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1. Catchment models
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2. Simple mass balance models
for lakes
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Fig. 27. Simulated sediment concentration and continuously measured turbidity at Vanhakartano during spring
2006 and winter 2007.
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Pred. and obs.TotP Histogram of Sedimentation Rate
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3. River models
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Heat balance components

4. Water temperature models

*  Components can be
solved by quite well
known equations

Snow and ice form
special challenges in
Northern conditions

Sometimes also heat
from precipitation
and sediment should
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Equations in PROBE-model, F.
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Equations in PROBE-model
Sensitive heat flux, F

PROBE: Heat equation and vertical
mixing
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Equations in PROBE-model,
Long wave radiation F,
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Equations in PROBE-model...
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Pasjirvi: Surface water temperature 2m

Pajévi: Near bottom temperature at T4m
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5. Modelling currents in |

d seas

Huttula Lecture Set 1 V2




* |t states that density differences are sufficiently small to be neglected, except where they appear in
terms multiplied by g, the acceleration due to gravity
** The principle of hydrostatic equilibrium is that the pressure at any point in a fluid at rest is just due to
¢ the weight of the overlying fluid
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Kemin edustan virtauskenced linsicuutella.




Phytoplankton biomass and
TOTP

of -
measure of phytoplankton biomass. The rate of change of phytoplankton biomass is expressed
as[8)

dCH _ . _ SED
gt W XCH-IXCH- h xCH

b cycle Description of the phosph cycle is quite simple. Total phosphorus
concentration 1n llle lake 1s affmed by external loading, phosphorus sedimentation and release

The change o mul phosphorus concentration as a function of time is described by the
following equation [8]

dTOTP __ SEDP 2 RELEASE
& STh === x(TOTP) *LOAD*_MMX}, (11)

SEDP = net phosph i 1 ient = 0.002
LOAD = extemal loading
RELEASE = rate of phosphorus release from the sediment under anaerobic conditions
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Figure 8. Observed (.) and calculated () total phosphorus concentrations in bottom layer
(height 1 m). Calibration, summer 1988.

Oxygen model (Malve, Huttula

and Lehtinen 1992)

Computation of dissolved oxygen Both abiotic and biotic factors affect the concentration of
oxygen. The change of dissolved oxygen concentration as a function of time is described by
the following equation’:

%-x’xm(oz"‘-oz)-K,xBOd.,xBRAT*pxaixCH-txaszH N
. somm

K' = aeration constant = 2.0 + 10" cm/d, w = wind speed, z = layer thickness
Oy, = dissolved oxygen saturation at the surface layer

0, = dissolved oxygen " he suctce layer

K, = BOD decay rate = 0.1 Vd (function of temperature, f(T))

BOD. = BOD, concentration

BRAT = BOD/BOD, = 1.5

@, @, = stoichiometric coefficients for growth and respiration= 0.1903
W = growth rate of algae
r= respiration coefficient = 0.065 1d, (f(T))

CH = chlorophyll concentration

SOD = bottom sediment oxygen demand, (f(T))
AREA = area of the bottom sediment

V = volume of the water body

The first term on the right hand side describes acration in the surface layer, the second one
biological oxygen demand, the third 2nd fourth ones phytoplankton growth and respiration, and
the last one bottom sediment oxygen demand.
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Figure 7. Observed () and caloulated (<) oxygen concentrations in bottom layer (height 1m).
Calibration, summer 1988.
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Figure 9. Observed () and (=) total in surface (O-1 m)
layer. Calibration, summer 1988
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Fig. 11 Caloulated chlorophyll-a concentration with loading levels 1 = 4,
[N 1. Present total phosphorus loading 55 697
14MAR8S 2JUN88 30SEP88 e
TIME 2. Fast obtainable loading level 47 469 kgyear
-reduction of the present loading 14.8%

. 3. Desirable loading level 37483 kg/year
Figure 10. Observed () and calculated (=) chlorophyll-a concentrations in susface (O-1 m) reduction of the present loading 7%
layer. Calibration, summer 1988. )

yay 4. Loading level with the best
s YVK E available protection measures 30 689 kg/year
-reduction of the present loading 449%

Table 2. Model parameters
Symbol  definition reference value  unit
- Fh T J Ny  Nitogenin cyanobacteria Redfield, 1953 00193 -
Interactions in EIA-SYKE-model — _
P Phosghorus in cyanoharteria Redfield, 1953 000268 -
Ny,  Nitrogeninthe other algae Redfield, 1953 00193 -
ey 7 tonet vamabLes, | on it P, Phosphorusinthe other slgae Redfield, 1958 oones -
Heny  Maximal growth rate of cyanobactesia calibration 05 al
-2
¢, Biomass of cyanobacteria (wet weight)  gnr iy Masinel growihateofthe othe algae Ottista, 1996 07 o
N Biomass of the other algae (wet weight) w2
o DIN concentration g3 Ry  Maximum loss rate of cyanchacteria calibration 01 @l
om
¢yp  DIP concentration mgm? Roumy  Maxinum loss rate of the other algae calibration 0.15 al
g Deritus nitrogen g3 Kyc  Helfsaturation coefficient of DIN for cyanobactesia  Tyrell, 1999 0 mgm3
Grar Detritus phosphorus mgnr3 Kpe  Half-saturation coefficient of DIP for cyanobacteria  Kononen & Leppanen, 1997 2 mg a3
3l
Lop DINload mgm3 & Ky,  Helfsaturation coefficient of DIN for the other algas  calibration 7 mgm3
Ly DIPload mgm3 d-1 ) . ) 3
. N Ky,  Halfsaturation coefficient of DIP for the otheralgae calibration 1 mg
1 Total radiation MIwe2d-1
Temperature oc K Half saturation coefficient of radiation for cyancbacteria calibration bl MIacZal
‘_lf:‘;“‘“ o.n i Ky Half saturation coefficient of radiation for the other algae calibration 15 M w2 gl
Depth of arid cell m Cpy  Minimum biomass of cyanobacieria calibration 05 gm?
Ay, Minimum biomass of the other algae calibration 001 gm?
A, Maxinum total biomass of algae calibration 00 gm?
By Maximal detritus nitrogen mineralisation rate Garber, 1934 oog ol
L Maximal detritus phosphorus mineralisation rate Garber, 1984 o043 ol
Huttula Finnish Environment s ; Vatan Settling rate of deteitus nitrogen Heigkanen & Tellberg 1999 1 me!
Institute, SYKE 2014/ T

Table 3. Model equations, rates and limiting factors.

- Equations
Vige  Settlingrate of detritus nitrogen Heiskanen & Tallberg, 1999 1 mal
Vage Settling rate of detritus phosphorus Heiskanen & Tallberg, 1999 1 mal e _ (e ~Ro)ee o
Syae  Sedimentation rate of detritus nitrogen calibration 016 mal g‘
Spae  Sedimentation rate of detritus phosphorus Lehtorants, 1992 000wl 5= Ry @
T, Optimal temperature &
at ow - -
ZON 8 C o = Mg Nonfe sy = Mo Vi i + L
forthe growth of cganobsdiesis Konsssn Lepnings 1997 25 oc 2 B Cper = Ha Vo abise = MoVl s + Loar 3)
forthe growth of the other algae calibration 15 oc E .
Pl # o oo 2= raa ~ AaFid sl = HoFact i + Lo @
for detritus nitrogen mineralisation Garber, 1934 12 oc Ziraa _ o o B s o
for detsitus phosphorus mineralisation Garber, 1984 18 oc 2= Vot Racabi+ Vo Refoltnn = Baraa = ViaaCwaa ™ = SwaeCvant ®
a Coefficient for temperature limiting factor &
T Pdet 1 -1 -1 -1
for the growth of cyanobacteria catibration 14 - a2 - B R ahgin + P ReColins = ¥ pae ~ Voaa ran®” ~ SpaC rankt ®
forthe growth of the other algae calibration oo -
for losses calibration 15 - Rates
For detritus nitrogen mineralisation Garber, 1984 13 - ”
For detritus phosphorus mineralisation Garber, 1984 160 - He = Hene Fosr(Comro2om) Jerll) (DS aelepee) @
L Radiation attenuation by ice calibration 05 - Ha= Hamne S Coar.Com) Farll) F (D) faclesec) @®)
Py Depth of mixing layer calibration 0 n Ro =R g f(D) (e ~Ca) fec ©
Ry=Rygn S 4un)fen (10)
£=5JSD an
= 12
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7. Some visions and lessons
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” We have the skills, ambition and courage to open
new avenues for improving the environment.”




