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Scientific issues
-why we focus on crop dynamics (also managed land)?

* Food security responses to environmental changes (climate
variability, extreme events, warmer temperature, drought,
LUC, water-resource deficit, ...)

* (Carbon balance (carbon flux of atmosphere-terrestrial, soil
carbon-crop feedback, effects of phenology on carbon
seasonal dynamics, ...)

* Climate feedback (regional, heat and water flux changes, etc)
e QOthers (nutrition leaching and water pollution, ...)




Problems in modeling crop dynamics in standard

ORCHIDEE

1. LAI (more reatistic-stics)

2. Photosynthesis (?)

3. Allocation, senescence, and harvest
4. Root density profile (aynamicand true-srics)
5. soil moisture stress (adjust many processes)

6. vegetation height (more realistic-stics)

7. Nitrogen stress (now we donot consider, but maybe

represented in a new version-based on OCN)



How can we do?
-model development-ORCHIDEE-STICS

e What do we focus on first?

@ Phenological process(LAl curve-time and
magnitude)

€ biomass allocation (dynamics, relating to crop
vield, SOC, water and nutrition process and
its feedbacks)

€ turnover (Root, litterfall, related to soil
carbon/nitrogen dynamics)




* Main modules/processes in STICS

Phasic development

Shoot growth

yield formation

N\

Nitrogen processes

J

e

Root growth

A

_ Above ground processes

below ground processes

Processes in black color should be
embedded;

Processes in green color should be
adjusted and partly embedded (adjusted
according to ORCHIDEE);

Processes in white color was not
considered at this moment, but should
be imbedded into the new version.




Phenological processes and biomass dynamics

Seed rmination Shoot
imbibition g€ atio elongation

Emergence

/initiation
Leaf area growth

Green color: representing the AR

main phenological processes—
. Storage organ-LAl
mainly focus on the LAI;

Leaf dynamics (LAI)
Blue color: representing the Ground cover-LAl

biomass allocation processes; Number of leaves

Shoot biomass growth

|

growth”

= Vegetative

i Biomass partition Harvested organ

— Reserves

* shoot growth = f(Tcrop, photoperid, cold,, CO2, stress)



Continue:

determinate

Yield ] : ,
: indeterminate Harvested yield
formation

Root front growth
Root growth standard
Root density growth *

true

At the end of crop cycle, the roots
senesce and enter the mineralization

processes as crop residue-soil carbon
cycle



Seed imbibition

e Seed imbibition (length, days) = f(species-
dependent component, T_soil, T_germination
base temperature, T_maxthreshold) (eq. 2.1);

* Min_threshold =<Seed imbibition <=
Max_threshold



germination

* Germination start if GDD_seed bed >=
threshold;

e GDD_seed bed = f(Tsoil, T_germination_base,
Soil moisture_seed bed);

* Soil moisture_seed bed = f(actual water
content, wilting point, field capacity in seed
bed, species-specific parameter);



Shoot elongation/emergence

* Density = f(frost, crust stress);

* Elongation = f(Tsoil, T_germination base
temperature, water status, crust stress,
species-specific parameters)




Focus on shoot growth-more detail

= f(initial LAl growth rate, Tcrop, density, water
and nitrogen stress)

senscence

Storage organ-LAl

Leaf dynamics (LAI) Ground cover-LAl

Number of leaves



Root growth (cont.)

e Root front grOWth (begins at depth of the root front, stops when it

reaches the depth of soil or an obstacle that can be physical or chemical, or when

the phenological stopping stage has been reached)

¢ Front_growth_rate = f(first_front_growth_rate, water and

bulk density stress)

— First_front_growth_rate = f(Tcrop or Tsoil) (eq. 5.2,
5.3);

— Water and bulk density stress = f(soil dryness,
water logging, bulk density);



Root growth (cont.)

* Root density (standard profile; actual profile):

Self goven=f(initial root length
growth rate, Tcrop, plant density,
water logging stress, growth at the

root front)
Standard profile (eq. 5.6)
Self-govern
Growth in root length Trophic link

Distribution in the profile

Actual profile Growth in root length

Growth in root length

Standard profile may lead to some problems: 1) in the tilled zone, root density
is not always optimal; 2) the soil constraints are not negligible.

For sown crops, density profile was only considered since emergence.



Focus on the biomass dynamics
- T
organ m
organ

envelopes

Biomass reserves

dvnhamics

Root
biomass

Equations are all listed in the book.



Microclimate

= Phasic devel

temperature

photosynthes

microclimate

humidity

ET

Boundary condition Soil temperature

Soil processes



Microclimate (cont.)

e Tcrop = f(Tcrop_min, Tcrop_max);
 Two methods for calculating the crop temperature:

Daily sum of :
ET Soil type

Empirical
relationship

Solving the )

energy balance

Soil ALB Plastic or plant cover

VegALB
Surface ALBEDO
LAI

) Net radiation Solar radiation

LW radiation ! : :
Isolation Fraction

Vapor pressure



Next steps

* Go deep into the source codes of both models
(some processes);

 Compare the corresponding processes in
ORCHIDEE and STICS and find the differences;

* | will modify the processes in ORCHIDEE
according to that in STICS.



* Thank you!

 Comments and suggestions!



Keep in mind

1. first, leaf growth and allocation (water limitation);

2. Transfering function between Tcrop and Tair and/or
Tsoil;

3. find the routines relating to the two processes
(phenological processes and biomass allocation—
considering stress limitation) in the two models; how
to build the linkage (transferring parameters) between
the routines;

4. what are the effects of brown LAI (not addressed
enough before, water balabce, etc);

5. first subroutines for addressing above processes.



