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Phenological stages in
the production of
almonds include

» winter chilling

» spring heat forcing
flowering and leaf-out

» pollination of flowers

» development and
growth of fruits during
spring and summer

http://treephenology.ucdavis.edu/
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What Is phenology?

Phenology is the study of periodic plant and animal life cycle events and how these
are influenced by seasonal and inter-annual variations in climate, as well as habitat
factors (such as elevation).

Wikipedia, 4 Mar. 2014

Phenology depends on:

» Region
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Begin of flowering 2013 Fall of leaves 2013

Apple
tree

|
24.4.27.4. 304, 35 B5. 3.5 12.5 155 185 151021102710, 2110 811, 14.11.20.11.26.11.

Deutscher Wetterdienst (erstellt 09.01.2014 09:31 UTC)
Kontakt: Landwirtschaft@dwd.de
Geobasisdaten © BundesamtfurKartogra phie und Geodasie (www.bkg. bund.de)

The flowering of the apple trees starts in the southwest of Germany and progresses
towards the northeast. The fall of leaves evolves roughly in opposite direction.
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What Is phenology?

Phenology is the study of periodic plant and animal life cycle events and how these
are influenced by seasonal and inter-annual variations in climate, as well as habitat
factors (such as elevation).

Wikipedia, 4 Mar. 2014

Phenology depends on:

» Region
> Year
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Begin of flowering Fall of leaves

Deviation from multi-annual mean (in days)
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Deutscher Wetterdienst {erstellt 09.01.2014 09:31 UTC)
Kontakt: Landwirtschaft@dwd.de
Geobasisdater Bundesamt fur Kartographie und Geodasie (www.bkg.bund. de)

There is a high inter-annual variability of the dates of flowering and fall of leaves of
apple trees. In spring, there is a trend towards earlier dates of occurence.
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Beginning of the phenological early spring

Period 1961-1990
Day of Year: 080

http://www.dwd.de/ © Geobasisdaten — Bundesamt fur Naturschutz

The phenological early spring starts in the southwest of Germany and progresses
towards the northeast. This is also the case for the whole of Europe.
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Beginning of the phenological early spring

Period 1961-1990 Period 1980-2009
Day of Year: 080 Day of Year: 40

http://www.dwd.de/ © Geobasisdaten — Bundesamt fur Naturschutz

In recent years the phenological early spring shows a clear tendency to arrive
earlier. This can be explained by the increase of spring temperatures.
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Currently the seasonal cycle of leaf area index (LAI) is prescribed as
climatology, based either on

> a sinusoidal fit between a minimum and maximum value of LAI
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Leaf area index (grass)
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Leaf area index (grass)
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Currently the seasonal cycle of leaf area index (LAI) is prescribed as
climatology, based either on

> a sinusoidal fit between a minimum and maximum value of LAI

» monthly mean values of LAl based on satellite retrievals
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Currently the seasonal cycle of leaf area index (LAI) is prescribed as
climatology, based either on

> a sinusoidal fit between a minimum and maximum value of LAI

» monthly mean values of LAl based on satellite retrievals

The model can not account for inter-annual variations of the growing season.

Therefore ...

... we need a phenology scheme in the COSMO / COSMO-CLM atmospheric
model which allows the vegetation to adapt to the simulated seasonal and inter-

annual variations in weather and climate, as well as to habitat factors (such as
elevation).

Schulz et al.: New leaf phenology 18 Mar. 2014 17
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Phenology Is governed, or limited, by:

» Temperature

» Day length

» Water availability

» NPP (net primary productivity), used e.g. in JSBACH, CLM, ORCHIDEE ...
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Dashed lines indicate linkages between the hydrological model and the vegetation module.
A — LAl affects transpiration from soil and groundwater stores.
B — LAl affects canopy interception, storage, and evaporation from canopy leaves
C — Soil moisture affects photosynthesis
D — The coupling between photosynthesis and stomatal conductance is used to estimate transpiration.

Governing
phenology

Arora (2002)

Example for the coupling between a hydrologic model and a dynamic vegetation module. The
two primary variables exchanged between the two models are leaf area index and soil moisture.
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Phenology Is governed, or limited, by:

» Temperature
» Day length
» Water availability

5 E . uetivity

Two approaches for phenology not depending on NPP adopted from:

> Polcher, J. (1994), Thése de doctorat, Univ. Pierre et Marie Curie, Paris
» Knorr, W., et al. (2010), J. Geophys. Res., 115, G04017

Schulz et al.: New leaf phenology 18 Mar. 2014 20
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Phenology determining temperature

X0 ~ T ~

T-(t +)e” df
7= HDE
O e/’ df

¥

This is equivalent to an exponentially declining memory of the plants for the surface
temperature Ts. £ is the averaging period for Ts.
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Phenology as function of temperature
based on Polcher (1994)

L LAL if TO)ET,
'|' _
LA =t LAL. + T T A Al ) if T<TOET,
i T- T
L LAL,, if T,<T(t)

T, : minimum limiting temperature
T, : maximum limiting temperature
LAI LAI .. : minimum and maximum value of LAl

min ! max
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Leaf area index (grass)
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Phenology as function of temperature
based on Knorr et al. (2010)

ALAI(E) T Ko (WAL = LAI®) T T Ty
oli f Kaea (LAl - LAI(L)) else

Toofr - leaf onset and offset temperature
k Ko - growth rate and shedding rate

grow 1
LAl ., » LAl : maximum and minimum value of LAI
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- Leaf area index (grass)
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Latent heat flux
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Latent heat flux
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