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Lake Constance

= mixing type: warm
monomictic
= maximum depth: 251 m
= average depth: 100 m
= surface area: 473 km?
= residence time: Syr . I P
= phosphorus 3 |
Concentration: S 10 “g/L |_ 22 'n'n_nﬂﬂﬂﬂﬂﬂﬂ_ﬂ_”_“ WW W wa ' m HHHH”” i}
= drinking water reservoir SEICHRCHR S S AR

for ca. 4 Mio people

(125 Mio m3/yr)
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Climate change in deep lakes

= increase in thermal stability (AT,,>AT,,);

Livingstone, 2003, Climatic Change

= earlier onset of the phytoplankton spring bloom;
Winder and Schindler, 2004, GCB

= correlation between phytoplankton spring bloom
and stratification onset;
Ocean: Sverdrup, 1952
Lake Constance: Ollinger and Bauerle, 1998;
Peeters et al., 2007
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Air Temperature (°C)

Meteorological variability

Temperature
(a) Increase in mean
Fewer cold extremes More hot extremes
Daily Mean Air Temperature, Konstanz (47° 68' N, 09° 19'E)
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Vector-autoregressive weather Generator VG

[Z IPython (Qt)

1 from lhglib.contrib.veathergenerator import vg

2 met_vg = vwg UG{var_names=C"Qzw'", "ILWR", "“theta'. "rh". "u'". "u')2
I: \lhgllh\pythun\lhgllh\cuntrlh\meteu\metEDXEy py:4d5: RBuntimeWarning: invalid v
alue encountered in sgrt
n = ({lw / lu_clear — 1> ~ Zs) == AL
D:~lhglib~pythonslhglibscontribsweathergeneratorwg.py:187: UserWarning: Input
f e and theta caused 1847 rel. humiditiesz to he > 1. Capping them at 1.
"to be > 1. Capping them at 1."> ¥ n_too_moist?
Fitting seaszonal disteributions.
Recover previous fit from shelve for: Qsw
Recover previous fit from zshelve for: ILWR
Recover previous fit from shelve for: theta
Recover previous fit from shelve for: »rh
Recover previous fit from shelve for: u
Recover previowus fit from shelve for: v

| met_vg.fit{p=3, g=@>
Fitting the UAR model

4 times_, sim = met_vg.simulate(T=3653, theta_incr=2., mean_arrival=14, di
sturbance_std=5, theta_grad=1.5>
Simulating a time—series.

ouT

Schlabing et al. 2014, EMS HELMHOLTZ

CENTRE FOR

open source: http://bitbucket.org/iskur/vg sl




Correlation structure of meteorological
variables

Measured Simulated

-0.06 0.02 7,

Qs
Qlw(i.)

u }0.08-0.200.06 0.15

v F0.01-0.130.11 0.12
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Hydrophysical lake model Ecological lake model

The general lake model (GLM)

Fish
max. 3 Groups

dissolved gases
0, &Co,

Zooplankton
max. 5 Groups

Bacteria

Benthos



Base Scenario (500 realisations)

Mean Water Temperature 0-20 m Mean Total Chil-a Conc. 0-20 m
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Surface mixed layer [m]

Stratification and bloom onset

Surface mixed layer depth Mean Total Chl-a Conc. 0-20 m
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Use of a weather generator for simulating climate change
effects on ecosystems: A case study on Lake Constance

Measured : Vector-autoregressive | Scenario properties: |
meteorological —> weather-Generator <—! +ATemperature :
data : VG ] * Climate variability !
. Voo
: Artificial meteorological time series .y .
| mean (climate scenarios) How sensitive is the
| ’ phytoplankton spring
— 4 x 500 bloom to
' realisations : :
: , 1. achange in mean air
b o e e i e e R S i e ' temperature
1B TaKS eCs: : 2. an increased climate
DYRESM- |—> s
CAEDYM variability

a combination of both




Mean Chlorophyll Concentration 0-20 m

Day of the year with Total Chla (0-20 m) > 3 pg/L
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Mean Chlorophyll Concentration 0-20 m

Day of the year with Total Chla (0-20 m) > 3 ug/L
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Meteorological control of lake ecosystems:
The (un)importance of air temperature

Measured
meteorological  prm——
data ]

Yeclor-auloregressive
weather-Generator VG
{Schiabing et al. 2014)

What is the relative

1D lake model
DYRESM - CAEDYM
(Rinke et al, 2010}

oevearor | iImportance of different

Gt {1iflow & outflow

__w=___+ meteorological variables for
the timing of stratification
and the phytoplankton spring

o

Stratification
doy 88, scenario
mixed

U
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day of the year
stratification
onset

doySML,SO
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current climate

}
- bloom?
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< stratified
| v What are the relevant time
ay of the year
Ploom scales for stratification and
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dOY spring bloom onset?
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Relevant meteorological variables
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Stratification onset:
doysypzo = 117.68 — 0.14 Qsw — 1.68 T + 7.07 U, r?= 0.436, Rlgg, = 0.144, Rl,; = 0.155, Rl = 0.137

Bloom onset:
doYenlaz = 138.55 = 0.11 Qsw — 0.95T + 8.92 U, r?=0.607, Rlggy = 0.232, Rl,; = 0.109, Rl = 0.266
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Relevant time scales

Stratification Scenario Bloom Scenario
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Stratification onset:
doysypzo = 11844 — 0.11 Qswyg — 1.62 Tyg + 7.79 Uy, r?=0.672, Rlggy = 0.119, Rl,p = 0.207, Rl = 0.346

Bloom onset:

doYeniaz = 138.58 — 0.11 Qswyg — 0.91 Tog + 9.67 Uyg, r?=0.702, Rlggy = 0.217, Rl,r = 0.112, Rl = 0.373
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Summary — Weather generator

The coupling of statistical (VG) and mechanistic (DYCD)

model is a powerful approach:

= process understanding by hand-tailored scenarios

(e.g. mean vs. variability)
= VG enables a probabilistic approach

= analysing extreme events

___________ VI —

ﬁ HELMHOLTZ
CENTRE FOR

ENVIRONMENTAL
RESEARCH - UFZ

R R R REREkA——L—



Summary — Lake Ecosystem

= Phytoplankton spring bloom timing depends on the
Interaction between meteorological variables.

= |ncreased variability showed only a slight effect.

= Meteorological variables acted at different time
scales.

= Wind had the largest influence on the timing.
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Summary — Lake Ecosystem
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