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Seilin meriympdriston seurannan taustaa

e Seurannan paatyypit ulottuvuuden mukaan
v Monitorointi (ajallista)
v’ Kartoitukset (tilassa tapahtuvaa)

* Miksi Seilissa tehdaan seurantaa?
v" Nimen mydtasyntyinen velvoite

* Vanhin ohjelma kaynnistyi 1966

Seilin Paivaluodon tarkkailupiste:

seurannassa

v' Lampétila ") 1966-

v Suolapitoisuus ") 1966-

v’ Eldinplankton” 1966-1985,- tauko-, 1990-
v’ Silakka" 1984-

* Vanhimmat yha kaynnissa olevat meriympariston
tarkkailuohjelmat pohjoisella Itamerella!




e Paivaluodon seurannalle kansainvalinen status 1970-luvulla

v' ODAS (Oceanographic Data Acquisition System)
— Saaristomeri osaksi maailman merien tilan
seurannan kv. yhteistyota

Seuranta sittemmin monipuolistunut, laajentunut ja modernisoitunut
v" Meriveden ravinteet 1980-luvulla (LoSYKE, ELY-Keskus)
— tihedotantaisen intensiiviaseman status
v’ Kasviplankton 1990-luvulla (LoSYKE, ELY-Keskus)
v' L yhteistyé 2017: CTD-sondi (RBR:n XR-620) korvaamaan pullondytteenottoa
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Paivaluodon automaattinen profiloiva mittauspoiju

M“'Wﬁ
v" Toiminnassa vuodesta 2006, yhteisty6ssa

TurkuAmk:n Ymparistotekniikan laitos, nykyaan ,
myods Syke/IL (FINMARI-konsortio)
- http://saaristomeri.utu.fi/odas/
v" Muuttujina lampaétila (T°C), happi (mg/l), saliniteetti (PSU),
klorofylli (ug/l), sinileva (cell/ml) & sameus (NTU) s

Seifi

v’ Profiili 2-45 m, 4 krt/vrk, data gsm-sy6tténa palvelimelle

-~

v varustettu aurinkopaneelein, toimintakausi huhti-joulukuu Wamiaten

Nismistensikin
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Profiloiva poiju vaatii jatkuvaa yllapitoa ja paivitysta

v

v

Asennus- ja nosto (Meritaito Oy) hieman kelien mukaan
(mm. jaatilanne - piilevakukinta voi jaada taltioimatta)
Syksyisin aurinkopaneeleiden latausteho ei aina riita

—> joudutaan antamaan lisavirtaa tai ohjelmoimaan
Huolletaan ja tarkistetaan n. 10 paivan jaksoissa

- sykli omasta monitoroinnin aikataulustamme

Akut ja paneelit uusittu 2017, kuluvat osat tarvittaessa

Lisdvarustettiin merisddasemalla 2015 (Vaisala VTX-520)
- T (°C), Barom (hPa), Hum (%), Rain (mm), Wind
speed (m/s), Wind direction (°)
Uusimmat paivitysajatukset liittyvat
antureihin ja sahkoistamiseen

Seili-Indeksi

v
v

Tausta-ajatuksena Aerobiologian siitepolyennusteet (NORKKO)

GAMM (Generalized Additive Mixed Models)-malleilla |6ydettiin
epalineaarinen yhteys meriveden lampdétilan ja chl-a:n valilla

Yhteytta koetetaan hyodyntaa rehevoitymistason lyhytaikaisiin
ennusteisiin (7 paivaa) ilman lampoétilan avulla (sddennuste)

GAMMia testataan myos sinilevariskille (lampotila & tuulisuus)
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Seili-index for the prediction of chlorophyll in the Turku archipelago

To build a forecasting tool for the state of eutrophication in the Archipelago Sea, we fitted a generalized additive
mixed model to the marine biological data, collected over the years 2011-2017 by an automated monitoring buoy at
the Seili station. The resulting “Seili-index” can be used to predict chlorophyll content of the sea water a number of
days ahead using the temperature forecast as a covariate. An array of test predictions on the 2017 data set shows
that the index is adept at predicting the amount of chlorophyll especially at the greater depths.

DATA SPECIFICATION AND PREPROCESSING '

The automated monitoring buoy measures temperature (temp; °C), salinity (PSU), turbidity (NTU),
chiorofyll (Chl-A; ug/L), blue-green algae (BGA; cells/mL), and oxygen (mgiL) of the water column (0-42
m) at depth stages of one meter. The data, measured 4 times a day, is sent to an extemal server twice a
day. The station is in operation from early spring (as soon as the ice allows) and removed in early winter
before ice formation

For this preliminary example of the Seili-index we will focus on the two variables Chl-A and temperature —_ s yeo —
The water temperature (temp) is a reasonable predictor for e.g. Chi-A content as its future values can be
obtained reliably from various weather forecasts.

To avoid having to model the water depth as a continuous variable we discretized it into two classes,

surface (depth < 20m) and botfom (depth = 20m) and worked with the daily means of the observed values el e

of Chl-A and temp over the two depth categories. Finally, as the biological year does not necessarily

coincide with the calendar year we needed o align the data from the different years based on some
landmark in the yearly observations of the two variables. A useful choice for this is the blooming of the 1% L X8 S S Tl SRS
Chl-A during the spring months and for each year we located the peak value of Chi-A and aligned the data  day 150 (med-autumn). Tnere ae clea dif
50 that the peak always occurs on day 0. For the year 2017 the blooming had occurred already before the 2012, 2013 and 2016 especially standng o
buoy measurements started, and we aligned its data using the blooming of 2016 as a landmark

MODEL FORMULATION
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PREDICTIONS

Our model of choice is a Generalized Additive Mixed Model (GAMM) (Wood, 2017) in which the ~ The data for the years 2011-2016 along with first 26 measurement days of
conditional expected value of a normally distributed response Y is modelled as a linear combination of  the year 2017 are used to fit the GAMM model, where the latter set of data is
random effects and smooth functions of fixed effects: needed to estimate the effect of the year 2017. The fitted model is then used
EYIX) = Bo + fr(X)) + =+ £, (Xp) + BrZy + -+ BoZg, to predict Chi-A for the next 10 days using the true temperature data of the
days. In practice, weather forecasts would be used to obtain the values of
where X,, ... X, are the fixed effects, f, ..., f, are unknown smooth functions estimated using splines temp for the prediction period. Next, the true data for the 10 days are added
and Z,, ..., Z, are the random effects. We used the function gamm in the R-package mgev (Wood, to the model and we do the previous procedure again, again using the
2017) to fit the model with depth as a categorical variable, depth-wise temperature and depth-wise day  obtained model to predict the next ten day interval based on the true temp
of the year as smoothed fixed effects and year as a random effect. All smoothed fixed effects were values of the interval. This cycle is continued for a total of 12 times, unti the
highlystatistically significant in predicting Chl-A and of the fixed effects only depth did not carry any end of the measuremem pevmd of the year 2017
predictive power. The model has the adjusted Ri-value of 0.765, indicating a good fit e 017
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expect the Chi-A content fo ncreas roughly 0.5 unit. assuming al other covariates &8 hekd fxed temp values ofthe inferval 10 obtain the predictons.

CONCLUSION VISUALISATION
We propose the preliminary form of the Seili-index, used to predict the Chi-A content of the sea water a

number of days ahead in time. To make the predictions the index requires a forecast of the sea water

temperature for the prediction period which can be obtained e.g. from online weather services. Our test

predictions revealed that the index was able to predict the Chl-A especially well in deeper depths (depth

220m) but also for the autumn part of the surface depths (depth < 20m)

Future work includes the implementation of the index as an online senvice, trying to improve the
prediction accuracy by using more sophisticated modelling techniques and obtaining predictions also for

Fig. 5. An exampia of the visualisation of the 10-day forecast
other variables measured by the Seili buoy, for example, the BGA content (cells/mL).

The Seii-index wil be published in spring 2018
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