 mg 1') and "Bauska" monitoring site (2.82 mg 1'). At these
monitoring sites, high maximum values of total phosphorus concentrations
have also been detected — 3.25 mg 1" at "Livbérze" monitoring site and
11.01 mg 1" at "Bauska" monitoring site. At all monitoring sites increased
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values of Py, concentrations are typical to the autumn months — August,
September. During this time particularly, concentrations are increasing at
monitoring sites of "Livbeérze" and "Jaunberze", as well as at monitoring posts
of "Bauska" and "Auce". At "Kekava" and "Ogre", high values of phosphorous
compounds have also been observed in the first half of the year during spring flood.
P, concentrations are characterized by considerable dispersion of values, high
asymmetry and excess values of data sets observed. Unusually high maximum
values develop in the data sets observed, except for observations at "Kekava" and
"Ogre". Table 3 provides a report on statistical indicators describing concentrations
of total phosphorous.

Table 3
Total phosphorus (P, ) concentrations (mg I'') empirical sample
(2006-2008) descriptive statistics

Parameter / Site Livberze Jaunbérze | Kekava | Bauska | Auce | Ogre
Mean 0.55 0.17 0.20 2.82 0.03 | 044
Median 0.31 0.08 0.15 1.79 0.02 | 046
Standard deviation 0.70 0.24 0.17 3.08 0.03 | 0.11
Skewness 2.82 2.61 1.64 1.03 3.04 | 0.07
Kurtosis 9.69 6.25 1.83 0.32 10.07 | -1.40
Minimum value 0.05 0.01 0.03 0.123 0.01 | 0.28
Maximum value 3.25 0.93 0.62 11.01 0.13 | 0.62
Quartile 25 0.12 0.05 0.10 0.22 0.10 | 0.32
75 0.67 0.17 0.20 5.37 0.03 | 0.54
S:Sf&gfﬂ;"f 128 144 86 109 | 111 | 26

P, concentration limiting the development of eutrophication, measured
by the average observed values, is exceeded at all sites of monitoring, except
for "Auce" monitoring site, moreover, the limiting value has already been
reached and even exceeded in the first quartile of observations in data sets. This
confirms that leakage from manure storage facilities and fields intensively
fertilized with slurry pose a serious risk of water pollution. At drainage basin
level, excellent and good quality of surface water is characterized by Py
concentrations not exceeding 0.05 mg I, waters of fair quality — Py, values
0.05-0.15 mg 1", but poor and bad water quality is characterized by P, values
exceeding 0.15 mg 1" (Lagzdins et al, 2008). When classifying the analysed
water samples based on the thees limit values of water quality classes, the water
quality should be assessed as poor or bad in all the samples collected at "Ogre",
92% of samples collected at "Bauska", 74% of samples collected at "Livbérze"
and 50% of samples collected at "Kekava" (Table 4).

It is noteworthy, that at "Ogre" and "Kekava", where a large quantity of
manure was stored for long time, high P, concentrations remained in surface
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waters even after the termination of agricultural activities. The highest water quality
based on P, concentrations has been observed at "Auce" monitoring post, where
92% of the samples collected indicated excellent or good water quality.

Table 4
Surface water quality according to P, concentration
(% from total water samples, n=137)
Site Water quality estimatio'n by P, concentration Total
excellent good fair poor bad
Livbérze - 4 26 17 52 100
Jaunberze 8 21 42 13 17 100
Kekava - 11 39 33 17 100
Bauska - - 8 16 76 100
Ogre - - - - 100 100
Auce 68 24 8 - - 100
Total 14 10 20 12 44 100

2.4.3. Seasonal change description in nutrient concentrations

Fluctuations of Ny, concentrations are characterized by strong seasonality.
Higher concentrations of nitrogen compounds are usually observed in spring at
maximum water flow rates, when nitrogen is intensively leached from the soil with
melting snow water. The lowest concentrations are typical to the summer period,
when nitrogen is consumed by biological processes and its inflow with surface
runoff is significantly smaller.The water quality characterizing data obtained in
observations show significant differences between winter or non-vegetation (October-
March) and summer or vegetation (April-September) periods. Figure 4 shows that
seasonal change in the N, concentrations are characterized by a pronounced
increase in concentration during the winter months, whereas the lowest
concentrations are typical to the summer period.

When comparing the differences in medians of observation values presented
with Mann-Whitney U test, the differences must be considered as significant at
"Auce" monitoring site (p-value <0.000), "Jaunbérze" monitoring site (p-value 0.003)
and "Bauska" monitoring site (p-value 0.028). It is noteworthy that N
concentrations are similar and statistically do not significantly differ at "Ogre",
"Kekava" and "Livberze" monitoring sites in the winter and summer periods. The
drainage basins of "Ogre" and "Kekava" are not characterised by intensive farming
conditions, manure storage facilities are closed and no additional nitrogen reaches
the drainage basin, which also suppresses the seasonal variation, whereas at
"Livberze" drainage basin no pig slurry is being used for field fertilization.

Observed values of P, concentrations at several monitoring sites have been
higher during the summer period (Figure 5). However, the difference in Py
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concentrations from the winter and summer period can be assessed as statistically
significant only at "Bauska" monitoring site (p-value 0.003).
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Source: L.Bérzina by Agricultural monitoring data of LUA.
Figure 4. Ny, median concentrations in winter and summer (2006-2008).
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Source: L.Bérzina by Agricultural monitoring data of LUA.

Figure 5. Py, median concentrations in winter and summer (2006-2008).
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The variation of the P, compounds should be theoretically similar —
during intense rainfall and due to intense surface runoff, for example, during
snowmelt, the erosion and intensity of weathering processes increase.
However, the monitoring results do not directly confirm it. In several
monitoring sites, P, concentrations significantly increase in the months of
June, July, and September. The maximum value of P, concentrations at
"Auce" and "Bauska" was observed in September, at "Jaunbérze" — in
August, "Livbérze" — in June, "Kekava" — in May, and "Ogre" — in March.
Increased amount of rainfall has contributed to increase in P, concentrations
at "Jaunb@€rze" monitoring site (Spearman’s correlation coefficient 0.46,
p-value 0.020) and "Kekava" monitoring site (Spearman’s correlation
coefficient 0.51, p-value 0.030). However, it is impossible to establish
unambiguous correlations of changes in P, among the monitoring sites. Py
concentrations had distinctly different variations at each site of monitoring.

During the surface water chemical quality assessment in short-term
observations, when action program to reduce pollution from agricultural
activities was actively introduced, it has been proven that there is a
significant pressure from agricultural activities on surface water chemical
quality under agricultural origin point source pollution conditions. Certain
very high concentrations of nutrients values at "Livb&rze" monitoring site
indicate that manure storage facilities with concrete foundation fail to protect
from occasional leaks. Irregular and often increased concentrations of
nutrients at "Jaunb&rze" monitoring site and "Bauska" monitoring site show
that the neighbouring agricultural fields receive high doses of manure while
spraying the slurry. In turn, the subsequent impact of regular leaks from
manure storage facilities on surface water chemical quality is also observed
after the closure of a manure storage facility. For, example, relatively high
concentrations of nutrients (especially phosphorus) reached the waters one
year following the closure of the manure storage facility at "Kekava"
monitoring site. The mean values of N, and P, analysed in surface water
samples are several times higher than the values from agricultural diffuse
pollution monitoring data, observed at "Be&rze" monitoring station under
intensive farming conditions (Lagzdin$ et al., 2010), except for monitoring
sites of "Kekava" and "Ogre". The effects of point source pollution are
mainly related to poor water quality, caused by high concentrations of
phosphorus compounds, which are highly variable in time.

2.5. Long-term trend study of nutrients

Since 1995, Department of the Environmental Engineering and Water
Management (Latvia University of Agriculture, Faculty of Rural Engineering)
perform agricultural runoff monitoring program for point source pollution
control at 3 monitoring sites: "Bauska", "Auce" and "Ogre". Accumulated data

67



during long-term observations are important source of information about
pollution pressures on surface water chemical quality and nutrient concentrations
fluctuation trends. However, time series observed in conditions of point source
pollution tends to be specific and statistical analysis of them must be appropriate for
data sets with high variation. Nutrient concentration variability is determined not
only by natural events, but also the farming characteristics, which is not always be
documented in details. 15-year cycle (1996-2010) is selected for surface water
chemical quality analysis in conditions of point source pollution, as well as for
complete interpretation of the results, data associated with diffuse pollution from
control monitoring post "Bauska 2" is attached to analysis.

During observation period described before, high Ny and P
concentrations formed at "Bauska" monitoring site by reaching 11.40 mg I of Ny,
median value and 0.63 mg I of P, median value (Table 5). Observed median
nutrient value differences were evaluated by nonparametric Mann-Whitney U test.
The tests results indicated that N, concentrations are not significantly different in
"Auce" and "Bauska 2" monitoring sites (p-value 0.387), and P, concentration
should be considered as equivalent in "Bauska" and "Ogre" monitoring data
(p-value 0.071). In all other cases, nutrient concentrations among monitoring sites
should be described as significantly different.

Table 5
Nutrient concentrations (mg l'l) in small catchments surface waters under
diffuse and point source pollution

Parameter Niot. Pt
Site ¥ Me Vo, P Me Vi,
Diffuse* pollution monitoring sites
Bérze 8.57 7.70 61 0.17 0.12 120
Mellupite 3.69 3.35 66 0.08 0.05 123
Vienziemite 1.69 1.40 68 0.04 0.03 141
Point source pollution monitoring sites
Auce 7.56 6.05 76 0.02 0.02 115
Bauska 15.13 11.40 96 1.99 0.63 142
Ogre 3.29 2.70 78 0.56 0.51 67
Diffuse pollution monitoring control site
Bauska2 | 745 | 650 | 8 | 014 | 009 | 170

* Diffuse pollution monitoring data (Lagzdins, 2012)

X —mean, Me — median, V., — coefficient of variation

Comparing the results collected from the point source pollution monitoring
conditions and agricultural diffuse pollution conditions (where "Beérze" catchment
area 1s characterized by intensive, "Mellupite" catchment area — medium intensive and
"Vienziemite" catchment area — extensive agricultural production conditions), it can
be concluded that the major differences of mean nutrient concentrations are referable
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to phosphorus .Additionally, N, concentrations in point source pollution conditions
vary more than in conditions of diffuse pollution, while P, concentrations in conditions
of point source pollution have higher mean values and show smaller variability. Mean
and median value of N, concentration observed in "Auce" monitoring site is nearly
equivalent to N, concentration observed at intensive farming conditions without
influence of point source pollution. Ny, mean value observed at "Ogre" monitoring site
is close to long term mean N, value fixed at monitoring site "Mellupite" in medium
intense agricultural production conditions without point source pollution influence.

P,x mean concentrations at "Bauska" and "Ogre" noticeably exceeds Py
concentrations observed at diffuse pollution monitoring site with intensive farming,
while the in "Auce" P, concentrations in long-term observation data sets are
unusually low for point source pollution conditions. Statistically significant
differences between winter and summer N, concentrations are identified at all
monitoring sites (Mann-Whitney test, p-values < 0.000). N, concentrations during
the winter can be evaluated as twice higher than in the summer period. Lower N,
concentrations than the long-term mean value are observed from May to October at
all monitoring sites. Also Py, concentrations are associated with the seasonal
variation at all monitoring sites showing significantly different median values for
winter and summer (Mann-Whitney test, p-value of 0.020 ("Auce"), p-value of
0.008 ("Bauska"), p-value of 0.018 ("Ogre") p-value of 0.001 ("Bauska 2")). Higher
P, concentrations are observed during the summer months.

Nutrient concentration long-term variability analysis plays an important role in
surface water pollution trends assessment. For this purpose Mann-Kendall test is
widely used in environmental sciences. The test is adapted for time series that do not
meet the normal distribution, and has been modified to determine the trend in the time
series with seasonal character. Nutrient concentrations long-term trend analysis
framework under investigation was adopted according to the following steps:

1. Gradual change of nutrient concentrations:

1.1. Mann-Kendall test for trend identification;
1.2. Sen’s slope estimation to determine the magnitude of trend;
2. Abrupt change of nutrient concentrations:
2.1. Pettitt’s test for time series homogeneity characterization;
22. CUSUM or cumulative sum method for detection of step change
graphically;

3. Spectral analysis for nutrient values frequency analysis and determination of

the cycle.

For trend detection in nutrient time series modified Mann-Kendall test is used.
The seasonal Mann-Kendall test is an extension of the nonparametric Mann-Kendall
test for trend that removes seasonal cycles. The tests consist of computing of the tests
statistics S and its variance VAR (S) for each season. These seasonal statistics then are
summed and Z statistics is computed. This procedure is useful when the data not
conform to any particular distribution. S; is computed as fallows:
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n—1 n;

S, = Z ngn(xil _xik)’ (1)

k=11=k+1
were  [>k,
n; — number of data for season i;
x;; — datum for i-th season of /-th year;
K — the number of seasons;
L — the numbers of years and

L, x,—x,>0
Sgn(xil - 'xik): 0, x;,—x,=0"
-1, x,—x, <0

VAR (S;) 1s computed as fallows:

VAR(S):% n(n,—1)(2n +5) Zt,p(z —1)(21, +5)- iulq<uiq—l)<2uiq+5> +

g=1 , (2)
Z:;t,p(t —1)(t - 2)22; uiq(uiq —1)(uiq - 2) Z;}tip(tip —l)guiq(uiq —1)
On, (nl -1 (nl. - 2) i 2n, (nl. — 1)

were
g;— the number of groups of equal-valued data in season i;
t;,— the number of equal valued data in the p-th group for season i;
h;— the number of sampling times in season i that contain multiple data;
u;, — the number of multiple data in the g-th time period in season i.

Calculated S;un VAR (S;) are summed across the K seasons:

s=3s, and paR(s ZVAR 3.4
i=l1

The standard normal variate Z is computed as:

(5-1)

VAR(S")'S >0, (5)
Z =<0 ,9=0

(5+1) s<0

VAR(S")’

Mann-Kendall test does not confirm the significant reduction of nutrients
concentrations in intensive livestock farming conditions from 1996 to 2010. For
example, there are positive trend of Ny, concentrations at "Auce" monitoring site,
however this trend is not characterized as statistically significant. N
concentrations and P, concentrations at "Bauska" monitoring site also are
characterized by a positive trend, which is not considered as statistically significant
with P 0.95. Statistically significant decreasing of nutrient concentrations is
detected only at "Ogre" monitoring site (Figure 6).
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"Ogre" monitoring site
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Source: L.Bérzina by Agricultural monitoring data of LUA.

Figure 6. Comparison of statistically significant decreasing nutrient trends
in "Ogre'" and statistically non-significant nutrient trends in '""Bauska"
monitoring site.
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Statistically significant decreasing trend of Py, concentrations is also
typical for monitoring site "Bauska 2". All the seasonal Mann-Kendall test
results are summarized in Table 6.

Table 6
Mann-Kendal trend anlysis results of Ny, un P, concentrations
Nutrient Site p-value Z value See;ifnsit(zge Median
N Auce 0.247 1.273 0.090 6.050
(£t~ 0 Bauska 0.876 -0.227 -0.030 11.400
& Ogre 0.000 -5.805 -0.120 2.700
Bauska 2 0.248 -1.186 -0.070 6.500
p Auce 0.143 -2.023 <0.000 0.018
(Igg 0 Bauska 0.123 3.100 0.040 0.635
Ogre <0.000 -5.263 -0.020 0.514
Bauska 2 0.019 -3.948 <0.000 0.095

If a linear trend present, the change per time unit may be estimated by
computing of the slope b by linear regression methods. However, b computed
by this way can be greatly affected by outliers in data. Sen's estimator of slope
1s nonparametric procedure for the same purpose. Firstly, individual Q; slope
estimates for the i 4 season are computed:

_ KXy T Xy 6
0 ==—"* ©)
were

x; — the data for the i-th season of the /-th year;

x;x— the data for the i-#h season of the k-th year (/>k).

This calculation is repeated for each of the K seasons. The median of
them is the seasonal Kendall slope estimator. Table 6 summarizes also median
annual Sen's slopes describing nutrient quantitative changes during the year.For
time series with no statistically significant trends nutrient fluctuation tendencies are
determined by Pettitt's tests and CUSUM analysis, that describe change point of
mean value, which gives information about nutrient concentrations fluctuation
tendencies in separate sections of time series (Table 7).

Table 7
Niotr. un P, concentrations change point analysis results

Site Nutrient Pettitt's tests statistics Change point
Auce N ot K=3281; p-value=< 0.0001 t=91 (2003.VII)

P o K=1803; p- value =0.801 not observed
Bauska N ot K=1954; p- value =0.030 t=51 (2000.I11)

P . K=4410; p- value =< 0.0001 t=109 (2005.1)
Bauska 2 N ot K=1556; p- value =0.135 not observed
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The Pettitt’s test (Kropp et al, 2011), which is an approximation for a
sequence of random variables of the non-parametric method, is used to identify
a change-point in a time series and can be briefly described as follows: once the
change point is detected through the test, then the dataset is divided into two
intervals. The intervals before and after the change point then form
homogeneous groups, which take heterogeneous characteristics from each
other. Pettit’s tests uses a statistics U, 7, that verifies if two samples of x;,....x,
and x,;, ..., x7 are from the same population:

T
UI,T = UH’T + ngn(xt —x].), t=2,.T> (7)
j=1
were
I, x,—x,>0
sgn(xl. —xj): 0, x;—x;=0

-1 x,—x, <0

The maximum of the absolute sums gives the position of possible
change point:

. (8)

K, = max
1<t<T

Ut,T

The cumulative sum or CUSUM 1is a graphically-based method for
identifying step changes in time series data (Page, 1955). The most important
advantage of CUSUM is that such changes clearly appear on the graph as
changes in the slope of the CUSUM graph.

CUSUM is defined as:

CUSUM =Y x,— x> ©)

WCEere

X - the mean of the time series.

Figure 7 and 8 gives results of the change point analysis for "Auces"
monitoring site nutrient concentrations in surface waters data.
At monitoring site "Auce" high nutrient concentrations recorded during the
initial period of observations, as well as from 2003 to 2008, when the
nutrient concentrations exceeded the long-term observation mean
concentration. Also, in this period phosphorus concentrations increased
noticeably. Ny, concentrations change point at "Auce" is observed at time
point t=91, corresponding to July 2003. Before and after this time point it is
possible to determine statistically significant negative trend (before the
change point: p-value < 0.000, after the change point: p-value < 0.000), and
the mean N, concentrations before and after change point amounting to
6.08 mg 1" and 9.06 mg 1.
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Source: L.Bérzina by Agricultural monitoring data of LUA.

Figure 7. Change point analysis by Pettitt's tests results describing N, and
P.,:. concentrations at '""Auce' monitoring site.

It should be noted that the sharp increase in the concentrations of Ny, in
"Auce" monitoring site occurs when the intense liquid manure incorporation into
soils of the catchment area were reduced. P, concentrations at "Auce" monitoring
site have no statistically significant changes from 1996 to 2010 and phosphorus
changes at "Auce" monitoring site can be described as a stationary process.

Statistically significant trends of nutrient concentrations at "Bauska"
monitoring site analysis period are not fixed, but relatively high concentrations there
are observed in the beginning of the monitoring period, as well as from
mid-2005 until 2009. Mean value change point of Ny, concentrations for the time
series can be considered as time point t=51, which corresponds to March, 2000. This
point represents decrease of N, mean concentration from 21.10 to 12.81 mg I
Before this change point a trend of Ny, concentrations tends to be negative
(p-value 0.008), but after the change point there are a positive trend (p-value < 0.000).
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At the same monitoring site time point t=109 (corresponding to January, 2005)
indicates the increase of mean P, concentrations from 1.01 mg I"" before the
change point to 3.61 mg 1" after the exchange point, however, statistically
significant trends for both before and after the change point can not be detected.
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e==N tot. =P tot. :

0.20

: 0.15
d 0.10 2
. 0
: 0.05 <
2 0.00
- -0.05 3

-0.10

-100 -0.15

¥ N, change point -0.20

- . 025

1 11 21 31 41 51 61 71 81 91 101111121131141151161171

Time, t (t,=1996.1, ,=1996.11, ..., t,3,=2010.XII)

Source: L.Bérzina by Agricultural monitoring data of LUA.

Figure 8. CUSUM analysis results for N, and P, concentrtions at ""Auce"
monitoring site.

At the "Ogre" monitoring site higher nutrient concentrations are observed in
the beginning of the monitoring period from 1996 until 1998, when concentrations
of nutrient achieved peaks. After the spring of 1999 (about 7 years after the closure
of the farm) nutrient concentrations at "Ogre" decreased. Also time series statistical
analysis detected statistically significant and negative nutrient concentrations trends
for this monitoring site.

Trend and change point analysis of time series leads to the conclusion that
statistically significant negative nitrogen and phosphorus trends formed under
conditions of interrupted activities of intensive agriculture. At monitoring sites
"Auce" and "Bauska" statistically significant nutrient concentrations trends can not
be determined, but there are identified same change points of mean values. For
example, at "Auce" the change point analysis allows to identify negative trends of
nitrogen compounds before and after the change point, which is not characteristic of
phosphorus concentration values. Despite to the fact that slurry deposition field is
interrupted at "Auce", time series shows relatively high concentrations of Py . Also
the increase of Ny, concentrations in the last few years points the long term impact
of pollution or tendency to use higher fertilization rates. At the monitoring site
"Bauska" change point of P, values is determined, but before and after this point
statistically significant trends are not observed. This indicates long-term and
relatively stable impact of phosphorus loads caused by slurry application.
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Analysis of point source pollution effects on surface water chemical
quality confirms the importance of phosphorus concentrations. Negative and
statistically significant trends of phosphorus concentrations only formed if no
direct point source gives impact on surface water ("Bauska 2") or a point source
of pollution is removed ("Ogre"). Moreover, even after long period of closing
of pig farm, surface waters have high concentrations of phosphorus compounds
("Ogre"). If the application technology of slurry corresponds to good
agricultural practice requirements and soil is not saturated with manure,
phosphorus concentrations in surface water tend to be significantly lower. In
addition, phosphorus concentrations in surface water do not show rapid
decrease soon after break of slurry incorporation ("Auce"). Seasonal variation
of nutrient concentrations is more evident for monitoring sites where point
source pollution impacts are less active. More frequently collected monitoring
data, as well as information on specific parameters, such as rainfall intensity
and duration are required for rainfall impact analysis on surface chemical
quality (McDowell et al., 2001; Kleinman et al.,, 2006; Sharpley, 1995;
Sharpley et al., 2001; Shigaki et al., 2007).

Spectral analysis is mathematical approach to detect regular cyclical
pattern or periodicities in the times series. For spectral analysis data are
transformed with a finite Fourier transformation and decomposed into waves of
different frequencies. Thus the time series model is expressed in terms of sine
and cosine components (Howell, 2001). The periodogram is an estimate of a
theoretical quantity called a spectrum.

The continuous Fourier transform and its special case — the discrete
Fourier transform (DFT) is used to transform a function of time on the
frequency dimension. This makes it possible to investigate function f{(r) not
only in the time dimension, but also it provides frequency components of the
signal composed. Function of time f{#) can be expressed as a sum of number of
sine wave and cosine wave. DFT is using only discrete, periodic data obtained,
for example, during a continuous variable measured at specified intervals. The
input of DFT is a time variable with the same period of observations or discrete
function f(k) of this variable, where £ is the observation sequence number from
0 to N-1, where N is the total number of observations (Mark II, 2009;
Handbook for Sampling ..., 1982). DFT is performed by using complex
numbers, with key relationships as:

Z =a+bj=Acos(8)+ jdsin(0)= de’’
A = a2 +b2 ’ (10)

0 = arctan(éj
a

WCrc
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a, b — real numbers;

j — imaginary unit, j* = —1;

6 — angle in polar coordinates;
A — length in polar coordinates.

With formula (10) is shown three forms of complex numbers: algebraic,
exponential and trigonometric. DFT can be effectively used for all
transformation of functions, but its performance is relatively slow: if the
number of measurements increases linearly, then the number of calculations
increases with the square. DFT is defined by the formula (11):

F<n)=§ e " (1)

were
N — number of observations;
k — sequence number of observation, k= [0...N-1];
fk) — k-th measurement;
n — complex frequency (DFT result) number of point, » = [0...N-1].

According to formula (11) DFT can be obtained only for frequency
component n or a point on the spectrum frequency axis. The final result of the
DFT - investigated signal spectrum is obtained as:

F(0) 11 1 11 7(0)
F(1) rwoowrowr | ), (12)
F) |=|1 w* w* w* - w | f(2)
F(N-1)) 1w w2 w o w | f(N=-1)
were
2r
W=e V.

In this way, complex numbers are derived from F(0)...F(N-1), the absolute
value of these numbers are deferred on the frequency graph as the frequency
amplitude components with the same unit of measurement as the original signal or
time series. It should be noted that the resulting spectrum graph is symmetrical, so it
usually represents arguments 0... (N-1)/2.

Spectral analysis results indicate that N, concentrations noticeably increase
once per year for all monitoring sites, but rapid annual increase of P, concentrations
could be directed only to monitoring sites "Bauska" and "Bauska 2" (Figure 9).
At monitoring site "Ogre" P, concentrations are characterized by rapid, irregular
fluctuations with no apparent periodicity. Fluctuations of P, values show distinctive
changes over shorter periods of time, if to compare with variation of N
concentrations. According to Nyquist-Shannon sampling theorem, sampling rate
should be greater than twice comparing to fastest possible change of variable (Mark
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I1, 1991). Considering, thatrapid changes of P, concentrations can be observed even
3-4 times per year with no periodicity, at least 6-8 measurements per year should be
provided for equitable monitoring data evaluation. In areas where concentrations of
phosphorus are changing more irregular ("Auce"), measurements should be more
frequent, otherwise the monitoring data may not show same high increasing of
nutrient concentration in particular period of time. Ny, and Py, concentrations
fluctuation in the conditions of point source pollution are mainly described as
occasional with no strong cycle, so monitoring framework should be designed with
potential to make observations more frequently than once a month.
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Source: L.Bérzina by Agricultural monitoring data of LUA.
Figure 9. Spectral analysis results of monitoring data of N, and P

78

concentrations in surface water.



3. APPLICATION OF PHOSPHOROUS INDEX IN
ASSESSMENT OF PHOSPHOROUS COMPOUNDS
RUNOFF RISK

3.1. Phosphorous index explained

Results of agricultural runoff monitoring show that the most difficult
task 1s to analyze, simulate and predict the regularities of changes in
phosphorous compound concentrations in surface waters due to the episodic
character of phosphorus runoff (Jansons, et al., 2002; Bechmann et al., 2004).
Therefore the planning of surface water protection must be closely related to
the causes of phosphorus losses. Phosphorous index (PI) is one of ways to
assess the risks connected with phosphorus losses or phosphorous loading on
agricultural land. So far the use of PI in the Baltic Sea region has not been very
common which results from insufficient studies of the local situation in terms
of parameters included in the index. One of the strengths of the index is its
application at the farm level and calculations pertaining to a certain field thus
assessing the primary source of eventual phosphorus losses.

3.2. Elaboration of Phosphorous index for Latvia's situation

Index as instrument of risk modelling in order to assess the phosphorus
losses in surface waters in Latvia's situation is elaborated for the purposes of
farms. It presupposes that information about parameters to be included in the
index and their evaluations must be easily determined at the level of farm field.
With the help of international experience and the results of Latvian agricultural
runoff monitoring the PI in its initial stage had 8 parameters selected with
discrete values in point evaluation system which characterize the possible risk
of phosphorus runoff from the agriculture land into the surrounding surface
waters: 1 — very low; 2 — low; 4 — medium; 6 — high; 8 — very high (Table 8).
PI is calculated as follows: the sum of evaluated parameters of factor characterizing
the phosphorous sources in the soil multiplied with the sum of evaluated parameters
of factor characterizing phosphorus "transporting" or losses versions. Process of
calculation of PI is characterized by formulas:

PI=SF x TF; (13)
SF. 8= (SP, AP); (14)
TF(I..,S) = Z (E, R, L, D, VV, B), (15)

WCEre

SF — source factor;
TF — transport factor;
SP — rating of soil P status (points);
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AP — rating of application of P fertilizers (points);
E — rating of erosion risk (points);

R — rating of runoff risk (points);

L — rating of leaching risk (points);

D — rating of drainage risk (points);

W — rating of filter wells risk (points);

B — rating of buffers(points).

Obtained risk index values are devided into 5 risk groups: very low risk (1-70); low
risk (71-120); medium risk (121-170); high risk (171-300); very high risk (>300). Each risk
group has applicable recommendations for field farming. For instance, if the calculated PI
value for a certain field indicates at very low risk there is no need to change the farming
system; low risk fields are recommended to tillage with a good agricultural management
practice; for the fields falling in medium risk group it is recommended to study the
possibilities of reducing the phosphorus losses and restraining from the activities fostering
phosphorus runoff; in case of high risk fields it is mandatory to plan the agri-environment
measures in order to restrict phosphorous losses; in very high risk fields it is recommended to
restrict the intensity of agricultural output. Thus PI helps in planning the agro-environment
measures as well as substantiate the need for it in various fields and farm in general. PI for
the purposes of pollution risk reduction and more agriculture-friendly management should
be put in use by large animal farms in the adjacent territories as well as by assessing the
environment impact by the large farms in order to receive the category A permit for the
performance of polluting activities (On Pollution, 2001). Determination of PI in these
territories and fields should be included in subsided agro-environment measures.

Correctness of PI model result is estimated after its testing and calibrating in the
conditions of a certain location. Version of Pl adapted and recommended for Latvia's
situation has been tested in agriculture runoff monitoring sites "Bauska" and "Auce".
PI was calculated for 71 fields and assessed in relation to the concentrations of
phosphorous compounds found in the surrounding surface waters. Acquired results
confirm that when the risk index value for a certain field increases there is a larger
possibility of relatively high phosphorous compound concentration in the nearby surface
water objects. Considering the fact that in location "Auce" 70% of the inspected fields
are related to very low or low phosphorus runoff risk but in location "Bauska" 90% of
the inspected fields can be described as having medium, high or very high phosphorous
losses risk, one can see the grounds for high total phosphorous concentrations in surface
waters in "Bauska" and considerably lower in "Auce". Figure 10 shows the assessment
of phosphorus losses risk from the fields contained in the catchment basin, based on the
calculated PI in monitoring station "Auce". By improving the obtained PI it must be
calibrated for certain territories, supplemented with the assessment of phosphorus
fertilizer application methodology and assessment of the impact of each parameter or
significance scale. The acquired results show that within the framework of studies the
adapted PI correlates better with phosphorous compound concentrations in surface
waters at catchment level than with the level of certain field.
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Source: L.Bérzina by Agricultural monitoring data of LUA and LGIA.
Figure 10. Calculated phosphorus loss risk in ""Auce'" catchment.

Precision of classification for a certain risk group of the field was tested also by
means of discriminant analysis which, basing on the results of observations, determines
one among other possible classes to which the object belongs. Results of discriminant
analysis show that inaccuracies of classification occur most often by defining the field as
falling in the low risk group. In 26.7% cases of the low risk group fields are classified as
fields belonging to the medium risk group. Very low risk fields are most easy to determine.

The calculation of parameters' significance scale is important, but yet
complicated. The calculation of parameters' significance during investigation is done
also by multi-criteria optimization methods (where criteria functions are not defined and
only their values are known) as well as determination of phosphorus risk with the
artificial neural network modeling showed encouraging results. Evaluating the data
series where the extreme values appear irregularly, the application of statistical methods
is limited, therefore in order to solve the most difficult tasks in hydrology and
assessment of pollution in environment engineering the application of artificial neural
network becomes increasingly topical (Govindaraju and Rao, 2000; Maier and Dandy,
1996; Kim and Gilley, 2008).

Even though the first results show that the neural network training must be
continued, its application is perspective in solving the risk issues. By applying the neural
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network training algorithm Back Propogation Learning Algorithm and activation
function Sigmoid (network topology 8:3:45:1, number of iterations: 2000) and test data
error stood at 2%. By replacing the PI calculation algorithm with a trained neural
network in order to determine the phosphorus losses it is possible to reduce the
impreciseness of obtained result which is affected by deficiently shaped algorithm or
evaluations of parameters defined in it. Yet it is very important to improve the
phosphorus losses empirical observations when using the neural network approach in
determining the risk, including the broadening of monitoring network so that the
necessary data for the neural network training and determination of risk group would be
obtained in possibly varied circumstances. Besides taking into consideration the
irregular, episodic character of phosphorus losses the volume of monitoring data should
be increased by making the observations more than once a month which would make
the nature of phosphorous concentration changes in surface waters more precise.
PI algorithm adjusted to Latvia's situation is prepared as a calculator prototype
for calculating the PI which can be placed on web pages (Figure 11).
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Figure 11. Interface of calculator prototype for calculating the PL.
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Participation of farmers is crucial for a successful application of PI. By
calculating the PI for certain fields and by following the recommendations
regarding the field management practice it is possible to achieve the main
objectives of the index application for reduction of phosphorus losses in surface
waters. Therefore adapting the PI approach in assessing the phosphorus losses
risk for the first time in Latvia's situation, the balance between model's
complicity and availability of data necessary for calculations at the level of
farms was taken into consideration.
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CONCLUSIONS

1. Risks related to the agricultural point source pollution of surface waters
can increase because after 1996 in Latvia it was particular for a number of farms
with high livestock number (>250 DV), especially from pig-breeding and poultry
farming branches, to increase; besides many of them are located in the highly
vulnerable zone with short distance to the water bodies of national importance.

2. In order to gather the information about the load of largest livestock farms
on the surface water, it is possible to use the cluster analysis which successfully
classifies the farms according to the criteria of their activity and provides scientific
backgrounds for the designing of monitoring network in order to assess chemical
quality of the point source pollution impact on surface water.

3. Results of long-term (1996-2010) agricultural runoff monitoring show
that in the catchment basin where the large livestock farms as potential point source
pollution are located, the concentrations of nitrogenous and phosphorous
compounds, which are important in eutrophication processes, in the surface waters
are characterized by large dispersion and very high maximum concentrations.
Comparing to the Ny, mean value 8.57 mg I observed during the long-term
agricultural non-point source pollution monitoring, it can be evaluated as twice as
higher in the conditions of active point source pollution influence. The highest
mean of Py, concentration in point source pollution conditions reaches 2 mg 1.
For comparing, under intensive farming and non-point source pollution conditions
P, concentration reaches 17 mg 1.

4. Based on the chemical quality monitoring of surface water with a
focus on nitrogenous and phosphorous compounds carried out from 2006-2008,
quality of water most frequently was evaluated as poor. In 44% of analyzed
water samples regarding N, and in 56% of water samples regarding
P concentration the quality was described as poor or very poor, besides in
20% of water samples the margin concentration of nitrate nitrogen 11.3 mg 1!
N-NOj indicated in the Nitrates Directive was exceeded.

5. Comparing impacts of various origins of point source pollution on the
chemical quality of surface waters, the major loads come from intensive use of
slurry. Runoff from the open manure storing sites and farm territories are only
episodic. In order to prevent the possibility of runoff occurrence, it would
suffice to arrange manure storing according to the technical standards for
ensuring that the pollution level in surface waters would be evaluated similarly
to the influence of diffuse pollution in intensive farming territories.

6. In locations where intensive farming is terminated ("Kekava", "Ogre") the
mean concentrations of pollutants gradually decrease until diffuse pollution level is
reached (except phosphorus concentrations), however such concentrations have been
observed also under circumstances when the agrotechnical standards designed for
pollution prevention are complied ("Livberze").
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7. Regardless of the measures taken at the national level in order to
reduce the pollution of surface waters caused by agricultural production, the
long-term agricultural point source pollution monitoring observations (1996-
2010) indicate that concentrations of pollutants do not show statistically
significant negative trends, except locations where farming has been
terminated. Negative trends of phosphorus concentration form in circumstances
when there is no direct point source impact ("Bauska 2") or pollution source
has been closed for a longer period of time ("Ogre").

8. By applying the analysis of change-point of mean value of time series, it
must be concluded that in monitoring site "Auce" for the long-term observation
period the mean value of phosphorus concentrations remained constant, however
negative N, concentration trend could be observed at this site after 2003. At
monitoring site "Bauska" the phosphorus concentrations tend to increase after 2005,
while concentrations of nitrogen compounds increasing since 2000.

9. Monitoring results confirm that several years after termination of
livestock breeding ("Ogre") high concentrations of phosphorous compounds
remain in the surface waters. Irregular fluctuations of phosphorous
concentrations (results of spectrum analysis), as well as formation of sudden
extreme values in data series show that its runoff depend on complex influence
of various factors which is difficulty predictable.

10. Taking into consideration the complicated nature of the point source
pollution, it 1s recommended to replace methods of data statistical analysis with
methods of artificial intellect, for instance, methods based on artificial neural network
training. In order to apply them, more frequent monitoring observations (in the case of
phosphorous compounds — at least twice per month) are required.

11. Considering that the main reason for the poor chemical quality of surface
waters in case of point source pollution is the increased concentrations of
phosphorous compounds, it is important to take the appropriate measures to reduce
them. In order to determine phosphorus runoff risk and to plan farming activities at
the farm level the Phosphorous Index method has been adapted for Latvia's situation
for the first time. The index describes the possibility of phosphorous compounds to
reach surface waters from farming areas as well as allows to plan appropriate
measures for pollution reduction. Application of the index in largest livestock farms
should be encouraged in order implement appropriate agro-environment measures.
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